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Dear Mr. Posner: 

On October 1, 2013, the Energy Facility Site Evaluation Council ("EFSEC") issued a 
Determination of Significance Scoping Notice for the environmental impact statement to be 
prepared under the State Environmental Policy Act ("SEP A") for the proposed Tesoro-Savage 
Vancouver Energy Distribution Terminal. The following scoping comments are submitted on 
behalf of Columbia Riverkeeper, Friends of Columbia Gorge, Forest Ethics, Spokane 
Riverkeeper, Sierra Club, Washington Environmental Council, and Climate Solutions to help 
EFSEC identify issues that must be addressed during the environmental review process. 

The commenters are all non-profit organizations dedicated to (1) protecting the 
environment and natural resources of Washington State and the Pacific Northwest region; 
(2) ensuring that all citizens of Washington and the Pacific Northwest have clean and healthy air, 
water, and communities; (3) seeking positive solutions to the challenge of global climate change 
caused by combustion of fossil fuels; and (4) working across the region to stop the increase in 
shipments of crude oil through the Pacific Northwest, as well as ensuring that regulations 
concerning oil transport, oil spill prevention, and oil spill clean-up are as strong as possible. 
These joint scoping comments supplement any individual comment letters submitted by each 
signatory group. We appreciate the oppmiunity to provide these comments and supporting 
materials, included on CD submitted with this letter. 

EFSEC itself has not previously reviewed a proposed crude-by-rail project, but the 
environmental review path for similar projects is not completely new to Washington. As you no 
doubt are aware, the U.S. Army Corps of Engineers, Washington State Department ofEcology, 
and two Washington State counties have initiated environmental reviews for two coal export 

705 SECOND AVENUE, SUITE 203 SEATTLE, WA 98104-1711 

T: 206.343.7340 F: 206.343.1526 E: eajuswa@earthjustice.org W: www.earthjustice.org 



Tesoro-Savage Vancouver CBR Terminal-Scoping Comments 
December 17, 2013 
Page 2 

terminals proposals in Whatcom and Cowlitz Counties. The Ecology scoping decision for the 
Whatcom County proposal (Gateway Pacific Terminal at Cherry Point) sets the appropriate 
requirements for review of environmental impacts, including indirect effects of projects that are 
of major concern to the public like increase in rail traffic, vessel traffic, additional mining, and 
greenhouse gas emissions of downstream combustion of exported coal. EFSEC should review a 
similar scope of impacts for this crude oil shipping terminal, including the same or similar 
indirect effects of (1) increases in rail traffic across the region, (2) increases in vessel traffic in 
and out of the Columbia River, (3) increased crude oil spill risk from rail transport, terminal 
storage, and river/marine transport, (4) additional crude oil extraction in North Dakota and the 
Alberta tar sands, and ( 5) greenhouse gas emissions of the transport of the crude oil, as well as 
the life-cycle impacts on the refining and ultimate combustion of the oil. 

Like many citizens in the Northwest and nationally, we are deeply concerned about a 
decision that will authorize the construction of a huge crude oil shipping terminal on the banks of 
the Columbia River, one which would allow shipment of an estimated 360,000 barrels of crude 
oil per day. Either alone or combined with other announced or pending proposals to build 
additional major crude oil and coal export facilities in Washington and Oregon, the decision to 
authorize construction at Vancouver will undercut Washington State's considerable efforts to 
combat climate change and promote sustainable alternatives. 

On October 28, 2013, Washington Governor Jay Inslee joined with Oregon Governor 
John Kitzhaber, California Governor Jerry Brown, and British Columbia Premier Cristy Clark in 
signing the Pacific Coast Action Plan on Climate and Energy. That accord commits Washington 
to lead national and international policy on climate change, account for the costs of carbon 
pollution, and invest in infrastructure that is climate smart. The Tesoro-Savage project will hurt 
Washington's ability to meet all these goals. 

In these scoping comments, we raise specific issues and impacts that we feel EFSEC 
must consider. EFSEC may be titled as a "facility site" agency, but its duties under SEPA (and 
RCW 80.50) are much broader than the on-the-ground footprint of this proposed facility. We 
stress our concern about the geographic scope of the environmental review, and EFSEC's 
addition of a public scoping hearing in Spokane, Washington speaks well for the agency's 
understanding ofthe true scope ofimpacts here. While this project's shipping facility might be 
physically located at the Port of Vancouver, the area of impact is much greater. On the terrestrial 
side, the rail impacts, including rail traffic and diesel emissions, stem from drill sites in North 
Dakota or Alberta, Canada through communities in Montana, Idaho, and Washington. On the 
marine side, impacts from crude oil shipping, including ocean-going vessel traffic and emissions, 
risks of collisions, and impacts to near-shore environments, extend from the dock at Vancouver 
106 miles to the mouth of the Columbia River and then to the final, undisclosed destinations 
across open ocean. 
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Within that geographic scope, particular issues should be addressed, including crude oil 
spill risks and impacts along the rail route, at the facility, in the Columbia River, and in the 
Pacific Ocean; increased rail and vessel traffic and necessary coordination; impacts to streams, 
wetlands, salmon, and fishing areas; air quality and respiratory impacts; rail tank car safety; 
impacts of the terminal on local businesses and proposed developments; types of crude oil 
shipped and their unique properties for health risks, spill clean-up, and climate impacts; impacts 
on historic and cultural resources; particular impacts to the Columbia River Gorge National 
Scenic Area; and global warming impacts from transportation, refining, and combustion of the 
oil. 

This project, by itself or in combination with other proposed crude oil and coal shipping 
facilities, will cause significant, harmful impacts to the air, water, marine environment, fish and 
wildlife, economics, public health, culture, and communities across our region. It will further 
harm global climate change and Washington State's leadership role in addressing causes of 
climate change. In our view, full evaluation of all direct, indirect, and cumulative impacts of 
Tesoro-Savage is the first step toward a reasoned decision to ultimately reject this project 
proposal. 

I. BACKGROUND ON THE TESORO-SAVAGE VANCOUVER PROPOSAL. 

Extensive crude-by-rail oil transport systems are a recent phenomenon. Instead of 
pipelines, which are both expensive to build and subject to greater environmental review and 
regulation, crude oil is loaded onto rail tank cars for deliveries to refineries. In 2012, major U.S. 
railroads transported at least 20 times as many carloads of crude oil as they did in 2008. In 
Washington State, several proposals-including Tesoro-Savage-would add marine vessels to 
this patchwork system: the crude oil would arrive by rail, be pumped into large storage tanks on 
fragile shorelines, and then pumped into ocean-going barges or tankers to be taken to U.S. 
refineries or, in certain circumstances, exported. The crude oil can come from domestic or 
Canadian oil fields, leading to concern that more Alberta tar sands crude will be traveling by rail 
and tanker. 

Tesoro-Savage Vancouver is the third officially proposed crude-by-rail terminal in 
Washington State. The Tesoro-Savage proposal would accept crude oil shipped by rail to the 
Port ofVancouver, Washington, where it would be stored, then loaded onto ships or barges. The 
oil will come by train from North Dakota and Alberta, Canada. Tesoro-Savage proposes six new 
storage tanks, each with the capacity to store 380,000 barrels of crude oil. Tesoro-Savage will 
add two rail lines to the Port's existing loops in order to be able to unload an average of four unit 
trains of crude per day. The project plans to receive up to 360,000 barrels per day (11,340,000 
gallons) at its facility. The project would add 730 ship transits in and out of the Columbia River 
annually. 
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Because the current dock at the Port ofVancouver site requires seismic retrofitting, a 
U.S. Army Corps of Engineers permit for that work will be required. The federal permit will 
trigger consultation with the U.S. Fish and Wildlife Service and National Marine Fisheries 
Service under the Endangered Species Act. The Army Corps must also review environmental 
impacts and project alternatives under the National Environmental Policy Act; the Army Corps 
must also consult with affected Native American Tribes pursuant to the National Historic 
Preservation Act. EFSEC should coordinate its SEP A analysis with these federal environmental 
and endangered species reviews to ensure the use of the best available science. 

II. STATE LAW REQUIRES AGENCIES TO FULLY DISCLOSE AND CONSIDER ALL 
ENVIRONMENTAL IMPACTS FROM PROPOSED PROJECTS. 

A. Washington's State, Environmental Policy Act 

In adopting the State Environmental Policy Act, the Washington legislature declared the 
protection of the environment to be a core state priority. RCW 43.21C.010. SEPA declares that 
"[t]he legislature recognizes that each person has a fundamental and inalienable right to a 
healthful environment and that each person has a responsibility to contribute to the preservation 
and enhancement of the environment." RCW 43.21C.020(3). This policy statement, which is 
stronger than a similar statement in the federal counterpart ofNEPA, "indicates in the strongest 
possible tetms the basic importance of environmental concerns to the people of the state." 
Leschi v. Highway Comm 'n, 84 Wn.2d 271, 279-80 (1974). 

At the heart of SEP A is a requirement to fully analyze the environmental impact of 
projects that have a significant impact on the environment. RCW 43.21C.031(1). An EIS is 
required for any action that has a significant effect on the quality of the environment. 
WAC 197-11-330. Significance means a "reasonable likelihood of more than a moderate 
adverse impact on environmental quality." WAC 197-11-794. The purpose ofthis analysis is 
not to generate paperwork. Rather, the EIS allows decision-makers to make judgments based on 
a fully informed appreciation for the environmental impacts of decisions, the available 
alternatives, and any mitigation that may be appropriate. 

SEP A regulations also explicitly direct that environmental impacts outside the 
jurisdiction of the deciding agency should be considered. WAC 197 -11-060( c). Crucially, 
agencies are required to assess both the direct impacts of the proposal as well as the indirect 
impacts. WAC 197-11-060(4)(d). For example, when considering a government action, a SEPA 
document must also consider the effects of private growth that may be encouraged by this 
government action. Id.; Cheney v. City of Mountlake Terrace, 87 Wn.2d 338, 344 (1976) (SEPA 
requires that decision makers consider more than the "narrow, limited environmental impact" of 
the current proposal. .. agency "cannot close its eyes to the ultimate probable environmental 
consequences" of its current action). 
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B. Under SEP A, EFSEC Must Evaluate Direct, Indirect, and Cumulative Impacts. 

The primary purpose of an environmental impact statement "is to ensure that SEP A's 
policies are an integral part of the ongoing programs and actions of state and local government." 
WAC 197-11-400. "A proposal's effects include direct and indirect impacts caused by the 
proposal. Impacts include those effects resulting from growth caused by a proposal, as well as 
the likelihood that the present proposal will serve as precedent for future actions." WAC 197-
11-060(4)(d). The scope of impacts includes direct, indirect, and cumulative impacts. 
WAC 197-11-792. "The range of impacts to be analyzed in an EIS (direct, indirect, and 
cumulative impacts, WAC 197 -11-792) may be wider than the impacts for which mitigation 
measures are required of applicants." WAC 197-11-060(4)(e). The environmental impact 
statement must address "reasonable alternatives" to the proposed action, including a "no-action" 
alternative, WAC 197-11-440(5). It is implicit in SEPA that an "agency cannot close its eyes to 
the ultimate probable environmental consequences of its current action." Cheney v. City of 
Mountlake Terrace, 87 Wn.2d 338, 344, 552 P.2d 184 (1976). 

For cumulative impacts, the federal National Environmental Policy Act's ("NEPA") 1 

definition stresses that they must be "reasonably foreseeable": 

Cumulative impact is the impact on the environment which results from the 
incremental impact of the action when added to other past, present, and 
reasonably foreseeable future actions regardless of what agency ... or person 
undertakes such other actions. 

40 C.P.R.§ 1508.7. 

Courts applying the "reasonably foreseeable" standard routinely require governmental 
entities to consider impacts from future actions that are still in the planning stages, provided that 
enough is known about those future projects for meaningful consideration to be given to their 
effects. In W. North Carolina Alliance v. North Carolina Dep 't ofTransp., the district court held 
that the state agency erred in not taking into account the cumulative impacts of certain future 
freeway expansion projects when making a finding of no significant impact ("FONSI") under 
NEPA on a freeway expansion project. W. N C. Alliance v. N C. Dep 't ofTransp., 312 F. Supp. 
2d 765, 771-73 (E.D.N.C. 2003). At the time the FONSI was issued, one of the future projects 
still required the state to acquire rights of way, id at 771, and another ofthe projects had not yet 
undergone a feasibility study, id at 771-72. The court concluded that "NEPA's language and 

1 NEP A provisions and case law interpreting NEP A are used in Washington to discern the 
meaning of SEP A and its implementing regulations. See, e.g., ASARCO v. Air Quality Coal., 
92 Wn.2d 685, 709 (1979); Kucera v. State Dep 't ofTransp., 140 Wn.2d 200, 215-16 (2000). 
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focus on considering environmental impacts before acting ... undermine [the agency's] position 
that [it was] not required to consider the cumulative impacts from the other connected projects 
because they were not fully funded or planned." !d. at 773. 

C. SEP A Requires Review of Climate Change Impacts. 

SEP A and its implementing regulations explicitly require consideration of direct and 
indirect climate impacts. See RCW 43.21C.030(f) (directing agencies to "recognize the world
wide and long-range character of environmental problem); WAC 197-11-444 (listing "climate" 
among elements of the environment that must be considered in SEPA review); Rech v. San Juan 
Cnty., 2008 WL 5510438 (Wash. Shorelines Hearings Bd. June 12, 2008) at *12 n.8 ("We 
further note an emerging trend in the case law under the National Environmental Policy Act 
("NEP A") and state NEP A analogues in which courts are increasingly requiring agencies to 
analyze climate change impacts during environmental assessments."). The Washington Supreme 
Court has ruled that the state should look to NEP A for guidance. "Since much of the language 
from SEPA is taken verbatim from NEPA (signed into law January 1, 1970), we look when 
necessary to the federal cases construing and applying provisions ofNEP A for guidance." 
Eastlake Cmty. Council v. Roanoke Assocs., Inc., 82 Wn.2d 475, 488 n.5 (Wash. 1973). 

In recent years, state and federal agencies have made efforts to better define how climate 
analysis should be performed, and to provide tools to enable agencies to meaningfully assess and 
mitigate the greenhouse gas contribution of proposed projects. For example, in late 2008, 
Ecology and the State's Department of Community, Trade and Economic Development 
("CTED") issued a "comprehensive plan to address the challenges and opportunities of climate 
change." ("2008 Climate Plan")? That plan recognized the increasing pressure on local 
governments to better identify climate impacts in their SEP A analyses, and noted that SEP A 
analysis provided an opportunity to evaluate climate impacts of government decisions and to 
identify changes to proposals to reduce or mitigate those impacts. Id at 50. 

Also in 2008, a governor-appointed working group provided a list of recommendations 
on how to ensure that climate change is considered in meeting SEPA's directives.3 Notably, 
those recommendations identified the following categories of greenhouse gas emissions to be 
considered pursuant to SEP A: a) off-site mining of materials purchased for the project; 
b) transportation of raw materials to the project, and transport of the final product offsite; c) use 
of products sold by proponent to consumers or industry, including "emissions generated from 
combustion of fuels manufactured or distributed by the facility." Id at App. D. 

2 Available at http://www.ecy.wa.gov/pubs/0801025.pdf. 
3 Available at http://www.ecy.wa.gov/climatechange/2008CATdocs/IWG/sepa/1 03008 _sepa_ 
iwg_ report. pdf. 
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Ecology first issued draft SEPA guidance for considering greenhouse gas emissions.4 

That Draft Guidance confirms that SEP A is a crucial tool in helping the state and political 
subdivisions "address the threats that greenhouse gas emissions and climate changes pose to our 
health, our economy, and our environment." Id. at 2. In fact, the Draft Guidance specifically 
observes that the failure to evaluate the climate impacts of a proposal "could result in a 
successful legal challenge regarding the adequacy of an agency's review." I d. 

Accordingly, the Draft Guidance makes clear that SEP A requires climate to be 
considered in its environmental analysis. Specifically, agencies should consider "if and how" 
greenhouse gases will contribute to environmental impacts and "how those impacts could be 
mitigated." Id. at 7-8. The Draft Guidance notes that SEPA's substantive authority "may be 
used to deny a proposal if the proposal will result in significant environmental impacts identified 
in a final or supplemental EIS and reasonable mitigation measures are insufficient to mitigate the 
identified impacts." Id. at 10. 

Ecology's Draft Guidance makes clear that climate impacts cannot be ignored simply 
because they are a step removed from the decision under review. It defines "Scope Three" 
emissions as those that are produced as a consequence of the activities in the proposal, albeit 
from sources not owned by the proponent or that are not part of the proposal itself. I d. at 12. 
While noting that "Scope Three" emissions may be harder to calculate, the Draft Guidance 
acknowledged that these emissions "can be critically important to consider when reviewing the 
overall long-term greenhouse gas emissions associated" with a proposal. Id. 

The Draft Guidance proposes that the documents consider whether the proposal will 
"significantly contribute" to greenhouse gas concentrations, "either directly, indirectly, or 
cumulatively." While it does not propose a particular numerical threshold at which greenhouse 
gas emissions become "significant," it references the federal NEPA climate guidance, which 
proposes a significance threshold of25,000 tons/year of C02 equivalent. Projects with emissions 
above this threshold should be considered in a full EIS if not mitigated. It should be noted that 
states like California have proposed far lower thresholds under their own state NEP A provisions, 
and that many national and regional conservation organizations have opposed the proposed CEQ 
threshold as too high. 

Most recently, Ecology re-issued the Draft Guidance in the form of a "working paper."5 

That working paper provides a "table of tools" that can be used to calculate emissions from 
projects. That table, in turn, lists various sources of emissions from projects, methods to 

4 Available at http://www.ecy.wa.gov/climatechange/sepa.htm. 
5 Available at http://www.ecy.wa.gov/climatechange/sepa.htm. 
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calculate those emissions, and options to mitigate them. Included on that list is the "extraction, 
processing and transportation" of raw materials and feedstocks, and "emissions from the future 
combustion of fossil fuels," which is defined to include "emissions that will result from the 
combustion of fossil fuels transported, distributed or imported as a result of the project (e.g., 
natural gas pipeline)." Id. at 2; see also id. at 3 (including emissions from "combustion of fuels 
distributed by a proposed facility" as an emission that should be quantified and mitigated in 
SEPA documents). 

While the Washington Courts have not yet had an opportunity to evaluate the obligation 
to consider indirect climate impacts under SEP A, such questions arise regularly under NEP A and 
parallel laws in other states. Washington courts regularly turn to federal National Environmental 
Policy Act ("NEP A") interpretations for guidance on interpreting SEP A. See, e.g., Gebbers v. . 
Okanogan PUD No. 1, 144 Wn. App. 371 (2008). 

In a landmark 2008 case, the Ninth Circuit Court of Appeals-which has jurisdiction 
over Washington State-found that a federal agency violated NEPA when it failed to prepare a 
full EIS on proposed corporate average fuel economy ("CAFE") standards for light trucks. Ctr. 
for Biological Diversity, 538 F.3d 1172. There, the Ninth Circuit rejected the argument that 
individual actions represent too minor of a contribution to the global problem to merit 
consideration. Even more recently, the Ninth Circuit again emphasized that '"reasonably 
foreseeable future actions need to be considered [under NEP A] even if they are not specific 
proposals.'" N Plains Res. Council v. Surface Transp. Bd., 668 F.3d 1067, 1079 (9th Cir. 2011) 
(quoting EPA guidance document). 

Several cases confirm that NEP A requires evaluation of indirect impacts of projects that 
facilitate movement of fossil fuels, including GHG emissions. For example, in Mid-States Coal. 
for Progress v. Surface Transp. Bd., 345 F.3d 520 (8th Cir. 2003), the Eighth Circuit Comi of 
Appeals invalidated an EIS for a rail construction project intended to supply coal from the 
Powder River basin to power plants because it failed to analyze the emissions of burning the coal 
that would be transported by the rail project. The Court found that the project was likely to 
affect the country's long-term demand for coal and hence the impacts of coal burning should 
have been considered in the EIS. Similarly, in Border Plant Working Grp. v. Dep 't of Energy, 
260 F. Supp. 2d 997 (S.D. Cal. 2003), a federal district court invalidated a decision to approve 
transmission lines that would connect proposed power plants in Mexico to the U.S. power grid 
because indirect effects were not considered. The Court found that the decision violated NEP A 
because decision-makers failed to consider the impacts of the operation of the Mexican power 
plants-including impacts on air quality and climate-that were closely linked to the 
transmission lines. The Court found that the operation of the power plants were an "indirect 
effect" of the transmission line project because the two were causally linked. The Court 
specifically struck down the agency's decision that the project's impacts were too minimal to 
require preparation of an EIS. I d. 
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A valid SEP A analysis must also consider the climate and other air emissions of 
transporting these huge volumes of oil. Fully loaded tankers use tons of fuel per trip, generating 
both significant C02 emissions as well as a variety of toxic and harmful air emissions, including 
diesel particulates that are highly damaging to human health. Transportation of oil over long 
distances via rail also has significant environmental impacts, including the fossil fuel 
consumption of moving large volumes of material hundreds or thousands of miles. Moreover, as 
with the greenhouse gas impacts, this analysis must be viewed in the context of all existing and 
reasonably foreseeable similar impacts, including pending proposals to build other oil shipping 
terminals in Washington. These kinds of impacts are "indirect effects" of the decision to 
authorize the oil shipping facility and should be evaluated in the environmental impact statement. 

III. ALL ISSUES AND IMPACTS CAUSED BY CONSTRUCTION AND OPERATION 
OF THE TESORO-SAVAGE PROJECT MUST BE CONSIDERED IN THE 
ENVIRONMENTAL IMPACT STATEMENT. 

Crude-by-rail shipping at the proposed Tesoro-Savage project will affect people and 
places far beyond the immediate construction zone. Every community located along the rail line 
between the drill sites and the Port of Vancouver will be harmed, and communities and places 
along the Columbia River will be exposed to greater vessel traffic and risk of endemic or 
catastrophic crude oil spills. People outside Washington will be affected by the climate impacts 
of drilling, transporting, refining, and ultimately burning this crude oil. The EIS must, of course, 
analyze the impacts of construction and operations at and near the terminal, but it also must 
analyze the impacts of crude oil trains, crude oil vessels, and oil use on a much broader scale. 
This includes the direct, indirect, and cumulative impacts of crude oil shipping on public health, 
public safety, economics, marine health, public investment, and climate change. 

To be clear, we believe the EIS must examine the full direct, indirect, and 
cumulative impacts of the proposed Tesoro-Savage project from the drilling of the oil in 
North Dakota and Alberta, Canada, the transport of crude by rail, with associated train 
derailment and oil spill risks, through several states, hundreds of communities, and 
hundreds of river crossings and banks, the loading and shipping of crude via large ocean
going vessels, including the vessel traffic, accident, and oil spill risk, to the refining and 
burning of the oil. 

Below we briefly describe the impacts in each category and reference specific 
documents, reports, and studies that EFSEC should consider as it conducts its analysis. A non
exhaustive collection of documents and reports are included in a CD of materials accompanying 
this scoping letter for inclusion in the administrative record. 
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A. Transportation and Oil Spill Risks (Inland and Aquatic). 

1. Rail transport of crude oil is inherently risky. 

Crude oil is a hazardous material as defined by the U.S. Department ofTransportation,6 

and crude has certain properties that make it uniquely dangerous. First, it is a liquid, meaning 
that it can migrate away from the site of an accident or other release and travel into communities, 
down waterways, or into groundwater. Crude oil is also generally less flammable than other 
hazardous liquids (like ethanol and gasoline), meaning that it is more likely to migrate some 
distance before reaching an ignition source and catching fire. 7 

Second, unlike other liquids transported by rail, unrefined crude oil contains a wide range 
of contaminants, including sulfur and arsenic; toxic metals like mercury, nickel, and vanadium; 
and organic compounds like phenols, ketones, and carboxylic acids. 8 Hydraulic fracturing, or 
"fracking" contributes an additional suite of contaminants, including hydrochloric acid and in 
some cases hydrogen sulfide.9 Indeed, the Federal Railroad Administration has observed "an 
increasing number of incidents involving damage to tank cars in crude oil service in the form of 
severe corrosion ofthe internal surface of the tank, manway covers, and valves and fittings," and 
suggested that this involves contaminated oil. 10 

Domestic crude oil production is undergoing a major boom, chiefly because of the 
increase in fracking. U.S. Energy Information Administration ("EIA'') Administrator Adam 
Sieminski recently testified that: 

6 49 C.F .R. § 172.101. Hazardous materials are materials that have been determined by the 
Secretary of Transportation to be capable of posing an unreasonable risk to health, safety, and 
property when transported in commerce. See 49 Error! Main Document Only.C.F.R. § 171.8. 
7 See Exh. 1, BP West Coast Products LLC, "Material Safety Data Sheet- Crude Oil," May 13, 
2002. (flash point of Error! Main Document Only.20°- 90° F). 
8 See Exh. 2, EPA, "Screening-Level Hazard Characterization, Crude Oil Category," Mar. 2011. 
9 Error! Main Document Only.Enbridge Pipelines (North Dakota), LLC, FERC Docket No. 
IS13-273-000, 2013. (FERC order granting pipeline operation authority to reject certain Bakken 
crude oil supplies, due to evidence that hydrogen sulfide levels can rise to dangerous or even 
lethal levels.). See also Error! Main Document Only. Exh. 3, Abrams, L., "Fracking chemicals 
may be making oil more dangerous," Aug. 13, 2013. 
10 Error! Main Document Only.See Exh. 4, Herrmann, T., FRA, Letter to Jack Gerard, 
American Petroleum Institute, July 29, 2013 at 4. 
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Domestic oil production in the United States has increased significantly, and at 
7.4 million barrels per day as of April 2013 is now at the highest level since 
October 1992. Over the five year period through calendar year 2012, domestic oil 
production increased by 1.5 million barrels per day, or 30%. Most ofthat growth 
occurred over the past 3 years. Lower 48 onshore production (total U.S. Lower 
48 production minus production from the federal Gulf of Mexico and federal 
Pacific) rose more than 2 million barrels per day (bbl/d), or 64%, between 
February 2010 and February 2013, primarily because of a rise in productivity 
from oil-bearing, low-permeability rocks. 11 

This dramatic increase in production has caused a corresponding boom in crude-by-rail. In May 
2013, AAR profiled how crude production and crude-by-rail are undergoing twin booms: 

Historically, most crude oil has been transported via pipelines. However, in 
places like North Dakota that have seen huge recent increases in crude oil 
production, the existing crude oil pipeline network lacks the capacity to handle 
the higher volumes being produced. Pipelines also lack the operational flexibility 
and geographic reach to serve many potential markets. Railroads, though, have 
capacity, flexibility, and reach to fill the gap. 

Small amounts of crude oil have long been transported by rail, but since 2009 the 
increase in rail crude oil movements has been enormous. As recently as 2008, 
U.S. Class I railroads (including the U.S. Class I subsidiaries of Canadian 
railroads) originated just 9,500 carloads of crude oil. By 2011, carloads 
originated were up to nearly 66,000, and in 2012 they surged to nearly 234,000. 
Continued large increases are expected in 2013. In the first quarter of2013, Class 
I railroads originated a record 97,135 carloads of crude oil, 20 percent higher than 
the 81,122 carloads originated in the fourth quarter of2012 and 166 percent 
higher than the 36,544 carloads originated in the first quarter of2012. 

Crude oil accounted for 0.8 percent of total Class I carload originations for all of 
2012, 1.1 percent in the fourth quarter of2012, and 1.4 percent in the first quarter 
of2013. It was just 0.03 percent in 2008. 

Assuming for simplicity, that each rail tank car holds about 30,000 gallons (714 
barrels) of crude oil, the 97,135 carloads originated in the first quarter of2013 
equal approximately 762,000 barrels per day moving by rail. As a point of 
reference, according to EIA data, total U.S. domestic crude oil production was 

11 Exh. 5, Error! Main Document Only.Hearings Before the Committee on Energy and Natural 
Resources, US. Senate, July 16, 2013 (Statement ofEIA Administrator Sieminski at 2). 
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approximately 7.1 million barrels per day, so the rail share is around 11 percent
up from a negligible percentage a few years ago. 12 

As also noted by AAR, "North Dakota, and the Bakken region more generally, have accounted 
for the vast majority of new crude oil originations." During 2013, crude-by-rail out ofNorth 
Dakota has fluctuated between 600,000 to 700,000 barrels per day, transporting 61-75% of total 
Bakken production. 13 

As shown in the data from AAR, 14 crude-by-rail volumes increased rapidly from 2009 
into the second quarter of 2013, then dipped for several months as a result of crude pricing that 
encouraged a shift to pipeline transport. Later in 2013, pricing was again favorable for rail and 
crude production continues to increase, such that crude-by-rail volumes have rebounded. 15 

Unit trains are long freight trains composed of at least 50 and sometimes 1 00 or more 
cars used to transport single bulk products between two points. Unit trains are unloaded on 
arrival and returned for another load. Unit trains cut costs (and save time) by eliminating the 
need for intermediate yarding and switching between origin and destination. 

These cost savings, combined with the boom in mid-continent production of crude oil 
have driven a corresponding boom in the construction of rail terminals designed to handle unit 
trains. According to one recent industry analysis: 

The number of rail terminals in producing regions loading crude oil onto rail tank 
cars has increased from a handful at the end of2011 to 88 and growing today. A 

12 Exh. 6, American Association of Railroads, "Moving Crude Petroleum by Rail," 
May 2013, at 3-5. 
13 See North Dakota Pipeline Authority http://northdakotapipelines.com/directors-cut/Monthly 
Updates for April2013-November 2013 (February 2013-September 2013 data); Exh. 8, "How oil 
is transported from North Dakota's Williston Basin," The Globe and Mail, Dec. 2, 2013. 
14 U.S. Class I railroads (including the U.S. Class I subsidiaries of Canadian railroads) originated 
108,605 carloads of crude oil in the second quarter of2013 (12 percent higher than the 97,135 
carloads in the first quarter) and 93,312 carloads in the third quarter. See Exh. 9, American 
Association of Railroads, "AAR Reports Record Second Quarter Crude-by-Rail Data; Decreased 
Weekly Rail Traffic," Aug. 29, 2013; Exh. 10, "AARReports October and Weekly Rail Traffic 
Gains, 3Q Crude Oil Up Year Over Year," Nov. 7, 2013. 
15 Fielden, Sandy, RBN Energy, "On the Rails Again?- Bakken Crude Rail Shipments Return to 
April Highs," http://www.rbnenergy.com/on-the-rails-again-bakken-crude-rail-shipments-return
to-april-highs, Oct. 30, 2013. 
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further 66 crude oil unloading terminals have been built or are under 
• 16 constructiOn. 

Various industry reports indicate that unit trains account for the vast majority of the recent boom 
in crude-by-rail transportation. 

For the Tesoro-Savage project, the rail lines that will bring oil into the Port run through 
the city of Vancouver east to west along the Columbia River and north to south along the 
western boundary of the city. An accident at or near the terminal could result in vast 
environmental damage, horrifying personal damage, including loss of life, and millions of dollars 
of economic harm. In fact, the local International Longshoremen's Union voted to oppose the 
Tesoro-Savage project because it believes the project poses too great a threat to other 
commercial river traffic. 

Predictably, the rise in crude transportation by rail has resulted in soaring numbers of 
crude oil releases to the environment in the form of both accidents and "non-accident" releases 
such as leaks. PHMSA incident records underscore these growing risks. The number of 
incidents" involving crude oil transportation by rail are as follows: 

2009: 0 
2010: 9 
2011: 34 
2012: 86 
2013: 85 (partial)17 

Unfortunately, the surge of incidents and releases has not been matched by an increase in the 
resources available to responders and regulators. The same has been true in Canada. 

Lac-Megantic 

On July 5, 2013, a train hauling 72 tanker cars loaded with 2.0 million gallons of crude 
from the Bakken shale oil field in North Dakota slammed into Lac-Megantic, a town of 6,000 
located in Quebec. Owned by an American company-Montreal, Maine and Atlantic Railway
the train had only a single staffer, who abandoned the train in order to sleep in a motel before a 
replacement crew arrived to complete the train's journey to an oil refinery on Canada's east 

16 Fielden, Sandy, RBN Energy, "Crude Loves Rock'n Rail," http://www.rbnenergy.com/154-
terminals-operating-bnsf-the-dominant-railroad, May 12, 2013. 
17 Data derived from PHMSA incident reports-Error! Main Document 
Only .http://www. phmsa. dot. gov/hazmat/library I data-stats/incidents. 
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coast. The brakes on the five-locomotive train malfunctioned, and it began a seven-mile roll 
toward the small town. Reaching a speed in excess of 60 mph, the train reached a bend in the 
tracks, derailing and dumping 1.6 million gallons of its contents, which caught fire and 
incinerated dozens of buildings. Forty-seven people were killed. 18 

Information regarding the Lac-Megantic accident is provided in Exh. 14, "Analysis ofthe 
Potential Costs of Accidents/Spills Related to Crude by Rai1."19 This analysis demonstrates that 
the costs of crude-by-rail accidents/spills can be very large, and that a major unit train 
accident/spill could cost $1 billion or more for a single event. 

As explained in Exh. 14, the Lac-Megantic rail accident/spill will likely have costs on the 
order of $500 million to $1 billion excluding any civil or criminal damages. Costs/damages for a 
similar incident could have been substantially higher had it occurred in a more populated area. 
Lac-Megantic is also relevant in that it shows how an accident involving highly flammable light 
crude (such as the Bakken crude) can have devastating consequences even in a small town in 
terms of loss of human life and widespread explosion and fire damage to surrounding property. 

Exhibit 14 also analyzes the spill of tar sands dilbit from Enbridge's Line 6B in Marshall, 
Michigan: This rupture in 2010 had costs of about $1 billion for Enbridge. The spill volumes at 
Marshall (840,000 gallons) were within the range of the amount of spill possible (and, in fact, 
substantially less than the maximum spill) if a crude by rail unit train released much of its cargo. 
Costs/damages for similar incident could have also been substantially higher had it occurred in a 
more populated area. Marshall is also relevant in showing the high potential cost of dilbit spills 
into water (and rail lines are often highly proximate to water). 

Alabama 

On November 8, 2013, a 90-car unit train carrying 2.7 million gallons of crude oil 
derailed and exploded in a rural wetland in western Alabama, spilling crude oil into the 
surrounding wetlands and igniting a fire that burned for several days.20 No injuries resulted from 
the accident, but a similar accident in a more populated location would certainly have caused 
serious risk to public safety. 

18 Transportation Safety Board of Canada, "Railway Investigation Rl3D0054," http://www.bst
tsb.gc.ca!eng/enquetes-investigations/rail/2013/Rl3D0054/Rl3D0054.asp#sal, Sept. 11, 2013. 
19 This analysis was prepared by The Goodman Group, Ltd, a consulting firm specializing in 
energy and regulatory economics, on behalf of Oil Change International. 
20 Exh. 15, Karlamangla, Soumya, "Train in Alabama oil spill was carrying 2.7 million gallons of 
crude." Los Angeles Times, Nov. 9, 2013. 
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Community Emergency Preparedness Response 

When a crude oil spill occurs, local response assets are generally the first ones on scene. 
These assets will include those provided by police departments, fire fighters, and emergency 
managers. Many times however, these response individuals are unaware of the nature of, and the 
threat posed by the materials that are being transported through their communities. 

Congress, recognizing a gap in communication, mandated in the "9/11 Act"21 that rail 
companies transporting security sensitive materials, including toxic-by-inhalation materials, but 
not including crude oil, improve communication with local officials. Rail carriers are now 
required to identify a point of contact and to provide information to (1) state and/or regional 
"Fusion Centers" that have been established to coordinate with state, local and tribal officials on 
security issues and which are located within the area encompassed by the rail carrier's rail 
system; and (2) state, local, and tribal officials in jurisdictions that may be affected by a rail 
carrier's routing decisions and who directly contact the railroad to discuss routing decisions. 
This knowledge enables local communities to have a better understanding of what is being 
transported near their homes and schools. 

According to the mandate of the 9/11 Act, rail carriers transporting security sensitive 
materials are required to select lower-risk routes, based on an analysis of the safety and security 
risks presented on various routes, railroad storage facilities and proximity of high-consequence 
targets along the route. The results of this analysis could dictate the rerouting of the security 
sensitive materials to other locations. 

Crude oil is not currently defined as "security sensitive" so the additional reporting 
requirement does not apply to rail carriers transporting crude oil, despite its obvious hazards. 

The lack of regulatory guidance on communication about the movement of crude oil via 
rail with local officials, neighbors and local businesses is inconsistent with the Administration's 
initiatives goal to improve preparedness. President Obama issued a proclamation on August 30, 
2013 stating that September 2013 was National Preparedness Month. In this document, the 
President also stated that Americans should "refocus our efforts on readying ourselves, our 
families, our neighborhoods, and our Nation for any crisis we may face." Additionally he 
directed the Federal Emergency Management Agency to "launch a comprehensive campaign to 
build and sustain national preparedness with private sector, non-profit, and community leaders 
and all levels of government."22 Private sector and community preparedness can't occur if the 

21 Implementing Recommendations of the 9/11 Commission Act of2007, Pub. L. 110-53; 121 
Stat. 266. 
22 http://community.fema.gov/gf2.ti/f/280514/8233 73 3 .1/PDF /-/Presidential_ Proclamation_ 
National_ Preparedness_ Month_ 2013. pdf. 
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federal government fails to require the disclosure of information that could help communities 
become more prepared. 

Safety Rules Out of Date 

When the 9/11 Act was enacted in 2007, just 5,897 carloads of crude petroleum 
originated on U.S. Class I railroads. Last year, that number grew to 233,819 carloads-a growth 
of more than 3,865%. Exh. 6. In 2013, that number has grown again, totaling 299,052 through 
the first 3 quarters (averaging about 100,000 per quarter). Assuming volumes will be similar in 
the fourth quarter, there will be about 400,000 carloads for all of2013-a growth of about 
6,700% relative to carloads in 2007. Exhs. 9 and 10. This exponential growth in unit shipments 
of crude by rail and associated incidents, as well as the recent Lac-Megantic disaster, compel the 
conclusion that unit shipments of crude oil demand enhanced safety standards, and should be 
subjected to the re-routing standards as "security sensitive" materials as set forth in the 9/11 Act. 

Additionally, as has been acknowledged by the AAR, the existing fleet ofDOT-111 tank 
cars is simply unsafe for transporting crude oil or other hazardous materials. This is evident 
from Petition P-1577, in which the AAR calls for higher construction standards for this class of 
rolling stock. Among many other deficiencies, the head and shells of DOT -111 s are much too 
thin, and they lack many other vital safety features, such as head shields and protection for top 
fittings. 

Rail tank cars should be able to withstand "rollover" accidents. But when DOT -111 s are 
involved in accidents, even at low speeds, almost all of the tank cars rupture and release their 
contents. This was documented by the National Transportation Safety Board ("NTSB") in its 
"Cherry Valley accident report," cited in the ANPR. In that low-speed accident (36 mph), 13 of 
15 tank cars ruptured. !d. at 76. The NTSB noted that similar disastrous failure rates had been 
observed in other accidents (New Brighton, P A - 12 of 23 cars were breached; Arcadia, 0 H - 28 
of 32 were breached). !d. 

These dangerous deficiencies, and the many lethal consequences thereof, have been the 
status quo for decades. More than 25 years ago, the NTSB wrote to the U.S. Department of 
Transportation's ("USDOT's") Research and Special Programs Administration, complaining that 
the then-existing standards for tank cars were inadequate for transporting hazardous materials. 
In a 1991 letter the NTSB noted that in a series ofhazmat-by-rail accidents in 1988, 54 percent 
ofDOT-llls were destroyed, twice the percentage ofDOT-112s and other models. The NTSB 
again scolded: "The inadequacy of the protection provided by DOT -lilA tank cars has been 
evident for many years in accidents investigated by the Safety Board." 
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2. Ships 

The significant increase in barge traffic also increases the risk of barge groundings and 
spills in the Columbia River. These risks are not theoretical. For example, in 2009 a barge 
carrying a million gallons of gasoline ran aground in the Columbia River near the City of Hood 
River. An investigative report by the Oregonian uncovered U.S. Coast Guard documents 
describing a "great deal of confusion" over who was in charge, with agencies responsible for 
containing a fuel spill left out of the loop for hours after the accident. 23 The Corps must consider 
the potential adverse impacts of significantly increasing barge traffic on the dynamic Columbia 
River, and the increased potential for groundings and spills associated with the increased volume 
of barge traffic. See generally Exh. 13, Oil Spills in Washington State (1997). 

Similarly, EFSEC must evaluate the increased risk of direct conflicts with existing barge 
traffic on the Columbia, including the increased risk of catastrophic accidents. On the 
Mississippi River, which experiences a higher volume of barge traffic than the Columbia, 
accidents involving barge collisions demonstrate the increased risk to human life and the 
environment posed by increasing barge traffic. For example, on May 20, 2010, three grain 
barges sank on the Mississippi River near Baton Rouge following a collision between a barge 
transporting food products and a barge transporting sulfuric acid. 24 The accident prompted the 
U.S. Coast Guard to close the shipping channel. In mid-2008, a barge split open in a collision 
with a tanker, resulting in an oil spill and prompting federal agencies to close 85 miles of the 
Mississippi River to traffic for almost a week. According to reports, the accident was the result 
ofhuman error. On February 17, 2012 a tanker barge traveling downriver on the Mississippi 
rammed a crane barge being pushed upriver about 50 miles from New Orleans. The collision 
tore a 10-foot by 5-foot gash above the waterline ofthe double-hulled tanker barge and oil 
spewed less than 10,000 gallons ofLouisiana sweet crude oil into the water.25 These are just 
several examples of accidents involving barge traffic. 

Notably, there has been no comprehensive vessel traffic risk analysis done for the 
Columbia River as has been undertaken for Puget Sound. See Exh. 80, Puget Sound Vessel 
Traffic Risk Assessment, Final Draft. Given the significant increase in river traffic from the 
Tesoro-Savage project, EFSEC must undertake a similar analysis for the Columbia before 
granting any permits. EFSEC must assess the increased risk of tankers and barge accidents and 

23 Exh. 17, New Dawn fuel barge ran aground in the Columbia River, response was confusion, 
report says, Oregonian (June 20, 2010). 
24 Exh. 18, River traffic resumes after barge accident but threats remain, Louisiana Weekly 
(June 4, 2011). 
25 Exh. 19, Barge collision in Mississippi River causes oil spill, New York Daily News (Feb. 18, 
2012). 
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potential threats associated with these accidents, including oil spills and vessels/barges sinking, 
as part of its analysis. This analysis should use the most recent vessel tracking data for the 
Columbia River system and include historic levels, existing levels, and any reasonably 
foreseeable projected increases in vessel traffic. The EIS should also analyze alternative 
berthing times and seasonal restrictions to ensure that vessel operations do not adversely affect 
the spawning and migration behavior of salmonids, eulachon, sturgeon, and other species that 
use the proposed project area. The EIS should also analyze where fueling of vessels will occur. 
See Exh. 89, Washington Department ofNatural Resources Scoping Comments on Millennium 
Coal Terminal Proposal at 1-2, 7, 9. 

3. Type of crude 

Assessments of crude oil properties indicate the serious pernicious toxic properties of 
crude oil when released into air, water, and soil and its potential effects on fish, the aquatic 
environment, and wildlife?6 Crude oil spills are more difficult to clean-up than refined oil 
products. Crude oil is heavier and thicker; it lasts longer in the environment, coating vegetation, 
debris, and wildlife. Crude oil can also get trapped in sediments, rocks, and other debris, which 
allows the oil to be remobilized into the environment days, weeks, and even months after a spill 
incident?7 Once permitted, crude could come from the Bakken area of North Dakota or the tar 
sands region of Alberta, Canada. Alberta tar sands crude-diluted bitumen-is even more 
difficult to clean up, especially in an aquatic environment, as it is heavier and can sink to the 
bottom. A spill of crude oil or diluted bitumen would wreak devastating, lasting harm on the 
Columbia River, its fish populations, and the aquatic ecosystem.28 EFSEC must review the 
environmental impacts of different types of crude oil that may be shipped through the Tesoro
Savage facility. 

It would not be sufficient for EFSEC to simply recommend that after-the-fact spill plans 
address the issue of crude oil type. As the U.S. Environmental Protection Agency noted with 
respect to the 2010 Enbridge spill in Marshall, Michigan of Alberta tar sands crude: 

We have learned from the 201 0 Enbridge spill of oil sands crude in Michigan that 
spills of diluted bitumen ( dilbit) may require different response actions or 

26 See generally Exh. 20, American Petroleum Institute, High Production Volume (HPV) 
Chemical Challenge Program, Jan. 14, 2011. 
27 See Exh. 21, U.S. Fish and Wildlife Service, Effects of Oil Spills on Wildlife and Habitat, Dec. 
2004; Exh. 22, Oil Spills: Severity and Consequences to Our Ecosystem, Dartmouth 
Undergraduate Journal of Science, Mar. 11, 2012. 
28 See generally Exh. 23, The Pembina Institute, Pipelines and Salmon in Northern British 
Columbia: Potential Impacts, Oct. 2009. 
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equipment from response actions for conventional oil spills. These spills can also 
have different impacts than spills of conventional oil. We recommend that these 
differences be more fully addressed in the Final EIS, especially as they relate to 
the fate and transport of the oil and the remediation that will be required .... We 
recommend that the Final EIS more clearly acknowledge that in the event of a 
spill to water, it is possible that large portions of dilbit will sink and that 
submerged oil significantly changes spill response and impacts?9 

In fact, as of May 2013, there are 180,000 gallons of oil remaining in Kalamazoo River three 
years after the spill.30 See Exh. 7, Emerging Risks Task Force Report (2013) at 15-23 
(description and case studies of spills/clean-up of Bakken and tar sands crude); Exh. 11, 
Transporting Alberta's Oil Sands Products: Defining the Issues and Assessing the Risk (Mar. 17, 
2013); Exh. 12, Tar Sands Pipeline Safety Risks (Feb. 2011) (cataloging diluted bitmen 
characteristics and particular risks). 

B. The Public Health Issues Raised by This Project Are Significant and Harmful. 

The public health issues raised by a project of this size and extent include diesel pollution 
over different operational lifetime projections for the terminal, soil contamination by crude oil, 
odor pollution, and increased noise. The EIS should include a specific focus on children, the 
elderly, and other vulnerable members of the community. It should also consider cumulative and 
disproportionate impacts on communities already exposed to high levels of air and water 
pollution, particularly low income communities and communities of color. 

Further, a valid SEP A analysis must consider air pollution impacts that specifically 
accompany transporting oil. Each trip of a fully loaded tanker will use diesel fuel and generate 
both significant C02 emissions as a variety of toxic and harmful air emissions. Relatedly, the 
EIS must consider idling ship emissions of cargo vessels at the dock and in transit through the 
lower Columbia River; such emissions have been a significant source of toxic air pollution in 
other ports and, given the scale of this project, are of concern here.31 

29 Exh. 24, EPA Letter of April22, 2013 on Keystone XL DSEIS at 3-4. 
30 Exh. 25, US EPA, Volume Estimate for Submerged Line 6B Oil in the Kalamazoo River 
(May 1, 2013). 
31 Exh. 26, CRS Report for Congress, Air Pollution and Greenhouse Gas Emissions from Ships 
(Dec. 23, 2009); Exh. 27, Air Pollution and Greenhouse Gas Emissions from Ocean-going 
Ships: Impacts, Mitigation Options and Opportunities for Managing Growth; Exh. 28, Protecting 
American Health from Global Shipping Pollution, Establishing an Emission Control Area in U.S. 
Waters (undated). 
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1. The Tesoro-Savage project will cause harmful air impacts. 

Transportation of crude oil long distances creates harmful air emissions from diesel 
locomotives. These effects will have a significant impact on the ability of air quality control 
regions through which the trains will pass to meet the National Ambient Air Quality Standards, 
which are set to protect public health. No matter which route the trains take to reach the Port of 
Vancouver, they will pass through numerous non-attainment and maintenance areas for the 
criteria pollutants they will be emitting. For example, if the oil is transported via the Union 
Pacific rail line, it would pass through the Fort Hall PM-10 Nonattainment Area, the Portneuf 
Valley (Pocatello) PM-10 Maintenance Area, theN Ada County (Boise) PM-10 Maintenance 
Area, the Klamath Falls PM-10 Maintenance Area, the TacomaPM2.5 Nonattainment area, the 
Lewis and Clark County and Yellowstone County, and the MT S02 Nonattainment areas, to 
name just a few. If the oil is transported via the BNSF rail line, it would pass through at least the 
Sheridan County PM-10 Nonattainment Area, the Missoula County PM-10 Nonattainment Area, 
the Sanders County PM -10 N onattainment Area, the Sandpoint PM -1 0 Maintenance Plan, and 
the Spokane PM-10 Maintenance Plan. Therefore, the NEPA analysis should analyze the effect 
the transportation of oil will have on the air quality of communities through which the trains will 
pass. 

It is also critical in conducting air quality modeling analysis to use reasonably 
conservative but realistic inputs into the model. For example, it would be easy, but inaccurate, to 
assume an oil train travels at an average speed for its entire journey. However, the reality is that 
heavy oil trains travel very slowly at certain points of their journey because of elevation 
increases or safety restrictions. In addition, additional locomotive engines are needed at certain 
points of the journey to make it over hills and the engines have to work harder, and thus produce 
more emissions, at those points. In addition, trains idle along the way for various reasons like 
crew changes and train re-configurations. Similarly, it would be easy, but inaccurate to assume 
that by the time the oil terminal is operating, only ultra-low sulfur diesel will be used in the trains 
and ships. However, there are exceptions to the diesel regulations such as the provisions for 
using transmix diesel that has much higher sulfur content. 32 Realistic assumptions of these 
factors need to be included in the analysis. Modeling must take these inputs into account to be 
realistic. 

2. The Tesoro-Savage project will harm water resources. 

The EIS must consider effects to all surface and ground water resources within the 
project area. The EIS must consider all potential water quality impacts (e. g., increased sediment 
loads, possible spills, changes to alluvial groundwater quality, degradation of drinking well 
water) and water quantity impacts (e.g., drawdown of aquifers, diversions or diminutions of 

32 See, e.g., http:/ /www.epa.gov/otaq/fuels/dieselfuels/documents/420fl2081 .pdf. 
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surface flow, hydrologic changes affecting seeps and springs, drinking water impacts) of the 
terminal's construction and operation. The agencies should ensure that the EIS describes, in 
detail, the possible sources of all water needed for the railroad and associated drilling activities, 
including water originating in any over-allocated water source. 

The analysis must consider acid deposition into waterways from the trains' and ships' 
diesel engines. An analysis of the Port of Morrow proposed coal export terminal, which is much 
smaller, showed nitrogen deposition into the Columbia River many times above the ecological 
screening level of 5 kg/ha!yr. See Exh. 64 at 25. These impacts crossed state boundaries. These 
local impacts should be considered in the context of global acidification. 

The analysis must assess not just the impacts of dredging in the Columbia River to 
construct the project, but also the cumulative effects of maintenance dredging every few years 
for the foreseeable future, as well as the cumulative effects of other dredging activities in the 
lower Columbia. See Exh. 67 (Longview Fibre comments). 

In addition to water availability considerations, the EIS must examine the project's 
potential impacts to water quality. Contamination of river and drinking water supplies can occur 
with diesel emissions and diesel spills both during project construction and during the ongoing 
operation of the project, which relies on continuous activity of trains. Construction and 
operation of the railroad may also result in water quality impacts in the way of increased 
sedimentation and other changes. The EIS must assess these impacts and detail how federal, 
state, and local water quality standards will be met, monitored, and maintained. 

C. Public Safety Will Be Jeopardized by Construction and Operation of the Tesoro
Savage Project. 

The impacts to public safety run the gamut from increased train traffic and vehicle 
accidents, increased derailments and concomitant emergency response, travel time delays at 
specific intersections (including the economic impacts of those delays, and impacts to/delay of 
emergency services (fire, police, EMT). The City ofVancouver submitted scoping comments on 
the proposed Millennium coal export terminal, Exh. 68, that stressed public safety concerns 
including blocked road crossings, delay of emergency responders, and train horn noise. 

Threats from frequent long trains at rail crossings all along the route from North Dakota 
or Alberta, Canada drill and near the project area will mean delayed emergency medical service 
response times; and increased accidents, traumatic injury and death. Each 120-car unit train is 
approximately a mile-and-a-halflong, and this proposal would significantly increase the daily 
number of trains along the rail route. These trains will bisect multiple communities along the 
route, leading to significant traffic delays and potential safety issues at grade-crossings. The 
delay of only a few minutes for an emergency response vehicle can mean the difference between 
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life and death for citizens in these rural communities. In addition, increased rail traffic will lead 
to increased collisions between passenger vehicles, pedestrians, and trains. See Exh. 29, Daniel 
A. Lashof et al., Natural Resources Defense Council, Coal in a Changing Climate (Feb. 2007). 

Preliminary traffic impact studies have been done for several communities along the 
proposed rail transportation route for the proposed coal export projects in Washington, including: 

• Exhibit 30, Coal Train Traffic Impact Study, Parametrix (Nov. 2012). 
• Exhibits 31-38, Gibson Traffic Consultants Reports for Bellingham, Burlington, 

Edmonds, Marysville, Mount Vernon, Seattle, and Stanwood. 
• Exhibit 39, Heavy Traffic Ahead, Western Organization of Resource Councils (July 

2012). 

In addition to the threat of delay, the EIS must review the threats associated with oil train 
derailments. There is a serious risk to human health from a huge increase in oil train traffic 
along the route to and from North Dakota and Alberta drill sites. EFSEC should also evaluate 
how local agencies will respond to oil spills that involve dangerous chemicals. For example, 
according to the Washington Department of Ecology, spilled Bakken oil presents a significant 
risk to first responders as the oil and its diluent may contain elevated levels of benzene. High 
levels of benzene or other dangerous chemicals may require emergency responders to wear 
respirators, delaying and complicating initial response to an oil spill. Benzene exposure is a 
concern with diluted bitumen from the Alberta tar sands as well. 

EFSEC must also review geologic hazards. Because of its setting within the Cascadia 
subduction zone, the coastal region of the Pacific Northwest has a high level of seismic activity. 
For example, the U.S. Geological Survey estimated that there is an approximate 14% chance that 
a Great Cascadia subduction earthquake (magnitude 8+) will strike the region in the next 50 
years-the length oftime regarded as typical design life of a structure or facility in the United 
States. This probability is characterized as "quite high.'m The EIS should analyze the 
environmental impacts of the project in the event of an earthquake or cascading earthquake. This 
analysis should account for varying seismic events?4 See Exh. 89 at 3-4. 

33 Petersen, M.D., Cramer, C.H., and Frankel, A.D. 2002. Simulations of seismic hazard for the 
Pacific Northwest of the United States from earthquakes associated with the Cascadia subduction 
zone: Pure and Applied Geophysics, v. 159, p. 2147-68. 
34 See Cascade Subduction Zone Earthquakes (2013), http://www.dnr.wa.gov/publications/ger_ 
ic116 _ csz_scenario _ update.pdf; http://www.oregonlive.com/environment/index.ssf/2012/08/ 
major_ earthquake jn _oregon_ cou.html. 
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Site liquefaction is another important area of review, as Tesoro-Savage concedes in its 
application at 2-192 to 2-194. Liquefaction is a major threat to all Columbia River ports. In 
2012, the State of Oregon released a critical energy infrastructure report that highlights the 
serious problem the state will have in the event of an earthquake because so much of its 
infrastructure is located on riverfront properties subject to liquefaction. See Exh. 90, Earthquake 
Risk Study for Oregon's Critical Energy Infrastructure Hub; Exh. 91, Washington Department of 
Natural Resources, Clark County Liquefaction Map (2004). 

D. The Overall Economic Impacts of the Tesoro-Savage Project Are Likely 
Negative. 

The economic impacts of this project must also be reviewed. Issues here include the 
impact of dramatic increases in oil train traffic on real estate values and damage to property from 
diesel emissions, vibration, and noise. There are also serious concerns relating to the impact of 
such a massive increase in oil rail traffic on other non-oil shippers of freight by rail, including 
ports and shippers of agricultural products. These same issues may dramatically affect passenger 
rail interests. These significant rail traffic increases are likely to create major impacts on 
communities affected by vehicle traffic problems related to delays at non-grade separated 
railway crossings, which will affect non-rail freight mobility, access to ports, retailers, tourist 
centers, and employers. There will be impacts to other types of development in the Port of 
Vancouver itself, as well as the City of Vancouver. On the marine side, there are likely to be 
significant economic impacts on marine dependent industries such as commercial and tribal 
fisheries, tourism, and other businesses. 

1. The project, individually and in combination with other proposed coal and 
oil shipping projects, will create massive increases in rail traffic, with 
major impacts on other rail users and affected communities. 

The increased rail traffic associated with shipping 360,000 barrels of crude oil a day at 
full build out from the Tesoro-Savage project would represent a huge increase in freight rail 
usage and would likely present significant conflicts with other users of the rail line, including 
freight and passenger shippers. According to the Washington State Department of 
Transportation (WSDOT), inbound freight rail traffic totaled 58 million tons in 2010.35 Based on 
WSDOT's figures, rail tonnage associated with just the Tesoro-Savage project at full build out 
would represent a substantial increase in the inbound rail tonnage on Washington rails. These 
impacts are even more significant if you take into account the cumulative impacts on a regional 
perspective. The authors of the Heavy Traffic Ahead study, Exh. 39, have estimated that 
combined rail traffic from the Powder River basin to the proposed northwest coal terminals 
(including projected growth in British Columbia, Canada) would equal as much as 157 million 

35 WSDOT, Washington State Rail Plan Public Workshop Presentation (Slide 21), Nov. 2012. 
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metric tons per year. This would result in a nearly 200% increase of inbound regional freight rail 
traffic for just this one commodity. It is critical that the EIS include a full analysis of the 
cumulative impacts from these proposals, including the capacity of the rail system to handle 
these increases without significant adverse impacts on other shippers, passenger rail users, and 
communities. 

The most recent analysis of Washington's freight capacity, conducted in 2009 (Exh. 40, 
Washington State Department of Transportation Freight Rail Plan 2010-2030), indicated that a 
number of critical sections of track, including the Columbia Gorge, were at or near capacity in 
2008 and predicted further congestion by 2028. Other key chokepoints are identified in the Plan, 
the Washington State Transportation Commission's Statewide Rail Capacity and System Needs 
Study, December 2006 (Exh. 41), and the Heavy Traffic Ahead study (Exh. 39). Additional 
critical bottlenecks include the Columbia Gorge and the Spokane-Sandpoint Corridor (known in 
railroad parlance as "the Funnel," due to the fact that most major east-west rail corridors 
converge there). 

Unless mitigated with significant capacity additions, the addition of the massive increases 
of oil train traffic is likely to present significant adverse impacts on other users of the rail line, 
including grain and fruit shippers, intermodal users, ports, industries, aircraft manufacturers and 
passenger rail-all of who are critically dependent on timely and affordable access to the rail 
system. Heavy Traffic Ahead, Exh. 39. Existing state studies indicate that coal rail traffic is 
already having a significant negative impact on the ability of Washington shippers to access 
markets where coal traffic from the Powder River basin is dominating the rail lines; experts 
working for the state have concluded that "the high volume of coal trains moving east out of the 
Powder River basin has made it virtually impossible to route time-sensitive intermodal trains 
moving from PNW ports to central and southeast gateways such as Kansas City and Memphis 
through the near continuous flow of slow-moving coal trains. Adjusting to this, BNSF has 
shifted most intermodal traffic destined to locations south of Chicago to the Ports of Los Angeles 
and Long Beach." These reports also confirm that the railroad prioritizes unit trains, such as coal 
or oil trains, over other shippers. The EIS should fully analyze the impacts on northwest 
shippers if inbound and outbound freight traffic is diverted or eliminated due to the competition 
with crude oil trains. 

The EIS must also analyze impacts, mitigation measures and potential funding relating to 
the use of passenger rail on these same lines. As Exh. 42 discusses, the Amtrak Cascades Mid
Range Plan (2008), Washington and passenger rail advocates have significant plans for increases 
of passenger rail capacity, including adding additional high-speed passenger trains on the I -5 
corridor. The EIS must analyze how existing and expanded passenger rail uses will be impacted 
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if freight traffic increases.36 The EIS should also consider existing and prospective public 
funding for rail capacity to purchase passenger rail service. The public has spent billions of 
dollars in rail improvements to ensure that passenger rail fits with existing capacity, and it is 
imperative that the EIS fully analyze the past and prospective investments to ensure that public 
funds are not spent for private purposes. 

It will also be necessary to review the need for public investment spurred by this project. 
Rail infrastructure improvements are anticipated, although it is far from clear how those 
improvements will be funded. Rail lines and infrastructure will also need to be regularly 
maintained, and there will be mitigation costs for structures such as overpasses, tunnels, and 
railroad crossings. The EIS must also address whether the public will be expected to bear any 
costs for infrastructure constructed for private benefits. Federal and State Governments 
commonly bear a significant share of the costs of freight rail capacity improvement projects.37 

The EIS should include all needed capacity improvements that will be required to address at least 
those areas where the planned oil train traffic will exceed the capacity of the existing system. 

2. The project is likely to create very significant impacts relating to rail 
traffic in dozens of impacted communities. 

Numerous studies have confirmed that the massive increases in freight rail traffic for coal 
export will result in significant adverse impacts on other tniffic and freight mobility within 
affected communities. See Exhs. 30, 31-38, 39. Each of these studies concludes that the level 
and type of coal train traffic associated with this project is likely to cause a number of affected 
intersections to reach unacceptable levels of service, including many intersections that are 
projected to reach level of service "D" or "F." These traffic impacts will cause direct economic 
losses to affected communities and businesses through interruptions of freight mobility, 
challenges for customers reaching businesses, and lost employee time. Air pollution impacts 
related to increased idling and congestion may also directly impact growth in affected 
communities. These studies apply to crude oil trains as well. 

Although these studies show the likelihood of significant adverse impacts in a number of 
communities, it is imperative that the EIS fully analyze these issues in these and all other 

36 Passenger service that may be affected would include, among others, Sound Transit Sounder 
Commuter services as well as Amtrak intercity service and Empire Builder service between 
Seattle and Chicago. The Empire Builder service also utilizes "The Funnel" in Spokane, which 
is expected to see the greatest increase in freight rail traffic because of the coal shipments. 
37 See Sightline, January 2013, Who Pays for Freight Rail Upgrades? available at 
http:/ldaily.sightline.org/2013/01/18/who-pays-for-freight-railway-upgrades/. 



Tesoro-Savage Vancouver CBR Terminal-Scoping Comments 
December 17, 2013 
Page 26 

communities that are likely to be similarly affected along the entire corridor from drill sites in 
North Dakota, Montana, or Alberta, Canada to the proposed Tesoro-Savage terminal. 

The EIS must also look at necessary mitigation for these traffic and mobility concerns 
and the question of who will bear the costs of this mitigation. Under federal law, railroads are 
generally limited to paying no more than 5% of the costs of grade separated crossings where at 
grade crossings are being eliminated. Typically, the railroad pays far less than that amount. 
Given that the costs of grade separated crossings to address these traffic issues are in the $1 Os 
and $1 OOs of millions, the EIS must analyze any mitigation that is needed to reflect the huge 
increases in oil train traffic associated with this project to ensure that the public does not pay for 
private benefits. 

Finally, it is particularly critical that the evaluation of rail impacts be placed with the 
context of cumulative effects from multiple projects, currently under consideration, that will 
dramatically raise the amount of train traffic in Washington State. There are numerous proposals 
to ship crude oil and coal that will in part use the same rail lines. The EIS should evaluate the 
direct, indirect, and cumulative impacts of reasonably foreseeable projects, including crude oil, 
coal export, and liquefied natural gas terminals on the Columbia River. This includes the 
cumulative impacts associated with rail traffic, vessel traffic, and associated pollution and public 
health impacts. 

3. Other economic impacts and risks associated with the project will be 
significant. 

a. Property valuation 

Although large increases in oil train traffic has not yet occurred, recent studies focused on 
proposed coal train traffic increases have indicated that the massive increases in train traffic may 
directly result in significant reductions in property values, affecting owners, other taxpayers and 
affected communities. 38 A study conducted by the Eastman Company (property valuation 
experts and consultants) relevant to the Gateway Pacific Terminal in Whatcom County concludes 
that property valuation losses are likely to be significant for properties located within 500 feet of 
the mainline tracks in Whatcom, Skagit, Snohomish, King, and Pierce Counties, due to the 
impacts related to traffic, safety, vibration, noise, pollution, and stigma and perception issues. 
For example, the study found that single family residential properties north of Everett could lose 

38 See Exh. 43, Increased Coal Train Traffic and Real Estate Values, The Eastman Company 
(Oct. 30, 2012); Exh. 44, The effect of freight railroad tracks and train activity on residential 
property values, Robert A. Simons R. & A. El Jaouhari (Summer 2004); Exh. 45, Examining the 
Spatial Distribution of Externalities: Freight Rail Traffic and Home Values in Los Angeles, 
Futch, M. (Nov. 11, 2011). 
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values in the range of 5-20%. Other estimates included multi-family properties (5-15%); 
commercial properties (5-10%); and industrial properties (5-8%). Using a database of assessed 
property values in the study area, the Eastman report concluded that even a 1% diminution in 
property value would result in a loss of approximately $265 million. While we are not yet aware 
of any comparable study for Vancouver, it is clear that a substantial increase in rail traffic has 
important impacts that need to be assessed. The EIS should look at these issues along the entire 
corridor, using specific estimates of rail traffic associated with the project, as well as the 
cumulative impacts of proposed coal export facilities and other proposed crude-by-rail projects. 

b. Impacts on other Port of Vancouver business 

Other business opportunities at the Port of Vancouver are likely to be harmed by the 
Tesoro-Savage project. For example, the Port of Vancouver recently approved three agreements 
with BHP Billiton to develop a potash export facility at the Port's Terminal5.39 At full build
out, BHP plans to move 8 million metric tons of potash through the port annually. According to 
the Port, construction is expected to begin in 2014, "with operations commencing as early as 
2017."40 The potash will be transported through the city by rail for delivery to the Port. 

In October 2009, the City of Vancouver approved the master plan for the Columbia 
Waterfront Development project which calls for the development of 3,300 residential units and 1 
million square feet of commercial space on 32 acres of riverfront property. This site is bordered 
by the BNSF railroad tracks that would be used to transport the oil to the terminal. On 
November 4, 2013 the Vancouver City Council approved the Waterfront Park Plan that calls for 
a 7.3 acre park and trail within the Waterfront Development project. The City of Vancouver has 
invested $45 million in transportation improvements to serve the Waterfront Development 
project. The EIS needs to identify the impacts of the Tesoro Savage project and other reasonably 
foreseeable projects on the Waterfront Development project. 

c. Impacts on economies dependent on the marine environment 

There are likely to be significant adverse impacts and major risks posed to the Columbia 
River and aquatic ecosystems from this project. In addition to the impacts on ecosystems, these 
issues must be evaluated for the impacts and risks that they pose for marine related businesses 
and economies, such as commercial, tribal and sports fisheries, tourism, and other related 
businesses. These businesses cumulatively provide billions of dollars in positive economic 
impacts to the state and region. Exh. 16, National Wildlife Federation, The True Cost of Coal: 

39 See http://www. portvanusa.com/news-releases/port -commission-signals-confidence-in-bhp
billiton-project/. 
40 The Columbian, "BHP Signals Commitment to Port of Vancouver Project," Aug. 22, 2013. 
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The Coal Industry's Threat to Fish and Communities in the Pacific Northwest (2012) at 9 
(recreational fishing accounts for $2.7 billion a year to the Washington and Oregon economies; 
commercial fishing in Washington contributed $3.9 billion to economy). Impacts to other forms 
of recreation, such as boating, fishing, hiking, and birding, ~hould be closely analyzed. 

Commercial and recreational fishing form a vital part of Washington State's economy. 
As Washington Department ofFish and Wildlife found in 2008 (Exh. 87): 

Ultimately, our findings indicate that commercial and recreational fisheries not 
only contribute employment and personal income, but also contribute in several 
other significant ways to Washington's economy, as well as to its residents' 
quality of life. 

In terms of economic impacts, commercial and recreational fishing conducted in 
Washington fisheries directly and indirectly supported an estimated 16,374 jobs 
and $540 million in personal income in 2006. When viewed in the context of the 
Washington state economy, these levels of employment and earnings account for 
about 0.4 percent of total statewide employment and about 0.2 percent of total 
statewide personal income in 2006. 

See also Exh. 88, Washington State Maritime Cluster Economic Impact Study (Nov. 2013). 

All of these economic impacts beg the question whether the overall economic impacts of 
the project are positive. As Exh. 46 shows, The Impact of the Development of the Gateway 
Pacific Terminal on the Whatcom County Economy, the answer to this question is very likely no. 
This study, by one of the nation's leading economic consulting firms, evaluated the positive 
economic impacts from a proposed coal export project in Whatcom County, and then compared 
them to a wide range of negative economic tradeoffs and impacts. It concluded that the overall 
economic impact would very likely be negative, even in the county with most of the positive 
economic benefits. A similar review should be prepared specific to the locally impacted area of 
Vancouver and Clark County as part of this EIS. Additionally, the EIS should look at the overall 
economic impacts of the Tesoro-Savage project on a region-wide basis, particularly in light of 
the cumulative effects with multiple overlapping impacts. 

E. The Tesoro-Savage Project Will Increase Harm to Wildlife, Marine, and Aquatic 
Health. 

The EIS must include an analysis of impacts to biological, marine, and aquatic resources 
on both public and private lands and waters in the affected area, that is, in the area from the 
drilling of the oil in the middle of the North American continent, through the rail corridor to the 
Tesoro-Savage project, through the loading and shipping of the oil through the Columbia 
estuary, to its final, and currently unknown, destination and burning. Such resources include 
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marine and terrestrial mammals, game and non-game resident and migratory bird species, 
raptors, songbirds, amphibians, reptiles, fisheries, aquatic invertebrates, wetlands, and vegetative 
communities. EFSEC must ensure that up-to-date information on all potentially impacted flora 
and fauna is made available, so that adequate impact analyses can be completed. Habitat 
degradation, fragmentation, and loss must all be assessed, along with any resulting impacts to 
wildlife and marine species. 

1. Construction and operation ofthe Tesoro-Savage project will harm the 
ecology of the lower Columbia River. 

Risks to aquatic health in the important Columbia estuary-including potential harm to 
important Columbia River salmon populations, threatened salmon species, and endangered killer 
whales-stem from oil spills from bulk carriers, impacts during construction (seafloor 
disturbance, increased turbidity, noise, lighting), impacts during operation (endemic oil spills, 
shading from pier and wharf, toxics from terminal's outfall pipes, night lighting, noise), chosen 
shipping routes and shipping traffic along those routes, and climate change itself. 

Construction and existence of the dock and pier will impact salmon, lamprey, and other 
marine life. See Exh. 4 7, Minimizing Effects of Over-Water Docks on Federally Listed Fish 
Stocks in McNary Reservoir: A Literature Review for Criteria, prepared by the U.S. Geological 
Survey for the U.S. Army Corps of Engineers (2010) (prepared in support of criteria for siting 
new docks in the McNary Pool of the Columbia River, this report recommends, among other 
things: (1) pilings shall not exceed 5 inches in diameter, (2) each over-water structure shall 
utilize no more than 6 piles for the entire project, and (3) nothing shall be placed on the over
water structure that will reduce natural light penetration through the structure); Exh. 48, 
Overwater Structures and Non-structural Piling White Paper, prepared by Jones & Stokes 
Associates for the Washington Department ofFish and Wildlife (2006) (summarizes scientific 
literature documenting the direct, indirect, and cumulative impacts of overwater structures, 
including industrial docks, to ESA-listed salmonids and other aquatic life); Exh. 49, Over-water 
Structures: Freshwater Issues, prepared by Herrera Environmental Consultants for the 
Washington Departments ofFish and Wildlife, Ecology, and Transportation (2001) 
(comprehensive overview of scientific literature, current through late-2000, describing the 
impact of pilings and docks on aquatic life, including increased predation, decreased habitat 
quality, and degraded water quality). 

The design, construction, and existence of the wharf and trestle will have shading 
impacts, which in tum affects estuary ecology. For example, juvenile salmon, which use the 
lower river for migration and rearing, will also be disrupted by the dock system. During terminal 
operations, noise and artificial light will harm all the fish that use the estuary environment, and 
vessel berthing will disrupt and harm salmon rearing and migration behavior. In a letter to the 
Army Corps, the National Marine Fisheries Service expressed significant concern about the 
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impacts of the much smaller Morrow coal project on ESA-listed species. Exh. 50. Notably, it 
rejected the Corps efforts to look narrowly at the environmental impacts of the project, 
demanding additional information before consultation could proceed. 

Stormwater is another critical concern, given the toxicity of the material being shipped. 
The surrounding water bodies are already listed as impaired under the state's § 303(d) list, and 
under Ninth Circuit precedent, any additional discharge to such impaired streams is prohibited. 
As we have previously explained with respect to the Millennium coal export terminal proposal, 
the provisions in the construction and industrial stormwater general permit are not adequate to 
the task of controlling toxic runoff from facilities into sensitive and impaired water bodies. 
These discharges should be regulated under an individual permit if not prohibited outright. See 
Exh. 63 (Construction Stormwater Comment 11-30). 

As noted above, an evaluation of the proposed Morrow coal export facility showed 
nitrogen deposition from the diesel engines for the trains and ships significantly above the 
ecological screening level. See Exh. 64 at 24-26. The EIS should include a similar analysis for 
Tesoro-Savage. 

Increased wildlife mortality from railroad and drilling-related activity (including, but not 
limited to, increased human conflicts, habitat loss, and increased hunting pressure) must also be 
discussed. Impacts to wildlife migration corridors must be evaluated. 

2. Increased shipping traffic caused by the Tesoro-Savage project will harm 
the lower Columbia River and its already at-risk aquatic species. 

Granting the requested permit would dramatically increase the amount oflarge-vessel 
traffic in the Columbia estuary, a sensitive and critically important ecosystem. A study 
performed for a smaller proposed coal export proposal found it would itself cause an increase of 
around 7% in vessel traffic on the lower Columbia River. Exh. 51. The proposed action is an oil 
port many times that size. Each of these ships must navigate the Columbia bar, known to 
captains as "the graveyard of the Pacific" for its dangers. 

The dramatically increased shipping traffic brings with it an increased risk of collisions, 
groundings, spills, discharges, and accidents during vessel fueling. Similarly, the potential for 
introduction of invasive species, including through ballast water, must be assessed, as tens of 
thousands of cubic meters of ballast water per visit will be discharged by the shipping vessels. 
Exh. 16, The True Cost of Coal: The Coal Industry's Threat to Fish and Communities in the 
Pacific Northwest at 10. Hull fouling presents a similar danger of invasive species introduction. 
All of these risks and impacts must be carefully scrutinized, particularly in light of cumulative 
effects like other proposed coal terminals on the Columbia River. 
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This increased quantity of shipping, and the operations of the terminal site, will have 
effects on threatened, endangered, and candidate species that must be analyzed in the EIS. This 
includes multiple ESA-listed salmon species, endangered southern resident killer whales (which 
rely on Columbia salmon as a food source), and other species. For species protected under the 
Endangered Species Act, federal agencies must consult with the U.S. Fish and Wildlife Service 
and the National Marine Fisheries Service ("NMFS") under§ 7 of the Endangered Species Act 
to determine whether the terminal, the proposed shipping activity and marine shipping routes, 
any of the proposed railroad routes, and the associated oil drilling and combustion activities will 
adversely affect these species or their designated critical habitat. 

Federal and state agencies, along with Columbia River Treaty Tribes, have spent decades 
trying to protect and recover salmon in the Columbia River that are threatened with extinction 
due to hydropower operations and habitat loss. Indeed, the federal government's chief resp~mse 
to mortality to salmon caused by dams is to improve habitat, and especially in the Columbia 
River estuary. Agreements with the states call for spending tens of millions of dollars on estuary 
habitat restoration to mitigate for hydropower impacts. See Exh. 52, Estuary Habitat MOA. 
These efforts will be undermined by the extensive pollution, habitat loss, and risk of accident 
that are associated with this project. 

It is particularly important for the agencies to evaluate increases in vessel traffic in the 
context of the cumulative impacts from multiple current and reasonably foreseeable projects-. 
mostly related to other oil shipping proposals, LNG, and coal-in the lower Columbia River. 
For example, one recent project at Port Westward proposes to dramatically expand vessel traffic 
downstream in the Columbia for carrying crude oil. Exh. 65. Another project under review 
involves substantial increases in LNG vessel traffic. Exh. 66. EFSEC must also analyze the 
increased rates of juvenile salmonid wake stranding caused by Tesoro-Savage's increase in 
shipping traffic. As the Columbia River Inter-Tribal Fish Commission wrote with respect to the 
Millennium coal proposal: 

The ships of the Panamax category, proposed for this project, will be massive for 
the Columbia River. Ships of this size and draft are unique for this area. Studies 
have shown that large ships cause huge disturbances in the system, including 
causing wake stranding of outmigrating smolts, bank erosion and disturbance of 
nearshore habitats. Adding this project to the river will increase ship traffic 
dramatically and will have significant negative effects on listed salmonids. 

Exh. 69 at2. 
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3. A crude oil spill would be devastating to fish and wildlife. 

Crude oil is extremely toxic to fish and wildlife. Past oil spills have caused documented 
harm to aquatic fish and shellfish. Oil spills release polycyclic aromatic hydrocarbons ("P AHs") 
into surrounding waters. P AHs include phenanthrene, anthracene, fluoranthene, pyrene, but, in 
general, low molecular weight P AHs can be directly toxic to aquatic organisms. The metabolites 
of higher molecular weight PAHs are known carcinogens in humans. Previous studies and 
reviews of oil spills have documented P AHs rapidly build-up in tissues of finfish and shellfish to 
levels dangerous for human consumption following spills of varying size. Seepage and small 
leaks over time may cause resident fish and shellfish to suffer <;:hronic exposure to P AHs and 
allow these chemical compounds to accumulate in animal tissues. 

An oil spill in the Columbia River would have devastating impacts to fish and wildlife. 
Exh. 86, Oiled Wildlife; Exh. 81, Altered growth and related physiological responses in juvenile 
chinook salmon from dietary exposure to polycyclic aromatic hydrocarbons; Exh. 82, Effects of 
Diesel on Survival, Growth, and Gene Expression in Rainbow Trout Fry; Exh. 83, Leyda 
Consulting, Ecological Impacts ofProposed Coal Shipping (Oct. 30, 2012) at 14-16 (explaining, 
with references, harm to salmonids from petroleum products). See also_Exh. 70, NMFS 
Comments on Millennium coal (listing marine species at risk and requesting information for 
broad Endangered Species Act review). 

Tesoro-Savage's location on the Columbia River makes any oil spill even more 
devastating. The Columbia River estuary is "a valuable functioning ecosystem that has been 
identified by scientists and resource managers as a vital link in the lifecycle of most anadromous 
fish in the Basin. All anadromous species, including those listed under the Endangered Species 
Act, pass through or rear in the estuary. The fact that habitat around the Port [of Longview] is 
already degraded makes it imperative that any new development cause as little injury as 
possible." Exh. 69, CRITFC comments on Millennium coal. 

Any potential spill discussion must include the Washington State coastline. The bar at 
the mouth of the Columbia River is considered one of the most dangerous crossings out of harbor 
in the world. Transporting or towing oil out of this harbor will always face risk and more so 
during winter storms and large tidal exchanges. Should a spill incident occur in this area, crude 
oil and components could potentially impact both inside the river mouth and the Washington 
State coastline both north and south of the event dependent on wind, waves, and currents. 
Depending on the time of year, a spill event may be worsened by high-energy storms that could 
spread its impact widely both in the river, at sea, and on shorelands. 
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F. Columbia River Gorge National Scenic Area 

Trains serving the Tesoro-Savage project will pass through the Columbia River Gorge 
National Scenic Area. The Gorge has long been considered a special area. The Gorge has been 
occupied by Native American tribes for more than 10,000 years, and the scenic, natural, and 
cultural resources of the Gorge remain critical to sovereign Native American governments. In 
1915, the U.S. Forest Service established Eagle Creek as the first Forest Service Recreation Area 
in the nation. The following year, the Gorge was proposed as a National Park. In 1986, 
Congress recognized the national significance of the Columbia River Gorge and created the 
Columbia River Gorge National Scenic Area to protect and enhance the aesthetic, biological, 
ecological, historic, and recreational values in the Gorge. See Columbia River Gorge National 
Scenic Area Act ("Scenic Area Act"), 16 U.S.C. §§ 544-544p. The Gorge, under the protection 
of the Scenic Area Act, offers a stunning array of sensitive resources, including scenic and 
historic views along the Columbia River, site of the final portion of Lewis and Clark's journey 
across the West. Today the Gorge contains hundreds of miles of hiking and bike trails through 
locales as diverse as misty river canyons and arid grassland plateaus. The Gorge also contains 
dozens of lakes, parks, campgrounds, and other recreational areas. Some of the most heavily 
used recreation sites in Washington and Oregon are in the Gorge, often in close proximity to the 
Columbia River and the likely crude oil transportation route. 

The National Scenic Area is also a working landscape, sustained economically by 
agricultural and forest lands and 13 designated urban areas. The urban areas in the National 
Scenic Area are generally located along the Columbia River and straddle the highway and 
railroad transportation corridors that run the length of the Gorge in both Washington and Oregon. 
Increased rail traffic would adversely affect these economic uses by increasing wait times and 
railroad crossings, increasing noise, generating demand for additional sidings, and worst of all, 
releasing plumes of coal debris in windy locations. 

As discussed above, diesel emissions will harm air quality, and the Gorge in particular 
will suffer from increased air pollution. Indeed, at the present rate of rail traffic, the Gorge 
already has smog and visibility impairment up to 95% of the time. The additional train 
emissions, as well as Tesoro-Savage's other indirect and cumulative effects on the scenic, 
natural, cultural and recreation resources of the Columbia River Gorge National Scenic Area 
must be included in the scope of review. 

The EIS should pay particular attention to harmful impacts to the Gorge. Rail lines in the 
Gorge are currently near capacity. This proposal and other coal export proposals would result in 
rail infrastructure expansion into sensitive areas in the Gorge, including wetlands, fish and 
wildlife habitat, rare plant habitat, and cultural resource sites. SEP A requires that the EIS 
address impacts to sensitive or special areas, such as the Columbia River Gorge, and the degree 
that the proposal would conflict with state, local, and federal protections for the environment, 
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such as the Columbia River Gorge National Scenic Area Act. WAC 197-ll-330(3)(e)(i), (iii). 
State law also requires the Governor and all state agencies to carry out their respective functions 
in accordance with the Columbia River Gorge National Scenic Area Act. RCW 43.97.025. 
EFSEC and the Governor are required to review projects for their impacts on the Columbia River 
Gorge and to take actions to avoid those impacts. 

IV. THE EIS MUST ANALYZE A REASONABLE RANGE OF ALTERNATIVES, 
INCLUDING A MEANINGFUL NO-ACTION ALTERNATIVE. 

The range of alternatives "is the heart ofthe environmental impact statement." 40 C.P.R. 
§ 1502.14. It is well understood that "NEP A requires that an agency 'rigorously explore and 
objectively evaluate all reasonable alternatives.'" Utahns for Better Transp. v. Dep 't ofTransp., 
305 F.3d 1152,1168 (lOth Cir. 2002) quoting 40 C.P.R. § 1502.14(a), modified on rehearing 
Utahnsfor Better Transp. v. Dep't ofTransp., 319 F.3d 1207 (2003). The alternatives discussed 
should provide different choices from which decisionmakers and the public can make an 
informed choice after considering the environmental effects of the alternatives. See Westlands 
Water Dist. v. US. Dep 't of Interior, 376 F.3d 853 (9th Cir. 2004). The range of alternatives 
should also "include reasonable alternatives not within the jurisdiction of the lead agency," and 
"include appropriate mitigation measures not already included in the proposed action or 
alternatives." 40 C.P.R. § 1502.14. 

In addition to the need for thorough consideration of the impacts of constructing the 
Tesoro-Savage project, the EIS must consider the option of not constructing the oil shipping 
facility at all. Among the alternatives that must be considered in an EIS is the "no action" 
alternative. 40 C.P.R. § 1502.14(d). Indeed, "[i]nformed and meaningful consideration of 
alternatives-including the no action alternative-is ... an integral part of the statutory scheme." 
Bob Marshall Alliance v. Hodel, 852 F.2d 1223, 1228 (9th Cir. 1988). The evaluation ofthe no 
action alternative cannot be a meaningless exercise. To satisfy NEP A, the EIS must consider 
this alternative without prejudgment of the outcome of its analysis. "[F]ull and meaningful 
consideration of the no-action alternative can be achieved only if all alternatives available ... are 
developed and studied on a clean slate." Bob Marshall Alliance v. Lujan, 804 F. Supp. 1292, 
1297-98 (D. Mont. 1992). 

V. THE CUMULATIVE IMPACTS OF ALL PROPOSED FOSSIL FUEL EXPORT 
TERMINALS MUST BE CONSIDERED AND ANALYZED. 

The Tesoro-Savage EIS must include review of the impacts of all other proposed fossil 
fuel export projects that use the same rail lines and/or use the same waterways. The courts have 
found that even where several actions were not "connected" or "similar" enough to warrant 
consideration in a single environmental impact statement, their impacts must still be addressed as 
cumulative impacts. Earth Island Inst. v. US. Forest Serv., 351 F.3d 1291, 1306 (9th Cir. 2003) 
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("Even if a single, comprehensive EIS is not required, the agency must still adequately analyze 
the cumulative effects of the projects within each individual EIS."). 

Under NEP A, an EIS must analyze and address the cumulative impacts of a proposed 
project. 40 C.F.R. § 1508.25(c)(3). A cumulative impact is defined as: 

[T]he incremental impacts of the action when added to other past, present, and 
reasonably foreseeable future actions regardless of what agency (Federal or non
Federal) or person unde1iakes such other actions. Cumulative impacts can result 
from individually minor but collectively significant actions taking place over a 
period of time. 

40 C.F.R. § 1508.7. In other words, cumulative impacts are the result of any past, present, or 
future actions that are reasonably certain to occur within the action area. Such effects "can result 
from individually minor but collectively significant actions taking place over a period of time." 
Id In the coal context, the U.S. Supreme Court has held that, "when several proposals for coal
related actions that will have cumulative or synergistic environmental impacts upon a region are 
pending concurrently before an agency, their environmental consequences must be considered 
together. Only through comprehensive consideration of pending proposals can the agency 
evaluate different courses of action." Kleppe v. Sierra Club, 427 U.S. 390, 409-410 (1976). 

Tesoro-Savage's proposal shares space with proposals for coal export, other oil shipping, 
and liquefied natural gas export facilities. Each of these proposals cannot be considered in a 
vacuum, for each will add impacts to an already stressed system. The Washington State 
Depmiment of Ecology, commenting on the Port of Morrow proposal, highlighted the need to 
review cumulative impacts from all similar proposals, including, at a minimum: 

• Increased vessel traffic on the Columbia River, including navigational and 
maritime safety concerns 

• Protection of water quality, including increased risk of spills in the Columbia 
River 

• Emissions of other air pollutants, including diesel particulate and greenhouse 
gases 

• Increased rail traffic, including railroad capacity, increased noise, and delay times 
for emergency vehicles at rail crossings41 

As the Environmental Protection Agency noted, "[a]ll of these projects-and others like 
them-would have several similar impacts. Consider, for example, the cumulative impacts to 

41 Ecology's Comments on Coyote Island Terminals (May 7, 2012) at 3, available at 
http:/ /www.coaltrainfacts.org/ ecology-requests-cumulative-eis. 
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human health and the environment from increases in greenhouse gas emissions, rail traffic, 
mining activity on public lands, and the transport of ozone, particulate matter, and mercury from 
Asia to the United States." EPA Comment on Port of Morrow project (Apr. 5, 2012) 
(recommending a "thorough and broadly-scoped" cumulative impacts analysis of all proposed 
coal export facilities). 42 

Further, the proposed fossil fuel terminals will be sited within the "usual and 
accustomed" fishing areas of Pacific Northwest Indian tribes, which have a sovereign 
government-to-government relationship with the U.S. federal government. Under federal court 
precedent, the tribes are "co-managers" of these resources along with the state and wield 
considerable influence over decisions that affect fishing resources.43 The Affiliated Tribes of 
Northwest Indians called for full environmental review and government-to-government 
consultation with Indian tribes throughout the region.44 Seven different tribal organizations-the 
Lummi Indian Business Council, the Swinomish Indian Tribal Community, the Confederated 
Tribes and Bands ofthe Yakama Nation, the Makah Tribal Council, the Tulalip Tribes, the 
Nisqually Indian Tribe, and the Samish Indian Nation-submitted comments on the Cherry Point 
Gateway Pacific Terminal calling for full environmental review, government-to-government 
coordination, and protection for fish, wildlife, air and water quality, human health, and tribal 
sacred areas. 

Other federal agencies have also identified common elements that call for area-wide 
review. The U.S. Department of Housing and Urban Development, in its scoping comments for 
the Gateway Pacific Terminal, stated that "HUD suggests the Co-Lead Agencies either include 
the cumulative impacts from all three proposed ports in this EIS, or conduct an Areawide EIS 
that covers all three ports. The train traffic from all three ports could have a significant noise 
impact on communities on our region and in order to accurately and comprehensively address 

42 EPA reiterated this call for a complete cumulative impacts review in its scoping comments for 
the Gateway Pacific Terminal, stating that "EPA also recommends that environmental impacts 
from increases in regional rail traffic and combustion of coal in receiving markets be examined 
in the context of other proposed export facilities in the Pacific Northwest region, so that 
reasonably foreseeable cumulative environmental impacts from additional facilities can be 
understood before a decision is made, as NEP A contemplates. . . . The cumulative effects 
analysis would appropriately include increases in regional train traffic and related air quality 
effects on human health, and the potential for effects to human health and the environment from 
increases in the long-range transportation of air pollution, including greenhouse gas emissions." 
See http://www .eisgatewaypacificwa. gov /resources/project-library. 
43 US. v. Washington, 384 F. Supp. 312 (W.D. Wash. 1974). 
44 Available at http://www.atnitribes.org/sites/default/files/res _12 _53_ with%20attachment.pdf. 
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this impact, it needs to be considered as a whole."45 The National Park Service similarly called 
for a cumulative effects EIS.46 

EFSEC must examine the cumulative effects of other actions and programs of the state 
and federal government, and fully disclose the combined impact of ongoing and reasonably 
foreseeable future actions. This includes the effect of Army Corps dredging projects, the 
Bonneville Power Administration's dam operations, water withdrawals authorized by the U.S. 
Bureau of Reclamation and logging and grazing approved and permitted by the U.S. Forest 
Service and Bureau of Land Management, and shipping traffic from existing Columbia River 
ports. EFSEC must also analyze cumulative impacts from actions carried out by local and 
private entities. 

VI. TRIBAL GOVERNMENT SOVEREIGNTY MUST BE RESPECTED. 

This proposed oil terminal will be sited within the "usual and accustomed" fishing areas 
of Pacific Northwest Indian tribes, which have a sovereign government-to-government 
relationship with the U.S. federal government. The Tesoro-Savage Project would be built within 
historic and treaty-protected fishing areas of the Yakama, Warm Springs, Umatilla, and Nez 
Perce tribes. Under federal court precedent, the tribes are "co-managers" of these resources 
along with the state. See US. v. Washington, 384 F. Supp. 312 (W.D. Wash. 1974). 

These tribes have spoken out against permitting of coal terminals on the lower Columbia. 
See Exh. 53 through 59. In a comment letter to the Corps regarding the Morrow project in 
Boardman, the Yakama Nation characterized coal export proposals in the Columbia as a "new 
front ... in the war on the Yakama way of life," describing in detail the risks to salmon, the 
safety of tribal fishermen, human health, water quality, and cultural resources. Exh. 55. The 
Nez Perce have also commented on the Morrow project, requesting that the Corps perform an 
EIS and assess cumulative impacts, citing concerns about "Tribal treaty rights, ESA-listed fish 
and lamprey and their habitat, Tribal traditional use areas along the coal transportation corridor, 
tribal cultural resources, and Tribal member health arising from coal dust and diesel pollution." 
Exh. 56. The Columbia River Inter-Tribal Fish Commission ("CRITFC"), which represents four 
Sovereign Tribal Nations (the Warm Springs, Confederated Tribes of Umatilla Indian 
Reservation, Yakama Nation, and Nez Perce) with treaty rights to salmon and other fish on the 
Columbia River, has also expressed opposition to the coal export proposals. In a comment letter 
on the Morrow Pacific Project, CRITFC stated that it has heard "significant concerns from our 
member tribes about the project's potential effects on tribal treaty fisheries." Exh. 57. CRITFC 
noted that "the proposed project area is currently used for fishing by tribal members exercising 

45 Available at http:/ /www.eisgatewaypacificwa.gov/resources/proj ect-library. 
46 Available at http:/ /www.eisgatewaypacificwa. gov /resources/project -library. 
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their treaty fishing rights" and the area "is also within lands designated as Traditional Cultural 
Property (TCP) and may contain significant cultural resources." The Affiliated Tribes of 
Northwest Indians have called for full environmental review and government-to-government 
consultation with Indian tribes throughout the region. Exh. 53. The concerns ofthese Indian 
nations and tribal members must be taken into account and apply with equal force to Tesoro
Savage and crude-by-rail. 

Indeed, for the Gateway Pacific Terminal in Bellingham, Washington, the Corps wrote to 
the Washington Department of Archaeology and Historic Preservation seeking concurrence in its 
decision to define the Area of Potential Effect to include only the areas near the construction site 
itself. See Exh. 60. The Washington State Historic Preservation Officer Allyson Brooks 
disagreed, stating that the Area of Potential Effect was much greater, and that "the scope of this 
project, and the associated train traffic, poses unique issues when developing the necessary 
cultural resource studies." Exh. 61. The letter also notes the need to consider the effects of the 
"seaward boundary of the [Area of Potential Effect]. The increased vessel traffic, associated 
wakes, waves, and shoreline erosion of these vessels and the increased risk of accidents, oil 
spills, and damage all need to be considered." Id. at 2. For the Millennium Terminal, the 
Department repeated these concerns and added issues of Native American burial sites along the 
Columbia River, as well as concerns about the impacts of vessel traffic: 

Panamax and Cape-sized dry bulk carriers along the Washington Coast and 
entering the Columbia River are clearly a reasonable and foreseeable effect of the 
Project that should create a seaward boundary of the EIS. The increased vessel 
traffic, associated wakes, waves, and shoreline erosion of these vessels and the 
increased risk of accidents, oil spills and damage all need to be considered. 

Exh. 71. 

Similarly, many tribes have expressed their concern and opposition to the Millennium 
coal export terminal, which like Tesoro-Savage, is proposed along the banks of the Columbia 
River. See Exhs. 72-79, Comments ofthe Coeur d'Alene, Cowlitz, Nez Perce, Nisqually, 
Umatilla, Warm Springs, Yakama, and Upper Columbia River Tribes. For example, the Nez 
Perce Tribe outlined its concerns with the impact of the Millennium project on treaty-protected 
fishing: 

The lower Columbia provides crucial habitat for treaty-protected resources such 
as salmon, steelhead, lamprey and resident fish. There are several ESA -listed fish 
in the project corridor including Lower Columbia River Chinook Salmon ESU, 
Upper Willamette River Chinook Salmon ESU, Snake River Fall Chinook ESU, 
Columbia River chum salmon ESU, middle Columbia River steelhead DPS, and 
lower Columbia River steelhead DPS. These species are of critical importance to 
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subsistence and culture of the Tribe. In addition, lamprey, although currently are 
not a listed species but are culturally significant to the Tribe, are also located in 
the project 

The application contemplates a significant increase in vessel and rail traffic. The 
analysis must include a thorough evaluation ofthe impacts of increased vessel 
traffic on anadromous and resident fish. This analysis should include impacts to 
aquatic resources caused by ballast intake and wake strandings, as well as threats 
posed by increased turbidity, noise, lighting, and impacts during operations like 
coal dust and other taxies. In addition, the increased rail traffic may affect Tribal 
member access to usual and accustomed fishing places and other traditional use 
areas as well as interfere with Tribal member use of those places through 
increased noise disturbances, coal dust, and diesel pollution. For all these reasons 
the Tribe believes that the increase in vessel and train has the potential to interfere 
with tribal treaty fisheries. 

Exh. 74 at 4-5. These concerns about impacts to native fish populations, fishing access, and 
vessel and rail traffic apply with equal force to the proposed Tesoro-Savage project. 

In 2006, the Corps denied a permit for a new dock and terminal site on the Columbia 
River because it would affect tribal treaty fishing rights. See Exh. 62. That project was of 
dramatically smaller scale than the Tesoro-Savage project. A similar outcome is warranted here. 
We ask that tribal sovereignty and treaties be fully respected. 

VII. ENVIRONMENTAL JUSTICE CONCERNS 

All federal agencies are encouraged to consider environmental justice in their NEP A 
analysis, evaluate disproportionate impacts, and identify alternative proposals that may mitigate 
these impacts. The fundamental policy ofNEP A is to "encourage productive and enjoyable 
harmony between man and his environment." In considering how to evaluate progress in 
reaching these aspirational goals, the Council on Environmental Quality (CEQ) defined effects 
or impacts to include "ecological. .. aesthetic, historic, cultural, economic, social or health 
impacts, whether direct, indirect or cumulative."47 Recognizing that these types of impacts 
might disproportionately affect different communities or groups of people, President Clinton 
issued Executive Order 12898 in 1994,48 directing each federal agency to, among other things: 

47 CEQ, Environmental Justice: Guidance Under the National Environmental Policy Act, 
December 10, 1997, available at http://ceq.hss.doe.gov/nepa/regs/ej/justice.pdf. 
48 "Federal actions to address environmental justice in minority populations and low-income 
populations," 59 Fed. Reg. 7629 (Executive Order 12898; February 11, 1994). 
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• "Make achieving environmental justice part of its mission by identifying and 
addressing, as appropriate, disproportionately high and adverse human health or 
environmental effects of its programs, policies, and activities on minority populations 
and low-income populations," 

• "Identify differential patterns of consumption of natural resources among minority 
populations and low-income populations," 

• Evaluate differential consumption patterns by identifying "populations with 
differential pattems of subsistence consumption offish and wildlife," and 

• "Collect, maintain, and analyze information on the consumption patterns of 
populations who principally rely on fish and/or wildlife for subsistence." 

CEQ's Guidance for Environmental Justice under NEP A 49 called for agencies to consider 
specific elements when considering environmental justice issues: 

• Agencies should consider the composition of the affected area, to determine whether 
minority populations, low-income populations, or Indian tribes are present in the area 
affected by the proposed action, and if so whether there may be disproportionately 
high and adverse human health or environmental effects on minority populations, 
low-income populations, or Indian tribes. 

• Agencies should consider the potential for multiple or cumulative exposure to human 
health or environmental hazards in the affected population and historical patterns of 
exposure to environmental hazards. Agencies should consider these multiple, or 
cumulative effects, even if certain effects are not within the control or subject to the 
discretion of the agency proposing the action. 

• Agencies should recognize the interrelated cultural, social, occupational, historical, or 
economic factors that may amplify the natural and physical environmental effects of 
the proposed agency action. These factors should include the physical sensitivity of 
the community or population to particular impacts; the effect of any disruption on the 
community structure associated with the proposed action; and the nature and degree 
of impact on the physical and social structure of the community. 

• Agencies should be aware of the diverse constituencies within any particular 
community. Agencies should seek tribal representation in the process in a manner 
that is consistent with the government-to-govemment relationship between the United 
States and tribal governments, the federal govemment's trust responsibility to 
federally-recognized tribes, and any treaty rights. 

49 CEQ, Environmental Justice: Guidance Under the National Environmental Policy Act, 
December 10, 1997, available at http://ceq.hss.doe.gov/nepa!regs/ej/justice.pdf. 
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The EIS must examine the environmental justice impacts, including increased noise, 
flowing from this project. Several low-income or minority communities, including the nearby 
Fruit Valley neighborhood, stand to be disproportionately impacted by the oil shipping terminal, 
the rail transportation of crude, and its drilling/extraction. As discussed above, traditional tribal 
lands will be affected by the Tesoro-Savage project. Columbia River tribes will be impacted in 
their treaty-protected fishing, Tribes along the rail route and in the area of increased drilling will 
be impacted by the proposed railroad and the increased drilling and extraction associated with 
this project. 

The EIS must include demographic information for all communities at the terminal site 
and along the rail lines that would ship oil to the port, as well as at the drill sites. Communities 
closest to the port site, along the rail line, and near the wells-many of which are low income or 
have high minority populations-will bear a disproportionate impact of the air and water 
pollution caused by crude oil transportation and export, as described above. 

VIII. THE THREAT OF CLIMATE CHANGE HAS SPURRED WASHINGTON'S 
COMMITMENT TO GREENHOUSE GAS REDUCTION. 

Very recently, United Nations' Intergovernmental Panel on Climate Change ("IPCC") 
released the fifth version of its frequently cited report reflecting the scientific consensus that 
unrestrained greenhouse gas emissions cause global warming. The fifth IPCC report confirms 
yet again that climate change is being caused by unrestrained carbon pollution from industrial 
activities. As summarized by the IPCC in an accompanying press release: 

Warming in the climate system is unequivocal and since 1950 many changes 
have been observed throughout the climate system that are unprecedented over 
decades to millennia. Each of the last three decades has been successively 
warmer at the Earth's surface than any preceding decade since 1850 ... Thomas 
Stocker, the other Co-Chair of Working Group I said: "Continued emissions of 
greenhouse gases will cause further warming and changes in all components of 
the climate system. Limiting climate change will require substantial and 
sustained reductions of greenhouse gas emissions."50 

Numerous studies predict severe impact from climate change in Washington State, 
including dramatic reductions in snowpack, declining river flows, increased deaths from 
temperatures and air pollution, increased risk of wildfires, loss of salmon and shellfish habitat, 
lost hydropower generation, and flooding. In 2006, Washington commissioned a study "Impacts 

50 Available at http:/ /www.ipcc.ch/news _and_ events/docs/ar5/press _release_ ar5 _ wgi_ en. pdf 
(emphasis in original). See also Exh. 84, Global Climate Change Impact in the United States 
(2009). 
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of Climate Change on Washington's Economy," which found that the cost of climate impacts 
would reach $3.8 billion annually by 2020. 51 The state Department of Ecology in 2009 
summarized recent scientific studies specific to the Pacific Northwest as follows: "Each [of the 
studies] shows that without additional action to reduce carbon emissions, the severity and 
duration of the impacts due to climate change will be profound and will negatively affect nearly 
every part of Washington's economy."52 

In February 2012, Washington Governor Christine Gregoire convened the Washington 
State Blue Ribbon Panel on Ocean Acidification to chart a course for addressing the causes and 
consequences of acidification. The Governor charged the Panel to: 

• Review and summarize the current state of scientific knowledge of ocean 
acidification, 

• Identify the research and monitoring needed to increase scientific understanding and 
improve resource management, 

• Develop recommendations to respond to ocean acidification and reduce its harmful 
causes and effects, and 

• Identify opportunities to improve coordination and partnerships and to enhance public 
awareness and understanding of ocean acidification and how to address it. 

The Panel released its report and recommendations in the document Washington State Blue 
Ribbon Panel on Ocean Acidification (2012): Ocean Acidification: From Knowledge to Action, 
Washington State's Strategic Response, H. Adelsman and L. Whitely Binder (eds). Washington 
Department ofEcology, Olympia, Washington. 53 

In November 2012, Governor Christine Gregoire issued an Executive Order54 

acknowledging the particular harm that ocean acidification, caused by increased emissions of 
greenhouse gases into the atmosphere, inflicts on Washington. "[I]t is critical to our economic 
and environmental future that effective and immediate actions be implemented in a well
coordinated way and that we work collaboratively with federal, tribal, state, and local 
governments, universities, the shellfish industry, businesses, the agricultural sector, and the 

51 Available at http://www.ecy.wa.gov/pubs/0701010.pdf. 
52 Available at http://www.ecy.wa.gov/pubs/0901006.pdf. 
53 Available at https://fortress.wa.gov/ecy/publications/SummaryPages/120 10 15.html. The 
technical summary (Feely, R.A., T. Klinger, J.A. Newton, and M. Chadsey (2012): Scientific 
Summary of Ocean Acidification in Washington State Marine Waters. NOAA OAR Special 
Report) is available at https://fmiress.wa.gov/ecy/publications/SummaryPages/120 10 16.html. 
54 Available at http://www.governor.wa.gov/execorders/eo _12-07 .pdf. 
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conservation/environmental community to address this emerging threat. The Executive Order 
specifically directs "[t]he Office of the Governor and the cabinet agencies that report to the 
Governor to advocate for reductions in emissions of carbon dioxide at a global, national, and 
regional level." 

This warming threatens major environmental impacts in Washington, the Pacific 
Northwest, and worldwide. 55 According to the U.S. Global Change Research Program 
("GCRP"), climate change could affect the Pacific Northwest, including western Washington, by 
causing "declining springtime snowpack lead[ing] to reduced summer streamflows, straining 
water supplies, [and] ... increased insect outbreaks, wildfires, and changing species composition 
in forests [that] will pose challenges for ecosystems and the forest products industry." Exh. 165, 
U.S. Global Change Research Program, Global Climate Change Impacts in the United States, at 
135-38 (Thomas R. Karl et al., eds., 2009). In the northwestern United States, "salmon and other 
coldwater species will experience additional stresses as a result of rising water temperatures and 
declining summer streamflows." Id at 136. Global warming also could profoundly affect the 
health of western fisheries, by "hamper[ing] efforts to restore depleted salmon populations," id 
at 137. 

Concentrations of C02 in the atmosphere "are projected to continue increasing unless the 
major emitters take action to reduce emissions." Endangerment and Cause or Contribute 
Findings for Greenhouse Gases Under Section 202(a) of the Clean Air Act, 74 Fed. Reg. 66,496, 
66,539 (Dec. 15, 2009). The U.S. Environmental Protection Agency recognized the cumulative 
nature of both the climate change problem and the strategies needed to combat it: 

[N]o single greenhouse gas source category dominates on the global scale, and 
many (if not all) individual greenhouse gas source categories could appear small 
in comparison to the total, when, in fact, they could be very important 
contributors in terms of both absolute emissions or in comparison to other source 
categories, globally or within the United States. If the United States and the rest 
of the world are to combat the risks associated with global climate change, 
contributors must do their part even if their contributions to the global problem, 
measured in terms of percentage, are smaller than typically encountered when 
tackling solely regional or local environmental issues. 

Id. at 66,543 (emphasis added). Consistent with this finding, the Ninth Circuit has rejected the 
argument that individual actions represent too minor of a contribution to the global problem to 
merit consideration under NEP A: "The impact of greenhouse gas emissions on climate change is 
precisely the kind of cumulative impacts analysis that NEP A requires agencies to conduct. Any 

55 And major economic impacts. See Exh. 85, An Overview of Potential Economic Costs to 
Washington of a Business-As-Usual Approach to Climate Change, Feb. 17, 2009. 
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given rule setting a [vehicle fuel-efficiency] standard might have an 'individually minor' effect 
on the environment, but these rules are 'collectively significant actions taking place over a period 
of time."' Ctr. for Biological Diversity v. Nat'! Highway Traffic Safety Admin., 538 F.3d 1172, 
1217 (9th Cir. 2008) (internal citations omitted). 

Both the United States and Washington have sought to meet the challenge of climate 
change with a variety of statutory and regulatory actions to reduce our reliance on fossil fuels 
and promote conservation and alternatives. At the federal level, EPA has responded with a 
formal finding that greenhouse gases endanger the public health and welfare, 74 Fed. Reg. 66496 
(Dec. 15, 2009), the first step in comprehensively regulating greenhouse gases under the federal 
Clean Air Act. EPA has already issued some regulations relating to reducing emissions from 
both mobile and stationary sources, including the June 2010 "tailoring rule" governing federal 
Clean Air Act requirements for greenhouse gas emissions from stationary sources, 75 Fed. Reg. 
31514 (June 3, 201 0), passenger vehicle rules, see, e.g., 2017 and Later Model Year Light-Duty 
Vehicle Greenhouse Gas Emissions and Corporate Average Full Economy Standards, 77 Fed. 
Reg. 62,624 (Oct. 15, 2012), and proposed rules for power plants, see Standards of Performance 
for Greenhouse Gas Emissions for New Stationary Sources, 77 Fed. Reg. 22,392 (Apr. 13, 
2012). 

Washington adopted greenhouse gas reduction standards via legislation adopted in 2008. 
See RCW 70.235.070(1)(a). The statute establishes that by 2020, emissions shall be reduced to 
1990 levels. By 2035, greenhouse gas emissions are to be 25 percent below 1990 levels and by 
2050, they are to be 50 percent below 1990 levels. The state legislature has consistently 
reinforced its concern for greenhouse gas impacts on Washington's climate and economy, for 
example: a) by taking measures to triple the number of green jobs by 2020; b) adopting a clean 
car standard that will reduce greenhouse gas emissions from mobile sources; c) dramatically 
increasing efficiency requirements for buildings; d) helping communities reduce greenhouse gas 
emissions by saving energy; e) requiring all state agencies to inventory and reduce emissions; 
f) funding planning for climate change mitigation and adaptation; g) creating tax and other 
financial incentives to support low-carbon alternative energy sources; h) requiring new power 
plants to meet an "emissions performance standard" for greenhouse gases; and i) requiring new 
power plants mitigate 20 percent of life-time greenhouse gas emissions from the power plant. 
These legislative actions have been supplemented by a number of Executive Orders promoting 
reduction of greenhouse gas emissions and increasing the availability of energy alternatives. 56 In 
addition, the citizens of Washington passed I -93 7, mandating 15 percent of all electricity energy 
to come from renewable energy and energy efficient sources by 2020. 

In short, both the United States and Washington have made firm and clear commitments 
to address the causes of climate change and have committed to promote alternatives to projects 

56 The laws and executive orders are available at www.ecy.wa.gov/climatechange/laws.htm. 
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that generate greenhouse gas emissions and mitigate those that cannot be avoided. The proposal 
to construct a crude oil shipping terminal with massive direct and indirect greenhouse gas 
emissions needs to be evaluated in light of those statutory and regulatory commitments. 

IX. EFSEC SHOULD ENSURE THAT ITS EIS INFORMS ITS RECOMMENDATION. 

Particularly because the Tesoro-Savage crude-by-rail terminal application is one of first 
impression for the agency, and because the impacts and risks, discussed above, are of grave 
concern to the health and environment of the people of Washington, EFSEC should ensure that 
its environmental review is completed prior to any adjudication. In that way, the analysis and 
alternatives in the EIS can properly guide EFSEC's ultimate recommendation. 

Under WAC 463-47, EFSEC's SEPA rules must be applied when preparing an EIS. 
These rules establish "[p ]olicies and procedures for conditioning or denying permits or other 
approval." WAC 463-47-110. These policies establish standards to justify a decision to "reject 
or recommend rejection of the application if reasonable mitigation measures are insufficient to 
mitigate significant adverse environmental impacts and the proposal is inconsistent with the 
policies" in WAC 463-47-110(1). WAC 463-47-110(2)(b)(ii). In part, the applicable policies 
state: 

(a) The overriding policy of the council is to avoid or mitigate adverse 
environmental impacts which may result from the council's decisions. 

(b) The council shall use all practicable means, consistent with other essential 
considerations of state policy, to improve and coordinate plans, functions, 
programs, and resources to the end that the state and its citizens may: 

(i) Fulfill the responsibilities of each generation as trustee of the 
environment for succeeding generations; 

(ii) Assure for all people of Washington safe, healthful, productive, 
and aesthetically and culturally pleasing surroundings; 

(iii) Attain the widest range ofbeneficial uses of the environment 
without degradation, risk to health or safety, or other undesirable 
and unintended consequences; 

(iv) Preserve important historic, cultural, and natural aspects of our 
national heritage; 

(v) Maintain, wherever possible, an environment which supports 
diversity and variety of individual choice; 

(vi) Achieve a balance between population and resource use which will 
permit high standards ofliving and a wide sharing oflife's 
amenities; and 
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(vii) Enhance the quality of renewable resources and approach the 
maximum attainable recycling of depletable resources. 

(c) The council recognizes that each person has a fundamental and inalienable 
right to a healthful environment and that each person has a responsibility 
to contribute to the preservation and enhancement of the environment. 

(d) The council shall ensure that presently unquantified environmental 
amenities and values will be given appropriate consideration in decision 
making along with economic and technical considerations. 

WAC 463-47-110(1). In addition, EFSEC's application standards establish numerous 
performance criteria, including disclosure of likely impacts to the human and natural 
environment. For example, the rules require that the application disclose impacts to air quality, 
odor, climate, climate change, and dust. WAC 463-60-312. The regulations specifically require 
that "[t]he application shall describe impacts caused by greenhouse gases emissions and the 
mitigation measures proposed." WAC 463-60-312( 4). The application requirements also 
require disclosure of impacts from the "the sources of supply, locations of use, types, amounts, 
and availability of energy or resources to be used or consumed during construction and operation 
of the facility." WAC 463-60-342(2). 

EFSEC must ensure that the EIS discloses the likely impacts of the proposed crude export 
facility that are sufficient to review whether the proposal would be consistent with each of 
EFSEC's policies, application requirements, and construction/operation standards. See generally 
RCW 80.50.010; WAC 463-14-020. 

* * * 



Tesoro-Savage Vancouver CBR Terminal-Scoping Comments 
December 17, 2013 
Page 47 

Thank you for your consideration of these scoping comments and the supporting 
materials in the enclosed CD. As you are no doubt aware, there is an extraordinary level of 
public interest in this process; the harmful impacts caused by the proposed crude oil shipping 
terminal will occur at the local, regional, and global scale; and the state and federal laws 
emphasize a thorough, up-front review of all the environmental effects of proposed actions. We 
reiterate our request for an environmental impact statement that fully addresses the direct, 
indirect, and cumulative impacts of all proposed fossil fuel export projects in the Pacific 
Northwest. For the Tesoro-Savage project in particular, we look forward to a Draft EIS that 
addresses the full direct, indirect, and cumulative impacts of the proposed project from the 
drilling of the oil, the transport of crude oil by rail through several states and hundreds of 
communities, the loading and shipping of oil via large ocean vessels, to the ultimate refining and 
burning of the crude oil. · 

Sincerely, 

~~t7~ 
Matthew Baca 
Earth justice 
705 Second A venue, Suite 203 
Seattle W A 98104 
(206) 343-7340 I Phone 
(206) 343-15261 Fax 
kboyles@earthjustice.org 
mbaca@earthjustice.org 

On Behalf Of: 
Columbia Riverkeeper 
Friends of Columbia Gorge 
Forest Ethics 
Spokane Riverkeeper 
Sierra Club 
Washington Environmental Council 
Climate Solutions 



SCOPING COMMENTS FROM COLUMBIA RIVERKEEPER, FRIENDS OF COLUMBIA 
GORGE, FOREST ETHICS, SPOKANE RIVERKEEPER, SIERRA CLUB, WASHINGTON 
ENVIRONMENTAL COUNCIL, AND CLIMATE SOLUTIONS ON PROPOSED TESORO-

SAVAGE CRUDE-BY-RAIL SHIPPING TERMINAL (December 17, 2013) 

INDEX OF EXHIBITS 

Exhibit Title Date 
No. 

1 BP West Coast Products LLC, Material Safety Data Sheet- May 13,2002 
Crude Oil, (flash point of 20° - 90° F). 

2 U.S. Environmental Protection Agency, Screening-Level March2011 
Hazard Characterization, Crude Oil Category, Sponsored 
Chemical, Crude Oil (CASRN 8002-05-9). 

3 Abrams, L., Fracldng chemicals may be maldng oil more August 13, 2013 
dangerous, Salon.com. 

4 Letter from Thomas J. Herrmann, Acting Director, Office of July 29, 2013 
Safety Assurance and Compliance, to Jack Gerard, American 
Petroleum Institute, regarding review of potential safety issues 
related to the transportation of crude oil by rail, at 4. 

5 Statement of Adam Sieminski, Administrator, Energy July 16, 2013 
Infmmation Administration, U.S. Department of Energy, before 
the Committee on Energy and Natural Resources, U.S. Senate, 
at 2. 

6 American Association of Railroads, Moving Crude Oil by Rail, December 2013 
at 3-5. 

7 Region 10 Regional Response Team and Northwest Area 2013 
Committee, Emerging Risks Task Force Report-2013, Project 
Overview. 

8 The Globe and Mail, How oil is transported from North December 2, 2013 
Dakota's Williston Basin. 

9 American Association of Railroads, AAR Reports Record August 29,2013 
Second Quarter Crude-by-Rail Data; Decreased Weekly Rail 
Traffic. 
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10 American Association of Railroads, AAR Reports October and November 7, 2013 
Weekly Rail Traffic Gains, 3Q Crude Oil Up Year Over Year. 

11 A Joint Report by Shanese Crosby, Robin Fay, Colin Groark, March 17, 2013 
Ali Kani, and Jeffrey R. Smith, Terry Sullivan, Transporting 
Alberta's Oil Sands Products: Defining the Issues and 
Assessing the Risks. 

12 A Joint Report by Natural Resources Defense Council, National February 2011 
Wildlife Federation, Pipeline Safety Trust, and Sierra Club, Tar 
Sands Pipelines Safety Risks. 

13 Washington State Department ofEco1ogy, Publication No. April1997 
97-252, Oil Spills in Washington State: A Historical Analysis. Rev. March 2007 

14 A Report, Analysis of the Potential Costs of Accidents/Spills November 8, 2013 
Related to Crude by Rail, prepared by Ian Goodman and Brigid 
Rowan on behalf of Oil Change International, before the 
Pipeline and Hazardous Materials Safety Administration. 

15 Article from Los Angeles Times, Train in Alabama oil spill was November 9, 2013 
carrying 2. 7 million gallons of crude, by Soumya Karlamangla. 

16 National Wildlife Federation Report, The True Cost of Coal: 2012 
The Coal Industry's Threat to Fish and Communities in the 
Pacific Northwest. 

17 Article from The Oregonian, New Dawn fuel barge ran June 20, 2010 
aground in the Columbia River, response was confusion, report 
says, by Scott Learn. 

18 Article from The Louisiana Weekly, River traffic resumes after June 4, 2011 
barge accident but threats remain, by Susan Buchanan. 

19 Article from the New York Daily News, Barge collision in February 18, 2012 
Mississippi River causes oil spill. 

20 The American Petroleum Institute, Petroleum HPV Testing January 14, 2011 
Group, Category Assessment Document, High Production 
Volume (HPV) Chemical Challenge Program, submitted to the 
U.S. Environmental Protection Agency. 

21 U.S. Fish and Wildlife Service, Effects of Oil Spills on Wildlife December 2004 
and Habitat, Alaska Region. 
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22 Article from Dartmouth Undergraduate Journal of Science, Oil March 11,2012 
Spills: Severity and Consequences to Our Ecosystem. 

23 Pipelines and Salmon in Northern British Columbia: Potential October 2009 
Impacts, prepared for the Pembina Institute by David A. Levy, 
Levy Research Services Ltd. 

24 Letter from Cynthia Giles, U.S. Environmental Protection April22, 2013 
Agency, to Jose W. Fernandez and Dr. Kerri-Ann Jones, U.S. 
Department of State, regarding the Keystone XL Project, at 3-4. 

25 U.S. Environmental Protection Agency Report, Volume May 1, 2013 
Estimate for Submerged Line 6B Oil in the Kalamazoo River, 
prepared by Thomas P. Graan, Ph.D., Weston Solutions, Inc., 
and Ronald B. Zelt, Professional Hydrologist, U.S. Geological 
Survey. 

26 Congressional Research Service Report for Congress, Air December 23,2009 
Pollution and Greenhouse Gas Emissions from Ships, prepared 
by James E. McCarthy, Specialist in Environmental Policy. 

27 Air Pollution and Greenhouse Gas Emissions from Ocean- undated 
going Ships: Impacts, Mitigation Options and Opportunities for 
Managing Growth, prepared by Axel Friedrich, Falk Heinen, 
Fatumata Kamakate, and Drew Kodjak. 

28 Protecting American Health from Global Shipping Pollution, undated 
Establishing an Emission Control Area in US. Waters, by 
Janea Scott and Hilary Sinnamon. 

29 Daniel A. Lashof, et al., Natural Resources Defense Council, February 2007 
Coal in a Changing Climate. 

30 Parametrix PowerPoint, Coal Train Traffic Impact Study. November 2012 

31 Gibson Traffic Consultants, Inc. Memorandum re Cherry Point June 21, 2012 
Coal Export Facility Rail Operations- City of Bellingham. 

32 Gibson Traffic Consultants, Inc. Memorandum re Cherry Point August 15, 2011 
Coal Export Facility Rail Operations- Burlington. 

33 Gibson Traffic Consultants, Inc. Memorandum re Cherry Point May22, 2012 
Coal Export Facility Rail Operations- City of Edmonds. 
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34 Gibson Traffic Consultants, Inc. Memorandum re Cherry Point May22, 2012 
Coal Export Facility Rail Operations- City of Edmonds 
supporting documents. 

35 Gibson Traffic Consultants, .Inc. Memorandum re Cherry Point June 15, 2011 
Coal Export Facility Rail Operations- Marysville. 

36 Gibson Traffic Consultants, Inc. Memorandum re Cherry Point September 1, 2011 
Coal Export Facility Rail Operations - Mt. Vernon. 

37 Gibson Traffic Consultants, Inc. Memorandum re Cherry Point February 13,2012 
Coal Export Facility Rail Operations- City of Seattle. 

38 Gibson Traffic Consultants, Inc. Memorandum re Cherry Point August 8, 2011 
Coal Export Facility Rail Operations- Stanwood. 

39 Heavy Traffic Ahead, Rail Impacts of Powder River Basin Coal July 2012 
to Asia by Way of Pacific Northwest Terminals, Report 
prepared for Western Organization of Resource Councils. 

40 Washington State Department ofTransportation, Washington December 2009 
State 2010-2030 Freight Rail Plan. 

41 Washington State Transportation Commission, Statewide Rail December 2006 
Capacity and System Needs Study, Final Report. 

42 Washington State Department ofTransportation, Washington December 2008 
State, Amtrak Cascades Mid-Range Plan. 

43 Valuation Consultation Report prepared by The Eastman October 30, 2012 
Company for Climate Solutions regarding Increased Coal Train 

I 
Traffic and Real Estate Values. 

44 Article in Entrepreneur, The effect of freight railroad tracks and Summer2004 
train activity on residential property values, by Robert A. 
Simons and Abdellaziz El J aouhari. 

45 Michael Futch, Examining the Spatial Distribution of November 11, 2011 
Externalities: Freight Rail Traffic and Home Values in Los 
Angeles. 

46 The Impact of the Development of the Gateway Pacific March 6, 2012 
Terminal on the Whatcom County Economy, prepared by Public 
Financial Management, Inc. for Communitywise Bellingham. 
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47 U.S. Anny Corps of Engineers, Minimizing Effects of Over- January 2010 
Water Docks on Federally Listed Fish Stocks in McNary 
Reservoir: A Literature Review for Criteria, Anadromous Fish . 
Evaluation Program Report 2010-W68SBV91602084. 

48 Overwater Structures and Non-Structural Piling White Paper, December 2006 
prepared by Jones & Stokes Associates, in association with 
Anchor Environmental, .L.L.C., for the Washington 
Department of Fish and Wildlife. 

49 Over-water Structures: Freshwater Issues White Paper, June 14, 2001 
prepared by Jose Carrasquero, Herrera Environmental 
Consultants, for the Washington Departments of Fish and 
Wildlife, Ecology, and Transportation. 

50 Letter from Michael P. Tehan, Assistant Regional December 27,2012 
Administrator, NOAA, to Shawn Zinszer, Chief, Regulatory 
Branch, Corps of Engineers, regarding Request for Additional 
Information to Initiate Endangered Species Act Section 7 
Consultation and Magnuson-Stevens Fishery Conservation and 
Management Act Essential Fish Habitat Consultation for the 
Coyote Island Terminals Construction of a New Coal 
Exportation Dock Facility in the Columbia River (6th field 
HUC 170701010904), Morrow County, Oregon (Corps No.: 
NWP-2012-56). 

51 Letter from Paul Sorensen, Principal, BST Associates, to Mark September 30, 2010 
T A ,1- AD A .:1• +1- ""'nr-ln • . .P+l- i.-
~~•u~u, • '<_~• ~, •· ~ ~ u•~ ~ ••~·· 

analysis and attaching Impact of the Proposed Terminal at 
Chinook Ventures on the Capacity of the Columbia River 
System. 

52 Estuary Habitat MOA, Memorandum of Agreement on September 2009 
Columbia River Estuary Habitat Actions Between the State of 
Washington, the Bonneville Power Administration, the U.S. 
Army Corps of Engineers, and the U.S. Bureau of Reclamation. 

53 Affiliated Tribes ofNorthwest Indians Resolution No. 12-53. Sept. 24-27, 2012 

54 Press Release: Northwest Tribes say no short-cuts for coal September 27, 2012 
export proposals, distributed in conjunction with the Coast 
Salish Gathering and Association ofWashington Tribes. 

55 Confederated Tribes and Bands of the Yakama Nation May 3, 2012 
comments on Permit Application NWP-2012-56. 
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56 Nez Perce Tribal Executive Committee comments on Permit May3, 2012 
Application NWP-2012-56. 

57 Columbia River Inter-Tribal Fish Commission comments on May7, 2012 
Permit Application NWP-2012-56. 

58 Region 10 Regional Tribal Operations Committee comments on May 15,2012 
Permit Application NWP-2012-56. 

59 Confederated Tribes of the Umatilla Indian Reservation March 28, 2012 
comments on Permit Application NWP-2012-56. 

60 Letter from Chris Jenkins, Cultural Resources Program July 9, 2013 
Manager, Department of the Army, to Allyson Brooks, Ph.D., 
State Historic Preservation Officer, Department of Archaeology 
and Historic Preservation, regarding NWS-2008-0260 Gateway 
Pacific Terminal Section 106 Initiation. 

61 Letter from Allyson Brooks, Ph.D., State Historic Preservation July 17, 2013 
Officer, Department of Archaeology and Historic Preservation, 
to Chris Jenkins, Cultural Resources Program Manager, 
Department of the Army, regarding Gateway Pacific Terminal 
Project. 

62 Letter from Thomas E. O'Donovan, Department of the Army, Undated 
Portland District Corps of Engineers, to Tim Wetherall, Port of 
Arlington, regarding Department of Army Permit Application, 
attaching Department of the Army Environmental Assessment 
and Statement ofFindings. 

63 Letter from Lauren Goldberg, Staff Attorney, on behalf of November 30, 2010 
Climate Solutions, Columbia Riverkeeper, Sierra Club, and 
Washington Environmental Council, to Ted Sturdevant, 
Department of Ecology; Joyce Smith, Department ofEcology; 
and Sally Toteff, Department of Ecology, regarding Millennium 
Bulk Logistics Longview Coal Export Terminal; Public 
Comments on Notice of Intent for a Construction Stormwater 
General Permit and SEP A Compliance. 

64 AMI Environmental, AERMOD Modeling of Air Quality October 2012 
Impacts of the Proposed Morrow Pacific Project- Final 
Report. 
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65 Letter from Columbia Riverkeeper, Northwest Environmental August 13, 2013 
Defense Center, and Sierra Club to U.S. Army Corps of 
Engineers regarding Comments on Cascade Kelly Holdings 
LLC's Rivers and Harbors Act Section 10 Permit Application 
(NWP-2007-998). 

66 Scoping Comments of Columbia Riverkeeper, Sierra Club, December 21,2012 
Greenpeace, Columbia Pacific Commonsense, Landowners and 
Citizens for a Safe Community, Wahkiakum Friends of the 
River, Northwest Property Rights Coalition, Friends of Living 
Oregon Waters, Forest Grove Oregon Citizens Against the 
Pipeline, and Food and Water Watch to the Federal Energy 
Regulatory Commission on the Proposed Oregon LNG Export 
Project and Washington Expansion Project. 

67 Letter from Columbia Riverkeeper to U.S. Army Corps of July 29, 2011 
Engineers and Washington Department of Ecology, regarding 
Public Comment on Longview Fibre Paper and Packaging, 
Inc.'s Clean Water Act§§ 404 and 401 Permit Application, 
NWS-2011-00637. 

68 Comments from Chad Eiken, AICP, Director, City of September 30, 2013 
Vancouver, to MBTL Coal Export Terminal EIS, and Elaine 
Placido, SEP A Responsible Official, Cowlitz County 
Department of Building and Planning, regarding SEP A Scoping 
Comments on Millennium Bulk Terminals Longview LLC Coal 
Export Terminal. 

69 Comments from Babtist Paul Lumley, Executive Director, November 18, 2013 
Columbia River Inter-Tribal Fish Commission, to Millennium 
Bulk Terminals-Longview EIS, regarding Millennium Bulk 
Terminals LLC, Longview Shipping Facility Project-Scoping 
Comments. 

70 Comments from Kim Kratz, Ph.D., Assistant Regional November 18, 2013 
Administrator, NOAA Fisheries West Coast Region, to 
Millennium Bulk Terminals EIS, regarding Scoping Comments 
on the Millennium Bulk Terminals-Longview, LLC 
SEP A/NEPA EIS. 

71 Comments from Gretchen Kaehler, Assistant State November 18, 2013 
Archaeologist, Department of Archaeology & Historic 
Preservation, to MBTL Coal Export Terminal, regarding 
scoping comments for the proposed Millennium Bulk Export 
Terminal Project, Longview, Cowlitz County, Washington. 
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72 Comments from Chief J. Allan, Chairman, Coeur D'Alene November 8, 2013 
Tribe, to Danette Guy, U.S. Army Corps of Engineers; Mike 
Wojtowicz, Cowlitz County Department of Building and 
Planning; and Diane Butorac, Department of Ecology, 
regarding Comments on Millennium Bulk Terminals, 
Longview, LLC's Coal Export Terminal at Longview, in 
Cowlitz County, Washington Proposal. 

73 Comments from William Iyall, Chairman, Cowlitz Indian Tribe, November 18, 2013 
to Col. Bruce A. Estok, Seattle District Commander, U.S. Army 
Corps of Engineers, regarding Scoping Comments for 
Millennium Bulk Terminals- Longview, LLC Project, 
NEP A/SEP A Environmental Impact Statement. 

74 Comments from Silas C; Whitman Chairman, Nez Perce Tribal November 18, 2013 
Executive Committee, to Millennium Bulk Terminals-
Longview EIS, regarding Scoping Comments on the U.S. Army 
Corps of Engineers, Washington State Department ofEcology, 
and Cowlitz County Intent to Prepare an Environmental Impact 
Statement on the Proposed Millennium Bulk Terminals-
Longview Shipping Facility Project. 

75 Comments from David A. Troutt, Natural Resources Director,. November 18, 2013 
Nisqually Indian Tribe, to Millennium Bulk Terminals-
Longview EIS, regarding Comments of Scoping Notice, 
Proposed Millennium Bulk Terminals Longview EIS. 

76 Comments from Matt Wynne, Chairman, Upper Columbia November 14, 2013 
United Tribes, to Millennium Bulk Terminals-Longview EIS, 
U.S. Army Corps of Engineers, Washington Department of 
Ecology, and Cowlitz County Building and Planning, regarding 
opposing the proposed Millennium Bulk Terminal Coal 
Transport Facility located in Longview, Washington. 

77 Comments from Eric Quaempts, Director, Department of November 18, 2013 
Natural Resources, Confederated Tribes of the Umatilla Indian 
Reservation, to Millennium Bulk Terminals-Longview EIS, 
regarding Scoping Comments on Proposed Millennium Bulk 
Terminals Longview Shipping Facility. 
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78 Comments from "Bobby" Bmnoe, General Manager, Branch of November 18, 2013 
Natural Resources, The Confederated Tribes of the Warm 
Springs Reservation of Oregon, to Washington Department of 
Ecology, U.S. Army Corps of Engineers, and Cowlitz County 
Building and Planning, regarding Comments on Scope of EIS 
for Millennium Bulk Terminals, Longview LLC Coal Export 
Terminal. 

79 Comments from Harry Smiskin, Chairman, Confederated November 18, 2013 
Tribes and Bands of the Yakama Nation, to Lt. General Thomas 
P. Bostick, Brig. General JohnS. Kern, and Col. Bruce Estok, 
U.S. Army Corps of Engineers, and Maia Bellon, Washington 
State Department of Ecology, regarding Comments on the 
Scope of the NEP A & SEP A EISs for the Proposed Millennium 
Bulk Terminal at the Port of Longview. 

80 Johan Rene van Dorp, Jason R.W. Merrick, Vessel Traffic Risk September 18, 2013 
Assessment (VTRA), Final Report prepared for Puget Sound 
Partnership. 

81 Article in Canadian Journal of Fisheries and Aquatic Sciences, October 2006 
Altered growth and related physiological responses in juvenile 
Chinook salmon (Oncorhynchus tshawytscha) from dietary 
exposure to polycyclic aromatic hydrocarbons (PAHs), by J.P. 
Meador et al. 

82 Article in Environ. Sci. Techno I., Effects of Diesel on Survival, 2008 
Growth, and Gene Expression in Rainbow Trout 
(Oncorhynchus myldss) Fry, by Lizzy Mos, et al. 

83 Leyda Consulting, Inc., letter regarding Ecological Impacts of October 30, 2012 
Proposed Coal Shipping on the Columbia River Port of Morrow 
and Port Westward, Oregon. 

84 Global Climate Change Impact in the United States, a State of 2009 
Knowledge Report from the U.S. Global Change Research 
Program. 

85 Report from The Program on Climate Economics, Climate February 17, 2009 
Leadership Initiative, Institute for a Sustainable Environment, 
and University of Oregon, An Overview of Potential Economic 
Costs to Washington of a Business-As-Usual Approach to 
Climate Change, prepared by Ernie Niemi, ECONorthwest. 
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86 Article on Oiled Wildlife Response, published by Northwest January 2013 
Area Committee/Regional Response Team. 

87 Economic Analysis of the Non-Treaty Commercial and December 2008 
Recreational Fisheries in Washington State, Final Report, 
prepared for Washington Department ofFish and Wildlife, by 
TCW Economics, with technical assistance from The Research 
Group. 

88 Washington State Maritime Cluster, Economic Impact Study, November 2013 
prepared for Economic Development Council of Seattle and 
King County and Workforce Development Council of Seattle 
and King County, by Community Attributes, Inc. 

89 Comments from Peter Goldmark, Commissioner of Public November 18, 2013 
Lands, Washington State Department ofNatural Resources, to 
Millennium Bulk Terminals EIS Co-Lead Agencies, regarding 
Scope of the EIS for Proposed Coal Export Terminal in 
Longview, Washington. 

90 Oregon Department of Geology and Mineral Industries' August 2012 
Earthquake Risk Study for Oregon 's Critical Energy 
Infrastructure Hub, Final Report to Oregon Department of 
Energy & Oregon Public Utility Commission, prepared by 
Yumei Wang, Steven F. Bartlett, and Scott B. Miles. 

91 Liquefaction Susceptibility Map of Clark County, Washington, September 2004 
prepared by Stephen P. Palmer, Sammantha L. Magsino, 
James L. Poelstra, and Rebecca A. Niggemann. 
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MATERIAL SAFETY DATA SHEET 
 

CRUDE OIL 

 

Print Date:  01/01/2002 ***FOR “DISCLAIMER OF LIABILITY”, SEE THE STATEMENT ON LAST PAGE*** Page 1 of 7 

IMPORTANT: Read this MSDS before handling and disposing of this product and pass this information on to employees, 
customers, and users of this product. 

 
 1.  PRODUCT and COMPANY IDENTIFICATION 
  Material Identity 
 

Crude Oil 

Trade Name(s) 
 

Oriente, Cano Limon, Line 63, Shell-Ventura, SJV Light, Rainbow, West Texas 
Inter-Cushing, Peace River-Canadian, Federated Crude-Canadian, Pembina 
Crude-Canadian, Forcados, Cabinda, Basrah Light, Basrah, Arab Medium, 

Other Name(s)  
 

Earth Oil, Petroleum Oil, Rock Oil, Zafiro 

Chemical Description 
 

This material is a C1 to C50 hydrocarbon liquid which contains approximately  
.9 to 2.8 wt% sulfur compounds 

Manufacturer’s 
Address 

BP West Coast Products LLC
Carson Business Unit 
1801 E. Sepulveda Boulevard 
Carson, California  90749-6210 
 

BP West Coast Products LLC
Cherry Point Business Unit 
4519 Grandview Road 
Blaine, Washington  98230

 Telephone Numbers Emergency Health Information:                  1 (800) 447-8735

 

 

2.   COMPONENTS and EXPOSURE LIMITS 
 
    Exposure Limits 
                                                                                                                       ACGIH            OSHA           
Component1       `CAS No.  % Composition By Volume2      TLV           PEL3         Units           Type 

CRUDE OIL, PETROLEUM 
 8002-05-9 EQ 100 N/AP N/AP  
which contains: 
BUTANE 
 106-97-8 AP 0.8 to 1 800 800 pm TWA 
HEXANE (N-HEXANE) 
 110-54-3 AP 0.3 to 1 50 50 ppm TWA 
    skin 
     
ISOPENTANE 
 78-78-4 AP 0.3 to 1.5 N/AP 750 ppm STEL 
    600 600 ppm TWA 
PENTANE 
 109-66-0 AP 1.5 to 2.5 N/AP 750 ppm STEL 
    600 600 ppm TWA 
Other applicable exposure guidelines: 
COAL TAR PITCH VOLATILES, AS BENZENE SOLUBLES (4) 
 65996-93-2   0.2 0.2 mg/m3 TWA 
OIL MIST, MINERAL 
 8012-95-1   10 N/AP mg/m3 STEL 
    5 5 mg/m3 TWA 
STODDARD SOLVENT 
 8052-41-3   100 100 ppm TWA 
 
Stoddard Solvent exposure limits are listed as an exposure guideline for hydrocarbon vapors that may be similar 
to those derived from crude oil. 

 
Elang Crude, Girassol 

 

Authorized User


Authorized User
MSDS No.

Authorized User
RS296

Authorized User
Version: 5

Authorized User
Rev. Date

Authorized User
05/13/2002

Authorized User
Emergency Spill Information:            

Authorized User
1 (800) 424-9300 CHEMTREC (USA)

Authorized User
Other Product Information:                 

Authorized User
1 (866) 4BP-MSDS

Authorized User
(866-427-6737 Toll Free - North America)

Authorized User
email:  bpcares@bp.com



CRUDE OIL MSDS No. RS296 

Print Date:  01/01/2002 Page 2 of 7  

Since specific exposure standards or control limits have not been established for this material, the exposure limits 
shown here are suggested as minimum control guidelines. 
1 Carcinogen displayed after Component Name.  Listed by (1) NTP, (2) IARC, (3) OSHA, (4) Other          
2 See Abbreviations on last page 
3 The OSHA exposure limits were changed in 1993 due to a federal court ruling.  ARCO has chosen to list the 1989 OSHA exposure limits in this document as they are generally more  
 stringent and therefore more protective than the current exposure limits.  (Refer to 29 CFR 1910.1000). 
 
 
3.    HAZARD IDENTIFICATION 
 

IMMEDIATE HAZARDS 
DANGER 
HIGHLY FLAMMABLE!  OSHA/NFPA Class 1B flammable liquid.  KEEP AWAY FROM HEAT, SPARKS, AND 
OPEN FLAME!  CONTAINS PETROLEUM DISTILLATES!  Avoid breathing vapors or mists.  Use only with 
adequate ventilation.  If swallowed, do not induce vomiting since aspiration into the lungs may cause chemical 
pneumonia.  Obtain prompt medical attention. 
May cause irritation or more serious skin disorders!  May be harmful if inhaled!  May cause irritation of the nose, 
throat, and lungs, headache, dizziness, drowsiness, loss of coordination, fatigue, nausea and labored breathing.  
May cause irregular heartbeats.  Avoid prolonged or repeated liquid, mist, and vapor contact with eyes, skin, and 
respiratory tract. 
Wash hands thoroughly after handling. 
Sulfur compounds in this material may decompose to release hydrogen sulfide gas which may accumulate to 
potentially lethal concentrations in enclosed air spaces.  Vapor concentrations of hydrogen sulfide above 50 ppm, 
or prolonged exposure at lower concentrations, may saturate human odor perceptions so that the smell of gas 
may not be apparent.  DO NOT DEPEND ON THE SENSE OF SMELL TO DETECT HYDROGEN SULFIDE! 
Long-term tests show that similar crude oils have produced skin tumors on laboratory animals. 
Crude oils contain some polycyclic aromatic hydrocarbons which have been shown to be carcinogenic after 
prolonged or repeated skin contact in laboratory animals. 
 
 
Routes of Exposure                                   Signs and Symptoms 
Inhalation 
     (Primary) 

Vapors or mists from this material, at concentrations greater than the recommended 
exposure limits in Section 2, can cause irritation of the nose, throat, and lungs, headache, 
dizziness, drowsiness, loss of coordination, fatigue, nausea and labored breathing. Airborne 
concentrations above the recommended exposure limits are not anticipated during normal 
workplace activities due to the slow evaporation of this material at ambient temperatures. 
Exposure to moderate airborne concentrations of hydrogen sulfide (less than 50 ppm) can 
result in irritation of the eyes, nose and throat, headache, dizziness, shortness of breath, 
nausea and nervousness. Exposure to hydrogen sulfide vapor above 200 ppm may cause 
irritation of mucous membranes, inflammation of the lungs, accumulation of fluid in the 
lungs, irregular heartbeats, unconsciousness with convulsions or impaired breathing with 
suffocation.  Exposure to higher concentrations of hydrogen sulfide vapor (above 500 ppm) 
may cause rapid death. 

Eye Contact May cause slight eye irritation. 
Skin Contact Moderate skin irritation may occur upon short-term exposure. 

Exposure to sunlight may increase the degree of skin irritation. 
Absorption through the skin may occur and produce toxic effects (see Summary of Chronic 
Hazards). 

Ingestion May cause irritation of the mouth, throat and gastrointestinal tract leading to nausea, 
vomiting, diarrhea, and restlessness.  May cause headache, dizziness, drowsiness, loss of 
coordination, fatigue, nausea and labored breathing. 
ASPIRATION HAZARD:  Aspiration into the lungs may cause chemical pneumonia. This 
material can enter the lungs during swallowing or vomiting and may cause lung inflammation 
and damage which in severe cases may be fatal. 

 
 



CRUDE OIL MSDS No. RS296 

Print Date:  01/01/2002 Page 3 of 7  

Summary of 
Chronic Hazards 
and Special 
Health Effects 

Personnel with preexisting central nervous system (CNS) disease, skin disorders, or chronic 
respiratory diseases should be evaluated by an appropriate health professional before 
exposure to this material. 
Prolonged/repeated skin exposure, inhalation or ingestion of this material may result in 
adverse dermal or systemic effects.  Avoid prolonged or repeated exposure. 
May be harmful if absorbed through the skin.  Prolonged or repeated contact may create 
cancer risk, organ damage, and adversely affect reproduction, fetal development and fetal 
survival.  Avoid all skin contact. 
Neurotoxic effects have been associated with n-hexane, a component of this material.  Avoid 
prolonged or repeated exposure. 
See Section 11 for Additional Toxicological Information. 

 
4.   EMERGENCY and FIRST AID 
 
 
Inhalation Immediately remove personnel to area of fresh air.  For respiratory distress, give oxygen, 

rescue breathing, or administer CPR (cardiopulmonary resuscitation) if necessary.  Obtain 
prompt medical attention. 

Eye Contact Flush eyes with clean, low-pressure water for at least 15 minutes, occasionally lifting the 
eyelids.  If pain or redness persists after flushing, obtain medical attention. 

Skin Contact Immediately remove contaminated clothing.  Wash affected skin thoroughly with soap and 
water.  If irritation persists, obtain medical attention. 

Ingestion Do not induce vomiting since aspiration into the lungs may cause lipoid pneumonia.  Obtain 
prompt medical attention. 

 
 
Emergency See above procedures.  Personnel with pre-existing central nervous system disease, skin  
Medical         disorders, chronic respiratory diseases, or impaired liver of kidney function should avoid 
Treatment         exposure to this product. 
Procedures 
 
 
5.   FIRE and EXPLOSION 
 
 
Flash Point (Method)*  Based on NFPA Petroleum, Crude AP  20°F to 90°F NFPA Hazard Rating: 
Autoignition Temperature (Method)* N/DA Health: 2 = Moderate 
Flammable Limits (% Vol. in Air* Lower AP  1  + Fire: 3 = High 
 Upper AP  8  + Reactivity: 0 = Insignificant 
* At Normal Atmospheric Temperature and Pressure +  Based on NFPA 325 Special:  
 
Fire and 
Explosion 
Hazards 

HIGHLY FLAMMABLE!  This material releases flammable vapors at or below ambient 
temperatures.  When mixed with air in certain proportions and exposed to an ignition source, 
these vapors can burn in the open or explode in confined spaces. 
Flammable vapors may travel long distances along the ground before reaching a point of 
ignition and flashing back. 
Open top tanks involved in a fire have a potential for "boil-over" if water or water-in-oil 
emulsion is at the bottom of the tank.  Boil-over may result in a large expulsion of burning oil 
from the tank, greatly increasing the fire area. 

 
Extinguishing 
Media 

Foam, Dry chemical, Carbon dioxide (CO2) 
Water and water fog can cool the fire but may not extinguish the fire. 

Special 
Firefighting 
Procedures 

For fires involving this material, do not enter any enclosed or confined fire space without 
proper protective equipment.  This may include self-contained breathing apparatus to protect 
against the hazardous effects of combustion products and oxygen deficiencies.  Cool tanks 
and containers exposed to fire with water.  If firefighters cannot work upwind to the fire, 
respiratory protective equipment must be worn unless and until atmospheric monitoring 
indicates that such protection is not required.  Improper use of water and extinguishing 
media containing water may cause frothing which can spread the fire over a larger area.  
Water fog or spray are of value for cooling tank shells and surfaces exposed to fire, but may 
not achieve extinguishment. 
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6.    ACCIDENTAL RELEASE MEASURES 
 
 
Precautions if 
Material is Spilled 
or Released 

Contain spill, evacuate non-essential personnel, and safely stop flow.  On hard surfaces, 
spilled material may create a slipping hazard.  Equip cleanup crews with proper protective 
equipment (as specified in Section 8) and advise of hazards.  Clean up by recovering as 
much spilled or contaminated materials as possible and placing into closed containers.  
Consult with an environmental professional for the federal, state and local cleanup and 
reporting requirements for spills and releases. 

 
 
7.    HANDLING and STORAGE 
 
 
Handling, 
Storage and 
Decontamination 
Procedures 

Store and transport in accordance with all applicable laws.  KEEP AWAY FROM HEAT, 
SPARKS, AND OPEN FLAME!  KEEP CONTAINERS CLOSED, PLAINLY LABELED AND 
OUT OF CLOSED VEHICLES!  Containers should be able to withstand pressures expected 
from warming or cooling in storage.  Ground all drums and transfer vessels when handling.  
Store in cool (80oF or below), well-ventilated location.  All electrical equipment in storage 
and/or handling areas should be installed in accordance with applicable requirements of the 
National Electrical Code (NEC). 
KEEP OUT OF REACH OF CHILDREN! 
Empty containers retain some liquid and vapor residues, and hazard precautions must be 
observed when handling empty containers. 
For determining National Electrical Code (NEC) Hazardous (Classified) location 
requirements for electrical installations, consider this material Class 1, Group D. 

 
 
8.    EXPOSURE CONTROLS/PERSONAL PROTECTION  
 
 
Engineering 
Controls 

Where possible, use adequate ventilation to keep vapor and mist concentrations of this 
material below the Occupational Exposure Limits shown in Section 2. Electrical equipment 
should comply with National Electrical Code (NEC) standards (see Section 7). 

Respiratory Where there is potential for exposure to hydrogen sulfide gas in excess of the permissible 
exposure limit, a NIOSH/MSHA-approved supplied-air respirator operated in positive 
pressure mode should be worn. 
If hydrogen sulfide gas is not present in excess of permissible exposure limits, a 
NIOSH/MSHA-approved air-purifying respirator with an organic vapor cartridge may be 
permissible under certain circumstances where airborne concentrations of hydrocarbon 
vapor may exceed the exposure limits in Section 2.  Where work conditions may generate 
airborne mists of the material, also use a high-efficiency particulate pre-filter.  Consult a 
health and safety professional for guidance in respirator selection.  Respirator use should 
comply with OSHA 29 CFR 910.134. 
CAUTION:  The protection provided by air-purifying respirators is limited.  Use a positive 
pressure air-supplied respirator if there is any potential for an uncontrolled release, if 
exposure levels are not known, or if concentrations exceed the protection limits of the air-
purifying respirator.   

Eyes Eye protection should be worn.  If there is potential for splashing or spraying, chemical 
protective goggles and/or a face shield should be worn.  If contact lenses are worn, consult 
an eye specialist or a safety professional for additional precautions.  Suitable eye wash water 
should be available in case of eye contact with this material. 

Skin Avoid all skin contact with this material.  If conditions of use present any potential for skin 
contact, clean and impervious clothing such as gloves, apron, boots, and facial protection 
should be worn.  Neoprene, Nitrile, Butyl Rubber or Viton glove material is recommended.  
When working around equipment or processes which may create the potential for skin 
contact, full body coverage should be worn, which consist of impervious boots and oil-
resistant coated Tyvek suit or other impervious jacket and pants. 
Non-impervious clothing which accidentally becomes contaminated with this material should 
be removed promptly and not reworn until the clothing is washed thoroughly and the 
contamination is effectively removed.  Discard soaked leather goods. 
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Other Hygienic 
and Work 
Practices 

Use good personal hygiene practices.  If skin contact should occur, material should be 
removed from the skin with a waterless hand cleaner, and the affected area should then be 
washed with a mild soap and water.  Wash hands and other exposed areas thoroughly 
before eating, drinking, smoking or using toilet facilities. 

 
 
9.    PHYSICAL and CHEMICAL PROPERTIES 
 
 
Boiling Point: AP  -54°F to 1100°F 
Viscosity Units, Temp. (Method): N/DA 
Dry Point: N/AP 
Freezing Point: N/DA 
Vapor Pressure, Temp. (Method): AP  1 to 2 at 100°F (REID-PSIA) 
Volatile Characteristics: Appreciable 
Specific Gravity (H2O = 1 @ 39.2OF): AP  0.88 
Vapor Sp. Gr. (Air = 1.0 @ 60OF - 90OF): N/DA 
Solubility in Water: Negligible 
PH: N/AP 
Appearance and Odor: Thick light yellow to dark black colored liquid.  Petroleum 

hydrocarbon odor. 
Other Physical and Chemical Properties: Total sulfur = approx. 1.1% - 2.8% 

Hydrogen sulfide content is less than 5 ppm dissolved in 
liquid 
Vanadium = approx. 210 ppm 

 
 
10.    STABILITY and REACTIVITY 
 
 
Stability Stable 
Hazardous Polymerization Not expected to occur. 
Other Chemical Reactivity N/AP 
 
 
Conditions to 
Avoid 

Heat, sparks, and open flame. 

Materials to 
Avoid 

Strong acids, alkalis, and oxidizers such as liquid chlorine and oxygen. 

Hazardous or 
Decomposition 
Products 

Burning or excessive heating may produce carbon monoxide and other harmful gases or 
vapors including oxides of sulfur and nitrogen. 

 
 
11.    TOXICOLOGICAL INFORMATION 
 
 
Toxicological 
Information 

The information found in this section is written for medical, toxicology, occupational health 
and safety professionals.  This section provides technical information on the toxicity testing 
of this or similar materials or its components.  If clarification of the technical content is 
needed, consult a professional in the areas of expertise listed above. 

 
 
Prolonged/ 
Repeated 
Exposures 

IARC has determined there is "limited evidence for the carcinogenicity in experimental 
animals of crude oil" and "inadequate evidence for the carcinogenicity in humans of crude 
oil." IARC concludes that "crude oil is not classifiable as to its carcinogenicity to humans 
(Group 3)." 
Crude oil administered orally to pregnant rats during gestation produced increased number 
of resorptions and decrease in fetal weight and length. 
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Exposure to N-hexane at concentrations considerably higher than the current permissible 
exposure limit has reportedly been associated with peripheral neuropathy. 
 

 
12.    ECOLOGICAL INFORMATION 
 
 
 Not Available 

 
13.    DISPOSAL CONSIDERATIONS 
 
 
Waste Disposal 
Methods 

Maximize recovery for reuse or recycling.  Consult environmental professional to determine if 
state or federal regulations would classify spilled or contaminated materials as a hazardous 
waste.  Use only approved transporters, recyclers, treatment, storage or disposal facilities.  
Comply with all federal, state and local laws pertaining to waste management. 

 
 
14.    TRANSPORT INFORMATION 
 
 
UN Proper Shipping Name Petroleum crude oil 
UN Hazard Class 3 
UN Number UN1267 
UN Packing Group PGI 
 
 
15.    REGULATORY INFORMATION 
 
 
SUPERFUND AMENDMENTS AND REAUTHORIZATION ACT OF 1986 (SARA), TITLE III 
Section 311/312 Hazard Categories: 
Immediate (acute) health hazard 
Delayed (chronic) health hazard 
Fire hazard 
No chemicals in this product exceed the threshold reporting level established by SARA Title III, Section 313 and 
40 CFR 372. 
 
TOXIC SUBSTANCES CONTROL ACT (TSCA) 
All components of this product are listed on the TSCA Inventory. 
COMPREHENSIVE ENVIRONMENTAL RESPONSE, COMPENSATION AND LIABILITY ACT (CERCLA) 
This material is covered by CERCLA's PETROLEUM EXEMPTION. 
(Refer to 40 CFR 307.14) 
CALIFORNIA SAFE DRINKING WATER AND TOXIC ENFORCEMENT ACT OF 1986 - PROPOSITION 65 
 
PROP 65 WARNING LABEL: 
Chemicals known to the State to cause cancer, birth defects, or other reproductive harm are found in gasoline, 
crude oil, and many other petroleum products and their vapors, or result from their use.  Read and follow label 
directions and use care when handling or using all petroleum products. 
WARNING: 
This product contains the following chemical(s) listed by the state of California as known to cause cancer or birth 
defects or other reproductive harm. 
MINERAL OILS, UNTREATED (C)   
Other Prop 65 chemicals will result under certain conditions from the use of this material.  For example, burning 
fuels produces combustion products including carbon monoxide, a Prop 65 reproductive toxin.  
(C) = Carcinogen 
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16.    OTHER INFORMATION 
 
 
General 
Comments 

The information and conclusions herein reflect normal operating conditions and may be from 
sources other than direct test data on the mixture itself. 

 
 
Abbreviations:  EQ = Equal   AP = Approximately  N/P = No Applicable Information Found  
  LT = Less Than  UK = Unknown  N/AP = Not Applicable 
  GT = Greater Than  TR = Trace   N/DA = No Data Available 
 

 
Disclaimer of Liability 
The information in this MSDS was obtained from sources which we believe are reliable.  HOWEVER, THE INFORMATION IS PROVIDED WITHOUT ANY 
WARRANTY, EXPRESS OR IMPLIED, REGARDING ITS CORRECTNESS. 
 
The conditions or methods of handling, storage, use and disposal of the product are beyond our control and may be beyond our knowledge.  FOR THIS AND 
OTHER REASONS, WE DO NOT ASSUME RESPONSIBILITY AND EXPRESSLY DISCLAIM LIABILITY FOR LOSS DAMAGE OR EXPENSE ARISING OUT OF 
OR IN ANY WAY CONNECTED WITH THE HANDLING, STORAGE, USE OR DISPOSAL OF THE PRODUCT. 
 
This MSDS was prepared and is to be used only for this product.  If the product is used as a component in another product, this MSDS information may not be 
applicable. 

Authorized User
Prepared by:  Product Stewardship
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SCREENING-LEVEL HAZARD CHARACTERIZATION 
 

Crude Oil Category 
 

SPONSORED CHEMICAL 
Crude Oil (CASRN 8002-05-9) 

  
The High Production Volume (HPV) Challenge Program1 was conceived as a voluntary initiative 
aimed at developing and making publicly available screening-level health and environmental 
effects information on chemicals manufactured in or imported into the United States in quantities 
greater than one million pounds per year.  In the Challenge Program, producers and importers of 
HPV chemicals voluntarily sponsored chemicals; sponsorship entailed the identification and 
initial assessment of the adequacy of existing toxicity data/information, conducting new testing if 
adequate data did not exist, and making both new and existing data and information available to 
the public.  Each complete data submission contains data on 18 internationally agreed to “SIDS” 
(Screening Information Data Set1,2) endpoints that are screening-level indicators of potential 
hazards (toxicity) for humans or the environment.   
 
The Environmental Protection Agency’s Office of Pollution Prevention and Toxics (OPPT) is 
evaluating the data submitted in the HPV Challenge Program on approximately 1400 sponsored 
chemicals by developing hazard characterizations (HCs).  These HCs consist of an evaluation of 
the quality and completeness of the data set provided in the Challenge Program submissions. 
They are not intended to be definitive statements regarding the possibility of unreasonable risk of 
injury to health or the environment.   
 
The evaluation is performed according to established EPA guidance2,3 and is based primarily on 
hazard data provided by sponsors; however, in preparing the hazard characterization, EPA 
considered its own comments and public comments on the original submission as well as the 
sponsor’s responses to comments and revisions made to the submission.  In order to determine 
whether any new hazard information was developed since the time of the HPV submission, a 
search of the following databases was made from one year prior to the date of the HPV 
Challenge submission to the present: (ChemID to locate available data sources including 
Medline/PubMed, Toxline, HSDB, IRIS, NTP, ATSDR, IARC, EXTOXNET, EPA SRS, etc.), 
STN/CAS online databases (Registry file for locators, ChemAbs for toxicology data, RTECS, 
Merck, etc.) and Science Direct. OPPT’s focus on these specific sources is based on their being 
of high quality, highly relevant to hazard characterization, and publicly available.   
 
OPPT does not develop HCs for those HPV chemicals which have already been assessed 
internationally through the HPV program of the Organization for Economic Cooperation and 
Development (OECD) and for which Screening Initial Data Set (SIDS) Initial Assessment 
Reports (SIAR) and SIDS Initial Assessment Profiles (SIAP) are available.  These documents are 
presented in an international forum that involves review and endorsement by governmental 

                                                 
1 U.S. EPA.  High Production Volume (HPV) Challenge Program; http://www.epa.gov/chemrtk/index.htm. 
2 U.S. EPA.  HPV Challenge Program – Information Sources; http://www.epa.gov/chemrtk/pubs/general/guidocs.htm. 
3 U.S. EPA.  Risk Assessment Guidelines; http://cfpub.epa.gov/ncea/raf/rafguid.cfm. 
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authorities around the world.  OPPT is an active participant in these meetings and accepts these 
documents as reliable screening-level hazard assessments.  
 
These hazard characterizations are technical documents intended to inform subsequent decisions 
and actions by OPPT.  Accordingly, the documents are not written with the goal of informing the 
general public.  However, they do provide a vehicle for public access to a concise assessment of 
the raw technical data on HPV chemicals and provide information previously not readily 
available to the public.   
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Chemical Abstract Service 

Registry Number 
(CASRN) 

8002-05-9 

 
Chemical Abstract Index 

Name 

 
Crude Petroleum 

 
 

Structural Formula 
 

See Appendix 
 

Summary 
 

Petroleum (crude oil) is a complex mixture of paraffinic, naphthenic and aromatic hydrocarbons 
ranging in carbon number from C1 to >C60.  Petroleum typically also contains smaller amounts 
of heteroatom compounds, metals (either complexed with porphyrins or as salts of carboxylic 
acids) and hydrogen sulfide. Petroleum is not a uniform substance since its physical and 
chemical properties vary from oilfield to oilfield and can even vary within wells at the same 
oilfield. At one extreme, it is a light, mobile, straw-colored liquid. At the other extreme, it is a 
highly viscous, semi-solid, black substance.  The lower molecular weight components of 
petroleum possess moderate to high water solubility while higher molecular weight fractions 
tend to form emulsions in water.  The lower molecular weight components of petroleum have 
high vapor pressure while higher molecular weight fractions tend to possess negligible to low 
vapor pressure.  The lighter weight aliphatic and aromatic components of petroleum will have 
high mobility in soils while the heavier molecular weight constituents will possess low mobility.  
Volatilization is expected to be moderate to high for most constituents of petroleum.  The rate of 
hydrolysis is negligible since paraffins, naphthenes and the aromatic hydrocarbons contained in 
petroleum do not possess functional groups that hydrolyze under environmental conditions.  The 
rate of atmospheric photooxidation is expected to be slow to rapid for most components of 
petroleum.  The components of petroleum are expected to possess low (P1) to high (P3) 
persistence and low (B1) to high (B3) bioaccumulation potential.   
 
The acute toxicity of CASRN 8002-05-9 is low in rats and mice by the oral route, low to 
moderate in rats and moderate in mice by the inhalation route and low in rabbits by the dermal 
route.  A 28-day dermal repeated-dose toxicity study in rats showed reduced body weight gain in 
males at 2500 mg/kg-day and no effects in females at 2500 mg/kg-day (highest dose tested).  The 
NOAEL is 250 mg/kg-day in males and 2500 mg/kg-day in females.   A 90-day dermal repeated-
dose toxicity study in rats showed hypertrophy and hyperplasia of follicular thyroid epithelium in 
males and females at 30 mg/kg-day; the NOAEL was not established.  In a second 90-day dermal 
repeated-dose toxicity study in rats, both males and females showed hypertrophy and hyperplasia 
of follicular thyroid epithelium and males showed increased bone marrow cellularity  at 30 
mg/kg-day; the NOAEL was not established.   No specific reproductive toxicity studies are 
available.  In the dermal repeated-dose toxicity study, no effects on the reproductive organs were 
observed in male rats treated with 500 mg/kg-day (only dose tested).  In a prenatal 
developmental toxicity study in rats administered CASRN 8002-05-9 via gavage, reduced 
maternal body weight was observed at 887 mg/kg-day; the NOAEL for maternal toxicity was not 
established.  Signs of developmental toxicity consisted of reduced fetal weight, reduced fetal 
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crown-rump length, increased numbers of resorptions and the number of dead fetuses and 
decreased number of live fetuses at 887 mg/kg-day; the NOAEL for developmental toxicity was 
not established.  In a prenatal developmental toxicity study in rats administered CASRN 8002-
05-9 dermally, reduced maternal body weight was observed at 500 mg/kg-day; the NOAEL for 
maternal toxicity is 125 mg/kg-day.  Signs of developmental toxicity consisted of increased 
number of resorptions, decreased litter size, decreased fetal weight, incomplete ossification of 
nasal bones and caudal centra and an increased incidence of pup mortality during lactation at 500 
mg/kg-day; the NOAEL for developmental toxicity is 125 mg/kg-day.  In another prenatal 
developmental toxicity study in rats administered CASRN 8002-05-9 dermally, reduced maternal 
body weight was observed at 500 mg/kg-day; the NOAEL for maternal toxicity is 125 mg/kg-
day.  Incomplete ossification of fetal nasal bones was observed in pups at 125 mg/kg-day; the 
NOAEL for developmental toxicity was not established.  In a third prenatal developmental 
toxicity study in rats administered CASRN 8002-05-9 dermally, reduced maternal body weight 
was observed at 1000 mg/kg-day; the NOAEL for maternal toxicity is 500 mg/kg-day.  Signs of 
developmental toxicity consisted of reduced pup body weight and body weight gain at 1000 
mg/kg-day; the NOAEL for developmental toxicity is 500 mg/kg-day.   CASRN 8002-05-9 was 
mutagenic in bacteria in vitro but did not show evidence of chromosomal aberrations in 
mammalian cells in vitro.  CASRN 8002-05-9 did induce chromosomal aberrations in mice in 
vivo.   CASRN 8002-05-9 is irritating to rabbit skin and eyes and did not induce sensitization in 
guinea pigs.  CASRN 8002-05-9 is carcinogenic to mice via dermal exposure.   
 
Reproductive toxicity was identified as a data gap under the HPV Challenge Program. 
 
The 96-h LC50 of CASRN 8002-05-9 for fish ranges from 0.73 to 42 mg/L. The 48-h EC50 of 
CASRN 8002-05-9 for aquatic invertebrates ranges from 0.61 to 28 mg/L. The 21-d chronic 
toxicity to aquatic invertebrates ranges from 0.5 to 6 mg/L. 
 
The toxicity to aquatic plants endpoint was identified as a data gap under the HPV Challenge 
Program. 
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The sponsor, American Petroleum Institute (API) Petroleum HPV Testing Group, submitted a 
Test Plan and Robust Summaries to EPA for Crude Oil (CASRN 8002-05-9) on November 25, 
2003.  EPA posted the submission on the ChemRTK HPV Challenge website on December 19, 
2003 (http://www.epa.gov/oppt/chemrtk/pubs/summaries/crdoilct/c14858tc.htm).  EPA 
comments on the original submission were posted to the website on May 20, 2004.  Public 
comments were also received and posted to the website.  The sponsor submitted updated/revised 
documents on January 14, 2011, which were posted to the website on February 3, 2011.   

 
Category Justification 
 
The crude oil category contains only CASRN 8002-05-9 and represents all conventional crude 
oils, including synthetic crude oils derived from tar sands, regardless of source or hydrocarbon 
distribution.  Crude oil is a Class 24 substance which may contain varying concentrations of 
paraffinic, naphthenic and aromatic hydrocarbons with carbon numbers ranging from C1 to 
C60+.  The proportions of paraffinic, naphthenic, and aromatic hydrocarbons, as well as other 
components, differ among geographic regions.  Crude oils also contain varying amounts of 
nitrogen, oxygen, and sulfur compounds, organometallic complexes (notably of sulfur and 
vanadium), dissolved gases such as hydrogen sulfide, heteroatoms (e.g., nitrogen- and oxygen-
containing hydrocarbon analogs), and asphaltenes.  The heterogeneity in the composition of the 
different crude oils, could produce different profiles of toxic effects in mammals and aquatic 
organisms.  EPA agrees, however, that grouping these mixtures into a single category is 
appropriate based on the general composition profile and physicochemical properties.   EPA 
recognizes that due to the nature of crude oil and the compositional variation that can occur with 
region of origin and even location within a geographic formation, the specific crude oils 
represented in the studies presented in this hazard characterization may not be representative of 
the hazard observed following exposure to different crude oils which have not been tested. 
 
 
1. Chemical Identity 
 
1.1 Identification and Purity 
 
The following description is taken from the 2003 Test Plan and Robust Summary.  Crude oil is a 
complex combination of hydrocarbons consisting predominantly of aliphatic, alicyclic and 
aromatic hydrocarbons covering the carbon number range from C1 to C60+.  It also contains 
sulfur, oxygen and nitrogen compounds, organometallic complexes notably of sulfur and 
vanadium, and dissolved gases such as hydrogen sulfide.  In appearance, crude oils range from 
thin, light colored oils consisting mainly of gasoline-quality stock to heavy, thick tar-like 

                                                 
4 Class 2 denotes a chemical that occurs as a complex mixture of different individual substances rather than existing 
as a single chemical species with a well-defined molecular structure (e.g., a paraffin wax).  Class 2 compounds also 
include unknown or variable composition complex reaction products, biological materials (UVCB).  UVCB 
substances can for example be described by structural features (e.g. acid chlorides, alkaline earth compounds, 
polyoxyalkylenes), a significant precursor (e.g. Castor Oil or Tallow) or by a more general description (e.g. Resins 
or Waxes.) 
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materials.  The chemical composition of crude oils from different producing regions, and even 
from within a particular formation, can vary tremendously.  An “average” crude contains 84% 
carbon, 14% hydrogen, 1-3% sulfur, and approximately 1.0 % nitrogen, 1.0% oxygen and 0.1% 
minerals and salts.  Crude oils are identified by the predominant proportion of similar 
hydrocarbon molecules and are further classified by viscosity, specific gravity (density) and by 
American Petroleum Institute (API) gravity.  API gravity is an indication of the gasoline 
potential of crude oil with higher API gravity indicating greater gasoline potential and thus more 
valuable crude oil.  Paraffinic crude oils are rich in straight chain and branched paraffins, have a 
high API gravity, low density and viscosity, and contain a higher concentration of gasoline grade 
naphtha.  Naphthenic crude oils contain mainly cycloparaffins and aromatic hydrocarbons, have 
low API gravity, higher density and viscosity and contain residual materials and heteroatoms 
(e.g. sulfur, nitrogen, and oxygen-containing hydrocarbon analogs). 
 
 
1.2 Physical-Chemical Properties 
 
The physical-chemical properties of crude oil are summarized in Table 1.  Petroleum (crude oil) 
is not a uniform substance since its physical and chemical properties vary from oilfield to oilfield 
and can even vary within wells at the same oilfield. At one extreme, it is a light, mobile, straw-
colored liquid. At the other extreme, it is a highly viscous, semi-solid, black substance from 
which little can be distilled at atmospheric pressure before thermal decomposition occurs.  The 
lower molecular weight components of petroleum possess moderate to high water solubility 
while higher molecular weight fractions tend to form emulsions in water.  The lower molecular 
weight components of petroleum have high vapor pressure while higher molecular weight 
fractions tend to possess negligible to low vapor pressure.   
 
 

Table 1.  Physical-Chemical Properties of Petroleum1 
Property Petroleum (Crude Oil) 
CASRN 8002-05-9 
Molecular Weight Complex Mixture 
Physical State Light, mobile, straw-colored liquid to highly viscous, semi-solid, 

black substance 
Melting Point -30 to 30 °C (measured pour points) 
Boiling Point -1 to 565 °C (measured distillation range) 
Vapor Pressure 142.5 mm Hg at 37 °C (measured Alaska North Slope crude oil); 

165.8 mm Hg at 37 °C (measured Arabian medium crude oil); 
337.5 mm Hg at 37 °C (measured Alif Temen crude oil); 
202.5 mm Hg at 37 °C (measured Amna Libya crude oil); 
97.5 mm Hg at 37 °C (measured Ashtart Tunisia crude oil); 
45 mm Hg at 37 °C (measured Atkinson Canadian crude oil); 
142.5 mm Hg at 37 °C (measured Alberta sweet mixed blend 
Canadian crude oil); 
180 mm Hg at 37 °C (measured United Arab Emirate crude oil); 
270 mm Hg at 37 °C (measured Beryl North Sea crude oil); 
247.5 mm Hg at 37 °C (measured Bombay High Indiacrude oil); 
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Table 1.  Physical-Chemical Properties of Petroleum1 
 
Aliphatic Fraction2,3 

266 mm Hg (estimated >C5-C6); 
47.9 mm Hg (estimated >C6-C8); 
4.8 mm Hg (estimated >C8-C10); 
0.48 mm Hg (estimated >C10-C12); 
0.036 mm Hg (estimated >C12-C16); 
8.3 × 10-4 mm Hg (estimated >C16-C21); 
 
Aromatic Fraction2,3 

98.8 mm Hg (estimated >C5-C7); 
28.9 mm Hg (estimated >C7-C8); 
4.8 mm Hg (estimated >C8-C10); 
0.48 mm Hg (estimated >C10-C12); 
0.036 mm Hg (estimated >C12-C16); 
8.3 × 10-4 mm Hg (estimated >C16-C21); 
3.3 × 10-7 mm Hg (estimated >C21-C35) 

Dissociation Constant (pKa) Not applicable 
Henry’s Law Constant Aliphatic Fraction2,3

0.74 atm-m3/mol (estimated >C5-C6); 
1.12 atm-m3/mol (estimated >C6-C8); 
1.79 atm-m3/mol (estimated >C8-C10); 
2.69 atm-m3/mol (estimated >C10-C12); 
11.7 atm-m3/mol (estimated >C12-C16); 
110 atm-m3/mol (estimated >C16-C21); 
 
Aromatic Fraction2,3 

0.0052 atm-m3/mol (estimated >C5-C7); 
0.0060 atm-m3/mol (estimated >C7-C8); 
0.011 atm-m3/mol (estimated >C8-C10); 
0.003 atm-m3/mol (estimated >C10-C12); 
0.001 atm-m3/mol (estimated >C12-C16); 
0.0029 atm-m3/mol (estimated >C16-C21); 
1.5 × 10-5 atm-m3/mol (estimated >C21-C35) 

Water Solubility 30 mg/L (measured at 5 °C; Norman Wells crude oil)1,4; 
29-33 mg/L (measured at 20 °C; Norman Wells crude oil) 1,4; 
31.8-33.5 mg/L (measured at 22 °C; Norman Wells crude oil) 1,4; 
33 mg/L (measured at 20 °C; Norman Wells crude oil) 1,4; 
25.02 mg/L (measured at 22 °C; Alberta crude oil) 1,4; 
35.1 mg/L (measured at 22 °C; Swan Hills) 1,4; 
29.01 mg/L (measured at 22 °C; Prudhoe Bay crude oil) 1,4; 
23.66-25.5 mg/L (measured at 22 °C; Lago Medio crude oil) 1,4; 
10.42 mg/L (measured at 22 °C; Kopanoar crude oil) 1,4; 
28.62 mg/L (measured at 22 °C; Murban crude oil) 1,4; 
29.6 mg/L (measured at 22 °C; Mobil A crude oil) 1,4; 
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Table 1.  Physical-Chemical Properties of Petroleum1 
58 mg/L (measured at 22 °C; Mobil B crude oil) 1,4 
 
Aliphatic Fraction2,3 

36 mg/L (estimated >C5-C6); 
5.4 mg/L (estimated >C6-C8); 
0.43 mg/L (estimated >C8-C10); 
0.034 mg/L (estimated >C10-C12); 
7.6 × 10-4 mg/L (estimated >C12-C16); 
 
Aromatic Fraction2,3 

1,800 mg/L (estimated >C5-C7); 
520 mg/L (estimated >C7-C8); 
65 mg/L (estimated >C8-C10); 
25 mg/L (estimated >C10-C12); 
5.8 mg/L (estimated >C12-C16); 
0.65 mg/L (estimated >C16-C21); 
6.6 × 10-3 mg/L (estimated >C21-C35) 

Log Kow 2 to > 6 (estimated) 
1 American Petroleum Institute Petroleum HPV Testing Group.  Test Plan and Robust Summary for Crude Oil.  

November 15, 2003. Available online at http://www.epa.gov/oppt/chemrtk/pubs/summaries/crdoilct/c14858tc.htm 
as of December 7, 2010.   

2 Total Petroleum Hydrocarbon Criteria Working Group; Human Health Risk- Based Evaluation of Petroleum 
Release Sites: Implementing the Working Group Approach Volume 5. June 1999. 

3 The Total Petroleum Hydrocarbon Working Group subdivided aromatics and aliphatic hydrocarbons of crude oil 
into 13 aliphatic and aromatic fractions and provided representative physical-chemical properties for these 
fractions. 

4 Results based on the water soluble fraction of total benzene, toluene, ethyl benzene + xylenes (combined 
concentration) and naphthalenes.  The lower molecular weight components may dissolve in water while other 
fractions may float and spread out on water where they may form emulsions.

 
 
2. General Information on Exposure 
 
2.1 Production Volume and Use Pattern 
 
The Crude Oil category chemicals had an aggregated production and/or import volume in the 
United States greater than one billion pounds in calendar year 2005.  
 
No industrial processing and uses and commercial and consumer uses were reported for the 
chemical.  
 
2.2 Environmental Exposure and Fate 
 
The environmental fate properties are provided in Table 2.  The low molecular weight aliphatic 
and aromatic components of petroleum are expected to possess high mobility in soil while the 
heavier molecular weight constituents are expected to possess low mobility.  Four petroleum 
samples were tested for biodegradation over the course of a 28 day incubation period by cultures 
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of Acinetobacter sp. and a mixed microbial consortium isolated from sediment obtained from 
Shizugawa Bay, Japan.  The oils were initially heat treated to 100 °C in order to remove the low 
molecular weight constituents that may be considered readily biodegradable.  Roughly 12-20% 
biodegradation was observed for the crude oil samples over 28 days with exposure to 
Acinetobacter sp. and 19-34% biodegradation was observed for exposure to the mixed microbial 
cultures.  Petroleum added to unamended seawater samples was 3% degraded (1% mineralized) 
in 18 days; however, addition of nitrate and phosphate nutrients to the seawater increased the 
degradation and mineralization to 70 and 42%, respectively over the 18 day incubation period.  
Seven petroleum samples were degraded 11-50% after 42 days using nitrate and phosphate 
amended seawater obtained off the coast of California.  Gas-chromatography analysis indicated 
that paraffinic components (both linear and branched) degraded at a greater rate than aromatic 
components and the asphaltic components were very slow to degrade. In general, n-alkanes are 
readily degraded under environmental conditions. Branched-chain or iso-alkanes are less readily 
biodegraded, but they do ultimately biodegrade. The degradation of cycloalkanes has not been 
extensively studied, but the ring structure is more resistant to biodegradation, and degrades more 
slowly. Aromatic hydrocarbons are also resistant to biodegradation, but a few microorganisms 
are able to utilize them. High molecular weight compounds, the tars and asphaltenes, show little 
to no degradation, and are persistent.  Volatilization of the components of petroleum is expected 
to be moderate to high.  The rate of hydrolysis is expected to be negligible since the substances 
in petroleum do not possess functional groups that hydrolyze under environmental conditions.  
The components of petroleum are expected to possess low (P1) to high (P3) persistence and low 
(B1) to high (B3) bioaccumulation potential.   
 
Conclusion: Petroleum (crude oil) is a complex mixture of paraffinic, naphthenic and aromatic 
hydrocarbons ranging in carbon number from C1 to >C60.  Petroleum typically also contain 
smaller amounts of heteroatom compounds, metals (either complexed with porphyrins or as salts 
of carboxylic acids) and hydrogen sulfide. Petroleum is not a uniform substance since its 
physical and chemical properties vary from oilfield to oilfield and can even vary within wells at 
the same oilfield. At one extreme, it is a light, mobile, straw-colored liquid. At the other extreme, 
it is a highly viscous, semi-solid, black substance.  The lower molecular weight components of 
petroleum possess moderate to high water solubility while higher molecular weight fractions 
tend to form emulsions in water.  The lower molecular weight components of petroleum have 
high vapor pressure while higher molecular weight fractions tend to possess negligible to low 
vapor pressure.  The lighter weight aliphatic and aromatic components of petroleum will have 
high mobility in soils while the heavier molecular weight constituents will possess low mobility.  
Volatilization is expected to be moderate to high for most constituents of petroleum.  The rate of 
hydrolysis is negligible since paraffins, naphthenes and the aromatic hydrocarbons contained in 
petroleum do not possess functional groups that hydrolyze under environmental conditions.  The 
rate of atmospheric photooxidation is expected to be slow to rapid for most components of 
petroleum.  The components of petroleum are expected to possess low (P1) to high (P3) 
persistence and low (B1) to high (B3) bioaccumulation potential.   
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Table 2. Environmental Fate Properties of Petroleum1 
Property Petroleum (Crude Oil) 
CASRN 8002-05-9 
Photodegradation Half-
life 

0.37 – 6.5 days (estimated)1,2

Hydrolysis Half-life Stable 
Biodegradation 12-20% after 28 days (not readily biodegradable)3; 

19-34% after 28 days (not readily biodegradable)3; 
70% after 18 days in seawater amended with nitrate and phosphate 
nutrients4; 
11-50% after 42 days in seawater amended with nitrate and 
phosphate nutrients 5 

 

Bioaccumulation Factor 38 – 5.1 × 105 (estimated)2,6

Log Koc 1.6 – 4.2 (estimated)2,6 
Fugacity 
(Level III Model)2,6 

Air (%) 
Water (%) 

Soil (%) 
Sediment (%) 

 
 
19.4 – 48.4 
41.1 – 69.4  
0.8 – 39.4 
0.2 – 11.5  

Persistence7 P1(low) – P3 (high) 
Bioaccumulation7 B1 (low) – B3 (high) 
1 American Petroleum Institute Petroleum HPV Testing Group.  Test Plan and Robust Summary for Crude Oil.  

November 15, 2003. Available online at http://www.epa.gov/oppt/chemrtk/pubs/summaries/crdoilct/c14858tc.htm 
as of December 7, 2010.   

2 Estimated values for benzene, n-butane, n-hexane, toluene, cyclohexane, n-decane, n-tetradecane and naphthalene. 
3 Sugiura K. Ishihara M. Shimauchi,T. Harayama S. 1997.  Physiochemical properties and biodegradability of crude 

oil. Environ. Sci. Technol. 31:45-51. 
4 Atlas RM and Barth R. 1972.  Degradation and mineralization of petroleum in sea water. Limitation by nitrogen 

and phosphorus. Biotechnol. Bioeng. 14:309-18. 
5 Atlas R.  1975.  Effects of temperature and crude oil composition on petroleum biodegradation.  Appl. Microbiol. 
30(3) 396-403.   
6 U.S. EPA.  2010.  Estimation Programs Interface Suite™ for Microsoft® Windows, v4.00.  U.S. Environmental 
Protection Agency, Washington, DC, USA.  Available online from: 
http://www.epa.gov/opptintr/exposure/pubs/episuitedl.htm as of December 7, 2010. 
7 Federal Register.  1999.  Category for Persistent, Bioaccumulative, and Toxic New Chemical Substances.  Federal 
Register 64, Number 213 (November 4, 1999) pp. 60194–60204. 
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3. Human Health Hazard 
 
A summary of health effects data submitted for SIDS endpoints is provided in Table 3.   
 
Acute Oral Toxicity 
 
Beryl light crude oil 
Sprague-Dawley rats (5/sex) were administered a single dose of Beryl light crude oil via gavage 
at 5000 mg/kg and observed for 14 days.  No mortalities were observed. 
LD50 > 5000 mg/kg 
 
Lost Hills light crude oil 
Rats (sex/strain/number not specified) were administered Lost Hills light crude oil via an 
unspecified oral route.  No further methods were specified. 
LD50 > 5000 mg/kg 
 
MCSL crude oil 
Rats (sex/strain/number not specified) were administered MCSL crude oil via an unspecified oral 
route.  No further methods were specified. 
LD50 > 5000 mg/kg 
 
Arab light crude oil 
Rats (sex/strain/number not specified) were administered Arab light crude oil via an unspecified 
oral route.  No further methods were specified. 
LD50 > 5000 mg/kg 
 
Belridge heavy crude oil 
Rats (sex/strain/number not specified) were administered Belridge heavy crude oil via an 
unspecified oral route.  No further methods were specified. 
LD50 > 5000 mg/kg 
 
Wilmington crude oil 
Male mice (sex/strain/number not specified) were administered Wilmington crude oil via an 
unspecified oral route.  No further methods were specified. 
LD50 > 16,000 mg/kg 
 
Recluse crude oil 
Male mice (sex/strain/number not specified) were administered recluse crude oil via an 
unspecified oral route.  No further methods were specified. 
LD50 > 16,000 mg/kg 
 
Mixed petroleum crude oil 
Male mice (sex/strain/number not specified) were administered mixed petroleum crude oil via an 
unspecified oral route.  No further methods were specified. 
LD50 > 10,000 mg/kg 
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Acute Inhalation Toxicity 
 
Athabasca oil sands synthetic crude oil 
Sprague-Dawley rats (5/sex) were exposed via whole-body inhalation to Athabasca oil sands 
synthetic crude oil as an aerosol at 4.0 mg/L for 6 hours and observed for 14 days.  No mortality 
was observed (Stubblefield et al., 1989).    
LD50 > 4 mg/L 
 
Athabasca oil sands synthetic crude oil 
Swiss-Webster mice (5/sex) were exposed via whole-body inhalation to Athabasca oil sands 
synthetic crude oil as an aerosol at 4.0 mg/L for 6 hours and observed for 14 days.  Five of the 10 
mice died within the 14-day observation period (Stubblefield et al., 1989).   
LD50 = ~ 4 mg/L 
 
Acute Dermal Toxicity 
 
Beryl light crude oil 
New Zealand White rabbits (3/sex) were administered Beryl crude light oil via dermal 
application at 2000 mg/kg to intact or abraded clipped skin, under occluded conditions, for 24 
hours and observed for 14 days.  No mortalities were observed.   
LD50 > 2000 mg/kg 
 
Lost Hills light crude oil 
Rabbits (sex/strain/number not specified) were administered Lost Hills light crude oil via dermal 
application.  No further methods were specified. 
LD50 > 2000 mg/kg 
 
MCSL crude oil 
Rabbits (sex/strain/number not specified) were administered MCSL crude oil via dermal 
application.  No further methods were specified. 
LD50 > 2000 mg/kg 
 
Arab light crude oil 
Rabbits (sex/strain/number not specified) were administered Arab light crude oil via dermal 
application.  No further methods were specified. 
LD50 > 2000 mg/kg 
 
Belridge heavy crude oil 
Rabbits (sex/strain/number not specified) were administered Belridge heavy crude oil via dermal 
application.  No further methods were specified. 
LD50 > 2000 mg/kg 
 
 
Repeated-Dose Toxicity  
 
High-nitrogen crude oil 
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Sprague-Dawley rats (10/sex/dose) were administered high-nitrogen crude oil (API-HNC-1) via 
the dermal route at 250 or 2500 mg/kg-day on intact skin under occluded conditions for 6 
hours/day, 5 days/week for 4 weeks.  An additional control group (20/sex) was sham-treated.  
Overt signs of toxicity, dermal responses, body weights, food consumption, hematology, clinical 
chemistry and organ weights were examined.  Males exposed to 250 mg/kg-day did not gain as 
much weight as controls and males exposed to 2500 mg/kg-day showed a significant decrease in 
body weight as compared to controls (statistical significance not reported).  Females exposed to 
2500 mg/kg-day had increased absolute and relative liver weights and increased absolute adrenal 
weights and males exposed to 2500 mg/kg-day had increased relative liver weight (details on 
absolute liver weight not provided).  These data are summarized in TSCATS (OTS0000381 and 
OTS0000381-1). 
LOAEL (male) = 2500 mg/kg-day (based on reduced body weight gain) 
NOAEL (male) = 250 mg/kg-day 
NOAEL (female) = 2500 mg/kg-day (based on no effects observed at the highest dose tested) 
 
Lost Hills light crude oil 
Sprague-Dawley rats (10/sex/dose) were administered Lost Hills light crude oil (50% non-
aromatics, 35.3% < 3-ring polyaromatic hydrocarbons [PAHs], 10.2% 3 – 5 ring PAHs, 2.4% 
sulfur polyaromatic compounds [PACs] and 5.4% nitrogen PACs) via dermal application, to 
shorn skin under open conditions at 0 (untreated control), 30, 125 or 500 mg/kg-day, 
5 days/week for 13 weeks.  Animals were fitted with collars to minimize the ingestion of the 
Lost Hills light crude oil.  Endpoints included body weight, hematology, clinical chemistry, 
organ weights, and histopathology.  Additional groups of 10 males/dose were administered crude 
oil at 0 and 500 mg/kg-day and evaluated for male reproductive health.  Measurements included 
weights of testes and cauda epididymides, number of sperm and percent normal sperm in the 
cauda and number of spermatids in the testes.  Minimal skin irritation (flaking) was observed at 
the exposure site.  No treatment-related mortality was observed.  Decreases in red blood cells 
(RBCs), hemoglobin and hematocrit were observed in males at 500 mg/kg-day.  Changes in 
clinical chemistry at 500 mg/kg-day included decreased calcium (in males), increased glucose (in 
both sexes), increased urea nitrogen (in males) and decreased potassium (in females).  Glucose 
was also elevated in males at 125 mg/kg-day and in females at 30 mg/kg-day, but glucose was 
not elevated in females at 125 mg/kg-day.  Increases in absolute and relative liver weights were 
observed in both males and females at 500 mg/kg-day.  Hyperplasia and associated dermal 
inflammatory cell infiltration were observed at all dose levels.  Histopathological effects in the 
liver included multifocal, mononuclear cell infiltration (in three males and two females) and 
multifocal hepatocellular vaculolation (in three females) at 500 mg/kg-day.  Atrophy of the 
thymus was observed in one male and two females at 500 mg/kg-day.  Hypertrophy and 
hyperplasia of follicular thyroid epithelium were observed in both sexes at all dose levels 
(incidence rate not specified).  No effects were observed on the reproductive health of males. 
LOAEL = 30 mg/kg-day (based on hypertrophy and hyperplasia of follicular thyroid 
epithelium) 
NOAEL = Not established 
 
Belridge heavy crude oil 
Sprague-Dawley rats (10/sex/dose) were administered Belridge heavy crude oil (37.3% non-
aromatics, 41.7% < 3-ring PAHs, 15.7% 3-5 ring PAHs, 2.9% sulfur PACs and 8.4% nitrogen 
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PACs) to shorn skin under open conditions at 0 (untreated control), 30, 125 or 500 mg/kg-day, 5 
days/week for 13 weeks.  Animals were fitted with collars to minimize the ingestion of the 
Belridge heavy crude oil.  Endpoints included body weight, hematology, clinical chemistry, 
organ weights and histopathology.  Additional groups of 10 males/dose were administered crude 
oil at 0 and 500 mg/kg-day and evaluated for male reproductive health.  Measurements included 
weights of testes and cauda epididymides, number of sperm and percent normal sperm in the 
cauda and number of spermatids in the testes.  Minimal skin irritation (flaking) was observed at 
the exposure site.  No treatment-related mortality was observed.  Reduced weight gain was 
observed at 500 mg/kg-day.  Decreases in RBCs, hemoglobin and hematocrit in both sexes and a 
decrease in platelets in males were observed at 500 mg/kg-day.  Changes in clinical chemistry at 
500 mg/kg-day included decreased uric acid in both sexes, increased urea nitrogen in females 
and reduced alanine transaminase and potassium in females.  Cholesterol was elevated in females 
at doses ≥ 125 mg/kg-day.  Hyperplasia and associated dermal inflammatory cell infiltration 
were observed at all treatment levels.  Increases in absolute and relative liver weights were 
observed in both males and females at 500 mg/kg-day.  Decreases in absolute (both sexes) and 
relative (females only) thymus weights were also observed at 500 mg/kg-day.  Elevated relative 
liver weights were observed in males at 125 mg/kg-day.  Increased cellularity was observed in 
the bone marrow of two males at 30 and 125 mg/kg-day, in six males at 500 mg/kg-day and in 9 
of 10 females at an unspecified dose level.  Focal necrosis was noted in the bone marrow of two 
males at 500 mg/kg-day.  Histopathological effects in the liver at 500 mg/kg-day consisted of 
hepatocellular vacuolation in one male and one female and mononuclear cell infiltration in one 
male.  Atrophy of the thymus was observed in six males and seven females at 500 mg/kg-day.  
Hypertrophy and hyperplasia of follicular thyroid epithelium was observed in a few animals at 
all dose levels (details not specified).  Effects on the reproductive health of males were not noted. 
LOAEL = 30 mg/kg-day (based on hypertrophy and hyperplasia of follicular thyroid epithelium 
in both sexes and increased cellularity of the bone marrow of males) 
NOAEL = Not established 
 
 
Reproductive Toxicity 
 
Lost Hills light crude oil 
In the repeated-dose toxicity study described previously, male Sprague-Dawley rats administered 
Lost Hills light crude oil via dermal application at 500 mg/kg-day did not exhibit changes in the 
weights of testes and cauda epididymides, number of sperm and the percent of normal sperm in 
the cauda or number of spermatids in the testes.   
 
 
Developmental Toxicity  
 
Prudhoe Bay heavy crude oil 
In a prenatal developmental toxicity study, pregnant Sprague-Dawley rats (8 – 11/dose) were 
administered Prudhoe Bay heavy crude oil via gavage at 1 or 2 mL/kg-day (887 or 1774 mg/kg-
day)5 on gestation days 6 – 17.  Animals were sacrificed on gestation day 18.  Measured 
                                                 
5 Volume of crude oil was converted to units of mg/kg-day using an API gravity of 28 (supplied in the sponsor’s test 
plan), which is equivalent to a density of 0.8871 g/mL. 
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endpoints included the numbers and position of implantations, resorptions and dead fetuses, fetal 
weights and gross appearance of fetuses.  No maternal mortality was observed.  Reductions in 
body weight gain were observed in dams receiving ≥ 1 mL/kg-day.  Developmental effects 
included reduced fetal weights and fetal crown-rump length, increases in the incidence of 
resorptions and the number of dead fetuses, and a decrease in the number of live fetuses at ≥ 1 
mL/kg-day.  Examination of fetuses for skeletal and visceral abnormalities was not conducted. 
LOAEL (maternal/developmental toxicity) = 887 mg/kg-day (based on reductions in maternal 
body weight, reduced fetal weights and fetal crown-rump length, increases in the incidence of 
resorptions and the number of dead fetuses, and a decrease in the number of live fetuses) 
NOAEL (maternal/developmental toxicity) = Not established 
 
Belridge heavy crude oil 
In a prenatal developmental toxicity study, pregnant Sprague-Dawley rats (12/group) were 
administered Belridge heavy crude oil (77% paraffins and naphthenes, 15% polynuclear aromatic 
content and 2% asphaltenes) via the dermal route under open conditions at 0 (sham control), 30, 
125 or 500 mg/kg-day on gestation days 0 – 19.  Animals were fitted with collars to minimize 
the ingestion of the Belridge heavy crude oil.  One group of females was sacrificed on day 20 
and an additional group of females (exposed to 0 or 500 mg/kg-day) was allowed to deliver and 
was sacrificed, along with their offspring, on postpartum day 4.  Measured endpoints included 
maternal body weights, food consumption and serum chemistry (parameters not specified), 
number of corpora lutea, number and location of implantations, fetal weight and sex and 
external, skeletal and visceral anomalies.  Skin irritation was observed in dams administered 500 
mg/kg- day and included erythema, edema, scabs and open sores.  Red vaginal discharge was 
also observed at 500 mg/kg-day.  Reductions in maternal body weight and food consumption and 
an increase in relative liver weight were all observed at 500 mg/kg-day.  Total bilirubin was 
reduced by 38%, compared to controls, at 500 mg/kg-day.  Among the dams allowed to deliver, 
2/12 dams had no viable offspring.  Developmental effects were observed only at 500 mg/kg-day 
and included an increase in the mean number and percent of resorptions, a decrease in litter size, 
a decrease in mean fetal weight for all viable fetuses, incomplete ossification of the nasal bones 
and caudal centra and an increased incidence of pup mortality during lactation.  These data are 
summarized in TSCATS (OTS0509763-9). 
LOAEL (maternal toxicity) = 500 mg/kg-day (based on reductions in maternal body weight) 
NOAEL (maternal toxicity) = 125 mg/kg-day 
LOAEL (developmental toxicity) = 500 mg/kg-day (based on an increase in the mean number 
and percent of resorptions, a decrease in litter size, a decrease in mean fetal weight for all viable 
fetuses, incomplete ossification of the nasal bones and caudal centra and an increased incidence 
of pup mortality during lactation) 
NOAEL (developmental toxicity) = 125 mg/kg-day 
 
Lost Hills light crude oil 
(1) In a prenatal developmental toxicity study, pregnant Sprague-Dawley rats (12/group) were 
administered Lost Hills light crude oil (78% paraffins and naphthenes, 8% polynuclear aromatic 
content and 1% asphaltenes) via the dermal route under open conditions at 0 (sham control), 125, 
500 or 2000 mg/kg-day on gestation days 0 – 19.  Animals were fitted with collars to minimize 
the ingestion of the Lost Hills light crude oil.  One group of females was sacrificed on day 20 
and an additional group of females (exposed to 0 or 2000 mg/kg-day) was allowed to deliver and 
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was sacrificed, along with their offspring, on postpartum day 4.  Measured endpoints included 
maternal body weights, food consumption and serum chemistry (parameters not specified), 
number of corpora lutea, number and location of implantations, fetal weight and sex and 
external, skeletal and visceral anomalies.  Clinical observations consisted of red vaginal 
discharge, paleness of skin and slight skin irritation at 2000 mg/kg-day.  Reductions in weight 
gain and food consumption were observed at doses ≥ 500 mg/kg-day.  Absolute and relative 
thymus weights were statistically significantly decreased in animals treated with 2000 mg/kg-day 
and a non-statistically significant decrease in absolute thymus weight was observed at 500 
mg/kg-day.  Relative liver weight was increased at doses ≥ 500 mg/kg-day.  Effects on serum 
chemistry at 2000 mg/kg-day included increases in aspartate aminotransferase, alanine 
aminotransferase, alkaline phosphatase, cholesterol, albumin/globulin ratio, phosphorus and 
sorbitol dehydrogenase.  Decreases in triglycerides and total bilirubin were observed at doses ≥ 
500 mg/kg-day.  Among the dams allowed to deliver, 3/12 dams had no viable offspring and 
another 2 dams had their entire litter die by postpartum day 3.  Developmental effects included 
an increase in the mean number and percent of resorptions, a decrease in litter size, a decrease in 
mean fetal weight, reduced pup weight at birth and on lactation day 4 and a decrease in pup 
survival during lactation at 2000 mg/kg-day.  Incomplete ossification was more common in 
fetuses of treated dams, with the following skeletal areas being significantly (p < 0.05) affected: 
nasal bones at doses ≥ 125 mg/kg-day, thoracic centra and sternebrae at 2000 mg/kg-day and 
caudal centra at 125 and 2000 mg/kg-day.  These data are summarized in TSCATS 
(OTS0509763-9). 
LOAEL (maternal toxicity) = 500 mg/kg-day (based on reductions in maternal weight gain) 
NOAEL (maternal toxicity) = 125 mg/kg-day 
LOAEL (developmental toxicity) = 125 mg/kg-day (based on incomplete ossification of fetal 
nasal bones) 
NOAEL (developmental toxicity) = Not established 
 
(2) In a prenatal developmental toxicity study, pregnant Sprague-Dawley rats (12/group) were 
administered Lost Hills light crude oil via the dermal route at 0 (sham control), 125, 500 or 1000 
mg/kg-day to intact skin under open conditions on gestation days 0 – 19.  Animals were fitted 
with collars to minimize the ingestion of the Lost Hills light crude oil.  Dams were sacrificed on 
postpartum day 21 and their litters on postpartum day 28.  One female in the 500 mg/kg/day 
group had excessive salivation one day during gestation.  One female in the 1000 mg/kg/day 
group was sacrificed moribund on gestation day 14.  The animal had decreased motor activity, 
decreased stool, red vaginal discharge, pale extremities and felt cool to the touch.  Upon 
macroscopic examination, this female was noted to have enlarged adrenals.  Uterine examination 
revealed total litter resorptions (13 fetuses), which would account for the red vaginal discharge.  
Scabbing was observed at the dose site of three treated animals (doses not specified).  This 
finding was considered to be animal-induced (via scratching or biting).  One high-dose female 
exhibited erythema and flaking of the skin at the dose site.  Females in the 1000 mg/kg/day 
group gained significantly (p < 0.05) less weight towards the end of gestation.  Overall weight 
gain (days 0 – 20) was also significantly (p < 0.05) affected for this group as overall weight gain 
decreased with increasing dose level.  No adverse body weight effects were observed during 
lactation.  Upon necropsy, mottled lungs were seen in one female from the high-dose group.  
This finding was not considered to be related to treatment due to its isolated occurrence.  A 
significant (p < 0.05) decrease in pup body weight was first noted in the high-dose female pups 
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on postpartum day 21.  By day 28, both sexes weighed significantly (p < 0.05) less than control 
pups.  There were no treatment-related effects on mating, fertility and gestation indices, duration 
of gestation, the numbers of stillborn and live pups, pup survival or the number of implantation 
sites per litter.  In addition, pup development evaluations, which included monitoring of pinna 
detachment, hair growth, incisor eruption, eye opening and surface righting, showed no evidence 
of treatment-related effects.  One mid- and one high-dose pup had enlarged ventricles of the 
brain, but the effect was not statistically significant or dose-dependent.  This variation is 
occasionally seen during visceral examination of the brain of small fetuses.  Both pups 
demonstrating this finding were smaller than their littermates.  Varied findings were noted during 
pup necropsy, but were not considered to be treatment-related due to presence in the control 
group or lack of a dose-related response.  These data are summarized in TSCATS (OTS0509763-
9). 
LOAEL (maternal/developmental toxicity) = 1000 mg/kg-day (based on reduced maternal 
body weight gains during gestation and reduced pup body weights and body weight gain) 
NOAEL (maternal/developmental toxicity) = 500 mg/kg-day 
 
 
Genetic Toxicity – Gene Mutation 
 
In vitro 
 
Beryl light crude oil 
In a modified Ames assay, S. typhimurium strain TA98 was exposed to Beryl light crude oil in 
dimethyl sulfoxide (DMSO) at concentrations of 1, 3, 5, 7, 10, 15, 25 and 50 µL/plate with 
metabolic activation.  Positive and negative controls were used and responded appropriately.  
The number of revertants was elevated in cultures exposed to the test substance. 
Beryl light crude oil was mutagenic in this assay. 
 
Arab light crude oil 
A modified Ames assay was conducted on Arab light crude oil.  No further details were 
provided. 
Arab light crude oil was mutagenic in this assay. 
 
MCSL crude oil 
A modified Ames assay was conducted on MCSL light crude oil.  No further details were 
provided. 
MCSL crude oil was mutagenic in this assay. 
 
Belridge heavy crude oil 
A modified Ames assay was conducted on Belridge heavy crude oil.  No further details were 
provided. 
Belridge heavy crude oil was mutagenic in this assay. 
 
Lost Hills light crude oil 
A modified Ames assay was conducted on Lost Hills light crude oil.  No further details were 
provided. 
Lost Hills light crude oil was not mutagenic in this assay. 
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Genetic Toxicity – Chromosomal Aberrations 
 
In vitro 
 
Lost Hills light crude oil 
In a cytogenetic assay, CHO cells were exposed to Lost Hills light crude oil in DMSO at 
concentrations of 1, 2.5, 5, 10, 15 or 20 µL/mL culture medium for 2 hours with metabolic 
activation.  Positive and negative controls were used and responded appropriately.  Cytotoxicity 
was observed at concentrations ≥ 10 µL/mL.  No increase in the proportion of cells with 
structural chromosomal aberrations was observed in response to the test substance. 
Lost Hills light crude oil did not show evidence of chromosomal aberrations in this assay. 
 
Belridge heavy crude oil 
In a cytogenetic assay, CHO cells were exposed to Belridge heavy crude oil in DMSO at 
concentrations of 1, 2.5, 5, 10, 15 or 20 µL/mL culture medium for 2 hours with metabolic 
activation.  Positive and negative controls were used and responded appropriately.  Cytotoxicity 
was observed at concentrations ≥ 10 µL/mL.  No increase in the proportion of cells with 
structural chromosomal aberrations was observed in response to the test substance. 
Belridge heavy crude oil did not show evidence of chromosomal aberrations in this assay. 
 
Wilmington crude oil 
In a sister chromatid exchange assay, human lymphocytes were exposed to Wilmington crude oil 
in Tween 80 at concentrations of 20 or 30 mg/L with activation or 40 or 50 mg/L without 
metabolic activation.  Positive and negative controls were used and responded appropriately.  An 
increase in sister chromatid exchange was not observed in response to exposure to crude oil. 
Wilmington crude oil did not show evidence of sister chromatid exchange in this assay. 
 
In vivo 
 
Lost Hills light crude oil 
In a micronucleus assay, Sprague-Dawley rats (5/sex/dose) were administered Lost Hills light 
crude oil via the dermal route at 0, 30, 125 or 500 mg/kg-day for 13 weeks.  No cytotoxicity was 
observed.  Exposure to the Lost Hills light crude oil did not induce an increase in the formation 
of micronuclei.  The use of a positive control was not noted. 
Lost Hills light crude oil did not induce micronuclei in this assay. 
 
Wilmington crude oil 
In a sister chromatid exchange assay, Sch:ICR mice (3 males/group) were administered 
Wilmington crude oil via intraperitoneal injection at doses of 1800, 3600 or 7200 mg/kg.  
Positive and negative controls were used and responded appropriately.  A slight, but significant 
(p < 0.05), increase in sister chromatid exchange was observed at the highest dose of crude oil 
tested. 
Wilmington crude oil induced sister chromatid exchange in this assay. 
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Additional Information 
 
Skin Irritation 
 
Beryl light crude oil 
In the acute dermal study described previously, New Zealand White rabbits administered Beryl 
light crude oil via the dermal route at 2000 mg/kg exhibited slight to moderate skin irritation 
after 26 and 72 hours. 
Beryl light crude oil was moderately irritating to rabbit skin in this study. 
 
Lost Hills light crude oil 
New Zealand White rabbits (6/dose; sex not specified) were administered 0.5 mL of Lost Hills 
light crude oil via the dermal route at each of six shorn test sites (three intact and three abraded 
sites on each animal) and observed for 7 days.  Four of the sites (two intact and two abraded) 
were covered with an occlusive dressing and two sites remained open.  Two sites were wiped 
gently after 4 hours and the remaining four sites were wiped after 24 hours.  The mean scores 
(average of scores at 24, 48 and 72 hours) for erythema and edema at the intact sites exposed for 
4 hours were 1.69 and 1.3, respectively.  The primary irritation index for occluded sites was 2.8 
and 3.6 for exposures of 4 and 24 hours, respectively.  Conditions of exposure (intact or abraded; 
occluded or open) had little effect on dermal response. 
Lost Hills light crude oil was slightly irritating to rabbit skin in this study. 
 
 
Arab light crude oil 
New Zealand White rabbits (6/dose; sex not specified) were administered 0.5 mL of Arab light 
crude oil via the dermal route at each of six shorn test sites (three intact and three abraded sites 
on each animal) and observed for 7 days.  Four of the sites (two intact and two abraded) were 
covered with an occlusive dressing and two sites remained open.  Two sites were wiped gently 
after 4 hours and the remaining four sites were wiped after 24 hours.  The mean scores (average 
of scores at 24, 48 and 72 hours) for erythema and edema at the intact sites exposed for 4 hours 
were 0.9 and 0.1, respectively.  Moderate erythema was observed at the sites exposed for 24 
hours.  Conditions of exposure (intact or abraded; occluded or open) had little effect on dermal 
response. 
Arab light crude oil was moderately irritating to rabbit skin in this study. 
 
Eye Irritation 
 
Beryl light crude oil 
New Zealand White rabbits (6/dose) were administered 0.1 mL of Beryl light crude oil into one 
eye and observed for 72 hours.  No irritation of the cornea or iris was observed.  The irritation 
score for the conjunctivae was 4.0 after 1 hour and 1.0 after 72 hours. 
Beryl light crude oil was irritating to rabbit eyes in this study. 
 
Sensitization 
 
Lost Hills light crude oil 
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In a Buehler test, guinea pigs (10/sex/dose) were administered 0.4 mL of 15% Lost Hills light 
crude oil in mineral oil to shorn skin under occluded conditions for 6 hours once per week for 3 
weeks.  Challenge patch application was performed 14 days after the last induction dose had 
been applied.  Dual challenge patches (containing 10 and 15% test substance in mineral oil) were 
applied to fresh application sites of previously shorn skin of the animals.  The patches were then 
occluded for 6 hours.  On the day following challenge patch application, the skin was depilated 
and 2 hours later, scored for signs of sensitization.  The sites were examined after a further 48 
hours but this time without depilation.  The dermal response was not considered to be positive. 
Lost Hills light crude oil was not sensitizing to guinea pig skin in this study. 
 
Carcinogenicity 
 
Crude oil “C” 
C3H mice (50 males) were administered crude oil “C” via the dermal route 2 times/week at a 
dose of 50 mg/application for 18 months or until grossly observable cancer was found.  Thirty-
three percent of the animals developed tumors and the average time to appearance of the first 
tumor was 76 weeks. 
Crude oil “C” was carcinogenic to mice in this study. 
 
Crude oil “D” 
C3H mice (50 males) were administered crude oil “D” via the dermal route 2 times/week at a 
dose of 50 mg/application for 18 months or until grossly observable cancer was found.  Fifty-six 
percent of the animals developed tumors and the average time to appearance of the first tumor 
was 64 weeks. 
Crude oil “D” was carcinogenic to mice in this study. 
 
San Joaquin Valley heavy crude oil 
C3H mice (25/sex/dose) were administered San Joaquin Valley heavy crude oil via the dermal 
route 3 times/week at a dose of 25 mg/application for ≤ 105 weeks.  Survival of treated mice was 
reduced compared to the controls.  Dermal irritation at the test site first appeared at 271 days and 
males developed irritation earlier than females.  Irritation included necrosis, cracking, separation 
and sloughing of skin.  Tumor incidence was 29% for squamous cell carcinomas and 7% for 
fibrosarcomas in treated mice, compared to 0% for both tumor types in control mice.  The 
average time to appearance of the first tumor was 62 weeks. 
San Joaquin Valley heavy crude oil was carcinogenic to mice in this study. 
 
Iranian light crude oil 
Male C3H/HeJ mice (40/dose) were administered 25 µL of Iranian light crude oil via the dermal 
route 3 times/week.  Exposures began between 4 and 6 weeks of age and continued until death of 
the animals.  A negative control group was dosed with the same volume of acetone alone and a 
positive control group received 25 µL of 0.1% methylcholanthrane in acetone.  Mice were 
examined daily for mortality and monthly for skin lesions.  Mean survival time of animals 
exposed to Iranian light crude oil did not differ from negative controls treated with the same 
volume of acetone, both of which survived greater than 2 times as long as negative controls 
treated with 25 µL of 0.1% methylcholanthrene.  Two papillomas and two squamous carcinomas 
were recorded in the area of application, along with two mesenchymal tumors in other areas 



U.S. Environmental Protection Agency                                                                                                  March, 2011 
Hazard Characterization Document  

 

 21

following dermal exposure to crude oil.  Of the 40 oil-exposed animals, 29 were diagnosed as 
having hyperkeratosis of the skin in the treated area and a few animals exhibited ulcerative 
dermatitis.  Fifteen oil treated animals displayed hepatocellular carcinomas compared with only 
five in the acetone treated group.  Although tumor incidence was not statistically different from 
acetone controls, the presence of tumors was considered biologically significant because of the 
zero incidence in historical acetone controls.  These data are summarized in TSCATS 
(OTS0000648). 
Iranian light crude oil was carcinogenic to mice in this study. 
 
The International Agency for Research on Cancer (IARC) has determined that Crude Oil is not 
classifiable as to its carcinogenicity to humans (Group 3) (IARC, 1989). 
 
Epidemiology 
 
In an epidemiology study, blood samples were taken from 68 individuals (control n = 42) 
exposed to crude oil during the cleanup of a spill and the cytogenetic damage was assessed as 
determined by sister chromatid exchange (SCE).  Workers in the high-pressure cleaner worker 
category (n = 23) showed a statistically significant increase in their SCE frequency as compared 
to controls (Perez-Cadahia et al., 2007). 
 
 In an epidemiology study of workers exposed to crude oil, workers in the job category 
“upstream operator offshore” had an excess risk of hematologic neoplasm (blood and bone 
marrow), RR 1.90, 95% CI 1.19 – 3.02 and multiple myeloma, RR 2.49, 95% CI 1.21-5.13 as 
compared to that of the general working population (Kirkeleit et al., 2008).      
 
 
Conclusion:  The acute toxicity of CASRN 8002-05-9 is low in rats and mice by the oral route, 
low to moderate in rats and moderate in mice by the inhalation route and low in rabbits by the 
dermal route.  A 28-day dermal repeated-dose toxicity study in rats showed reduced body weight 
gain in males at 2500 mg/kg-day and no effects in females at 2500 mg/kg-day (highest dose 
tested).  The NOAEL is 250 mg/kg-day in males and 2500 mg/kg-day in females.   A 90-day 
dermal repeated-dose toxicity study in rats showed hypertrophy and hyperplasia of follicular 
thyroid epithelium in males and females at 30 mg/kg-day; the NOAEL was not established.  In a 
second 90-day dermal repeated-dose toxicity study in rats, both males and females showed 
hypertrophy and hyperplasia of follicular thyroid epithelium and males showed increased bone 
marrow cellularity  at 30 mg/kg-day; the NOAEL was not established.   No specific reproductive 
toxicity studies are available.  In the dermal repeated-dose toxicity study, no effects on the 
reproductive organs were observed in male rats treated with 500 mg/kg-day (only dose tested).  
In a prenatal developmental toxicity study in rats administered CASRN 8002-05-9 via gavage, 
reduced maternal body weight was observed at 887 mg/kg-day; the NOAEL for maternal toxicity 
was not established.  Signs of developmental toxicity consisted of reduced fetal weight, reduced 
fetal crown-rump length, increased numbers of resorptions and the number of dead fetuses and 
decreased number of live fetuses at 887 mg/kg-day; the NOAEL for developmental toxicity was 
not established.  In a prenatal developmental toxicity study in rats administered CASRN 8002-
05-9 dermally, reduced maternal body weight was observed at 500 mg/kg-day; the NOAEL for 
maternal toxicity is 125 mg/kg-day.  Signs of developmental toxicity consisted of increased 
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number of resorptions, decreased litter size, decreased fetal weight, incomplete ossification of 
nasal bones and caudal centra and an increased incidence of pup mortality during lactation at 500 
mg/kg-day; the NOAEL for developmental toxicity is 125 mg/kg-day.  In another prenatal 
developmental toxicity study in rats administered CASRN 8002-05-9 dermally, reduced maternal 
body weight was observed at 500 mg/kg-day; the NOAEL for maternal toxicity is 125 mg/kg-
day.  Incomplete ossification of fetal nasal bones was observed in pups at 125 mg/kg-day; the 
NOAEL for developmental toxicity was not established.  In a third prenatal developmental 
toxicity study in rats administered CASRN 8002-05-9 dermally, reduced maternal body weight 
was observed at 1000 mg/kg-day; the NOAEL for maternal toxicity is 500 mg/kg-day.  Signs of 
developmental toxicity consisted of reduced pup body weight and body weight gain at 1000 
mg/kg-day; the NOAEL for developmental toxicity is 500 mg/kg-day.   CASRN 8002-05-9 was 
mutagenic in bacteria in vitro but did not show evidence of chromosomal aberrations in 
mammalian cells in vitro.  CASRN 8002-05-9 did induce chromosomal aberrations in mice in 
vivo.   CASRN 8002-05-9 is irritating to rabbit skin and eyes and did not induce sensitization in 
guinea pigs.  CASRN 8002-05-9 is carcinogenic to mice via dermal exposure.   
 
 
 

Table 3.  Summary of the Screening Information Data Set 
as Submitted under the U.S. HPV Challenge Program – 

Human Health Data 

Endpoints 
SPONSORED CHEMICAL 

Crude Oil 
(8002-05-9) 

Acute Oral Toxicity 
LD50 (mg/kg) 

 
>  5000 

 
Acute Dermal Toxicity 
LD50 (mg/kg) 

 
> 2000 

 
Acute Inhalation Toxicity 
LC50 (mg/L) 

 
> 4 

 
Repeated-Dose Toxicity 
NOAEL/LOAEL  
Dermal (mg/kg-day) 

 
NOAEL = Not established 

LOAEL = 30 
 

Reproductive Toxicity 
 Data Gap 
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Table 3.  Summary of the Screening Information Data Set 
as Submitted under the U.S. HPV Challenge Program – 

Human Health Data 

Endpoints 
SPONSORED CHEMICAL 

Crude Oil 
(8002-05-9) 

Developmental Toxicity  
NOAEL/LOAEL  
Oral gavage (mg/kg-day) 
 
Maternal Toxicity 
 
 
 
Developmental Toxicity 
 

 
 
 
 

NOAEL = Not established 
LOAEL = 887 (lowest dose tested) 

 
 

NOAEL = Not established 
LOAEL = 887 (lowest dose tested) 

Developmental Toxicity  
NOAEL/LOAEL  
Dermal (mg/kg-day) 
 
Maternal Toxicity 
 
 
Developmental Toxicity 
 

 
 

 
NOAEL = 125 
LOAEL  = 500 

 
NOAEL = Not established 

LOAEL  = 125 

Genetic Toxicity – Gene Mutations 
In vitro Positive 

Genetic Toxicity – Chromosomal 
Aberrations  
In vitro 

Negative  

Genetic Toxicity – Chromosomal 
Aberrations  
In vivo 

Positive 

Additional Information 
Skin Irritation 
Eye Irritation 
 
Skin Sensitization 
Carcinogenicity 

 
Positive 
Positive 

 
Negative (guinea pig) 

Positive (mice) 
Measured data in bold 
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4. Hazard to the Environment 
 
A summary of aquatic toxicity data submitted for SIDS endpoints is provided in Table 4.   
 
Acute Toxicity to Fish 
 
Crude oil (0.5% paraffinic) 
Rainbow trout (Oncorhynchus mykiss) were exposed to crude oil (0.5% paraffinic) as water 
accommodated fractions (WAFs) under static-renewal conditions in a closed test system for 96 
hours.  The loading rates were 0, 1.4, 3.2, 8.5, 21 and 50 mg/L.  Analytical monitoring of test 
concentrations consisted of measurements of benzene, toluene, ethylbenzene, and xylene 
(BTEX) concentrations and mean measured concentrations were 0, 0.123, 0.295, 0.822, 1.78 and 
4.39 mg/L, respectively.  Mortalities were limited to fish exposed to loading rates of 21 (5/10 
fish) and 50 mg/L (10/10 fish).  No mortalities were observed at a loading rate concentration of 
8.5 mg/L. 
96-h LL50 = 21 mg/L 
 
Crude oil (3% paraffinic) 
Rainbow trout (Oncorhynchus mykiss) were exposed to crude oil (3% paraffinic) as WAFs under 
static-renewal conditions in a closed test system for 96 hours.  The loading rates were 0, 2.7, 6.8, 
16, 40 and 109 mg/L.  Analytical monitoring of test concentrations consisted of measurements of 
BTEX concentrations and mean measured concentrations were 0, 0.085, 0.261, 0.505, 1.13 and 
1.96 mg/L, respectively.  Mortalities were limited to fish exposed to loading rates of 40 (5/10 
fish) and 109 mg/L (10/10 fish).  No mortalities were observed at a loading rate concentration of 
16 mg/L. 
96-h LL50 = 41 mg/L 

 
Prudhoe Bay crude oil 
(1) Slimy sculpins (Cottus cognatus; ≥ 12 juveniles/group) were exposed to five to seven 
unspecified measured concentrations of Prudhoe Bay crude oil as a water-soluble fraction under 
static conditions for 96 hours.   
96-h LC50 = 3 mg/L 
 
(2) Threespine sticklebacks (Gasterosteus aculeatus; ≥ 12 adults/group) were exposed to five to 
seven unspecified measured concentrations of Prudhoe Bay crude oil as a water-soluble fraction 
under static conditions for 96 hours.   
96-h LC50 > 6.9 mg/L 
ECOTOX database (Reference No. 5622). 
 
(3) Sockeye salmon (Oncorhynchus nerka; ≥ 12/group) were exposed to five to seven 
unspecified measured concentrations of Prudhoe Bay crude oil as a water-soluble fraction under 
static conditions for 96 hours.  Tests were conducted in freshwater and seawater.  96-h LC50 = 
1.1 mg/L (seawater) 
96-h LC50 = 2.2 mg/L (freshwater) 
ECOTOX database (Reference No. 5622). 
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(4) Chinook salmon (Oncorhynchus tshawytscha; ≥ 12/group) were exposed to five to seven 
unspecified measured concentrations of Prudhoe Bay crude oil as a water-soluble fraction under 
static conditions for 96 hours.   
96-h LC50 = 1.5 mg/L 
ECOTOX database (Reference No. 5622). 
 
(5) Chinook salmon (Oncorhynchus tshawytscha; 8/group) were exposed to unspecified 
measured concentrations of Prudhoe Bay crude oil as WAFs under flow-through conditions for 
96 hours.  The test was performed in triplicate.   
96-h LC50 = 7.46 mg/L 
ECOTOX database (Reference No. 5622). 
 
(6) Arctic char (Salvelinus alpines; ≥ 12/group) were exposed to five to seven unspecified 
measured concentrations of Prudhoe Bay crude oil as water-soluble fractions under static 
conditions for 96 hours.   
96-h LC50 = 2.2 mg/L 
ECOTOX database (Reference No. 5622). 
 
(7) Arctic grayling (Thymallus arcticus; ≥ 12/group) were exposed to five to seven unspecified 
measured concentrations of Prudhoe Bay crude oil as water-soluble fractions under static 
conditions for 96 hours.   
96-h LC50 = 2.0 mg/L 
ECOTOX database (Reference No. 5622). 
 
(8) Dolly Varden (Salvelinus malma; ≥ 12/group) were exposed to five to seven unspecified 
measured concentrations of Prudhoe Bay crude oil as a water-soluble fraction under static 
conditions for 96 hours.  Tests were conducted in freshwater and seawater.   
96-h LC50 = 1.4 mg/L (seawater) 
96-h LC50 = 2.7 mg/L (freshwater) 
 
(9) Fourhorn sculpin (Myoxocephalus quadricornis) were exposed to Prudhoe Bay crude oil at 
measured concentrations of 27, 39.5, 49.6 or 52.1 mg/L under static-renewal conditions for 96 
hours.   
96-h LC50 = 42 mg/L 
 
(10) Pink salmon (Oncorhynchus gorbuscha; ≥ 12/group) were exposed to five to seven 
unspecified measured concentrations of Prudhoe Bay crude oil as a water-soluble fraction under 
static conditions for 96 hours.  Tests were conducted in freshwater and seawater.   
96-h LC50 = 3.7 mg/L (seawater) 
96-h LC50 = 8.0 mg/L (freshwater) 
 
(11) Coho salmon (Oncorhynchus kisutch; ≥ 12/group) were exposed to five to seven unspecified 
measured concentrations of Prudhoe Bay crude oil as a water-soluble fraction under static 
conditions for 96 hours.   
96-h LC50 = 1.5 mg/L 
ECOTOX database (Reference No. 5622). 
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(12) Coho salmon (Oncorhynchus kisutch; 12/group) were exposed to crude oil as a water-
soluble fraction at unspecified measured concentrations under static conditions for 96 hours.   
96-h LC50 = 10.4 mg/L 
ECOTOX database (Reference No. 477). 
 
Cook Inlet crude oil 
(1) Pink salmon (Oncorhynchus gorbuscha; 10 – 15/group) were exposed to Cook Inlet crude oil 
as a water-soluble fraction at unspecified measured concentrations under static conditions for 96 
hours.   
96-h LC50 = 1.5 mg/L at 4 °C 
96-h LC50 = 1.7 mg/L at 8 °C 
96-h LC50 = 1.8 mg/L at 12 °C 
 
(2) Coho salmon (Oncorhynchus kisutch) were exposed to Cook Inlet crude oil as a water-
soluble fraction at unspecified concentrations under flow-through conditions for 96 hours.  The 
LC50 was based upon measured concentrations.   
96-h LC50 = 0.73 – 1.1 mg/L 
 
Crude oil (geographic source not specified) 
Pink salmon (Oncorhynchus gorbuscha; 25/group) were exposed to crude oil as a water-soluble 
fraction at measured concentrations of 0.21, 0.40, 0.58 or 0.87 mg/L under flow-through 
conditions for 96 hours.   
96-h LC50 = 1.2 mg/L 
 
Crude oil (Arabian Medium) 
(1) Inland silversides (Menidia beryllina) were exposed to crude oil (arabian medium) as water 
accommodated fractions (WAFs) under static-renewal conditions in a closed test system for 96 
hours. The loading rates were 0 (control), 1.58, 1.65, 3.03, 4.15, and 5.18 and mg/L.  Mean 
measured concentrations were 0 (control), 0.83, 1.38, 2.93, 4.38, and 4.79 mg/L, respectively. 
96-h LC50 = 5.0 mg/L 
 
(2) Inland silversides (Menidia beryllina) were exposed to crude oil (arabian medium) as water 
accommodated fractions (WAFs) under static-renewal conditions in a closed test system for 96 
hours. Measure concentrations were not specified.  
96-h LC50 = 15.6 mg/L 
 
(3) Inland silversides (Menidia beryllina) were exposed to crude oil (arabian medium) as water 
accommodated fractions (WAFs) under static-renewal conditions in a closed test system for 96 
hours. The loading rates were not specified.  Mean measured concentrations were 0 (control), 
2.5, 5.4, 6.9, 9.0 and 14.5 mg/L, respectively. 
96-h LC50 = 14.5 mg/L 
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Crude oil (Arabian Medium) 
(1) Sheepshead minnows (Cyprinodon variegatus) were exposed to crude oil (arabian medium) 
as water accommodated fractions (WAFs) under flow-through test system for 96 hours. The 
loading rates were 0 (control), 3.12, 5.09, 4.72, 5.94, and 6.73 and mg/L.  Mean measured 
concentrations were 0 (control), 1.99, and 5.42 mg TPH/L, respectively. 
96-h LC50 = 4.0 mg/L 
 
(2) Sheepshead minnows (Cyprinodon variegatus) were exposed to crude oil (arabian medium) 
as water accommodated fractions (WAFs) under flow-through conditions in a closed test system 
for 96 hours. The loading rates were not specified.  Mean measured concentrations were 0 
(control), 1.7, 2.6, 4.8, 4.7 and 5.7 mg/L, respectively. 
96-h LC50 = 5.7 mg/L 
 
Crude oil (Prudhoe Bay) 
(1) Inland silversides (Menidia beryllina) were exposed to crude oil (Prudhoe Bay) as water 
accommodated fractions (WAFs) under static-renewal conditions in a closed test system for 96 
hours. Measure concentrations were not specified.  
96-h LC50 = 14.80 mg/L 
 
(2) Inland silversides (Menidia beryllina) were exposed to crude oil (Prudhoe Bay) as water 
accommodated fractions (WAFs) under flow-through test system for 96 hours. Measure 
concentrations were not specified.  
96-h LC50 > 19.86 mg/L 
 
Crude oil (Bass Strait) 
Crimson-spotted rainbow fish (Melanotaenia fluviatilis) were exposed to crude oil (bass strait) as 
water accommodated fractions (WAFs) under static-renewal conditions in a closed test system 
for 96 hours. The loading rates were 0 (control), 5, 10, 20, 40, and 80% water soluble fraction of 
crude oil.  Mean measured concentrations were 0 (control), 0.2, 0.4, 0.7, 1.4, and 2.7 mg/L, 
respectively. 
96-h LC50 = 1.28 mg/L 
 
Crude oil (Louisiana Sweet) 
Inland silversides (Menidia beryllina) were exposed to crude oil (Louisiana Sweet) as water 
accommodated fractions (WAFs) under static-renewal conditions in a closed test system for 96 
hours. Measure concentrations were not specified.  
96-h LC50 > 3.0 mg/L 
 
Crude oil (Alaska North Slope) 
(1) Inland silversides (Menidia beryllina) were exposed to crude oil (Alaska North slope) as 
water accommodated fractions (WAFs) under flow-through test system for 96 hours. Measure 
concentrations were not specified. 
96-h LC50 = 26.4 mg/L 
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Acute Toxicity to Aquatic Invertebrates 
 
Crude oil (0.5% paraffinic) 
Kelp forest mysid shrimp (Holmesiysis costata) were exposed to crude oil (0.5% paraffinic) as 
WAFs under static-renewal conditions for 96 hours.  The loading rates were 0, 0.14, 0.28, 1.4, 
3.5 and 11 mg/L.  Analytical monitoring of test concentrations consisted of measurements of 
BTEX concentrations and all measured concentrations were ≤ 0.5 mg/L.  Mortality was 0, 10, 
10, 5, 75 and 100% at loading rates of 0, 0.14, 0.28, 1.4, 3.5 and 11 mg/L, respectively. 
96-h LL50 = 2.7 mg/L 
 
Crude oil (3% paraffinic) 
Kelp forest mysid shrimp (Holmesiysis costata) were exposed to crude oil (3% paraffinic) as 
WAFs under static-renewal conditions for 96 hours.  The loading rates were 0, 0.6, 1.7, 3.6, 8.3 
and 21 mg/L. Analytical monitoring of test concentrations consisted of measurements of BTEX 
concentrations and all measured concentrations were ≤ 0.247 mg/L.  Mortality was 5, 10, 15, 30, 
100 and 100% at loading rates of 0, 0.6, 1.7, 3.6, 8.3 and 21 mg/L, respectively. 
96-h LL50 = 4.1 mg/L 
 
Kuwait crude oil 
(1) Mysid shrimp (Mysidopsis bahia) were exposed to Kuwait crude oil (68.56% paraffins, 
15.69% aromatics and 11.86% naphthenes) as WAFs under static-renewal conditions in a closed 
test system for 96 hours.  The loading rates were not specified. The measured concentrations 
were 0 (control), 1.05, 1.54, 2.85, 3.62, and 5.63 mg/L 
96-h LC50 = 0.56 mg/L 
 
Crude oil (Alaska North Slope) 
Mysid shrimp (Mysidopsis bahia) were exposed to Alaska North slope crude oil as WAFs under 
static-renewal conditions in a closed test system for 96 hours.  The loading or measure rates were 
not specified. 
96-h LC50 = 2.6 mg/L 
 
Crude oil (Arabian Medium) 
Mysid shrimp (Americamysis bahia) were exposed to Arabian medium slope crude oil as WAFs 
under flow-through test system for 96 hours.  Mean measured concentrations were 0 (control),  
2.4, 3.1, 4.7, 11.6 mg TPH/L. Loading rates were not specified. 
96-h LC50 = 11.6 mg/L 
 
Crude oil (Louisiana Sweet) 
Mysid shrimp (Americamysis bahia) were exposed to Louisiana sweet crude oil as WAFs under 
static-renewal conditions in a closed test system for 96 hours.  The loading or measure rates were 
not specified. 
96-h LC50 = 2.7 mg/L 
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Crude oil (Alaska North Slope) 
Mysid shrimp (Americamysis bahia) were exposed to Alaska North slope crude oil as WAFs 
under flow-through test system for 96 hours.  The loading or measure rates were not specified. 
96-h LC50 = 9.6 mg/L 
 
Crude oil (Pitas Point)  
Water fleas (Daphnia magna) were exposed to crude oil (Pitas point) as WAFs under static-
renewal conditions in a closed test system for 96 hours.  The loading or measure rates were not 
specified. 
96-h EC50 = 5.9 mg/L 
 
Amauligak crude oil 
Daphnia magna were exposed to Amauligak crude oil as a water-soluble fraction at unspecified 
concentrations under static conditions in sealed test chambers for 48 hours.  The test was 
conducted twice.  The EC50 was calculated by combining data from both tests and was based 
upon concentrations measured using fluorescence spectroscopy.   
48-h EC50 = 1.66 mg/L 
Maclean and Doe (1989). 
 
Sable Island crude oil 
Daphnia magna were exposed to Sable Island crude oil as a water-soluble fraction at unspecified 
concentrations under static conditions in sealed test chambers for 48 hours.  The test was 
conducted in triplicate.  The EC50 was calculated by combining data from the three tests and was 
based upon concentrations measured using fluorescence spectroscopy.   
48-h EC50 = 0.41 mg/L 
Maclean and Doe (1989). 
 
Hibernia crude oil 
Daphnia magna were exposed to Hibernia crude oil as a water-soluble fraction at unspecified 
concentrations under static conditions in sealed test chambers for 48 hours.  The test was 
conducted twice.  The EC50 was calculated by combining data from both tests and was based 
upon concentrations measured using fluorescence spectroscopy.   
48-h EC50 = 1.1 mg/L 
 
Bent Horn crude oil 
Daphnia magna were exposed to Bent Horn crude oil as a water-soluble fraction at unspecified 
concentrations under static conditions in sealed test chambers for 48 hours.  The test was 
conducted twice.  The EC50 was calculated by combining data from both tests and was based 
upon concentrations measured using fluorescence spectroscopy 
48-h EC50 = 1.1 mg/L 
Maclean and Doe (1989). 
 
Western sweet crude oil blend 
Daphnia magna were exposed to Western sweet crude oil blend as a water-soluble fraction at 
unspecified concentrations under static conditions in sealed test chambers for 48 hours.  The test 
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was conducted twice.  The EC50 was calculated by combining data from both tests and was based 
upon concentrations measured using fluorescence spectroscopy.   
48-h EC50 = 1.12 mg/L 
 
Transmountain crude oil 
Daphnia magna were exposed to Transmountain crude oil as a water-soluble fraction at 
unspecified concentrations under static conditions in sealed test chambers for 48 hours.  The test 
was conducted twice.  The EC50 was calculated by combining data from both tests and was based 
upon concentrations measured using fluorescence spectroscopy.   
48-h EC50 = 1.1 mg/L 
Maclean and Doe (1989). 
 
Norman Wells crude oil 
Daphnia magna were exposed to Norman Wells crude oil as a water-soluble fraction at 
unspecified concentrations under static conditions in sealed test chambers for 48 hours.  The test 
was conducted in triplicate.  The EC50 was calculated by combining data from the three tests and 
was based upon concentrations measured using fluorescence spectroscopy.   
48-h EC50 = 1.66 mg/L 
Maclean and Doe (1989). 
 
Venezuelan BCF-22 crude oil 
Daphnia magna were exposed to Venezuelan BCF-22 crude oil as a water-soluble fraction at 
unspecified concentrations under static conditions in sealed test chambers for 48 hours.  The test 
was conducted twice.  The EC50 was calculated by combining data from both tests and was based 
upon concentrations measured using fluorescence spectroscopy.   
48-h EC50 = 1.72 mg/L 
 
Lago Medio crude oil 
Daphnia magna were exposed to Lago Medio crude oil as a water-soluble fraction at unspecified 
concentrations under static conditions for in sealed test chambers 48 hours.  The test was 
conducted twice.  The EC50 was calculated by combining data from both tests and was based 
upon concentrations measured using fluorescence spectroscopy.   
48-h EC50 = 3.22 mg/L 
Maclean and Doe (1989). 
 
Prudhoe crude oil 
Daphnia magna were exposed to Prudhoe crude oil as a water-soluble fraction at unspecified 
concentrations in sealed test chambers under static conditions for 48 hours.  The test was 
conducted twice.  The EC50 was calculated by combining data from both tests and was based 
upon concentrations measured using gas chromatography.   
48-h EC50 = 3.4 mg/L 
Maclean and Doe (1989). 
 
Atkinson crude oil 
Daphnia magna were exposed to Atkinson crude oil as a water-soluble fraction at unspecified 
concentrations in sealed test chambers under static conditions for 48 hours.  The test was 
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conducted twice.  The EC50 was calculated by combining data from both tests and was based 
upon concentrations measured using fluorescence spectroscopy.   
48-h EC50 = 0.61 mg/L 
Maclean and Doe (1989). 
 
Venture condensate crude oil 
Daphnia magna were exposed to Venture condensate crude oil as a water-soluble fraction at 
unspecified concentrations in sealed test chambers under static conditions for 48 hours.  The test 
was conducted twice.  The EC50 was calculated by combining data from both tests and was based 
upon concentrations measured using fluorescence spectroscopy.   
48-h EC50 = 0.83 mg/L 
Maclean and Doe (1989). 
 
Tarsuit crude oil 
Daphnia magna were exposed to Tarsuit crude oil as a water-soluble fraction at unspecified 
concentrations in sealed test chambers under static conditions for 48 hours.  The test was 
conducted twice.  The EC50 was calculated by combining data from both tests and was based 
upon concentrations measured using gas chromatography.   
48-h EC50 = 0.85 mg/L 
Maclean and Doe (1989). 
 
Crude oil (Oseberg)  
Water fleas (Daphnia magna) were exposed to crude oil (Oseberg) as WAFs under static-
renewal conditions in a closed test system for 96 hours.  The loading or measure rates were not 
specified. 
96-h EC50 = 13.3 mg/L 
 
Crude oil (Hondo)  
Water fleas (Daphnia magna) were exposed to crude oil (Hondo) as WAFs under static-renewal 
conditions in a closed test system for 96 hours.  The loading or measure rates were not specified. 
96-h EC50 = 11.8 mg/L 
 
Crude oil (Dos Cuadras)  
Water fleas (Daphnia magna) were exposed to crude oil (Dos Cuadras) as WAFs under static-
renewal conditions in a closed test system for 96 hours.  The loading or measure rates were not 
specified. 
96-h EC50 = 4.6 mg/L 
 
Crude oil (Carpinteria)  
Water fleas (Daphnia magna) were exposed to crude oil (Carpinteria) as WAFs under static-
renewal conditions in a closed test system for 96 hours.  The loading or measure rates were not 
specified. 
96-h EC50 = 5.5 mg/L 
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Crude oil (BCF 24)  
Water fleas (Daphnia magna) were exposed to crude oil (BCF 24) as WAFs under static-renewal 
conditions in a closed test system for 96 hours.  The loading or measure rates were not specified. 
96-h EC50 = 10.6 mg/L 
 
Crude oil (Santa)  
Water fleas (Daphnia magna) were exposed to crude oil (Santa) as WAFs under static-renewal 
conditions in a closed test system for 96 hours.  The loading or measure rates were not specified. 
96-h EC50 = 7.5 mg/L 
 
Crude oil (Sockeye)  
Water fleas (Daphnia magna) were exposed to crude oil (Sockeye) as WAFs under static-
renewal conditions in a closed test system for 96 hours.  The loading or measure rates were not 
specified. 
96-h EC50 = 12.1 mg/L 
 
Crude oil (West Texas Sour)  
Water fleas (Daphnia magna) were exposed to crude oil (West Texas Sour) as WAFs under 
static-renewal conditions in a closed test system for 96 hours.  The loading or measure rates were 
not specified. 
96-h EC50 = 28.7 mg/L 
 
Crude oil (West Texan Intermediate)  
Water fleas (Daphnia magna) were exposed to crude oil (West Texan Intermediate) as WAFs 
under static-renewal conditions in a closed test system for 96 hours.  The loading or measure 
rates were not specified. 
96-h EC50 = 12.7 mg/L 
 
Crude oil (Iranian Light)  
Water fleas (Daphnia magna) were exposed to crude oil (Iranian Light) as WAFs under static-
renewal conditions in a closed test system for 96 hours.  The loading or measure rates were not 
specified. 
96-h EC50 = 12.3 mg/L 
 
Crude oil (Waxy Light Heavy Blend)  
Water fleas (Daphnia magna) were exposed to crude oil (waxy light heavy blend) as WAFs 
under static-renewal conditions in a closed test system for 96 hours.  The loading or measure 
rates were not specified. 
96-h EC50 = 4.8 mg/L 
 
Crude oil (Arabian Light)  
Water fleas (Daphnia magna) were exposed to crude oil (Arabian light) as WAFs under static-
renewal conditions in a closed test system for 96 hours.  The loading or measure rates were not 
specified. 
96-h EC50 = 11.4 mg/L 
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Crude oil (Arabian Medium)  
Water fleas (Daphnia magna) were exposed to crude oil (Arabian medium) as WAFs under 
static-renewal conditions in a closed test system for 96 hours.  The loading or measure rates were 
not specified. 
96-h EC50 = 7.4 mg/L 
 
Crude oil (Empire)  
Water fleas (Daphnia magna) were exposed to crude oil (empire) as WAFs under static-renewal 
conditions in a closed test system for 96 hours.  The loading or measure rates were not specified. 
96-h EC50 = 17.3 mg/L 
 
 
Toxicity to Aquatic Plants 
 
No adequate data were available 
 
 
Chronic Toxicity to Invertebrates 
 
Sen crude oil 
Daphnia magna were exposed to Sen crude oil for 21 days in solutions that contained suspended 
particles of kaolin clay (2 – 4 μm).  Immobility and reproduction were measured.  The test 
included untreated controls and kaolin-exposed controls.  No immobility was observed in the 
controls.  Immobility rates were 10, 40 and 60% at crude oil concentrations of 0.5, 1 and 2 mg/L, 
respectively.  Compared to kaolin-exposed controls, the number of total progeny was reduced by 
45, 52 and 68% at crude oil concentrations of 0.5, 1 and 2 mg/L, respectively.  Based on the 
more sensitive parameter (reproduction), the EC50 was between 0.5 and 1 mg/L.   
0.5 mg/L < 21-d EC50 < 1 mg/L  
 
Ogarrio crude oil 
Daphnia magna were exposed to Ogarrio crude oil for 21 days in solutions that contained 
suspended particles of kaolin clay (2 – 4 μm).  Immobility and reproduction were measured.  The 
test included untreated controls and kaolin-exposed controls.  No immobility was observed in the 
controls.  Immobility rates were 30, 100, 100 and 100% at crude oil concentrations of 1.25, 2.5, 5 
and 10 mg/L, respectively.  Compared to kaolin-exposed controls, the number of total progeny 
was reduced by 53, 99, 99 and 99% at crude oil concentrations of 1.25, 2.5, 5 and 10 mg/L, 
respectively.  Based on the more sensitive parameter (reproduction), the EC50 was < 1.25 mg/L.   
21-d EC50 < 1.25 mg/L  
 
Caparroso crude oil 
Daphnia magna were exposed to Caparroso crude oil for 21 days in solutions that contained 
suspended particles of kaolin clay (2 – 4 µm).  Immobility and reproduction were measured.  The 
test included untreated controls and kaolin-exposed controls.  No immobility was observed in the 
controls.  Immobility rates were 0, 0 and 50% at crude oil concentrations of 0.33, 0.67 and 1.3 
mg/L, respectively.  Compared to kaolin-exposed controls, the number of total progeny was 
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reduced by 12, 32 and 35% at crude oil concentrations of 0.33, 0.67 and 1.3 mg/L, respectively.  
Based on the more sensitive parameter (immobility), the EC50 was ~ 1.3 mg/L.   
21-d EC50 = ~ 1.3 mg/L  
 
Castarrical crude oil 
Daphnia magna were exposed to Castarrical crude oil for 21 days in solutions that contained 
suspended particles of kaolin clay (2 – 4 µm).  Immobility and reproduction were measured.  The 
test included untreated controls and kaolin-exposed controls.  No immobility was observed in the 
controls.  Immobility rates were 90, 100 and 100% at crude oil concentrations of 2.7, 4.0 and 8.1 
mg/L, respectively.  Compared to kaolin-exposed controls, the number of total progeny was 
reduced by 83, 95 and 100% at crude oil concentrations of 2.7, 4.0 and 8.1 mg/L, respectively.  
Based on both parameters, the EC50 was < 2.7 mg/L 
21-d EC50 < 2.7 mg/L 
 
Iride crude oil 
Daphnia magna were exposed to Iride crude oil for 21 days in solutions that contained 
suspended particles of kaolin clay (2 – 4 µm).  Immobility and reproduction were measured.  The 
test included untreated controls and kaolin-exposed controls.  No immobility was observed in the 
controls.  Immobility rates were 100% at crude oil concentrations ≥ 3.1 mg/L.  Compared to 
kaolin-exposed controls, the number of total progeny was reduced by 89, 98, 100, 100, 100 and 
100% at crude oil concentrations of 3.1, 4.7, 9.4, 18.8, 37.5 and 75.2 mg/L, respectively.  Based 
on the both parameters, the EC50 was < 3.1 mg/L.   
21-d EC50 < 3.1 mg/L  
  
Cárdenas crude oil 
Daphnia magna were exposed to Cárdenas crude oil for 21 days in solutions that contained 
suspended particles of kaolin clay (2 – 4 µm).  Immobility and reproduction were measured.  The 
test included untreated controls and kaolin-exposed controls.  No immobility was observed in the 
controls.  Immobility rates were 0, 100, 90 and 100% at crude oil concentrations of 0.5, 1, 1.9 
and 3.9 mg/L, respectively.  Compared to kaolin-exposed controls, the number of total progeny 
was reduced by 27, 88, 96 and 89% at crude oil concentrations of 0.5, 1, 1.9 and 3.9 mg/L, 
respectively.  Based on both parameters, the EC50 was between 0.5 and 1 mg/L.   
0.5 mg/L < 21-d EC50 < 1 mg/L  
 
Presidentes crude oil 
Daphnia magna were exposed to Presidentes crude oil for 21 days in solutions that contained 
suspended particles of kaolin clay (2 – 4 µm).  Immobility and reproduction were measured.  The 
test included untreated controls and kaolin-exposed controls.  No immobility was observed in the 
controls.  Immobility rates were 80, 100, 100, 100 and 100% at crude oil concentrations of 3.6, 
7.2, 14.5, 29 and 58 mg/L, respectively.  Compared to kaolin-exposed controls, the number of 
total progeny was reduced by 71, 100, 100, 100 and 100% at crude oil concentrations of 3.6, 7.2, 
14.5, 29 and 58 mg/L, respectively.  Based on both parameters, the EC50 was < 3.6 mg/L.   
21-d EC50 < 3.6 mg/L  
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Conclusion:  The 96-h LC50 of CASRN 8002-05-9 for fish ranges from 0.73 to 42 mg/L. The 
48-h EC50 of CASRN 8002-05-9 for aquatic invertebrates ranges from 0.61 to 28 mg/L. The 21-d 
chronic toxicity to aquatic invertebrates ranges from 0.5 to 6 mg/L. 
 
 
 

Table 4.  Summary of the Screening Information Data Set 
as Submitted under the U.S. HPV Challenge Program – 

Aquatic Toxicity Data

Endpoints 
SPONSORED CHEMICAL 

Crude Oil 
 (8002-05-9) 

Fish 
96-h LC50 (mg/L) 0.73 - 42 

Aquatic Invertebrates 
48-h EC50 (mg/L) 0.61 – 28.7 

Aquatic Plants 
72-h EC50 (mg/L)  
(growth rate) 
(biomass) 

 
Data Gap 

21-d Aquatic Invertebrates 0.5 – 6 
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APPENDIX 
 
The following pages show:  

• Table 5: Representative structures for the constituents of Petroleum (Crude Oil).   
• Table 6: Examples of Petroleum (Crude Oils) Covered Under CASRN 8002-05-9 

(Petroleum) 
• Figure 1: Representative schematic of crude oil processing 
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Table 5 shows representative structures for the constituents of petroleum or crude oil.  The hydrocarbons that comprise crude oil – 
paraffins, naphthenes (cycloparaffins) and aromatics share some structural features but differ in the ratio of hydrogen to carbon atoms 
and how those atoms are arranged.  Olefins are not present in crude oils and are formed from rearrangement of atoms during the 
cracking process to produce gasoline-blending streams.  Paraffins occur in higher concentrations in lower boiling fractions of crude oil 
while the concentration of naphthenes (cycloparaffins) and aromatics increase at higher boiling ranges. 
 
 
Table 5.  Representative Structures for the Constituents of Petroleum (Crude Oil) 

Paraffin 
H3C CH3 H3C

CH3

H3C
CH3

H3C
CH3

CH3

CH3

H3C
CH3

H3C
CH3

CH3

H3C

CH3

CH3

H3C CH3

CH3 CH3

CH3

CH3

 
 

Representative structures 
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Naphthenes 
 

 

CH3
CH3

CH3

CH3

H3C CH3

CH3

CH3

 
 

Representative structures 
 
 

Aromatics CH3
CH3

CH3

CH3

CH3

CH3

benzene toluene ethylbenzene xylene
BTEX compounds

Mononuclear
Aromatics
1-ring

Dinuclear
Aromatics
2-ring
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Polyaromatic 
Compounds 

CH3

S
N

NH2

Trinuclear
Aromatics
3-ring

Polyaromatic Compounds (PAC)

Polyaromatic Hydrocarbons (PAH)
{a subset of the PAC compounds}

Tetranuclear
Aromatics
4-ring

Pyrene Chrysene Benzo(a)anthracene

Pentanuclear
Aromatics
5-ring

Picene Benzo(a)pyrene

plus many
more

plus many
more

plus many
more

Sulfur PAC Nitrogen (N)-PAC
BasicNitrogen (N)-PAC

Non-basic

plus many
more
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Asphaltenes 

plus many more

N

CH3

H3C

CH3

CH3

H3C

H3C

S

CH3

SH3C

N

OH
H3C

H3C CH3

S
H3C

CH3

CH3

CH3

H3C

CH3

H3C

H3C
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Other 
Substances 

Sulfur Compounds

In Sour Crude Oil (High sulfur content crude oils)

In Sweet Crude Oil (Low sulfur content crude oils)

Hydrogen sulfide

plus others

Oxygen Compounds

Nitrogen Compounds

Heavy metals, including nickel, vanadium, arsenic and iron, in trace-1000 ppm quantities
Usually found complexed with large oxygen or nitrogen compounds

plus others
plus others

plus others

S
HH S

CH3H
S

H
CH3 S

H
CH3

CH3
S

H

S CH3H3C
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S
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Table 6. Examples of Petroleum (Crude Oils) Covered Under CASRN 8002-05-9 (Petroleum)a 

 
Crude Oil Source Paraffins 

(% vol) 
Naphthenes 

(% vol) 
Aromatics 

(% vol) 
Sulfur (% 

wt.) 
API gravity 

(0API) 
Light Crude Oils 
Saudi Light 63 18 19 2.0 34 
South Louisiana 79 45 19 0.0 35 
Beryl 47 34 19 0.4 37 
North Sea Brent 50 34 16 0.4 37 
Nigerian Light 37 54 9 0.1 36 
Lost Hills Light Non-aromatics 50% 50 0.9 - 
USA Mid Continent 
sweet 

- - - 0.4 40 

Mid Range Crude Oils 
Venezuela Light 52 34 14 1.5 30 
Kuwait 63 20 24 2.4 31 
USA West Texas 
Sour 

46 32 22 1.9 32 

Heavy Crude Oils 
Prudhoe Bay 27 36 28 0.9 28 
Saudi Heavy 60 20 15 2.1 28 
Venezuela Heavy 35 53 12 2.3 24 
Belridge Heavy Non-aromatics 37% 63 1.1 - 

aReproduced from data in Table 1 on page 7 of test plan and pages 2-3 of the robust summary. 
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OIL REFINERY PROCESS DESCRIPTION 
 

Crude oil or petroleum is extracted from the ground and shipped to refineries where it is 
processed to produce a variety of end products.    Figure 1 is a representative schematic of an oil 
refinery and shows several finished products from the various processes in blue.  This schematic 
does not represent all possible processes and end products and is only meant to be an illustrative 
example.  In the diagram, the crude oil is fed to a distillation column where gases, light and 
heavy naptha (gasoline), jet and kerosene fuel, diesel oil and gas oil are separated at atmospheric 
pressure.  The gases undergo further processing including the removal of sulfur to produce the 
end products of liquefied petroleum gas (LPG) and butanes.  The light naptha may be isomerized 
to increase octane, or hydrotreated to convert benzene to cyclohexane so that the final gasoline 
blend meets a benzene specification limit.  The heavy naphtha is hydrotreated to remove sulfur 
and then reformed to improve octane and generate hydrogen for the hydrotreaters.  The jet fuel, 
kerosene and diesel oil can be used without additional processing.  The heavy bottoms produced 
following the atmospheric distillation undergo a vacuum distillation which produces asphalt 
which can be used as produced, along with light and heavy gas oil and vacuum residuum which 
are further processed to produce usable endproducts.  The separate diagram labeled “sour water 
steam stripper” illustrates a process where sulfur compounds (mercaptans) are converted to more 
innocuous compounds to eliminate odor and instability in the gasoline blend (American 
Petroleum Institute, 2008).   Hazard characterization documents for several of the highlighted (in 
blue) endproducts in Figure 1 can be found at 
http://iaspub.epa.gov/oppthpv/hpv_hc_characterization.get_report_by_cas?doctype=2 
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Figure 1.  A representative schematic of a modern oil refinery (Wikipedia, 2007).  The actual 
configuration of a refinery may vary and this is only meant to be an illustrative diagram.   

 
 
 



 

 (Credit: Steven Frame/Shutterstock) 
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Fracking chemicals may be making oil more 
dangerous
"Crude oil is not supposed to explode"

LINDSAY ABRAMS 

Concerned over environmental 

and safety hazards, regulators 

have been demanding extra 

safety measures be put into 

place on trains carrying crude 

oil from North Dakota, 

Bloomberg reports.

The U.S. Federal Railroad 

Administration is investigating 

whether chemicals used in 

hydraulic fracturing are 

corroding rail tank cars and 

increasing risks. Separately, 

three pipeline companies 

including Enbridge Inc. warned 

regulators that North Dakota oil 

with too much hydrogen sulfide, 

which is toxic and flammable, 

was reaching terminals and 

putting workers at risk.

Until last month, safety advocates’ chief worry was spills in derailments. After tanker cars blew up July 6 on a 

train in Quebec, investigators in Canada are considering whether the composition of the crude, which 

normally doesn’t explode, may have played a role in the accident that killed 47 people. The oil was from North 

Dakota’s Bakken shale.

The chemicals used in hydraulic fracturing, or fracking, could be contaminating the oil, according to some experts. 

Hydrochloric acid, for example, is highly corrosive, and could be damaging tanker cars’ interior surfaces.

Another concern is the highly flammable and toxic hydrogen sulfide, a byproduct of oil at some fracking sites:

In June, Enbridge won an emergency order to reject oil with high hydrogen-sulfide levels from its system after 

telling the Federal Energy Regulatory Commission that it found dangerous levels of the compound at a rail 

terminal in Berthold, North Dakota. In addition to being highly flammable, hydrogen sulfide in the air is an 

irritant and a chemical asphyxiant that can alter both oxygen utilization and the central nervous system, 

according to the U.S. Occupational Safety and Health Administration.
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The rail industry is fighting a proposal to retrofit cars to make them less susceptible to rupture in the case of 

derailment. Analysts say the added costs of safety improvements could slow production if oil prices fall.

Lindsay Abrams is an assistant editor at Salon, focusing on all things sustainable. Follow her on Twitter 

@readingirl, email labrams@salon.com.
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U.S. Department 
of Transportation 

Federal Railroad 
Administration 

Mr. Jack Gerard 
American Petroleum Institute 
1220 L Street NW 
Washington, DC 20005 

Dear Mr. Gerard: 

1200 New Jersey Avenue, SE 
Washington, DC 20590 

The Federal Railroad Administration (FRA) is reviewing potential safety issues related to the 
transportation of crude oil by rail. FRA has specific safety concerns about the proper 
classification of crude oil being shipped by rail, the subsequent determination or selection of 
the proper tank car packaging used for transporting crude oil, and the corresponding tank car 
outage requirements. This letter presents the basis for FRA's concerns regarding these 
potential safety issues, notifies you of our intended path forward, and provides 
recommendations to help ensure compliance with the Department of Transportation's (DOT) 
applicable Hazardous Materials Regulations (HMR; Title 49 Code of Federal Regulations 
(CFR) Parts 171-180). In addition, we request that you distribute this letter to those of your 
members that ship crude oil via rail. 

Industry statistics demonstrate that, in terms of rail originations, crude oil shipments are the 
fastest growing of all hazardous materials shipped by rail. According to the Association of 
American Railroads' (AAR) Annual Report of Hazardous Materials Transported by Rail for 
2012, the number of crude oil originations has increased by 443 percent since 2005. 

Table 1: Annual number of originations oftank cars containing crude oil, hazardous 
materials in tank cars, and all hazardous materials 
Year Crude Oil Crude Oil Total HM in tank Total HM 

(4910165) (4915165) cars 
2005 2,626 (71) 4,472 (45) 1,355,070 1,587,469 
2006 2,573 (71) 3,510 (61) 1,370,674 1,571,665 
2007 2,235 (79) 4,772 (46) 1,440,341 1,988,294 
2008 7,524 (34) 4,368 (51) 1,444,194 1,999,757 
2009 7,961 (28) 4,940 (42) 1,379,949 1,895,066 
2010 27,979 (8) 5,746 (40) 1,525,540 2,085,361 
2011 74,057 (4) 6,117 (40) 1,616,580 2,242,389 
2012 257,450 (2) 7,096 (48) 1,789,529 2,474,356 
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In addition, crude oil transportation presents unique operating considerations because, in 
general, crude oil is transported in units of cars (blocks of crude oil cars within a train) and 
by entire unit trains consisting wholly of tank cars containing crude oil. Tank cars containing 
crude oil are typically loaded by one of two methods: transloading (where crude oil from 
cargo tanks is transferred directly into tank cars) or bulk loading operations (where crude oil 
is delivered to a bulk storage facility and the crude oil is then transferred from storage tanks 
to the railroad tank cars). In both operations, there is a blend of crude oil from a v~iety of 
sources in each tank car and the properties of the materials may vary depending on the 
constituent crude oils. 

The HMR require that an offeror (shipper) of a hazardous material pro peri y classify and 
describe the hazardous material. See 49 CFR § 171.1. To attest compliance with the HMR, 
a shipper of a hazardous material must also certify that the hazardous material being offered 
into transportation is offered in compliance with the HMR. Further, the HMR prohibit a 
shipper from offering hazardous material for transportation unless a tank car being used to 
transport such hazardous material meets the applicable HMR requirements. See, for 
example, 49 CFR § 171.2. Only after the properties of a hazardous material are determined 
and the material is properly classified can a shipper ensure compliance with the HMR. In the 
case of crude oil, relevant properties to properly classify the material include: flash point, 
corrosivity, specific gravity at loading and reference temperatures, and the presence and 
concentration of specific compounds such as sulfur (as found in sour crude oil). This 
information enables a shipper to properly classify a hazardous material and select the proper 
HMR-authorized packaging for transportation of that hazardous material. Such information 
and determination of the authorized packaging also ensures that the required tank car outage 
can be maintained. 

FRA's safety concerns stem from the following three considerations. 

1. Crude oil transported by rail often derives from different sources and is then blended, 
so it is critical that shippers determine the proper classification of the crude oil per the 
HMR. FRA audits of crude oil loading facilities indicate that the classification of 
crude oil being transported by rail is often based solely on Material Safety Data Sheet 
(MSDS) data that only provides a material classification and a range of material 
properties. This MSDS information is typically provided by the consignee to the 
shipper, and the shipper is unaware of validation ofthe values ofthe crude oil 
properties. Further, FRA's audits indicate that MSDS information is not gleaned 
from any recently conducted tests or from testing for the many different sources 
(wells) of the crude oil. For example, a shipper provided information to FRA 
showing that crude oil being transported by rail had a flash point of 68° F, or a 
Packing Group I hazardous material. However, the crude oil had been improperly 
classified as a Packing Group III material and was being transported in AAR class 
tank cars that were not equipped with the required design enhancements. This 
constituted a misuse of the crude oil HMR packaging exceptions and subsequent 
violations of the HMR. 



The HMR contain exceptions that allow for the use of non-DOT -specification tank 
cars for the transportation of crude oil in certain circumstances. Title 49 CFR 
§ 173.150(f)(l) states, "A flammable liquid with a flash point at or above 38 °C 
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(1 00 °F) that does not meet the definition of any other hazard class may be 
reclassified as a combustible liquid." Further, 49 CFR § 173 .150(f)(3) allows 
materials that are classified as combustible liquids to be transported in non-DOT
specification bulk packagings. 1 As such, AAR 211 class cars are permitted to be used 
to transport crude oil that has been classified as a Packing Group III material with a 
relatively high flash point. These cars are not built and/or maintained to the standard 
of a DOT -specification tank car. This distinction has safety implications if the crude 
oil being transported has been improperly classified and actually has a lower flash 
point and is a Packing Group I flammable liquid hazardous material. If improperly 
classified, the crude oil might then be shipped in a lesser standard tank car, as 
occurred in the above example. 

Unfortunately, the AAR standard transportation commodity code data does not 
distinguish between the different packing groups within the hazard class. Without 
further information in that regard, and in relation to the accuracy of crude oil 
classifications being made, FRA can only speculate as to the number of potential. 
crude oil shipments that are being made in AAR class tank cars in violation of the 
HMR. Recently, the AAR Tank Car Committee introduced new requirements for 
tank cars constructed for ethanol and crude oil (Packing Groups I and II) service. The 
new requirements are intended to improve the crashworthiness of the tank cars and 
include a thicker shell, head protection, top fittings protection, and relief valves with a 
greater flow capacity. Clearly, any improper classification of crude oil and 
subsequent shipment in an unauthorized tank car contravenes these industry efforts to 
improve the safety of transporting hazardous materials, and it also contravenes the 
requirements of the HMR. 

2. Title 49 CFR § 173.24b(a) sets the minimum tank car outage for crude oil at 1 percent 
at a reference temperature based on the existence of tank car insulation. A crude oil 
shipper must know the specific gravity of the hazardous material at the reference 
temperature as well as the temperature and specific gravity of the material at that 
temperature when loaded. This information is then used to calculate the total quantity 
that can be safely loaded into the car to comply with the HMR's 1-percent outage 
requirement. Because it is likely that the temperature of the hazardous material 
loaded into the car is lower than the reference temperature, the outage after the car is 
loaded will likely be greater than 1 percent. If the outage is not properly calculated 
because the material's specific gravity is unknown (or is provided only as a range), 
the tank car could be loaded such that if the temperature increases during 
transportation, the tank will become shell-full and the material will leak from the 
valve fittings or manway. 

1 Section 172.102, Special Provision Bl, states, "Ifthe material has a flash point at or above 38 oc (100 °f) and 
below 93 oc (200 °f), then the bulk packaging requirements of§ 173.241 of this subchapter are applicable." 
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Since 2004, approximately 10 percent of the one-time movement approval (OTMA) 
requests that FRA has received have been submitted to move overloaded tank cars. 
Of these requests, 33 percent were tank cars containing flammable liquids. FRA 
notes that tank cars overloaded by weight are typically identified when the tank cars 
go over a weigh-in-motion scale at a railroad's classification yard. As indicated 
above, crude oil is typically moved in unit trains, and the cars in a unit train do not 
typically pass over weigh-in-motion scales in classification yards. Therefore it is 
unlikely that FRA would receive many OTMA requests for overloaded tank cars 
containing crude oil. Moreover, crude oil accounted for the most nonaccident 
releases (NARs) by commodity in 2012, nearly doubling the next highest commodity 
(alcohols not otherwise specified, which accounts for a comparable annual volume 
transported by rail). FRA's data indicates that 98 percent of the NARs involved 
loaded tank cars. Also, less than 2 percent of the NARs occurred at the bottom outlet 
valve. Product releases through the top valves and fittings of tank cars when the 
hazardous material expands during transportation suggest that loading facilities may 
not know the specific gravity of the hazardous materials loaded into railroad tank 
cars, resulting in a lack of sufficient outage. 

3. FRA's review of the OTMA data also indicates an increasing number of incidents 
involving damage to tank cars in crude oil service in the form of severe corrosion of 
the internal surface of the tank, man way covers, and valves and fittings. A possible 
cause is contamination of the crude oil by materials used in the fracturing process that 
are corrosive to the tank car tank and service equipment. Therefore, when crude oil is 
loaded into tank cars, it is critical that that the existence and concentration of specific 
elements or compounds be identified, along with the corrosivity of the materials to 
the tank car tanks and service equipment. Proper identification of these elements will 
enable a shipper to ensure the reliability of the tank car. Proper identification also 
enables a shipper to determine if there is a need for an interior coating or lining, 
alternative materials of construction for valves and fittings, and performance 
requirements for fluid sealing elements, such as gaskets and o-rings. 

As a result of the concerns outlined above, FRA is investigating whether crude oil is being 
properly classified and, subsequently, whether the proper tank car packagings are being used 
for transportation. As part of this investigation, FRA will be requesting analytical data 
supporting the current classification of a shipper's crude oil, as well as information related to 
shipper crude oil loading practices. If analytical data regarding the current classification of 
crude oil is not available, FRA, in partnership with the Pipeline and Hazardous Materials 
Safety Administration (PHMSA), may use PHMSA's Hazardous Materials Testing Program. 
Under this program, a sample of a shipper's hazardous material is sent to a certified 
laboratory for testing, and the results of the laboratory testing are then shared with the 
shipper. FRA may also consider exercising its authority under 49 CFR § 109.9 to determine 
whether crude oil is being properly classified and transported in HMR-authorized packaging. 
If an investigation reveals that crude oil is not being properly classified per the HMR, FRA 
may use its enforcement tools to address noncompliance. Some of these enforcement tools 

2 Per 49 CFR § 174.50, an OTMA is required to move a nonconforming DOT-specification bulk packaging for 
cleaning and/or repair. 



include the issuance of compliance orders, emergency orders, and civil penalties. See 
49 CFR Parts 209 and 211. 

FRA recommends that shippers evaluate their processes for testing, classifying, and 
packaging the crude oil that they offer into transportation via railroad tank car. The 
frequency and type of testing should be based on a shipper's knowledge of the hazardous 
material, with specific consideration given to the volume of hazardous material shipped, the 
variety of sources that the hazardous material is generated from, and the processes that 
generate the hazardous material. 
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FRA welcomes the opportunity to assist crude oil shippers in their efforts to comply with the 
HMR. Please contact Mr. Karl Alexy, StaffDirector, Hazardous Materials Division, at 
(202) 493-6245 or Karl.Alexy@dot.gov to discuss this matter further. 

Sincerely, 

Thomas J. Herrmann 
Acting Director, Office of Safety Assurance and Compliance 
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Chairman Wyden, Ranking Member Murkowski, and Members of the Committee, thank you for the 

opportunity to appear before you today to discuss the U.S. petroleum supply system, which is changing 

rapidly. 

 

 
 

The U.S. Energy Information Administration (EIA) is the statistical and analytical agency within the U.S. 

Department of Energy.  EIA collects, analyzes, and disseminates independent and impartial energy 

information to promote sound policymaking, efficient markets, and public understanding regarding 

energy and its interaction with the economy and the environment.  By law, EIA’s data, analyses, and 

forecasts are independent of approval by any other officer or employee of the United States 

Government, so the views expressed herein should not be construed as representing those of the 

Department of Energy or any other Federal agency.  As discussed in my testimony, EIA is active in 

providing both data and analysis that bear directly on supplies of petroleum products in this country. 

The main points of my testimony are as follows: 

The United States is undergoing a dramatic change in domestic oil production.   The rate of increase in 
 

domestic production continues to surpass even the most optimistic forecasts of recent years. Domestic 

oil production in the United States has increased significantly, and at 7.4 million barrels per day as of 

April  2013 is now at the highest level since October 1992. Over the five year period through calendar 

year 2012, domestic oil production increased by 1.5 million barrels per day, or 30%.  Most of that 

growth occurred over the past 3 years.  Lower 48 onshore production (total U.S. Lower 48 production 

minus production from the federal Gulf of Mexico and federal Pacific) rose more than 2 million barrels 

per day (bbl/d), or 64%, between February 2010 and February 2013, primarily because of a rise in 

productivity from oil-bearing, low-permeability rocks. Texas more than doubled its production and 

North Dakota's output nearly tripled over that period. Five western states —Oklahoma, New Mexico, 
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Wyoming, Colorado, and Utah—had production increases ranging from 23% to 64% over the same three 

years. This rapid growth has stressed many parts of the U.S. petroleum supply infrastructure. 

Currently, transportation constraints are limiting the full impact of increased domestic crude production, 

but these constraints are expected to ease in the coming years. Historically, about 90% of the crude oil 

and petroleum products in the United States have been transported by pipeline.   However, shipments 

of crude oil by rail from North Dakota's Bakken Shale formation have increased dramatically over the past 

year, reflecting both lags in adding pipeline infrastructure to transport growing volumes of crude and the 

ability of rail shipments to serve east coast refineries in the United States and Canada and U.S. west coast 

refineries,   where Bakken crude has its greatest economic value as a replacement for seaborne imports 

of light sweet crude oil.  Crude oil and petroleum products shipments by rail averaged 

1.37 million barrels per day during the first half of 2013. (Up 48% from 927,000 bpd in same period in 

 
2012) according to the Association of American Railroads (AAR), which tracks movement of commodities 

by rail. Crude oil accounted for an estimated 50% of the combined deliveries in the oil and petroleum 

products, up from 3% in 2009. This topic was discussed in the EIA This Week in Petroleum article of July 

11 (See Attachment 1) 
 

 
Several pipeline projects are currently under way or proposed which should increase deliveries of 

domestic crude from inland sources to major refining centers, primarily on the Gulf Coast. Additionally, 

as discussed in the EIA Today in Energy article of July 10 (See Attachment 2), more Bakken crude is 

being moved to market by rail. By addressing logistical constraints, these developments are leading to 

lower discounts for inland crudes. Even before these projects, however, increasing domestic crude 

production has reduced crude oil imports by almost 1.3 million bpd, or 13%, since 2008. Virtually all of 

the reduction in U.S. crude oil imports is reflected in lower imports from member countries of the 

Organization of the Petroleum Exporting Countries. 



4  

Currently the U.S. is also a very limited exporter of crude oil.  Any company wanting to export crude oil 

must obtain a license from the Bureau of Industry and Security (BIS), which is part of the U.S. 

Department of Commerce. According to the regulations published in Title 15 Part 754.2 of the Code of 

Federal Regulations, BIS will approve applications for licenses to export crude oil for the following kinds 

of transactions: 

 

 From Alaska's Cook Inlet 

 
 To Canada for consumption or use therein 

 
 In connection with refining or exchange of Strategic Petroleum Reserve oil 

 
 Of up to an average of 25,000 bbl/d of California heavy crude oil 

 
 That are consistent with findings made by the president under an applicable statute 

 
 Of foreign-origin crude oil where, based on written documentation satisfactory to BIS, 

the exporter can demonstrate that the oil is not of U.S. origin and has not been 

commingled with oil of U.S. origin 

Monthly exports of crude oil from the United States to Canada have historically averaged 24,000 barrels 

per day (bbl/d) and were principally delivered to refineries in central Canada. However, U.S. exports to 

Canada averaged over 100,000 bbl/d over the first 4 months of 2013 as Canadian refineries, like those 

in the United States, are processing increased volumes of crude oil produced in Texas and North Dakota. 

At the same time as domestic crude oil supplies are growing, U.S. refiners face declining demand for 

gasoline in the U.S. market. Since 2007, demand for gasoline in the U.S. has declined by almost 600,000 

bbl/d, or 6.3%, and the amount of ethanol being added to the gasoline pool has increased by almost 

400,000 bbl/d  (replacing about 270,000 bbl/d of petroleum gasoline after accounting for ethanol’s 

lower energy content relative to petroleum gasoline) . Therefore, from a crude oil refiner’s standpoint, 

demand for the refined portion of gasoline has declined by almost 900,000 bbl/d, which is the 

http://www.gpo.gov/fdsys/pkg/CFR-2012-title15-vol2/pdf/CFR-2012-title15-vol2-sec754-2.pdf
http://www.gpo.gov/fdsys/pkg/CFR-2012-title15-vol2/pdf/CFR-2012-title15-vol2-sec754-2.pdf
http://www.gpo.gov/fdsys/pkg/CFR-2012-title15-vol2/pdf/CFR-2012-title15-vol2-sec754-2.pdf
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equivalent output of 14 average sized U.S. refineries. As a response, imports of gasoline blending 

components have declined by almost 500,000 bbl/d, or 43%, and exports primarily from the Gulf Coast, 

have increased by almost 400,000 bbl/d. In 2012, 84% of the gasoline exports went to countries in Latin 

America. In addition, diesel demand in the U.S. declined by 450,000 bbl/d in the same time period, or 

by 11%, leading to a drop in diesel imports of 200,000 bbl/d and increased exports of over 700,000 

bbl/d.  Again, in 2012, 61% of the diesel exports went to Latin America and 35% to Europe. 

Infrastructure constraints within the United States, including pipeline capacity and marine vessel 

availability, limit the movement of petroleum products from U.S. refining centers like the Gulf Coast to 

the Northeast and other regions where product demands far exceeds product production capability of 

within-region refining capacity.  Product exports provide a way for refining centers to optimize crude 

runs and operations.  Although expected increases in domestic demand for diesel should reduce future 

distillate exports, gasoline exports are likely to increase. Domestic demand is expected to continue to 

decline due to improvements in the efficiency of new vehicles subject to fuel economy standards that 

grow steadily more stringent through the 2025 model year as well as the potential increased use of 

higher-percentage ethanol blends and other biofuels to meet the requirements of the renewable fuel 

standards.  Access to relatively low cost domestic crude oil and natural gas has given U.S. refineries a 

cost advantage in serving foreign product markets compared to refiners located in other countries who 

also compete to serve those markets . While access to growing supplies of domestic crude is generally 

advantageous for U.S. refiners, they do face some challenges in changing their input slates to 

accommodate the quality mix of U.S. crude production. Specifically, while virtually all of the new crude 

production in the U.S. is light sweet crude, much of the refining capacity in the Gulf Coast is optimized to 

run heavy, sour crude. 
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To adapt to increasing supplies of domestic light sweet crude, there are a number of alternatives 

available to refiners that range from little or no cost to major capital investments that would only be 

justified by large crude price differentials. 

 

 
 

The low cost alternatives are those which do not meaningfully change the average gravity of the crude 

for which the refinery was designed. First of all, refiners can simply utilize unused light crude capacity 

and increase the amount of crude that they run. Since 2008, refinery runs have increased and average 

crude gravity has gone up, particularly on the Gulf Coast, indicating that spare light crude capacity was 

being utilized. By 2012, however, U.S. refiners ran at a utilization rate of 88.8 %, the highest level since 

2007 and a level which many analysts view as effectively full utilization after accounting for typicallevels 

of planned and unplanned outages. 

 

 
 

Second, refiners can simply substitute domestic light sweet crude for imported volumes, most of which, 

according to EIA data, has already been accomplished on the Gulf Coast.  Refiners on the East and West 

Coasts still import significant amounts of light sweet crude, but with rail shipments and eventually 

pipeline additions, imports can be displaced. Lastly for a low cost alternative, refiners can blend more 

light sweet crude with heavier crudes to meet their desired crude quality. The ability and extent to 

which this can be accomplished is unique to each refinery and cannot be estimated by EIA at this time. 

 

 
 

Other available options that involve changing the average crude quality run at a particular facility away 

from its typical inputs require either operational changes based on short term market incentives or 

capital investments which require longer term incentives. Operationally, refiners can run more light 

sweet crude but at the expense of total crude input, a loss that must be incentivized by relative crude 

prices.   For longer term capital investments, there are two basic alternatives available to refiners. The 
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first, lower cost option would be to process light sweet crude to remove its lightest components, 

 
thereby making it more like medium gravity crude which could then be used as a substitute for imported 

medium crude. The more costly approach would be to invest in larger units throughout the refinery 

which deal with lighter components of crude such that light sweet crude could substitute for heavy 

crude. Again, these investments are unique to each refinery and are based on individual company 

investment decisions. 

 

 
 

In spite of the dramatic changes in the U.S. petroleum supply system, prices of both domestic crude and 

petroleum products continue to be driven by the international market, albeit subject to short term 

fluctuations in the supply chain.  The United States continues to rely on imported crude oil and 

petroleum products to meet domestic demand.   In 2012, the United States imported 11.0 million bbl/d 

of crude oil and refined petroleum products.   At the same time, the nation exported 2.7 million bbl/d of 

finished petroleum products and gasoline blendstocks that are also priced on the international market. 

While most product imports occur on the East Coast and exports from the Gulf Coast, the United States 

as a whole is linked by a complex logistical system which transports product and influences prices 

throughout the country (see Figure 1). 
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The petroleum product supply system has developed over many decades to serve demand centers from 

both local and distant refining centers. More recently, an added complexity has resulted from the 

requirement to move ethanol from its predominant Midwest supply region to regions throughout the 

country where it is blended into the gasoline pool (see Figure 2). 
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Figure 2:  2012 Regional Share of Total Gasoline Demand and Production 
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As noted above, short-term fluctuations in regional product supply chains can cause prices in a 

particular region of the country to become temporarily disconnected from world and national market 

forces. This spring, two unplanned refinery outages in the Midwest along with delayed restarts at 

several others caused average retail gasoline prices to increase by 26 cents per gallon between the end 

of April and the middle of June. The price increase was more dramatic in parts of North Dakota and 

Minnesota but by the end of June, prices had returned to a more normal level. Similar price increases 

occurred in 2012 on the West Coast after a series of unplanned outages. While we recognize the burden 

these price increases place on the American public, these occurrences are relatively short-lived and are 

the result of largely unforeseeable circumstances. 
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EIA remains actively engaged in monitoring and reporting on matters related to domestic petroleum 

product supplies. EIA collects, analyzes, and reports more data on our national petroleum supply 

system than any other comparable organization in the world. We access data on where crude is 

produced, what type of crude it is, where it goes, and the ultimate slate of refined products. We collect 

data on product movements by pipeline and ship and have an extensive database on crude and product 

imports including the product type and crude quality, the importing entity, and the country (and port) of 

origin.  Like any other organization covering a rapidly changing industry, we also recognize the need for 

increased data collection and analysis. Over the last several years, EIA has recognized significant changes 

to the supply and demand patterns for petroleum products both domestically and with external trade. 

As resources have permitted, and in some cases where significant regional transitions have raised 

concern with Members of Congress, EIA has monitored, analyzed and reported on potential market 

changes, including the following: 

 

 U.S. exports of petroleum products 

 
 The proposed sale or closure of three East Coast refineries 

 
 West Coast refinery outages and gasoline price increases 

 
 Possible closure of the Tesoro refinery in Hawaii 

 
 Closure of the Hess Port Reading, NJ refinery 

 
 Midwest refinery outages and gasoline price increases 

 

 
We have been developing a system to collect crude production data at the well head to better monitor 

and project domestic crude production.  EIA is monitoring the following emerging trends in 

transportation and midstream infrastructure: crude shipments by rail, barge and truck (see Attachment 

1 July 11 This Week in Petroleum article),  crude oil pipeline capacity additions and reversals, re- 
 

purposing of natural gas pipelines to crude oil and gas liquids service, changing availability of coastwise 
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compliant and foreign flag vessels. We regularly publish a variety of reports on important petroleum 

supply trends, including This Week In Petroleum, the Short Term Energy Outlook and the Annual Energy 

Outlook.  Although EIA has followed Atlantic basin petroleum product trade for decades, we are 

currently challenged to keep up with the expanding products trade within the Americas and across the 

Pacific.  This Committee is a very important customer of the EIA and I would look forward to a 

discussion with you. 

Thank you for the opportunity to testify before the Committee. 
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Attachment 1  

 

 
 
 
 

This Week In Petroleum 
 
 

Released:  July 11, 2013 
Next Release:  July 17, 2013 

 
 
 

 
U.S. crude oil increasingly moves by barge, truck and rail 

 
The U.S. Energy Information Administration (EIA) recently released its annual data 
series tracking how crude oil reaches the refinery gate. Not surprisingly, the 2012 data 
show heightened reliance on crude receipts via barge, truck and rail. 

 
There has been much discussion about the rise in  U.S. crude oil production and the 
resulting overhang in inventories at Cushing, Oklahoma and elsewhere in the 
midcontinent because of pipeline infrastructure that has not kept pace with burgeoning 
domestic crude oil supply. The supply-pipeline mismatch is encouraging market 
participants to increasingly rely on alternative transportation options. 

 
From 2005 to 2010, 96 percent of refinery crude oil receipts came by pipeline and 
tanker (ship). With relatively low costs and high capacity, pipelines have long been the 
delivery method of choice for inland refineries. Coastal refineries, on the other hand, 
have typically been served by tankers of waterborne imports or offshore production. In 
2011, this usage began to decline, and in 2012, pipelines and tankers delivered 93 
percent of crude oil processed by U.S. refiners (Figure 1). The balance is made up 
primarily of domestic crude supplies carried via barge, rail and truck. Foreign receipts 
via barge have declined slightly. 

 

 

 

http://www.eia.gov/oog/info/twip/twiparch/121003/twipprint.html
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Because truck and rail are less cost-effective options for moving crude, they typically 
have accounted for a very small portion of refinery crude receipts, averaging just 1 
percent of total receipts from 2000 to 2010. Starting in 2011, this truck and rail volume 
increased, and in 2012 it represented 3 percent of refinery receipts. Additionally, 
domestic barge receipts also increased, and now account for close to 3 percent (Figure 
2). Expanding existing pipelines or building entirely new ones is costly and requires 
lengthy regulatory review. Using trucks and trains on the other hand, provides greater 
flexibility and uses existing infrastructure. As long as the Bakken and WTI prices trade 
at a large enough discount to global, waterborne crudes, these transportation patterns 
are likely to persist or even expand. 

 
EIA collects data on crude delivery methods annually from all U.S. refineries. In cases 
where multiple transportation modes are used, respondents report the mode used for 
the last 100 miles. If several modes are used, and none is more than 100 miles, the 
method representing the longest distance is recorded. This may partially explain the 
increase in domestic barge traffic, with crude oil loaded on rail cars at production areas 
and then transferred to barges for the final leg of some journeys to refineries, 
particularly on the East Coast and along the Mississippi River. With increased rail traffic 
reported by the Association of American Railroads for the first half of 2013, it is likely 
that the EIA data on domestic crude receipts by rail will be higher in EIA's 2013 survey. 

 

 

 
 
 

In addition to delivering more crude oil to U.S. refineries, railroads are shipping U.S. 
crude oil to  eastern Canadian refineries. While the Midwest has been the traditional 
source for U.S. crude oil exports to Canada, a recent increase in exports is being led by 
deliveries from the Gulf Coast (waterborne) and the East Coast. The exports from the 
East Coast are primarily barrels that moved east from North Dakota's Bakken region by 
rail and are then exported through New York state. Small amounts of Canadian crude 
are also starting to move by rail to U.S. refineries, with 2011 marking the first time in 10 
years that foreign-sourced rail shipments were reported. At nearly 1,000 barrels per day 
(bbl/d), this was the highest volume of foreign oil-by-rail recorded since EIA started 

http://www.eia.gov/todayinenergy/detail.cfm?id=12031
http://www.eia.gov/oog/info/twip/twiparch/2013/130530/twipprint.html
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publishing these data in 1981. In 2012 that number set a new record of more than 
11,000 bbl/d. 

 
Gasoline price decreases while diesel fuel increases 
The U.S. average retail price of regular gasoline decreased less than a penny to $3.49 
per gallon as of July 8, 2013, up eight cents from last year at this time. The Midwest 
price increased two cents to $3.41 per gallon, while prices in all other regions 
decreased. The largest decrease came in the Rocky Mountain region, where the price is 
$3.61 per gallon, down three cents from last week. The Gulf and West Coast prices 
both decreased two cents, to $3.30 and $3.88 per gallon, respectively. Rounding out the 
regions, the East Coast price is down one cent to $3.46 per gallon. 

 
The national average diesel fuel price increased one cent to $3.83 per gallon, 15 cents 
higher than last year at this time. The Rocky Mountain price decreased one cent to 
$3.81 per gallon, while prices in all other regions increased. The largest increase came 
on the Gulf Coast, where the price is up two cents to $3.75 per gallon. The East Coast, 
Midwest, and West Coast prices all increased a penny, to $3.83, $3.82, and $3.95 per 
gallon, respectively. 

 
Propane inventories gain 
Total U.S. inventories of propane increased 1.0 million barrels from last week to end at 
57.4 million barrels, but are 5.8 million barrels (9.2 percent) lower than the same period 
a year ago. The Gulf Coast region led the gain with 1.0 million barrels, while East Coast 
stocks increased by 0.2 million barrels. Midwest stocks increased by 0.1 million barrels 
and Rocky Mountain/West Coast stocks decreased by 0.3 million barrels. Propylene 
non-fuel-use inventories represented 5.3 percent of total propane inventories. 

 
Text from the  previous editions of This Week In Petroleum is accessible through a link 
at the top right-hand corner of this page. 

http://www.eia.gov/oog/info/twip/twiparch/twiparch.html
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Retail Prices (Dollars per Gallon) 

  

Retail Data Change From Last Retail Data Change From Last 

07/08/13 Week Year 07/08/13 Week Year 

Gasoline 3.492 -0.004 0.081 Diesel Fuel 3.828 0.011 0.145 
 

Futures Prices (Dollars per Gallon*) 

  

  

Futures Prices Change From Last 

07/05/13 Week Year 

Crude Oil 103.22 6.66 18.77 

Gasoline 2.897 0.145 0.181 

Heating Oil 2.990 0.110 0.280 

 

*Note: Crude Oil Price in Dollars per Barrel. 
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Stocks (Million Barrels) 

  

  

Stocks Data Change From Last Stocks Data Change From Last 

07/05/13 Week Year 07/05/13 Week Year 

Crude Oil 373.9 -9.9 -4.3 Distillate 123.8 3.0 2.9 

Gasoline 221.0 -2.6 13.3 Propane 57.374 1.021 -5.809 
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JULY 10, 2013 

Rail delivery of U.S. oil and petroleum products 

continues to increase, but pace slows 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Source: U.S. Energy Information Administration, based on Association of American Railroads. 

Note: Petroleum product rail shipments do not include ethanol. Conversion of rail carloads per 

week into million barrels per day includes assumption of 700 barrels per rail carload. 
 
 
 

With U.S. crude oil production at the highest level in two decades, outstripping pipeline 
capacity, the United States is relying more on railroads to move its new crude oil to 
refineries and storage centers. The amount of crude oil and refined petroleum products 
transported by rail totaled close to 356,000 carloads during the first half of 2013, up 
48% from the same period in 2012, according to Association of American Railroads (AAR). 

 

 

U.S. weekly carloadings of crude oil and petroleum products averaged nearly 13,700 
rail tankers during the January-June 2013 period. With one rail carload holding about 
700 barrels, the amount of crude oil and petroleum products shipped by rail was equal 
to 1.37 million barrels per day during the first half of 2013, up from 927,000 barrels per 
day during the first six months of last year. AAR data do not differentiate between crude 
oil and petroleum products, but it is generally believed that most of the volume being 
moved in the 2006-10 period was petroleum products and most of the increase since 

http://www.eia.gov/todayinenergy/detail.cfm?id=12031
http://www.eia.gov/todayinenergy/detail.cfm?id=12031
http://www.eia.gov/todayinenergy/detail.cfm?id=12031
http://www.eia.gov/todayinenergy/detail.cfm?id=10171
https://www.aar.org/newsandevents/Freight-Rail-Traffic/Pages/2013-07-03-railtraffic.aspx
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then has been crude oil. Crude oil accounts for about half of those 2013 daily volumes, 
according to AAR. 
The roughly 700,000 barrels per day of crude oil, which includes both imported and 
domestic crude oil, moved by rail compares with the 7.2 million barrels of crude oil the 
United States produces daily, based on the latest 2013 monthly output numbers from the 
U.S. Energy Information Administration. 
The jump in crude oil production from North Dakota, where there is not enough pipeline 
capacity to move supplies, accounts for a large share of the increased deliveries of oil 
by rail. North Dakota is the second largest oil producing state after Texas, as advanced 
drilling technology has unlocked millions of barrels of tight oil in the Bakken 

Shale formation. 
 

 

More Bakken crude oil moving to market by rail has helped narrow the difference 
between the spot prices for Bakken crude oil and international benchmark Brent crude 
oil in recent months to its smallest gap—less than $5 per barrel—in more than one-and- 
half years. The narrower spread reduces the incentive to ship oil to coastal refineries. 
This development, along with the lack of railcars (some estimates cite a 60,000 car 
backlog) may explain the slower growth shown in 2013 carload data. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: U.S. Energy Information Administration, based on Bloomberg. 

Note: The chart above uses Dated Brent for comparison among the crude oil prices. Dated Brent 

is a market term for a cargo of North Sea Brent blend crude oil that has been assigned a date 

when it will be loaded onto a tanker. 

 
tags: Bakken , Brent , Liquid Fuels , Oil/Petroleum , Rail 

http://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=PET&amp;s=MCRFPUS2&amp;f=M
http://www.eia.gov/todayinenergy/detail.cfm?id=10411
http://www.eia.gov/todayinenergy/detail.cfm?id=3750
http://www.eia.gov/todayinenergy/detail.cfm?id=3750
http://www.eia.gov/todayinenergy/index.cfm?tg=Bakken
http://www.eia.gov/todayinenergy/index.cfm?tg=%20Brent
http://www.eia.gov/todayinenergy/index.cfm?tg=%20liquid%20fuels
http://www.eia.gov/todayinenergy/index.cfm?tg=%20rail
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Summary 
Technological advances, along with relatively high crude oil prices, have led to sharply higher 
U.S. crude oil production.  Historically, most crude oil has moved from production areas to 
refineries by pipeline.  However, much of the recent increases in crude oil output has moved 
by rail.  In 2008, U.S. Class I railroads originated just 9,500 carloads of crude oil.  In 2012, they 
originated nearly 234,000 carloads and will likely originate around 400,000 carloads in 2013. 

Railroads have an excellent safety record regarding crude oil transportation — better, in fact, 
than pipelines in recent years.  Based on U.S. DOT data, the crude oil “spill rate” for railroads 
from 2002-2012 was an estimated 2.2 gallons per million ton-miles, compared with an 
estimated 6.3 for pipelines.  Railroads are continuously striving to further improve the safety of 
moving crude oil by rail.  For example, the rail industry recently urged federal regulators to 
toughen existing standards for new tank cars and require that the approximately 92,000 existing 
tank cars used to transport flammable liquids, including crude oil, be retrofitted with advanced 
safety-enhancing technologies or, if not upgraded, phased out.  

Beyond providing transportation capacity, railroads offer energy market participants the ability 
to shift deliveries quickly to different markets, enabling producers to sell their product to the 
market offering the best price.  Additional pipelines will probably be built in the years ahead, 
but the competitive advantages railroads offer will keep them in the crude oil transportation 
market long into the future. 

 
The Shale Revolution 
 Throughout the world, huge quantities of 
crude oil and natural gas are trapped in non-
permeable shale rock.  Over the past few years, 
technological advances — especially in hydraulic 
fracturing and horizontal drilling — along with 
higher crude oil prices have made recovery of much 
of this oil and gas economically feasible.  

Hydraulic fracturing, or “fracking,” involves 
pumping a mixture of water, sand and chemicals 
down a well at high pressure to create thin cracks in 
the shale rock, thereby freeing oil and gas trapped 
inside and allowing it to be brought to the surface.  
Horizontal drilling involves creating an initial vertical bore of up to several thousand feet, then 
turning the drill and continuing horizontally for up to several miles. 

Moving Crude Oil by Rail 

Association of American Railroads December 2013

 Shale containing oil or gas
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 The map above shows the distribution of U.S. shale deposits.  To date, the most 
important are Bakken in North Dakota and Montana; Barnett in Texas; and Marcellus in the east, 
especially in Pennsylvania and Ohio.  Other key shale areas include Niobrara in Wyoming and 
Colorado, and Eagle Ford and Permian in Texas.  Some areas contain more natural gas than 
crude oil; others contain more oil than natural gas.  There are still many unknowns — including 
the long-term productivity of shale wells and the extent to which environmental concerns will 
limit fracking in the future — but it’s clear that, thanks to shale, economically recoverable U.S. 
gas and oil reserves are far higher than they were thought to be just a few years ago. 

U.S. crude oil production peaked in 1970 at 9.6 million barrels per day, and by 2008 it  
had fallen to 5.0 million barrels per day as new production failed to keep pace with depletion of 
older fields.  By 2012, though, U.S. crude oil production had risen to an average of 6.5 million 
barrels per day.  Since November 2012, production has exceeded 7 million barrels per day — the 
first time that’s happened since 1992 — and by the summer of 2013 was 7.5 million per day. 
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Much of the recent increase in crude 
oil production has been in North Dakota, 
home to the Bakken Shale formation.  Crude 
oil production in North Dakota rose from an 
average of 81,000 barrels per day in 2003 to 
around 900,000 barrels per day by mid-2013, 
making North Dakota the second-largest oil 
producing state.  Crude oil output in Texas, 
the top producer, was relatively flat from 
2003 to 2009, but has skyrocketed since then, 
exceeding 2.6 million barrels per day by mid-
2013.  Output in California and Alaska has 
been trending down for years. 

Transporting Crude Oil by Rail 
Crude oil has little value unless it can be transported to refineries, but most U.S. refineries 

are located in traditional crude oil production areas (Texas, Oklahoma) or on the coasts where 
crude oil transported by tanker is 
readily accessible (California, 
Washington, New England, Gulf of 
Mexico), rather than near up-and-
coming crude oil production areas like 
North Dakota (see nearby map).  In 
part because of the long, rigorous 
process required to obtain the 
necessary permits to build new 
refineries, it’s basically impossible for 
refineries to come on line quickly near 
the new production areas. 

Historically, most crude oil has 
been transported via pipelines.  
However, in places like North Dakota 
that have seen huge increases in crude 
oil production, the existing pipeline 
network lacks the capacity to handle 
the higher production.  Pipelines also lack the flexibility and geographic reach to serve many 
potential markets.  Railroads, though, have the capacity and flexibility to fill this gap.   

Small amounts of crude oil have long been transported by rail, but since 2009 the increase 
in rail crude oil movements has been enormous.  As recently as 2008, U.S. Class I railroads 
(including the U.S. Class I subsidiaries of Canadian railroads) originated just 9,500 carloads of 
crude oil.  By 2011, carloads originated were up to nearly 66,000, and in 2012 they surged to 
nearly 234,000.  In the first three quarters of 2013, Class I railroads originated 299,652 carloads of 
crude oil, 96 percent higher than the 152,676 carloads originated in the first three quarters of 
2012.  Based on the first nine months of the year, crude oil originations in 2013 will probably 
total around 400,000 carloads.  Crude oil accounted for 1.4 percent of total Class I originated 
carloads in 2013 through September, up from just 0.03 percent in 2008.   
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 The vast majority of crude oil moving by rail in the United States both originates and 
terminates on U.S. Class I railroads, so the number of carloads originated by Class I carriers (see 
top charts below) is always close to the number of carloads terminated by Class I carriers (see 
bottom charts below).  However, some crude oil that originates on U.S. Class I railroads might be 
delivered to U.S. short lines or to railroads in Canada for termination.  These carloads would be 
included in the top charts, but not in the bottom charts.  In addition, some crude oil that 
terminates on U.S. Class I railroads might originate on railroads in Canada or on U.S. short line 
railroads.  These carloads would be included in the bottom charts, but not in the top charts. 

Assuming, for simplicity, that each rail tank car holds about 30,000 gallons (714 barrels) 
of crude oil, the 299,652 carloads of crude oil originated in the first three quarters of 2013 equal 
approximately 784,000 barrels per day moving by rail.  As a point of reference, according to EIA 
data, total U.S. domestic crude oil production in the first three quarters of 2013 was 
approximately 7.3 million barrels per day, so the rail share was around 11 percent — up from a 
negligible percentage a few years ago.  

 Barring unforeseen circumstances, deposits of oil and gas in shale formations all over the 
country will be developed.  In recent years, though, North Dakota, and the Bakken region more 
generally, have accounted for the vast majority of new rail crude oil originations.  According to 
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estimates from the North Dakota Pipeline Authority,  as of mid-2013, approximately 640,000 
barrels per day of crude oil were moving out of North Dakota by rail, equivalent to more than 60 
percent of North Dakota’s crude oil production.  

Advantages of Transporting Crude Oil by Rail 
 Historically, pipelines have been the dominant mode for transporting crude oil long 
distances.  That’s still the case, but railroads have become critical players in crude oil 
transportation.  In addition to the critical fact that railroads provide transportation capacity in 
many areas where pipeline capacity is insufficient, railroads offer a number of other advantages 
for transporting crude oil: 

 Geographical Flexibility.  By serving almost every refinery in the United States and 
Canada, railroads offer market participants enormous flexibility to shift product quickly 
to different places in response to market needs and price opportunities.  Railroads deliver 
crude oil to terminals not only in Louisiana and other places in the Gulf region, but also 
to locations on the East Coast, the West Coast, and elsewhere. 

 Responsiveness.  Rail facilities can almost always be built or expanded much more quickly 
than pipelines and refineries can be.  Essentially, railroads are the only transportation 
mode that can invest in facilities quickly enough to keep up with production growth in 
the emerging oil fields.  

 Efficiency.  As new rail 
facilities are developed, 
railroads are involved every 
step of the way.  For example, 
at origin and destination sites, 
railroad economic 
development and operations 
teams help facility owners 
decide where to locate assets 
and how to lay out rail 
infrastructure on the site to 
maximize efficiency.   

Railroads also help crude oil 
customers find ways to load 
and unload tank cars more 
quickly and reduce en-route 
delays.  Promoting unit train shipments is often a key part of this process.  Unit trains are 
long trains (usually at least 50 and sometimes 120 or more cars) consisting of a single 
commodity.  These trains use dedicated equipment and generally follow direct shipping 
routes to and from facilities designed to load and unload them efficiently — say, from a 
gathering location near oil production areas to an unloading terminal at or near a refinery 
— and generally have much lower costs per unit shipped than non-unit trains.  A single 
large unit train might carry 85,000 barrels of oil and be loaded or unloaded in 24 hours.   

 Underlying Infrastructure.  Over the past few years, railroads have invested hundreds of 
millions of dollars to replace and resurface tracks, buy new locomotives, build new 

North American 
Freight Railroads 
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terminals and track capacity, hire new employees, and take other steps to enhance their 
ability to transport crude oil.  Rail investments related to crude oil service are just a small 
part of a much larger set of ongoing rail investments.  In recent years, U.S. freight 
railroads have been reinvesting more than ever before, including a record $25.5 billion in 
2012, to create and maintain a freight rail network that is second to none in the world.   

 Product Purity.  The composition of crude oil varies from region to region, even from 
well to well within a region.  Consumers of crude oil often desire a specific type of crude 
oil.  Shipping crude by rail allows “pure barrels” to be delivered to destination in ways 
that are not always possible with pipelines.  

Crude oil producers and other market participants have made huge investments in both 
the infrastructure and the tank cars needed to move crude by rail, signaling confidence in the 
long-term viability of rail service in this market.  Even as more pipelines are built or expanded, 
railroads will continue to provide a set of advantages — especially flexibility — that will enable 
them to continue to play a key role in the petroleum-related market long into the future. 

Brent vs. WTI 
The crude oil market is extremely complex, with lots of moving pieces and different 

players pursuing different goals.  That said, in the case of crude oil — as in the case of every 
commodity that railroads haul — railroads face a variety of competitive constraints and market 
factors that, together with rail rate and service levels, collectively determine traffic levels.   

One such factor involves crude oil prices.  The chart above left shows the West Texas 
Intermediate (WTI) and Brent spot oil prices since January 2012.  The chart above right shows 
the “spread” between the two.  Historically, the spread typically has been just a few dollars, but 
over the past couple of years it’s been as high as $28, thanks to a surge in U.S. oil production that 
caused a glut of crude oil inventories at Cushing, Oklahoma, where WTI is priced.  The spread 
narrowed considerably in the third quarter of 2013.  This narrowing — in addition to pipeline 
expansions in some areas — made some crude by rail movements (especially in Texas) less 
competitive compared to pipelines and resulted in a decline in crude by rail movements in the 
third quarter of 2013 compared with the second quarter of 2013.  Clearly, in the months ahead, 
Brent-WTI spread will continue to play a key role in crude oil markets and, therefore, in crude by 
rail.  
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Moving Crude Oil Safely 
 Railroads have an excellent crude oil safety record — better, in fact, than pipelines in 
recent years.  Based on data from the U.S. Department of Transportation’s Pipeline and 
Hazardous Materials Safety Administration, the “spill rate” for U.S. railroads from 2002-2012 was 
an estimated 2.2 gallons per million crude oil ton-miles generated.  The comparable spill rate for 
pipelines is nearly three times the rail rate at approximately 6.3 gallons per million ton-miles. 

 Pipelines carry —and spill — much more crude oil than railroads do.  From 2002-2012, 
an estimated 19.9 million gallons (474,000 barrels) of crude oil were spilled in pipeline incidents, 
compared with an estimated 95,000 gallons (2,300 barrels) of crude oil spilled in rail incidents 
over the same period.  The rail figure is less than 1 percent of the pipeline figure.   

 From 2002-2012, there were 148 incidents involving releases of crude oil from railroads, 
of which 109 involved 
releases of less than five 
gallons.  Railroads are 
required to report spills of 
any size, including very 
small spills.  By contrast, in 
most cases pipelines only 
have to report spills of at 
least five gallons.  Just 39 
of the 148 railroad 
incidents had releases of 
more than five gallons.  By contrast, pipelines reported 1,785 spills of at least five gallons from 
2002-2012, more than 45 times the number of rail incidents.   

 The bottom line, though, is that both railroads and pipelines are safe, reliable ways to 
transport crude oil.  Each enhances our energy security and benefits consumers. 

Enhancing Tank Car Safety 
Crude oil is transported by railroads in tank 

cars.  The North American tank car fleet consists of 
about 335,000 cars.  Railroads themselves own less 
than 1 percent of these cars; the vast majority are 
owned by rail customers and leasing companies. 

Thousands of different commodities are carried 
in tank cars.  Of the 335,000 tank cars in the North 
American fleet, around 92,000 are used to transport 
crude oil and other flammable liquids.   A typical 
carload of crude oil contains around 30,000 gallons. 

In the United States, federal regulations 
pertaining to tank cars are set by the U.S. Department of Transportation’s Pipeline and 
Hazardous Materials Safety Administration (PHMSA).  Transport Canada (TC) performs a 
similar role in Canada.    

 Meanwhile, the AAR Tank Car Committee sets industry standards regarding how tank 
cars used in North America are designed and constructed that are above and beyond federal 

Total Total
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spilled
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spilled
Gallons 
Spilled
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Estimated 
Spill Rate*

Railroads 148 39 95,000 2,300 2.2
Pipelines unknown 1,785 19.9 million 474,000 6.3

*Gross gallons spilled per million ton-miles generated       Numbers for 2012 are preliminary.
Source: AAR based on data from the Pipeline and Hazardous Materials Safety Administration
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standards.  The tank car committee is comprised of the AAR, rail car owners, manufacturers, and 
rail hazmat customers, with active participation from the U.S. DOT, Transport Canada, and the 
National Transportation Safety Board (NTSB). 

 The rail industry has been aggressive in finding ways to improve the safety of crude oil 
transport.  For example, in March 2011, the tank car committee petitioned PHMSA to adopt 
more stringent requirements for new tank cars used to transport certain types of hazardous 
materials, including crude oil.  These tougher standards called for a thicker, more puncture 
resistant tank car shell; extra protective “head shields” at both ends of tank cars; and additional 
protection for the fittings on the top of a car that 
enable access to the inside of the car.   

 In July 2011, after it had become clear that 
PHMSA approval of the committee’s proposal was 
not imminent, the committee adopted what it had 
proposed to PHMSA as the basis for new industry 
standards for tank cars used to carry ethanol or 
crude oil.   The new standards apply to new tank 
cars ordered after October 1, 2011.  To date, some 
14,000 tanks cars have been built to this tougher 
standard. 

 More recently, in November 2013, the rail 
industry called on PHMSA to require the 92,000 tank cars used to transport flammable liquids, 
including crude oil, to be retrofitted with enhanced safety features or, if no upgrades are made, 
aggressively phased out.  These retrofits would substantially reduce the likelihood of a release of 
potentially dangerous products if affected tank cars are involved in accidents.  Railroads will 
continue to work with PHMSA, their customers, tank car builders, and others to ensure that tank 
car safety continues to improve. 

Frac Sand and Other Petroleum-Related Commodities 
 In addition to moving crude oil, railroads also transport large amounts of “frac sand” to 
crude oil and natural gas producers.  A single horizontal well typically uses between 3,000 and 
10,000 tons of sand.  A typical rail car of frac sand contains around 100 tons. 

Sand is used in many different industrial and construction applications, of which 
hydraulic fracturing is just one.  Data on rail shipments of frac sand alone are not available, but 
data on rail shipments of industrial sand in total are.  In 2009, U.S. Class I railroads (including the 
U.S. subsidiaries of Canadian railroads) originated just over 112,000 carloads of industrial sand.  
In 2012, Class I railroads originated nearly 293,000 carloads of sand and are on track to originate 
approximately 375,000 carloads in 2013.  While it’s not possible to determine precise percentages, 
frac sand is almost certainly the primary driver behind the increased industrial sand movements 
on railroads over the past few years.   

 A number of short line and regional freight railroads also carry frac sand; their 
movements are not included in the charts on the next page.  Railroads are also key players in the 
movement of iron ore, scrap steel, and other raw materials to steel plants that produce the pipes 
used in crude oil and natural gas production, and in the delivery of those pipes from steel plants 
to crude oil and natural gas production areas.  
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The Shale Revolution and Coal 
 The “shale revolution” has led to higher U.S. rail carloads of crude oil and frac sand, but 
it’s also led to sharply lower rail carloads of 
coal.  Fracking and horizontal drilling have led 
to sharply higher U.S. natural gas production 
(see the chart at right), which in turn has meant 
sharply lower natural gas prices to utilities (see 
the chart on the top left of the next page).  This 
has made electricity generated from natural gas 
more competitive in the electricity marketplace 
relative to electricity generated from coal.   

 Consequently, natural gas’s share of 
total U.S. electricity generation has surged in 
recent years to record highs, while electricity 
generated from coal has fallen correspondingly.  
The coal share of electricity generation was 50 
percent or higher each year from 1980 through 
2003 and 48 percent as recently as 2008, but was down to 37 percent in 2012 before rising a bit in 
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2013 (see the chart below right).  The growth of renewable energy and increasingly stringent 
environmental constraints have also played roles in coal’s declining share of electricity generation. 

Reduced electricity generation from coal has meant a big decline in rail carloads of coal.  
U.S. Class I railroads originated 6.2 million coal carloads in 2012, the lowest annual total since 
1993.  Coal carloads could dip below 6 million in 2013 (see the chart below left).  Over the past 
few years, the decline in coal carloads has far exceeded the increase in carloads of crude oil and 
frac sand for U.S. railroads (see the chart below right). 

Conclusion 
 The United States is experiencing an unprecedented boom in oil and natural gas 
production, with most of the increase coming from dense shale rock formations.  Among other 
things, this means North America is likely to move closer to energy self-sufficiency.  U.S. freight 
railroads are playing a critical role.  Rail shipments of crude oil have skyrocketed in recent years 
due to the flexibility and other advantages that moving crude oil by rail offers.  Railroads are 
continually working with energy firms and others to find ways to further improve the safety, 
reliability, productivity, and cost effectiveness of their service offerings to the energy market.  
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EMERGING RISKS TASK FORCE REPORT – 2013 
Project Overview  

 
Task Force Charter 

“The petroleum products moving through the Northwest (NW) are changing in 
product type, transportation mode and quantity. This task force (TF) will look at 
those changes and determine how they will impact oil spill risks in the NW. 
Specific tasks include: (1) Decide how to represent the current and proposed 
transportation risk picture for AOR (Area of Responsibility). Recommend dividing 
into sub-taskforces (pipeline, rail, marine); (2) Determine characteristics, response 
strategies and safety for non-traditional products such as: Oil Sands, coal, residual 
fuel oil, LNG (liquefied natural gas), biodiesel and synthetic fuels.” 
 
This was an information-gathering TF charged to study changing traffic 
patterns and volumes of oil and other fuels entering and exiting the region. 
The Task Force’s diverse membership endeavored to capture a high-level 
snapshot of such activity in the spring/summer of 2013. The information 
presented ranges in fidelity because some contributors relied upon single 
Internet searches for their reports whilst others more familiar with the 
subject matter cited multiple sources for their work. We understand that 
research based on a single Internet search is always susceptible to error/bias. 
We further understand that any findings we present can and will likely 
change. Economic conditions based on supply and demand are 
unpredictable, certainly those relating to commodities addressed in this 
report are. For example, the United States’ LNG market has gone full circle. 
Five years ago there were plans to import LNG. Today we are a country 
awash in LNG, looking to export the product. Our 2013 picture will look 
totally different in a year, possibly as soon as the next step of this project, 
the Vessel Traffic Risk Assessment, is completed. In addition, a year from 
now ports, refineries and governments will have built, delayed or cancelled 
projects seen as “on the books” today. In other words, caveat lector. 
 
Sections of this document will be inserted into the 2014 Northwest Area 
Contingency Plan update.   
 
Washington State Petroleum Association (WSPA) members’ input provided 
historical details on Group V oil movement in our region. New details will 
likely arise that will allow future Area Committees to further address these 
heavier products. Though WSPA’s input was narrow, they made it clear that 
“ [WSPA] is unable to critique, comment on or verify much of the factual 
material in the Draft. Therefore, [WSPA’s] participation in this effort should 
not be construed as adopting or endorsing this Draft or any subsequent Draft 
unless [WSPA] does so in writing.”  

 
Scott Knutson, Task Force Chair    
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I.  FINDINGS: CRUDE OIL  

A. Transportation picture 
The U.S. crude-by-rail industry has expanded rapidly since January 2011 as 
domestic crude production soared by 1.4 million barrels per day (MBD) 
over the same period. The growth of crude-by-rail followed pipeline 
bottlenecks in the Midwest that caused landlocked inland crudes to be 
discounted by upwards of $20 per barrel (Bbl) versus coastal destinations. 
That price discount made shipping oil by rail to the coast a viable 
proposition in the absence of new pipeline capacity. Crude-rail terminals in 
the Bakken formation now load over 400 MBD for shipment to coastal 
markets. 
 
Higher demand for transporting Bakken crude is also proving to be a 
lifesaver for rail companies, which have experienced a dramatic decline in 
coal shipment volumes. Demand for rail services from oil companies is so 
high, in fact, that many companies are being forced to wait up to nine 
months to lease rail cars. 
 
According to the Association of American Railroads, the number of rail cars 
hauling crude oil and petroleum products reached close to 241,000 in the 
first six months of 2012 compared to 174,000 in the first half of 2011. 
 
Burlington Northern Santa Fe (BNSF) has increased capacity in 2012 to 
enable the railroad to haul one million barrels per day out of the Williston 
Basin in North Dakota and Montana. This increased capacity will allow the 
energy industry to continue the record expansion of oil production in the 
Williston Basin and to ship the new production to markets throughout the 
U.S. It will also benefit shippers of other commodities, including 
agricultural products.  
 
Justin Piper of BNSF Railways reported that their system has moved mostly 
crude oil through their system to date, with only a small percentage being 
OSP transported to the U.S. (0.65 percent). There was a 300 percent 
increase in crude transport in 2011-2012, with no accidental releases. In 
2012, there were 16 non-accidental releases averaging 3 gallons per release 
related to shipper related issues. 
 
In 2012, there were 3,632 shipments of light sweet crude to Washington and 
1,557 to Oregon (per Alberta Oil Sands Workshop for Washington State 
Department of Ecology, the Regional Response Team 10 and the Pacific 
States/British Columbia Oil Spill Task Force). In 2012, BNSF achieved an 
accident rate of 1.88 per million train miles, a record for their system. 
Petroleum unit trains normally contain 80-100 tank cars; each car has a 
28,000-gallon capacity. Cars are typically owned, maintained and inspected 
by the transporter and expected to be a 40-year asset. The rail companies 
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conduct additional inspections when the cars become part of a train. All cars 
are built to U.S. standards as specified in 49CFR174. 
 
The safety program employed by BNSF has four parts: 1) community 
training; 2) emergency preparedness; 3) accident prevention and; 4) 
emergency response. The community training involves either in-person or 
online training for local emergency responders. Annually 3-5,000 people are 
trained nationwide. The emergency preparedness program involves 
development of an overall plan with appendices that define local response 
plans and environment sensitivity areas. Geographical Response Plans for 
water response have been developed for specific important environmentally 
sensitive areas such as the Northwest, Mississippi River, and rail-specific 
locations like the Columbia River, Colorado River and Glacier National 
Park (Flathead River), for example. 
 
The accident prevention program utilizes onboard sensors/wayside detectors 
to determine brake or wheel problems, and engineering systems to improve 
track systems. The emergency response program involves an incident 
response command that includes all-hazards responders, operations 
personnel and contractors in one unified team. The team has available GIS 
with identified sensitive features, preplaced equipment and responder 
locations to streamline response actions. Preplaced equipment for hazardous 
spills in the Northwest is located in Pasco, Seattle and Spokane Washington. 
(http://www.unh.edu/workshops/oil sands Washington/Oil Sands Products 
Workshop Report) 

 
Washington’s oil refineries -- two near Anacortes, two in Ferndale and one 
in Tacoma -- have a combined processing capacity of about 654,000 barrels, 
of which about 43 percent is turned into gasoline.  
 
The Cherry Point Refinery, seven miles south of Blaine, Wash., is the 
largest oil refinery in Washington with a processing capacity of 234,000 
barrels per day. Historically, Cherry Point's crude oil has come from the 
Alaska North Slope (ANS). Though with decreasing North Slope 
production, ANS crude now comprises only approximately 50 percent of the 
Cherry Point Refinery’s crude supply. Whether ANS crude or other foreign 
crudes, approximately 90 percent of the Cherry Point Refinery’s crude 
supply is brought in by petroleum tankers via the Strait of Juan de Fuca and 
Rosario Strait and delivered directly to the refinery on the Strait of Georgia. 
The remainder of the crude comes from a pipeline connected to oil reserves 
in Western Canada. BP has applied for permits for a $60 million rail yard at 
its Cherry Point refinery north of Bellingham. The refinery is currently 
constructing a rail facility to import Bakken crude from North Dakota. The 
BP refinery would receive about 20,000 barrels a day by rail, less than a 
tenth of its 234,000 barrel-per-day capacity. This crude oil would replace 

http://www.unh.edu/workshops/oil%20sands%20Washington/Oil%20Sands%20Products%20Workshop%20Report
http://www.unh.edu/workshops/oil%20sands%20Washington/Oil%20Sands%20Products%20Workshop%20Report
http://en.wikipedia.org/wiki/Oil_refinery
http://en.wikipedia.org/w/index.php?title=Bakken_crude&action=edit&redlink=1
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some supply currently brought in by ship and serve to maintain production, 
not increase capacity. 
 
The Tesoro Anacortes Refinery, 70 miles north of Seattle, is capable of 
processing 125,000 barrels per day. It receives feedstock via pipeline from 
Canada and ANS (Alaska North Slope oil) by tanker from Alaska. It also 
relies on a variety of crudes from foreign sources. Trains are also delivering 
Bakken crude oil from North Dakota and Montana to the Tesoro refinery, 
which recently completed a $55 million unit train unloading facility rail 
yard. The goal is to run six trains a week, shipping a total of 50,000 barrels 
of crude oil from the Bakken formation to the Anacortes refinery on each 
unit train. Tesoro expanded their receiving capacity to handle the new trains, 
and can unload two of these trains per day. Each train is about 100 cars long.  
 
The Shell Anacortes Refinery has a capacity of 146,000 barrels per day. 
When the refinery first began operating, most of its crude oil came from 
Canada via pipeline. Although it continues to receive crude oil from Central 
and Western Canada, now most of the facility’s feedstock arrives by tanker 
from oilfields on Alaska’s North Slope. The Anacortes spur is an 18-20 mile 
long rail spur that comes off the main line at Burlington, Wash., and goes to 
the Shell and Tesoro refineries in Anacortes. Shell is exploring the potential 
to bring Bakken crude oil from North Dakota by rail to March Point for 
processing. This crude oil would replace some supply currently brought in 
by ship and serve to maintain production, not increase capacity. The project 
envisions one train per day in and out of the facility. Plans entail building a 
rail spur on Shell property with equipment to pump oil from rail cars into 
the facility at an estimated 50,000 barrels per day of crude oil. (Sightline 
Institute, The Northwest’s Pipeline on Rails)  
 
The Phillips 66 Ferndale Refinery, 20 miles south of the U.S.-Canada 
border, has a capacity of 107,000 barrels per day. The refinery processes 
primarily Alaska North Slope crude oil. It also receives Canadian crude oil 
via pipeline. Phillips 66 announced in June that it was buying as many as 
2,000 railcars to transport shale oil [crude oil from the Bakken formation] to 
its refineries. It is set to build (completion Dec. 2014) a rail car receiving 
facility that will allow the plant to take 30,000 barrels per day.  
 
The U.S. Oil & Refining Co. in Tacoma has a capacity of 42,000 barrels per 
day. The refinery is capable of handling weekly 100-car oil unit trains 
carrying Bakken crude oil from North Dakota at its new $8 million rail yard. 
Estimates are that the facility currently accepts 6,900 barrels of crude oil a 
day. (Sightline Institute, The Northwest’s Pipeline on Rails) 

 
       Terminals, transloading facilities – Existing and proposed 

Targa Resources Partners LP in Tacoma has agreed to provide rail 
unloading and barge loading services. The five-year agreement, which 
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began in late 2012, allows advantaged U.S. or Canadian crude oil [Bakken 
or Oil Sands] to be unloaded from railcars at Targa’s Tacoma terminal and 
transloaded onto barges for delivery to the Phillips 66 Ferndale Refinery. 
The facility also allows for delivery into the San Francisco, Calif., refinery, 
where crude imported from outside of North America could be replaced. 
The terminal is capable of receiving individual cars, but as volumes ramp 
up, it will transition to unit train capability. At full volume, the delivery 
capability is estimated to be approximately 30,000 BPD. (Sightline Institute, 
The Northwest’s Pipeline on Rails) 
 
Global Partners LP on the Columbia River in Clatskanie, Oregon, Port of St. 
Helens, announced that it has signed an agreement to acquire 100 percent of 
the membership interests in a West Coast crude oil and ethanol facility near 
Portland, Oregon, from Cascade Kelly Holdings LLC. The transaction 
includes a rail transloading facility serviced by the BNSF (Burlington 
Northern Santa Fe) Railway, 200,000 barrels of storage capacity, a deep 
water marine terminal, a 1,200-foot dock and the largest ethanol plant on the 
West Coast. The plant site is located on land leased under a long-term 
agreement from the Port of St. Helens. In November 2012, the facility began 
transloading unit trains of crude oil estimated to be 7,000 barrels per day.  
(Oregon Dept. of Environmental Quality)  
 
The US Development Group, Hoquiam, Wash., is planning to spend $80 
million constructing a facility at the Port of Grays Harbor’s Terminal 3. 
Plans call for receiving 50,000 barrels of crude oil per day by rail, storing it 
on site in tanks, and transferring it to barge or vessel. (Sightline Institute, 
The Northwest’s Pipeline on Rails).  This proposal is still in discussion 
phase. Permitting has not begun yet on this potential project. 

 
Westway’s Grays Harbor Terminal, Hoquiam, Wash., is located at the Port 
of Grays Harbor where it currently operates a methanol handling facility. 
Westway is planning to spend $50 million building four additional storage  
tanks, each big enough to store 200,000 barrels of oil. The company hopes 
that the site will be operational by January 2014, but legal appeals of the 
permits will likely delay operations. (Sightline Institute, The Northwest’s 
Pipeline on Rails) 
 
Imperium Terminals (Hoquiam, WA) Imperium, a renewable fuels 
producer, is exploring a crude oil handling facility at the Port of Grays 
Harbor at the firm’s existing site at Terminal 1. The company is proposing 
to spend $45 million constructing nine 80,000-gallon storage tanks and other 
facilities by 2014. Based on rail and vessel traffic estimates reported in news 
accounts, Sightline estimates that the site is likely to have a capacity of at 
least 75,000 barrels per day if it is completed. (Sightline Institute, The 
Northwest’s Pipeline on Rails) 
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Tesoro / Savage, Vancouver, Wash., Tesoro’s plan is to partner with Savage 
Companies to develop a $75 to $100 million rail complex at the Port of 
Vancouver. The facility is estimated to handle as much as 360,000 barrels 
per day. Company officials expect the site to be operational by 2014. 
(Sightline Institute, The Northwest’s Pipeline on Rails) 
 
Once the crude oil reaches these non-refining terminals, it may be loaded 
onto tank vessels (most likely barges) and transported to local refineries or 
exported out of the state to refineries). This will increase marine traffic and 
change the risk. We suggest monitoring the results of the Vessel Traffic 
Risk Assessment and help implement any mitigating measures that are 
proposed from that process. 
 
Pipeline extension proposal 
Proposed changes to Kinder Morgan crude oil pipeline on the Canadian side 
will allow the capacity on the U.S. side to increase from 170,000 barrels per 
day to an estimated 225,000 barrels per day. 
 

 
 

B. Definitions 
Oil Sands. Oil Sands, tar sands or, more technically, bituminous sands, are a type of 
unconventional petroleum deposit. The oil sands are loose sand or partially 
consolidated sandstone containing naturally occurring mixtures of sand, clay and 
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water, saturated with a dense and extremely viscous form of petroleum technically 
referred to as bitumen (or colloquially “tar” due to its similar appearance, odor and 
color). Natural deposits are found in extremely large quantities in Canada, some 
177 billion barrels or nearly 71 percent of global reserves. 
 
Oil Sands Products. The density and viscosity characteristics of the raw bitumen 
material require blending for transport through pipeline or by rail tank car. To 
facilitate moving oil sands from production areas to ports or refineries, the bitumen 
is blended with diluents to reduce both density and viscosity and improve flow. The 
most commonly used diluent for mixing with bitumen is natural gas condensate.  
The blend of bitumen and diluent is often called dilbit. When the bitumen is mixed 
with synthetic crude oil (a partially refined bitumen product), the product is called 
synbit. Bitumen diluted with both a diluent and with synthetic crude oil is dilsynbit.  
As a group, the range of different blends based on bitumen as a base material is 
referred to oil sands products. 
 
Diluents - In order to move bitumen efficiently through transmission 
pipelines, other petroleum products must be added to dilute it (diluents). 
These diluted bitumen products are called Oil Sands Products (OSP). 
 
Bakken Crude Oil. Bakken crude oils originate from the Bakken Formation, 
occupying some 200,000 square miles of the subsurface of the Williston Basin 
underlying parts of Montana, North Dakota and Saskatchewan, could potentially 
contain recoverable reserves of up to 24 billion barrels of crude oil.  
 
Map of Bakken Formation and Williston Basin  
 

 
Source: Energy and Environment Research Center 
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The rock formation consists of three components: lower shale, middle dolomite, and 
upper shale. The shale was deposited in relatively deep anoxic marine conditions, 
and the dolomite was deposited as a coastal carbonate bank during a time of 
shallower, well-oxygenated water. The middle dolomite is the principal oil 
reservoir, roughly two miles (3.2 km) below the surface. Both the upper and lower 
shale components are organic-rich marine shale. (Wikipedia article on Bakken 
Formation) 

The Bakken Formation crude oils are also extracted from the shale deposits are 
characterized by very low permeability, averaging less than 5 percent porosity. 
In these deposits, the flow of oil from the rock to an extraction well is limited by 
the low permeability, fine-grained nature of the rock, which is the basis for the 
common term “tight oil.” Recovery of oil trapped in these low-permeability 
rocks requires well stimulation techniques (physical or chemical actions 
performed on a well to improve the flow of oil or gas from the formation rock to 
the well bore).  

The expanded use of new drilling, fracturing, and recovery techniques have 
resulted in dramatic increases in oil production. North Dakota's oil production 
recently reached 730,000 barrels per day. Bakken production has expanded so 
rapidly that companies have difficulties transporting oil to other parts of the 
country. Rail transport is allowing Bakken crude to be shipped to major 
terminals on the East and West coasts of the country where pipelines do not 
exist, or where pipeline capacity is limited. 

C. Characteristics 
1. Oil Sands Products 
Oil Sands Origin. Alberta oil sands are believed to originate from a standard crude oil 
deposit that has undergone a significant degree of biodegradation. The lighter, shorter 
chain alkanes in the petroleum mixture have been degraded by naturally occurring 
microorganisms, leading to a partially weathered product with a predominance of large 
molecules. The biodegradation occurred at low temperatures (i.e., < 80° C), meaning 
pasteurization (sterilization) did not occur and microbial populations could continue to 
metabolize petroleum hydrocarbons.  
 
The degree of biodegradation that may occur after a spill of oil sands products will be 
dependent on the extent to which the bitumen deposit was degraded prior to extraction 
and the inherent biodegradability of the diluent. Therefore, source bitumen that 
originally underwent a high degree of biodegradation would likely experience little 
further degradation after a release and weathering of the lighter diluent components. 
However, there are few experimental data available to fully evaluate the biodegradation 
potential oil sands products spilled into fresh or salt-water environments.  
 
Bitumen Chemical Properties.  In situ biodegradation of crude oil leads to a bitumen 
containing a lower proportion of paraffins (saturated hydrocarbons without rings) and 
naphthenes (saturated hydrocarbons with rings); and a higher proportion (>50 percent) 
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of aromatics (hydrocarbons with one or more aromatic nuclei), which results in the 
increased viscosity and density characteristics of bitumen. Aromatics made up 37 
percent of the total weight of Athabasca bitumen, followed by resins (25.7 percent), and 
by saturates and asphaltenes (both 17.3 percent). Gas chromatography has shown that 
Alberta bitumen is characterized by large, unresolved compounds (n-C10 to n-C40) and a 
near absence of n-alkanes; C39 and larger molecules made up 56.96 percent of the 
weight of Athabasca bitumen. 

 Bitumen Physical Properties. Locating information on the physical properties of Alberta 
oil sands products can be challenging, as some of the specific physical and chemical 
properties data are considered to be proprietary business information. For this reason, it 
has been difficult for regulators and others in the scientific community to realistically 
model physical behavior in the environment. 

 
Bitumen is generally characterized as denser than standard crude oil.  The density of oil 
sands bitumen depends on the specific reservoir and temperature of the source material. 
Athabasca bitumen tends to be denser than freshwater, but less dense than saltwater, 
under standard conditions of 15.56̊ C. Between 25 and 40 ̊ C, Athabasca bitumen is less 
dense than water; Cold Lake Bitumen is denser than freshwater below ~40 ̊ C but less 
dense than saltwater. 
 
As temperature increases, viscosity and density decrease; in some cases, this permits the 
raw bitumen to be transported in its native, albeit heated, state. 
 
Bitumen can be orders of magnitude more viscous than conventional oils.  At 25̊ C, the 
viscosity of conventional crude is ~13.7 cP (centipoise), while for bitumen it is 
>1,000,000 cP. Athabasca bitumen must approach 200̊ C, before its viscosity becomes 
similar to standard crude oil viscosity at ambient temperatures. Similarly, Cold Lake 
Bitumen must exceed 120̊ C before its viscosity is similar to standard crude viscosity at 
ambient temperature. 

 
API (density) values for crude oils range from approximately <22-42, with refined 
products and condensates ranging higher. A summary of crude oil and other petroleum 
product densities is as follows: 
 

• Gas Condensates – ≈ 42 to 55°API 
• Light Crude Oils – ≈ 31 to 42°API - varies 
• Medium Crude Oils – ≈ 22 to 31°API 
• Heavy Crude Oils – ≈ <22°API 
• Alberta Bitumen – ≈ 8°API prior to being mixed with diluent 
• Water (≈10°API); Gasoline (≈63°API); Fuel Oil #2 (≈30-38°API) 
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Diluents  
Diluents and Synthetic Crude. According to specifications established by Enbridge, 
the diluents used in the transport of oil sands products are light hydrocarbons with a 
typical density between 0.6-0.775 g/ml, a maximum sulfur weight by percent of 0.5 
percent, and maximum viscosity of 2.0 cST (centistokes). Natural gas condensate, a 
liquid that under standard ambient conditions contains pentanes and heavier 
hydrocarbons produced from processing natural gas, is currently the most 
commonly used diluent. New pipelines have been proposed to supply diluent to 
Alberta and meet the growing demand for, but decreasing supply of, diluents in 
Canada. 

 
Another method for upgrading bitumen for transport is to blend it with synthetic 
crude oil to make a product called “synbit.” Synbit is a mixture of bitumen with 
synthetic crude—bitumen that has undergone upgrading through coking and 
hydrolysis to remove the larger molecules and decrease viscosity. Currently, this 
method is less expensive than mixing the bitumen with diluent. Projections suggest 
that the use of synthetic crude as a diluting agent will increase over the next decade, 
while the use of natural gas condensate will remain steady.   

 
The characteristics of diluents vary across the range of products. Crude Quality Inc. 
provides an in-depth online list of the physical and chemical properties of several 
diluents. 

Dilbit and Synbit Composition for Transport. The composition of dilbit varies 
between 25-30 percent diluent and 70-75 percent bitumen, depending on the 
viscosity of the bitumen and the density of the diluent. The ratio can be as high as 
40 percent diluent for heavier bitumen. The diluent required for mixture can be 
decreased if the asphaltene fraction is removed from the parent bitumen. Because 
the diluent and bitumen are both hydrocarbon-based, the two are completely 
miscible.  
 
For synbit, the mixture is typically 50 percent synthetic crude and 50 percent 
bitumen. Operating and spill-response experience reported by the Trans Mountain 
Pipeline is that dilbit and synbit behave as homogeneous products with fluid 
properties similar to other heavy crude oils.   
 

Products transported in the Trans Mountain system, including dilbit and synbit 
crude oil, must meet the following maximum quality limits of the Canadian National 
Energy Board-approved Pipeline Tariff  

• Reid vapor pressure: 103 kPa (kilopascal) 
• Sand, dust, gums, sediment, water or other impurities (total in aggregate): 

0.5 percent  
• Receipt Point temperature: 38ºC  
• Density: 940 kg/m³ (kilograms per cubic meter) 
• Kinematic Viscosity: 350cSt (centistokes) 
• Having any organic chlorides or other compounds with physical or 
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chemical characteristics that may render such Petroleum not readily 
transportable by the Carrier. 

Corrosiveness of Oil Sands Products  
Overview of Existing Research on Pipeline Corrosion. A recurring source of 
contention in discussions about the risks of transporting oil sands products via 
pipelines has centered on corrosion and the inherent corrosiveness of those products 
relative to traditional crude oil. Several research reports exist on the subject of oil 
sands products corrosiveness and although not entirely conclusive, the data suggest 
that oil sands products are generally not significantly more corrosive than other 
heavy crude oils being transported through pipelines.  A brief overview of the 
findings includes the following points: 
 

• Sulfur content of Alberta oil sands products ranges between 2-5 (weight 
percent). There are conflicting reports regarding how these sulfur levels 
compare to other heavy crude oils. That is, one report determined oil sands 
products to be generally comparable to other heavy crudes, with the 
exception of a few specific products; however, a U.S. Geological Survey 
study reported higher sulfur content as a fundamental difference between 
natural bitumen and conventional crude oils as a result of in situ 
biodegradation.  

• TAN (total acid number) values of Alberta oil sands products ranged from .5-
2.5 (mgKOH/g), which is comparable to many conventional heavy types of 
crude. Products with TAN values higher than 0.5 are generally considered 
“potentially corrosive,” but in lab testing, the oil sands products were not 
found to be significantly different from comparable heavy crudes and not 
corrosive enough to be a concern to pipeline operators. 

• Water content (expressed as BS&W, basic sediment and water) in oil sands 
products is comparable to other crudes, with the required maximum 
allowable threshold set by pipeline operators.  

• Sediment content in dilbit crudes was found to be lower than or comparable 
to that of conventional crudes, with the exception of one dilsynbit blend that 
was found to have more than double the solids content of most other crudes. 
The data, however, only indicate the total amount of sediments, and do not 
provide information on the size distribution. It is unknown how the solids in 
the conventional crudes compared to those in dilbits. 

• Sediment build-up in low or high spots in the pipeline interior can lead to 
corrosion. 

        In summary, research to date does not indicate that oil sands products are 
significantly more corrosive than other heavy crude oils. A National Academy of 
Sciences study currently underway and scheduled to be completed by the end of 
2013 will analyze whether transportation of dilbit by transmission pipeline is 
subject to an increased likelihood of release compared with pipeline transportation 
of other crude oils. This study will be a review of existing literature and will not 
include any original research. PHMSA (Pipeline and Hazardous Materials Safety 



 FINAL 

Emerging Risks Task Force  Page 14 
 

Administration) data presented to the National Academy show that since 2002 there 
have been no releases of oil caused by internal corrosion from pipelines carrying 
dilbit. However, this does not imply that corrosion is not a concern: Combined 
internal and external corrosion account for 37 percent of non-small pipeline 
accidents for crude oil. 

 
2. Bakken Crude Oil.  
Bakken crude is considered a light (API Gravity from 36 to 44 degrees) –sweet 
(containing less than 0.42 percent sulfur) low viscosity crude oil with significant 
quantities of light, volatile hydrocarbons. Bakken crude is highly flammable and easily 
ignited at normal temperatures by heat, static discharges, sparks or flames (flash point 
less than -35°C and auto-ignition temperature of approximately 250 °C). Vapors may 
form explosive mixtures with air, and vapors may travel to source of ignition and flash 
back. Vapors may spread along ground and collect in confined areas such as sewers and 
tanks. The Upper Explosive Limit is estimated at 8 percent v/v): 8 (estimated). Lower 
Explosive Limit (4 percent v/v): 0.8 (estimated). If burned, carbon monoxide, sulfur 
oxides, nitrogen oxides and smoke particulates may be created. 
 
The main properties and constituents of Bakken crude oil are shown and compared to 
synthetic crudes and diluted bitumen oils in the table below. 
 
Summary of General Characteristics of Crude Oil That Would Be Transported by the 
Keystone XL Project (From: Keystone XL Project – Draft Supplemental Environmental 
Impact Statement – EPA, March 2013) 
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D. Response strategies  
Oil Sands Products. 
Although the physical characteristics of an oil sands product as blended for 
transport are expected to resemble those for typical crude oil products, uncertainties 
exist about the behavior of spilled and weathered product in the environment. 
Limited spill response experience reported by the Trans Mountain Pipeline and 
Western Marine Spill Response Corporation (WCMRC) during the 2007 Burnaby 
Harbor Spill is that the synbit spilled into the marine environment of Burrard Inlet 
behaved as a homogeneous product with fluid properties similar to other heavy 
crude oils.  However, oil sands products may differ from crude oils in the rate at 
which lighter ends of the mixture volatilize, particularly in warm weather. As a 
result—and as demonstrated during the Enbridge Kalamazoo River Spill—spills of 
oil sands products may be potentially submerged or sinking, especially under high-
flow and high-sedimentation conditions. As a result, responders should anticipate 
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the potential for floating oil, and as time progresses, subsurface (neutrally buoyant 
and sinking) oil. 

 
Procedures for responding to spills of Group IV and V oils have been described 
elsewhere and will not be repeated here. A few details of response actions and 
lessons learned from the limited case study histories for oil sands products (and one 
rail incident involving a heavy oil product) are reviewed below to provide insight 
into potential issues and challenges associated with these oils. 
 
Case Studies. Two water-borne spills of oil sands products have recently occurred:  
the Kalamazoo River Spill in Marshall, Michigan, (dilbit) and the Burnaby Harbor 
Spill in Burnaby, British Columbia, (synthetic crude). Like all spills, these reflect 
unique circumstances and settings, limiting the ability to extrapolate universal 
lessons learned about oil sands products behavior and response methods. Due to the 
small number of case studies, this section will also examine the Wabamun Lake 
Spill, a railcar derailment that spilled Bunker C oil into a freshwater system in 
Alberta, Canada.  
 
Kalamazoo River Spill 
Spill Summary 
Two types of dilbit oil were spilled during the Enbridge Pipeline spill into the 
Kalamazoo River system: Cold Lake and McKay River. Enbridge initially reported 
the size of the release to be 819,000 gal. This was later revised upward to 843,000 
gal. Other estimates by the EPA have been substantially higher, up to 1.1 million 
gal. The reasons for the discrepancies in spilled-volume estimates are not clear and 
have not been resolved, but will factor into determination of Clean Water Act 
penalties. 

 
The dilbit initially floated on the fresh water of Talmadge Creek and the Kalamazoo 
River. However, after mixing with sediments and the evaporation of the light 
hydrocarbons, some oil became dense enough to sink. As a result, there were 
periods during the response when the dilbit was simultaneously floating, submerged 
in the water column, and on the bottom of the river. Beyond the characteristics of 
the oil, water temperature, the presence of sediments, and the speed of the river 
affected oil. 

Technologies Used in Recovery 
An important factor impeding oil removal efforts during the Kalamazoo River Spill 
was the fast moving water of the river and Talmadge Creek. Recovering oil in fast- 
moving water is difficult, as oil tends to flow under containment booms and 
skimmer efficiency is greatly reduced, necessitating more rapid responses further 
downstream.  In these situations, the Coast Guard recommends installing underflow 
dams, overflow dams, sorbent barriers, or a combination of these techniques.  

 
Enbridge responders, with personnel from Terra Contracting and the Baker 
Corporation, used: 
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• Oil booming and sorbent booming at 33 oil-spill-containment and control 
points.  At the most heavily boomed location, 176,124 feet of boom was 
deployed.  

• One Gravel-and-earth underflow dam at the meeting of the contaminated marsh 
and Talmadge Creek. This site was chosen because it was accessible to heavy 
equipment. Responders did not have the traditional materials for adjustable 
underflow dams on-site and had to construct one out of surplus materials and, 
therefore, were late deploying the technology. 

• Three vacuum trucks were used to recover oil at the underflow dam. Nine other 
vacuum tracks were deployed at other sites.  

• Oil skimmers were also used to recover oil. 
• On 25 acres, dredging was used to recover oil. This method was the most 

successful in terms of the amount of oil recovered. 
• Responders considered plugging the steel culvert pipe under Division Drive 

with earth to contain the oil upstream, but the quick water flow prohibited 
attempting this method.  

At the peak of deployment, 2,011 personnel engaged in oil spill recovery. As of 
summer 2013, the cleanup efforts were continuing. In October 2012, EPA directed 
Enbridge to dredge approximately 100 acres of the Kalamazoo River, as oil 
continued to accumulate in three areas. The main concern with the presence of this 
oil was that during a flood, the pools of oil could remobilize and contaminate parts 
of the river that had already been cleaned. EPA chose to move forward with 
dredging because it was deemed the most effective method during the original 
recovery efforts. Enbridge contested the EPA assessment, stating that further 
dredging would do more harm than good to the Kalamazoo River ecosystem. In 
March 2013, EPA ordered another round of dredging to remove submerged oil and 
oil-contaminated sediments upstream of the Ceresco Dam, in the Mill Ponds area, 
around Morrow Lake, and installation of sediment traps at two locations. The 
required dredging was to be completed by the end of 2013. 

Lessons Learned Regarding Recovery Efforts 
Three main issues were identified related to Enbridge’s recovery efforts:  
1. Communication –The spill occurred during the night and initial responders were 

not aware of the severity of the spill or the type of oil spilled, which led to 
impaired decision-making. Responders had no estimate of a volume release 
when the first round of containment methods was deployed.  

2. Lack of resources – Originally, Enbridge responders did not have the resources 
to contain or control the flow of oil into the surrounding bodies of water (such 
as materials for underflow dams). Enbridge initially brought in contractors from 
Minnesota, a 10-hour drive from the spill site, which slowed recovery time. The 
EPA on-scene coordinator provided Enbridge with the contact information for 
local contractors to keep recovery efforts moving forward.  

3. Lack of Training – During the initial response, Enbridge personnel placed the 
containment booms too far downstream to be effective, and also used booms 
that were incompatible with fast-moving water. This was related to both lack of 
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training, and also the lack of communication and knowledge regarding the 
severity of the spill. 

Burnaby Harbor Spill 
Spill Summary 
On July 24, 2007, approximately 1,400 barrels (58,800 gal.) of synthetic crude 
leaked from the Westridge Transfer Line in Burnaby, British Columbia. After the 
oil was spilled, it flowed in Burnaby’s storm sewer systems until it reached Burrard 
Inlet. In total, eleven houses were sprayed from the rupture, fifty properties were 
affected, 250 residents voluntarily left, and the Burrard Inlet’s marine environment 
and 1,200 meters of shoreline were affected by the spill.  
 
Five minutes after the rupture, the pipeline operator shut down the Westridge 
Pipeline, and the Westridge dock delivery valves were closed. However, the 
Burnaby Terminal is sited at a higher elevation than the rupture site, so gravity 
intensified the release of the oil. Twenty-four minutes after the rupture, the Burnaby 
Terminal and the Westridge Pipeline were fully isolated. Kinder Morgan 
established a unified command with the British Columbia Ministry of Environment 
and the National Energy Board (NEB) to coordinate the response. Nevertheless, the 
initial failure to fully shutdown the Westridge Pipeline was contrary to Kinder 
Morgan’s standard shutdown procedures. Cleanup took months and cost roughly 
$15 million and resulted in the recovery of approximately 1,321 barrels of oil. 
 
In 2011, three companies – two contracting companies and Trans Mountain 
Pipeline L.P. – pleaded guilty to violating the Environmental Management Act for 
introducing pollutants into the environment, and will each pay a $1,000 fine and 
donate $149,000 to the Habitat Conservation Trust Foundation. Trans Mountain 
Pipeline L.P. will be required to pay an additional $100,000 to fund training and 
education programs. 

Technologies Used in Recovery 
Kinder Morgan primarily relied on contractors to recover the oil (per Ministry of 
the Environment, 2007). The contractors used three distinct methods to recover the 
oil, based on the oil’s location: 
 
1. Residential areas. Peat moss was used successfully to absorb oil on land. 
2. Storm sewers. Oil in the storm sewers was vacuumed up. Much of the oil was 

collected in the pump station.  
3. Burrard Inlet. The responders were able to set up floating booms outside the 

storm sewer tunnels to collect oil that reached the Inlet. To treat the oil that had 
adhered to the shoreline, responders successfully used the chemical shoreline 
cleaner Corexit 9580.  

Lessons Learned 
The recovery effort during the Burnaby Harbor Spill was relatively successful.  
Because the synthetic crude traveled on a predictable path through the storm sewer 
system, responders were able to set up booms in a quick and efficient manner. We 
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were not able to find any reports of the oil sinking or being submerged in the water 
column. However, extrapolating the oil behavior in this case to other potential 
synthetic crude spills is difficult because most of the oil was collected in the storm 
sewer systems and on land. 
 
The primary issue in this case study was the lack of communication between city 
contractors and Kinder Morgan during the excavation process. As with the 
Kalamazoo Spill, failure to follow administrative procedures significantly increased 
the amount of oil spilled. 
 
Wabamun Lake Spill 
Spill Summary 
Forty-three Canadian National Railway (CN) freight railcars derailed on August 3, 
2005, adjacent to Lake Wabamun, just west of Edmonton, Alberta. The derailment 
resulted in 4,400 barrels of Bunker C oil and 554 barrels of pole-treating oil being 
spilled, with approximately 1,235 barrels1 of the oil entering the temperate Lake 
Wabamun. The spill was caused by a faulty train track that had at least 13 
undetected defects. Though Bunker C is not an oil sands product, it is a heavy oil 
and can have a density approaching that of water, and thus could be similar to 
undiluted bitumen. In this case, veteran spill responder Ron Goodman reported that 
the oil began to sink with limited amounts of weathering and sedimentation.  
 
CN used an oil response contractor to recover the spilled oil. However, after the 
contractor’s initial efforts, it became clear that the company was not sufficiently 
experienced in oil spills of this magnitude or of this type of oil. As a result, it was 
not able to contain the spill and CN eventually had to contract the cleanup to a more 
experienced response organization. The new response contractor surveyed oiling 
conditions using the Shoreline Cleanup and Assessment Technique (SCAT) and 
then moved to cleaning up individual shore segments. A number of reed beds were 
cut because the reeds became a continuing source of surface contamination. In total, 
approximately 1,076 barrels of oil was recovered and the response effort was 
completed in October 2005. 
 
During the cleanup, there was strong public perception that the government failed to 
do its job, specifically, that the recovery efforts were more concerned with getting 
the track cleared and working again than with any ecological effects. This was 
compounded by the delay in beginning cleanup efforts due to lack of available 
equipment. As a result, the Alberta Ministry of the Environment established the 
Environmental Protection Commission in August 2005 after the spill; First Nations 
sued CN and were awarded $10 million. CN spent approximately $132 million in 
cleanup costs and paid $1.4 million in fines, and additionally made changes to its 
spill procedures and equipment requirements.  

                                                           
1 The amount of oil that entered Lake Wabamun is debated and varies greatly depending on the source. This estimate 
is an average of the most commonly cited amounts. 
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Technologies Used in Recovery 
Two main elements were taken into consideration during the Lake Wabamun Spill 
response: weather and the type of oil spilled. Both of these elements affected the 
behavior of the spilled oil, such as when the oil submerged and entered the water 
column or when the oil sank to the bottom (per Fingas, 2010).  Responders used the 
following technologies: 
 
• Sorbent and containment booms were the first technologies deployed at the site.  

Sorbent booms were ineffective in containing the Bunker C oil and there were 
not enough containment booms to stop the spread of oil due to high winds. It 
was necessary for additional equipment to be brought in from across Canada 
and the United States.  

• Dikes were successfully built to stop the flow of oil into the lake. Once the 
ditches and dikes were completed, no further oil reached the lake. 

• Vacuum trucks helped recover the oil. 
• Hand shoveling and skimmers were relatively successful. 
• Sorbent pads were used to probe the bottom of Lake Wabamun in order to 

detect oil that had settled on the bottom. The Bunker C oil had formed a skin 
and did not adhere to the pads, making this technology ineffective. 

• Video cameras for detection were only successful in some shallow water 
situations due to the dispersed nature of the oil.  

• Nets of ten millimeters were ineffective. Responders had to move toward very 
fine netting, which inhibited water flow. Ten-millimeter nets were tried due to 
the previous success with this size of net in collecting bitumen. 

• Responders had very limited success in recovering oil once it reached the 
bottom. 

It is important to note that it was not until four days after the derailment that 
responders realized that pole treating oil had been spilled, in addition to the Bunker 
C oil. The pole treating oil was mixed with other chemicals to be used as a wood 
preservative and potentially contained toluene, benzene and its derivatives, 
naphthalene and its derivatives, phenyls, and polycyclic aromatic compounds. As a 
result, possible workplace hazard associated with the chemical was neither 
recognized nor communicated until days later.  

Lessons Learned 
The spill response effort at Wabamun Lake was not efficient particularly due to 
management decisions.  An emergency operations center under the unified 
command system (UC) was not set up.  Under UC, response agencies collaborate on 
the response effort, with the main purpose to provide guidelines for multiple 
agencies to work together efficiently.  This was the Transportation Safety Board of 
Canada’s primary criticism of the CN response efforts.  Other shortcomings 
observed during the response effort included: 
 
• Limited amounts of response equipment in close proximity to the spill.  This was 

problematic as it led to both negative public relations as citizens witnessed the 
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oil spreading without an adequate response, as well as responders missing 
crucial time in containing the spill.  Later, it was determined that some response 
equipment in the region was not made available because it was held in reserve 
in case of a concurrent environmental disaster.  

• The need for contingency planning. CN implemented its Dangerous Goods 
Emergency Response Plan but failed to install a unified command.  The lack of 
a central structure led to considerable confusion in the early stages of recovery 
as more responders arrived on scene and there was no organizational structure.  
Also, the contingency plan CN had in place was generic and had no specific 
guidelines for the Wabamun Lake area.  The plans had not been tested recently 
and there had been little contact with response groups in the area.  

• Lack of information regarding the behavior of heavy oil when spilled.  In this 
case, the lack of information regarding the interaction of oil and fine sediments 
and how the changes in surface water temperature would influence submerged 
oil, tar ball formation, and the long-term fate of submerged oil in marine and 
fresh water ecosystems affected cleanup efforts.  

• Limited number of tested and effective oil detection technologies.  Response 
crews lacked appropriate technology for detecting oil once it reached the bottom 
of the lake.  

Bakken Crude Oil Response Strategies. 
Response to spills of Bakken Crude Oils are likely similar to response to other light, 
volatile rich crude oils. The effectiveness of standard spill response techniques 
applied to spills of Bakken Crude Oils needs to be synthesized for this report.  
Specific responder and public health factors to be taken into account during 
response are discussed in the following section. 

 E. Bakken Crude Oil Safety issues  
(Cenovus Energy – MSDS and 2012 Emergency Response Guidebook) 
Because of the presence of up to 30 percent (by volume) light volatiles in Bakken 
Crude, the potential for fire and explosion is the single largest risk to responder and 
public health. Accordingly, extreme caution should be exercised during the initial 
stages of response. The following general response guidelines are from the 2012 
Emergency Response Guidebook prepared by the U.S. Department of Transportation 
– Pipeline and Hazardous Materials Safety Administration and Transport Canada. 
PUBLIC SAFETY 
As an immediate precautionary measure, isolate spill or leak area for at least 50 
meters (150 feet) in all directions. For large spills, consider initial downwind 
evacuation for at least 300 meters (1000 feet). If tank, rail car or tank truck is 
involved in a fire, ISOLATE for 800 meters (1/2 mile) in all directions; also, 
consider initial evacuation for 800 meters (1/2 mile) in all directions. For incidents 
with the potential to involve multiple rail cars or large tanks, this evacuation distance 
should be expanded accordingly. Keep unauthorized personnel away from the 
response.  Stay upwind, keep out of low areas and ventilate closed spaces before 
entering unless atmospheric concentrations of contaminants have been evaluated.  
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Fire Precautions:  All these products have a very low flash point: Use of water 
spray when fighting fire may be inefficient. 

 
Small Fire 
• Dry chemical, CO2, water spray or regular foam. 
 
Large Fire 
• Water spray, fog or regular foam. 
• Do not use straight streams. 
• Move containers from fire area if possible without risk. 
 
Fire involving Tanks or Car/Trailer Loads 
• Fight fire from maximum distance or use unmanned hose holders or monitor 
nozzles. 
• Cool containers with flooding quantities of water until well after fire is out. 
• Withdraw immediately in case of rising sound from venting safety devices or 
discoloration of tank. 
• ALWAYS stay away from tanks engulfed in fire. 
• For massive fire, use unmanned hose holders or monitor nozzles; if this is 
impossible, withdraw from area and let fire burn. 
 
Personnel precautions:   
Only appropriately trained personnel should respond to uncontrolled releases. Avoid 
direct contact with material; use appropriate personal protective equipment. 
Inhalation or contact with material may irritate or burn skin and eyes. Fire may 
produce irritating, corrosive and/or toxic gases. Vapors may cause dizziness or 
suffocation. Wear positive pressure self-contained breathing apparatus (SCBA) until 
atmospheric conditions have been evaluated. Structural firefighters’ protective 
clothing will only provide limited protection.   
 
Caution: Hydrogen sulfide may accumulate in headspaces of tanks and other 
equipment, even when concentrations in the liquid product are low. Factors 
increasing this hazard potential include heating, agitation and contact of the liquid 
with acid or acid salts. Assess the exposure risk by gas monitoring. Overexposure to 
hydrogen sulfide may cause dizziness, headache, nausea and possibly 
unconsciousness and death. 
 
Environmental precautions: Prevent material from entering soil, waterways, drains, 
sewers, or confined areas. Runoff from fire control or dilution water may cause 
pollution. 
 
Small Spill or Leak 
Eliminate all ignition sources (no smoking, flares, sparks or flames in immediate 
area). All equipment used when handling the product must be grounded. Do not 
touch or walk through spilled material. Stop leak if possible without risk. Prevent 
entry into waterways, sewers, basements or confined areas. A vapor suppressing 
foam may be used to reduce vapors. Absorb or cover product with dry earth, sand or 
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other non-combustible material and transfer to containers. Use clean non-sparking 
tools to collect absorbed material. 
 
Large spill 
Dike far ahead of liquid spill for later disposal. 
Water spray may reduce vapor but may not prevent ignition in closed spaces. 

 
First Aid 
Move victim to fresh air. 
Call 911 or emergency medical service. 
Give artificial respiration if victim is not breathing. 
Administer oxygen if breathing is difficult. 
Remove and isolate contaminated clothing and shoes. 
In case of contact with substance, immediately flush skin or eyes with running water 
for at least 20 minutes. 
Wash skin with soap and water. 
In case of burns, immediately cool affected skin for as long as possible with cold 
water. 
Do not remove clothing if adhering to skin. 
Keep victim warm and quiet. 
Ensure that medical personnel are aware of the material(s) involved and take 
precautions to protect themselves. 

 
II.  CONCLUSIONS 
Tar sand oils (and their derivatives) and Bakken Crude represent new and unique 
challenges to oil spill preparation and response community in the Northwest, owing to 
their unique characteristics, their relatively recent and dramatic increase in volumes 
shipped to new areas within the Northwest via new routes and transportation methods.  
Although standard oil spill response technologies, equipment, and experience in the 
Northwest is applicable to these new products, the locations and effectiveness of 
equipment currently staged in the Northwest needs to be further evaluated. Several key 
differences from the types of oils traditionally shipped in the Northwest (the potential 
for sinking oils and the potential for explosion of some products, for instance) highlight 
the need for continued evaluation of all aspects of response applied to these new 
products. 
 
III.   RECOMMENDATIONS 
The Emerging Risks Task Force recommends that the Northwest Area 
Committee and its participants: 

 
• Continue to watch developments in the push to develop new crude oil 

terminal projects and the corresponding increase in rail and vessel 
transport. This should include monitoring the Vessel Traffic Risk 
Assessment as one way to gage the increase in risk for the Northwest.   
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Continue to gather, analyze, and distribute information relative to response to 
spills of tar sand oils (and their derivatives) and Bakken Crude in the Northwest.   
In particular, the effectiveness of standard oil response equipment and strategies 
in addressing spills of Oil Sands Products and Bakken Crude oils needs to be 
evaluated, and the effects of spills on potentially impacted environments need to 
be available prior to the event of spills in order to streamline the response. 

 
• Synthesize and incorporate information on response safety and 

appropriate measures to increase responder and public health and safety 
into appropriate chapters of the NW Area Contingency Plan, and make 
that information available for incorporation into local emergency 
management plans. Evaluate facility response plans to make sure 
appropriate safety information is available and consistent with the NW 
Area Contingency Plan. 

 
The Area Planning Committee will continue to support and monitor the outcome 
of the current risk studies, in particular the joint Vessel Traffic Risk Assessment, 
which could lead to a series of recommendations to manage the changing risks in 
the Northwest. 
 
Monitor studies that are occurring in Canada to support the various proposed 
projects to improve our understanding of the fate and effects, efficacy of 
dispersants and long-term toxicity of OSP. 
 
Study the distribution of response equipment between inland and marine areas to 
assess whether we are prepared for the changing inland risks. 

 
IV.  FINDINGS: COAL  

A. Transportation picture 
The Powder River Basin (PRB) supplies 40 percent of the coal in the United 
States. It is the primary source for coal shipped or planning to be shipped 
from West Coast coal ports. The PRB bridges both Wyoming and Montana. 
Mining companies such as Arch Coal and Peabody Coal operate there. 
Peabody Energy's PRB operations include coal seams up to 100-feet thick 
and include train-loading capabilities. Peabody Energy's operations in 
Wyoming produce more than 140 million tons of coal each year for 
customers. 
 
There are two existing coal ports on the West Coast of Canada. The first, in 
Prince Rupert, British Columbia, is the home of Ridley Terminals Inc. The 
port is serviced by Canadian National (CN) Railway. Western Canadian 
mines export metallurgical and thermal coal. The facility can load at a rate 
of 9,000 tonnes per hour. The coal port has an annual shipping capacity of 
12 million tonnes and storage capacity of 1.2 million tonnes. The port moors 
vessels of 325 meters LOA (length overall), 50-meters beam, 22-meters 
draft and 250,000 DWT (deadweight tonnage).  
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The second coal port, Roberts Bank Superport, a twin-terminal port facility 
in the greater Vancouver area, has an annual shipping capacity of 27.3 
million tonnes. Its Westshore Terminal opened in 1970. The coal export 
terminal located at Roberts Bank, Delta, British Columbia, operates only 
500 meters from the United States border. It is Canada’s No. 1 export coal 
facility, surpassing the combined total coal exports of all other Canadian 
facilities. Westshore has also been the busiest single coal export terminal in 
all of North America, bringing in billions of dollars of export revenue for 
Canada and British Columbia. In recent years, Westshore has proved to be 
an increasingly popular choice on the West Coast for United States mines, 
particularly those in the Powder River Basin in Montana and Wyoming.  
 
Proposed coal terminals on the U.S. West Coast 
The Gateway Pacific Terminal (GPT) is located at Cherry Point - Ferndale, 
Washington. The proposal envisions an annual shipping capacity of 48 
million tons.  
 
The Millennium Bulk Terminals - Longview, Washington, has a proposal on 
the table to ship 44 million tons annually from the site of the former 
Reynolds Aluminum smelter in Cowlitz County.  

 
The Port of Morrow in Boardman, Oregon, would have a proposed annual 
3.5 - 8 million tons annual shipping capacity. The project would ship coal 
from the U.S. Intermountain region to Asian markets. Coal would be 
shipped by rail from Wyoming and Montana to the Port of Morrow. It 
would be transferred and loaded onto barges to be shipped down the 
Columbia River to Port of St. Helens’ Port Westward Industrial Park. There, 
transloaders would transfer the coal onto covered oceangoing Panamax 
ships. 
 
Railroad Routes: 
Sandpoint, Id. to Spokane, Wash. (BNSF - 78.3 Miles) - The Montana Rail 
Link route from Mossmain would converge with BNSF direct coal from 
Shelby at Sandpoint, Id. and move on the BNSF line to Spokane, Wash. All 
(100 percent) BNSF export coal and oil to the Pacific Northwest moves over 
this 78.3-mile line segment. This line is commonly known as the “Funnel,” 
and is the second-busiest rail corridor in Washington. 
 
Stevens Pass / Cascade Tunnel - BNSF’s Everett-Spokane line, which 
passes through the Cascade Tunnel at Stevens Pass, is the BNSF’s major 
northern transcontinental route for double-stack intermodal container trains. 
It is heavily used, operated at about 70 percent of practical capacity in 2008. 
Empty oil tank cars and coal cars return eastward on this line.  
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Columbia River Gorge - The BNSF’s Vancouver-Pasco line, which follows 
the Columbia River along the north side of the Columbia River Gorge, is 
used by double-stack intermodal container trains moving east and grain 
trains moving west to Pacific Northwest export grain terminals. The line is 
operating today at about 80 percent of practical capacity. This is the primary 
route for loaded oil and coal unit trains. 
  
 North-South I-5 Corridor - BNSF’s line connecting Seattle with Portland, 
Ore., is the most heavily trafficked rail line in Washington State, conveying 
BNSF and UP trains (the latter via trackage rights) to and from the major 
Pacific Northwest ports. The corridor hosts an average of 58 freight trains 
each day. PRB to Pacific Northwest export coal tons will move over this 
route from Vancouver, Wash., to Longview and between Longview, and 
Seattle. Additionally, this is the route for Bakken crude oil transport to the 
Northwest.   
 
Should these various rail-to-terminal projects be permitted and built, there 
will be an associated increase in vessel traffic to move the coal out of the 
state (or out of Canada through U.S. waters).  It is not known but we can 
expect an associated increase in bunkering with the increase in vessel traffic.  
We suggest that we wait for the results of the VTRA before making 
conclusions on how this may change the risk picture for the Northwest. 
 
Should these various rail to terminal projects be permitted and built, there 
will be an associated increase in vessel traffic to move the coal out of the 
state (or out of Canada through U.S. waters). It is not certain but 
expectations are for an associated increase in bunkering with the increase in 
vessel traffic.  We suggest waiting for the results of the Vessel Traffic Risk 
Assessment before forming conclusions as to how this may change the risk 
picture for the Northwest. 
http://fragis.frasafety.net/GISFRASafety/.  
 

B. Definition  
Powder River Basin Coal. Coal mined from Powder River Basin (PRB) coal 
deposits found in southeast Montana and Northeast Wyoming (see map).  
PRB coal is classified as sub-bituminous, containing approximately 8,500 
btu/lb, with low sulfur content relative to other coal sources. The table 
below compares characteristics and constituents of PRB Coal to Indiana 
Coal.  
 

http://fragis.frasafety.net/GISFRASafety/
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Source: M. Mastalerz, A. Drobniak, J. Rupp and N. Shaffer, “Assessment of 
the Quality of Indiana coal for Integrated Gasification Combined Cycle 
Performance (IGCC),” Indiana Geological Survey, Indiana University, June 
2005 
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C. Characteristics 
Coal is a heterogeneous material and varies widely in texture and content of 
water, carbon, organic compounds and mineral impurities. Among its 
constituents are such potential toxicants as polycyclic aromatic 
hydrocarbons (PAHs) and trace metals/metalloids. Due to coal’s relatively 
low specific gravity compared to most sediment particles, transport by water 
movement may result in larger particles of coal being transported and 
deposited with smaller, denser particles of sands and gravels. Settling times 
and, therefore, transport distances will also be greater for a given particle 
size. 
 
When present in marine environments in sufficient quantities, coal will have 
physical effects on organisms similar to those of other suspended or 
deposited sediments. These include abrasion, smothering, alteration of 



 FINAL 

Emerging Risks Task Force  Page 29 
 

sediment texture and stability, reduced availability of light, and clogging of 
respiratory and feeding organs. Such effects are relatively well documented. 
 
It is less clear whether organic compounds in coal can leach out into 
aqueous solution at concentrations that would cause concern from the 
perspective of potential biological effects. A fairly lengthy study sponsored 
by the USEPA (Carlson et al., 1979) used both Lake Superior water and 
purified water to create coal leachate solutions, but the concentrations of 
individual PAHs was less than 10-50 ng/L (parts per trillion). The 
predominant PAH types that solubilized were lower weight and alkylated 
PAHs, but the resulting equilibrium concentrations were equivalent to 
background levels in Lake Superior water. According to an environmental 
chemist with experience in distinguishing sources of PAHs in the marine 
environment, the tenacity with which PAHs are retained by coal can be 
explained by its physical structure: 
 

Coal often carries a petrogenic (oil-sourced) PAH signature that can be partially 
extracted on exposure to aggressive organic solvents like dichloromethane, but 
they are not bioavailable because they are sequestered within the mostly 
crystalline carbon matrix of coal. Consequently, the PAH signature contains 
abundant proportions of labile species like naphthalene that persist over 
geologic time scales in sediments  
(Jeffrey Short, JWS Consulting, LLC, pers. comm., 5 February 2013). 

 
Toxic effects of contaminants in coal are much less evident, highly 
dependent on coal composition, and in many situations their bioavailability 
appears to be low. Bender et al. (1987) studied the uptake of hydrocarbons 
from coal in oysters and found virtually no increase in tissue burdens and no 
effect of even the highest exposure on shell growth. Chapman et al. (1996) 
studied the availability of coal dumped near Victoria (B.C.) harbor in 1891 
and also reviewed the literature for effects of coal on aquatic organisms, and 
in both cases found little effect. Nevertheless, the presence of contaminants 
at high concentrations in some coal leachates and the demonstration of 
biological uptake of coal-derived contaminants in a small number of studies 
suggest that this may not always be the case, a situation that might be 
expected from coal’s heterogeneous chemical composition; and recently, a 
noted NOAA toxicologist studying the biochemistry of oil hydrocarbons 
expressed concerns about the potential for biological effects from similar 
coal hydrocarbons. There are, however, surprisingly few studies in the 
marine environment focusing on toxic effects of contaminants of coal at 
organism-, population- or assemblage-levels. Campbell et al. (1997) found 
that juvenile Chinook salmon exposed to coal dust experienced elevated 
induction of CYP1a1, a gene encoding the xenobiotic metabolizing 
cytochrome P450 enzyme—but the implications of this to the health of the 
fish were not determined. The limited evidence indicating bioavailability of 
coal hydrocarbons under certain circumstances suggests that more detailed 
studies would be prudent, particularly with the Powder River product 
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expected to be transported through the Pacific Northwest and under 
conditions of exposure relevant to our region. 
 
Beyond the potential for uptake and effect of hydrocarbons in coal, another 
environmental concern may be the elevated levels of metals that are found 
in association with coal. While emissions from coal burning and coal fly ash 
have been well documented as sources of elevated trace metals into the air 
and soil, less information is available about the metal content of processed 
coal and the potential environmental implications from those metals.  
Struempler and Jolley (1979) measured trace metals in samples of Wyoming 
coal from the Fort Union and Hannah Formations (refer to figure above). 
For eleven Fort Union Formation coal samples, average concentrations (in 
parts per million) of metals were as follows: 
 
Al = 6,700; Na = 780; K = 520; Mn = 41; Zn = 38; Cu = 21; Co = 4.1; Pb = 
5.6; Cd = 0.43; Ag = 0.5; Tl = <0.5. 
 
Bounds and Johannesson (2007) analyzed soil samples near the largest coal 
terminal in the northern hemisphere, located in Norfolk, VA. They found 
arsenic concentrations in soil samples and coal extracted from soil that 
ranged as high as 30.5 and 17.4 mg/kg (ppm), respectively. They concluded 
that risks from coal itself were likely minor, but environmental 
consequences of arsenic associated with the coal were not known. 
 
As with the PAHs, it is not clear if or to what extent trace elements in coal 
are biologically available to potentially exposed organisms. As a result, the 
significance of concentrations of metals or other elements that occur with 
coal at naturally enriched levels is uncertain. Coal dust escapement and 
rainwater leachate from coal cars can be expected along rail corridors in the 
Northwest and at transfer terminals, and it is likely that concentrations of 
metals will be elevated in these areas 
(http://www.epa.gov/cleanenergy/energy-and-you/affect/coal.html).   
 
A similar situation was documented in the latter part of the twentieth 
century along U.S highways and interstates, in which environmental 
concentrations of lead were found along the lengths of the roadways due to 
lead anti-knock additives in gasoline (since banned). However—whether the 
higher concentrations of metals that might result from coal transport by rail 
can be considered as environmental risks remains to be determined. 
 
In the paper titled “Juvenile Salmonid Use of Habitats Altered by a Coal 
Port in the Fraser River Estuary, British Columbia,” C.D. Levings (Marine 
Pollution Bulletin, Volume, 16) describes alteration of habitat and diversion 
of Salmonid migration via an associated causeway due to impacts of coal 
terminal development. 
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The PAH content of coals is summarized in the table below.  Powder River 
Basin coal would compare most directly to the Wyodak, USA, and possibly 
to other listed highly volatile, sub–bituminous entries. 
 

 
From: Native polycyclic aromatic hydrocarbons (PAH) in coals – A hardly recognized 
source of environmental contamination by C. Achten, and T. Hofmann, Science in the Total 
Environment, Elsevier B.V., 2008. 
 
Summary table providing detailed analysis (n >150, depending on 
characteristic) of trace metals and other constituents in one coal zone of the 
Powder River Basin. 
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From: Coal Quality and Geochemistry, Powder River Basin, Wyoming and 
Montana by G.D. Stricker and M.S. Ellis in U.S. Geological Survey Professional 
Paper 1625-A: 1999 Resource Assessment of selected Tertiary coal beds and zones 
in the Northern Rocky Mountains and Great Plains region.  
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Regulatory Framework 
Under U.S. Federal Regulations, coal is listed on the Toxic Substance 
Control Inventory. However, there is no CERCLA Reportable Quantity and 
it is not a listed waste under the Resource Conservation and Recovery Act 
(RCRA). As a solid waste, spilled coal would need to be characterized and a 
hazardous waste determination would need to be performed to determine 
whether RCRA is applicable. Coal is not considered an Extremely 
Hazardous Substance under SARA (Superfund Amendments and 
Reauthorization Act) TITLE III, Section 302.  
 
The state environmental regulatory agencies consider spilled coal to be a 
solid waste, and potentially a hazardous waste depending on the presence of 
hazardous constituents. Available information on Powder River Basin coal 
does not indicate that hazardous constituents would be present in 
concentrations that would trigger designation as a hazardous waste if spilled, 
but that determination would need to be based on laboratory analyses of the 
source materials being transported, or through characterization of the waste 
itself. 
 
The spillage of coal to land within the states would, at a minimum, trigger 
the need to characterize and clean up the wastes under state solid waste 
regulations. The spillage of coal into state waters, or into adjacent land area 
that could impact water quality would be a violation of water quality 
regulations and would necessitate immediate reporting to the appropriate 
state environmental agencies.   

 
D. Response strategies 
Appropriate response strategies for spills of coal will depend on the location 
of the spill, the environment the spill occurs in, and the media directly and 
indirectly impacted. All routes of transport or exposure, along with safety 
and occupational health concerns, need to be considered in site stabilization 
and cleanup efforts. 
 
Response and cleanup of spilled coal would need to be coordinated with 
federal and state environmental agencies to make sure cleanup efforts do not 
further harm land or aquatic habitats, and to protect public health and the 
environment. Emergency authorizations and permits may be required to 
complete assessment and cleanup, and in some cases, the decision to delay 
or postpone these actions may be made to protect sensitive habitats. The 
NW Area Contingency Plan has resources to identify necessary permits and 
authorizations and the regulatory agencies administering them. 
 
Collected wastes from the cleanup of spilled coal would need to be 
characterized and managed appropriately and disposed at an approved solid 
or hazardous waste facility, as indicated by the waste determination. 
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E. Safety issues 
Coal handling and transport present unique challenges with respect to safety 
and protection of public and responder health. Risks of ignition, explosion, 
spontaneous combustion, the ability to create oxygen-poor environments, 
and the potential for dusts to create respiratory hazards must all be 
considered during routine material handling and spills alike. Although some 
elements of this topic are already covered in the Hazardous Materials and 
Marine Firefighting Sections of the Northwest Area Contingency Plan, the 
degree to which coal-specific safety elements are incorporated has not been 
evaluated by the task force. The integration of this information into local 
emergency management plans, or facility response plans also has not been 
evaluated. 
 
 
 
From: Fire-protection guidelines for handling and storing PRB coal by 
Edward B. Douberly, Utility FPE Group, Inc. 
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V.  CONCLUSIONS 
Although coal transport is not new to the Pacific Northwest, the dramatic 
increase in the amount of Powder River Basin coal transport presents new 
risks and challenges to emergency planning and response.   
 
There is a general lack of information regarding the impacts of coal when 
spilled to the environment, and even limited information on the makeup and 
characteristics of coal originating from the Powder River Basin. The lack of 
information on constituents and characteristics of the PRB coals and their 
effects on the environment when spilled will complicate response and delay 
or impede characterization and cleanup efforts. 
 
Though there is limited available information on the toxicity of coal 
constituents in freshwater and marine environments, the physical impacts of 
coal particles (especially dusts on land and suspended fine sediments in 
aqueous environments) represent risks to these environments that must be 
addressed if spilled, and will present challenges to the response and cleanup 
efforts. 
 
The unique firefighting and safety issues surrounding coal are substantial 
and well documented in the literature but may be less known to local 
responders in areas where coal transportation has dramatically increased. 
The impacts of transportation and safety issues have likely not been 
incorporated into local emergency planning efforts. 
 
VI.  RECOMMENDATIONS 
The Emerging Risks Task Force recommends that the Northwest Area 
Committee and its participants: 
 
• Continue to watch developments in the push to develop new terminal 

projects and the corresponding increase in rail and vessel transport. This 
should include monitoring the Vessel Traffic Risk Assessment as one 
way to gage the increase in risk for the Northwest.   
 

• Continue to gather, analyze, and distribute information relative to the 
response to spills of coal in the Northwest. In particular, detailed analysis 
of the constituents that make up Powder River Basin coal, and their 
effects on potentially impacted environments need to be available prior to 
the event of spills in order to streamline response. 

 
• Support research to better understand the environmental consequences of 

Powder River Basin coal introduced into the aquatic and marine 
environments of the Northwest, specifically, whether contaminants 
associated with the coal (PAHs, metals, trace elements) are biologically 
available under conditions reasonably expected to be encountered in our 
region. 



 FINAL 

Emerging Risks Task Force  Page 36 
 

 
• Synthesize and incorporate information on response safety and 

appropriate measures to increase responder and public health and safety 
into appropriate chapters of the NW Area Contingency Plan, and make 
that information available for incorporation into local emergency 
management plans. Evaluate facility response plans to make sure 
appropriate safety information is available and consistent with the NW 
Area Contingency Plan. 
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VII.  FINDINGS: HEAVY FUEL OILS OR NONFLOATING OILS  

A. Transportation picture 
From 1991 to 1996, approximately 17 percent of the petroleum products 
transported over U.S. waters were heavy oils and heavy-oil products, such 
as residual fuel oils, coke, and asphalt. Approximately 44 percent was 
moved by barge and 56 percent by tanker. (Spills of Nonfloating Oils: Risk 
and Response/National Research Council) 
 
From 1991 to 1996, approximately 23 percent of the petroleum products 
spilled in U.S. waters were heavy oils. In only 20 percent of these spills did 
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a significant portion of the spilled products sink or become suspended in the 
water column. Most of the time, spills of heavy oil remained on the surface. 
The average number of spills of more than 20 barrels of heavy oil and 
asphalt was 16 per year, with an average volume of 785 barrels per spill. 
(Spills of Nonfloating Oils: Risk and Response/National Research Council) 
 
In calendar year 2011, the five refineries in the [Pacific Northwest] region 
shipped 2.25 million barrels of <10 API gravity oil [heavy oil] in 41 vessel 
transits both by ship and barge. (Frank Holmes, WSPA, 2013 email)  The 
five refineries: BP’s Cherry Point Refinery (Ferndale, Wash.), Phillips 66 
Refinery (Ferndale, Wash.), Tesoro Refinery (Anacortes, Wash.), Shell 
Refinery, (Anacortes, Wash.), and US Oil Refinery, (Tacoma, Wash.)  
 
These over-the-water transports can trigger federal / state regulations which 
require Facilities, Vessels and Oil Spill Response Organizations 
(OSROs) http://www.uscg.mil/hq/nsfweb/nsf/nsfcc/ops/ResponseSupport/R
RAB/osroclassifiedguidelines.asp to have additional equipment in their 
inventories to locate, contain and remove sunken [heavy] oil. See Vessel (33 
CFR §155.1052 & Facility (33 CFR §154.1047) regulations. If a facility or 
vessel handles [heavy] Group V oil as a primary cargo, it must be called out 
clearly in their response plans and identify OSROs that have equipment to 
detect, contain and recover Group V oil. Within the Sector Puget Sound 
zone four, OSROs have identified themselves as having Group V 
capabilities. They are Marine Spill Response Corporation, National 
Response Corporation, Marine Pollution Control Corporation and Oil MOP 
Incorporated. Within the Sector Columbia River zone four, OSROs have 
identified themselves as having Group V capabilities. They are Marine Spill 
Response Corporation, National Response Corporation, Clean Harbors 
Environmental Services and Oil MOP 
Incorporated. https://cgrri.uscg.mil/UserReports/WebClassificationReport.as
px  
   
 OSROs self-certify that they have Group V [heavy oil] response capability 
by checking a box in the USCG National Strike Force (NSF) Response 
Resource Inventory (RRI) database. According to the National Strike Force 
Coordination Center, the CG RRI program has no programming in the 
system to validate these claims. Nor are these capabilities specifically 
targeted or confirmed during Port Area Visits by the USCG National Strike 
Force teams in the field conducting equipment verifications. In the lessons 
learned from the 2007 paper on the Tank Barge DBL, 152 author’s note: 
“The current OSRO classification system and Vessel Response Plan review 
process do not validate the OSRO or owner/operators’ ability to respond to a 
Group V oil spill. As a result, the nation’s ability to respond to Group V 
remains unknown.” (Elliott, et al., 2007) Self-certification without 
verification certainly calls for further discussion.  
 

http://www.uscg.mil/hq/nsfweb/nsf/nsfcc/ops/ResponseSupport/RRAB/osroclassifiedguidelines.asp
http://www.uscg.mil/hq/nsfweb/nsf/nsfcc/ops/ResponseSupport/RRAB/osroclassifiedguidelines.asp
https://cgrri.uscg.mil/UserReports/WebClassificationReport.aspx
https://cgrri.uscg.mil/UserReports/WebClassificationReport.aspx
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B. Definition 
 Group V Oils. 
Oils in our Area of Responsibility (AOR) that represent the threat of sinking 
or are classified as Group V oils (Per 33 CFR 155.1020 - Definition Group 
V oil – One that has a specific gravity greater than 1.0.) 
 
Specific gravity, as used in the regulatory definition of Group V oils, does 
not adequately characterize all oil types and weathering conditions that 
produce nonfloating oils. In addressing the issue of responses to Group V oil 
spills, defined by current regulations as oils with a specific gravity of greater 
than 1.0, the issue of concern is planning for and responding to oil spills in 
which most, or a significant quantity, of the spilled oil does not float. Some, 
therefore, may use the term “nonfloating oils” to describe the oils of 
concern. (Spills of Nonfloating Oils: Risk and Response/National Research 
Council) 
 
In Coast Guard District 13 / EPA Region 10, sinking oils are found in Group V 
Residual Fuel Oils (GPVRFO), known by the industry term “LAPIO” (Low API 
Oil), including Asphalt and Asphalt Products. Additional terms that can identify 
potentially sinking oils include No. 6 oil, Bunker C, heavy cycle gas oil, slurry oil 
or residual fractions, coal tar oil, carbon black feedstock and residual bottoms. 
There are small quantities of Residual Fuel Oil, just under a two-gallon yield, from 
each barrel of crude oil refined. (American Petroleum Institute (API)) 
 
New regulations in the state of Washington require a thorough description in oil 
spill plans concerning the types and characteristics of oils handled by the facility, 
vessel and pipeline companies. This includes both the API gravity and oil 
classification group. This will aid in the planning for responses within the 
Northwest community.  The state has also adopted the federal standard for Group V 
oil equipment and requires that the assets be located locally. 

 
C. Characteristics 
“Heavy oil” is the term used by the response community to describe dense, viscous 
oils with the following general characteristics: low volatility (flash point higher than 
65°C), very little loss by evaporation, and a viscous to semi-solid consistency 
(NOAA and API, 1995).  
 
The term “nonfloating oil” is used to describe all oils that do not float on water, 
including oils that are denser than the receiving waters and either sink immediately 
or mix into the water column and move with the water as suspended oil; as well as 
the portion of oil that is initially buoyant but sinks after interacting with wind or 
waves. (Spills of Nonfloating Oils: Risk and Response/National Research Council) 
 
Nonfloating oils move below the sea surface either because of their initial densities 
or because of changes in their densities as a result of weathering or interaction with 
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sediments. These oils may be just below the water surface, suspended in the water 
column, or deposited on the seabed. (Spills of Nonfloating Oils: Risk and 
Response/National Research Council)  

The Nestucca Spill in December 1988 released 5,500 barrels of heavy marine fuel 
oil with an API gravity of 12.1 three kilometers off Grays Harbor, Wash. The 
spilled oil quickly formed tar balls that moved below the water surface (i.e., were 
overwashed by waves) and could not be tracked visually. Two weeks later, oil 
unexpectedly came ashore along the coast of Vancouver Island, Canada, 175 
kilometers north of the release site, contaminating 150 kilometers of shoreline 
(NOAA, 1992).  

D. Response strategies 
There are a number of subcontractors connected to OSROs that provide 
niche expertise when it comes to detecting, containing and recovering 
sinking oils. They include but are not limited to local companies such as 
Manson Construction, Global Diving and Salvage, NW Underwater 
Construction, Fred Devine Diving and Salvage, Anchor Environmental and 
Hickey Marine. Nationally, major salvage companies such as T&T Marine 
Salvage have additional resources for detecting and recovering submerged 
oil.   
 
Within the District 13 AOR, the expectation of the Co-chairs of the Area 
Committee and committee members is that Group V oil will be identified in 
the initial report of an oil spill to the National Response Center. Also, 
communication of the potential for sinking oil must again be brought to the 
attention of the Unified Command at the Initial UC Meeting. With 
knowledge that oil spilled is Group V, professional oil spill responders will 
identify specialized submerged oil equipment / personnel and get it on-
scene. Unified Commanders must concern themselves with writing response 
objectives aimed at underwater detection, containment and recovery. The 
Operations Section will meet these objectives by developing detection 
strategies potentially using sonar, divers / cameras, ROV / camera, aircraft, 
photo bathymetry, diaper drops, dragnet, snare drops, and side-scan sonar. 
Containment strategies consist of using bubble curtains, water jets, surface-
to-bottom nets/screens, silt curtain, and natural collection sites. Recovery 
strategies consist of using diver directed oil recovery operations, remotely 
operated vehicles, dredges, vacuum systems, integrated video mapping 
systems, nets, sorbents, bioremediation and pre-spill surveys. The difficultly 
in ramping up to detect and recover Group V oils in the water column or on 
the sea bottom is no small logistical / operational matter.        
 
Within the District, there are a number of companies that are experienced 
with surface-supplied and saturation diving; but in general, above the 
minimum requirements of the CFRs, there is a not an extensive stockpile of 
submerged equipment resident in our region. Some of the more unique 
equipment is not resident and will have to be cascaded in from outside the 



 FINAL 

Emerging Risks Task Force  Page 41 
 

region. Knowledge of and the decisions to mobilize specific equipment and 
personnel early from across the continent will be essential to waging an 
aggressive cleanup campaign. Specifically, detection equipment for sinking 
oil can be proprietary as it is an evolving technology.  
 
The Incident Command System has the flexibility to expand to incorporate 
Sinking Oil Detection Groups, Sinking Oil Recovery Groups and Sinking 
Oil Divisions; however, no management system can be successful without 
awareness, planning and exercising beforehand.  
 
Although spill modeling and supporting information systems are well 
developed, they are not commonly used in response to nonfloating-oil spills 
because of limited environmental data and observations of oil suspended in 
the water or deposited on the seabed. Oil-spill models and supporting 
information systems are routinely used in contingency planning and spill 
responses. Sophisticated, user-friendly interfaces have been developed to 
take advantage of the latest advances in computer hardware and software. 
The current generation of models can rapidly incorporate environmental 
data from a variety of sources and include integrated geographic information 
systems. The models can also assimilate data on the most recently observed 
location of spilled oil and have improved forecasts of oil movements. They 
are not routinely used, however, in response to nonfloating oil spills because 
of the lack of supporting data on three-dimensional currents and 
concentrations of suspended sediments. Field data, such as oil 
concentrations in the water column and on the seabed, are also not generally 
available to validate or update models. (Spills of Nonfloating Oils: Risk and 
Response/National Research Council) 
 
Although a number of techniques and tools for tracking subsurface oil have 
been developed, most have not been used in response to actual oil spills. 
Many techniques are available for determining the location of oil both in the 
water column and on the seabed. These include visual observations, 
geophysical and acoustic methods, remote sensing, water-column and 
seabed sampling, in situ detectors, and nets and trawl sampling. The most 
direct and simplest methods, such as diver observations and direct sampling, 
are widely used, but they are labor intensive and slow. More sophisticated 
approaches, such as remote sensing, are limited to zones very near the sea 
surface because of technical constraints. Other advanced technologies, such 
as acoustic techniques, cannot differentiate between oil and water or 
between oiled sediments and underlying sediments. Many of the more 
sophisticated systems are prone to misuse and produce ambiguous data that 
are subject to misinterpretation. The performance of all but the simplest 
methods is undocumented either by field experiments or by use in spill 
responses. (Spills of Nonfloating Oils: Risk and Response/National 
Research Council) 
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Technologies are available for containing and recovering subsurface oil, but 
few are effective and most work only in very limited environmental 
conditions. Containment of oil suspended in the water column using silt 
curtains, pneumatic barriers, and nets and trawls is only effective in areas 
with very low currents and minimal wave activity. These conditions rarely 
exist at spill sites, particularly at sites in estuarine or coastal waters. The 
recovery of oil in the water column by trawls and nets is limited by the 
viscosity of the oil and net tow speeds. The containment of oil on the seabed 
is typically ineffective, except at natural collection points (e.g., depressions 
and areas of convergence). The collection of oil on the seabed by manual 
methods, in natural collection areas and along the shoreline after beaching, 
is effective but labor intensive and slow. Manual methods are also limited 
by the depths at which diver-based operations can be carried out safely. 
Dredging techniques have rarely been used because of limited recovery 
rates, the large volumes of water and sediment generated, and the problems 
of storing, treating, and discharging co-produced materials. (Spills of 
Nonfloating Oils: Risk and Response/National Research Council) 
 
The lack of knowledge and lack of experience, especially at the local level, 
in responding to spills of nonfloating oils is a significant barrier to effective 
response. The knowledge base and response capabilities for tracking, 
containing, and recovering nonfloating oils have not been adequately 
developed. Even at the national level, no system has been developed for 
sharing experiences or documenting the effectiveness and limitations of 
various options. With limited experience and a lack of proven, specialized 
systems, responders have found it difficult to adapt available equipment for 
responses to spills of nonfloating oils. (Spills of Nonfloating Oils: Risk and 
Response/National Research Council) 

 
E. Safety issues 
 Nonfloating oils behave differently and have different environmental fates 
and effects from floating oils. The resources at greatest risk from spills of 
floating oils are those that use the water surface and the shoreline. Floating-
oil spills seldom have significant impacts on water-column and benthic 
resources. In contrast, nonfloating-oil spills pose a substantial threat to 
water-column and benthic resources, particularly where significant amounts 
of oil have accumulated on the seafloor. Nonfloating oils tend to weather 
slowly and thus can affect resources for long periods of time and at great 
distances from the release site. All told, the effects and behavior of 
nonfloating oil are poorly understood. (Spills of Nonfloating Oils: Risk and 
Response / National Research Council) 
  
In general, a commercial diving operation inspection consists of three 
phases: (1) Personnel, (2) Operations, and (3) Equipment. The OSHA and 
Coast Guard regulations are similar in scope; however, additional 
requirements apply when conducting operations from vessels that require a 
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Coast Guard certificate of inspection. (COMMERCIAL DIVING 
OPERATIONS DURING SALVAGE AND POLLUTION RESPONSE 
OPERATIONS, James E. Elliott) 
 
If the commercial diving contractor wishes to deviate from the USCG 
requirements, the contractor must submit a variance request in writing to 
Coast Guard Headquarters via the local Marine Safety Office. A copy of all 
approved variances must be available at the dive location or aboard the dive 
support vessel before commencing diving operations. OSHA does not 
permit deviations from their diving standards. (COMMERCIAL DIVING 
OPERATIONS DURING SALVAGE AND POLLUTION RESPONSE 
OPERATIONS, James E. Elliott) 
 
When diving operations are conducted in contaminated water or in an area 
where there is a substantial threat of discharge of oil or hazardous materials, 
commercial divers must also comply with the OSHA training and 
operational standards for Hazardous Waste Operations and Emergency 
Response (HAZWOPER). Divers should provide proof of H AZWOPER 
training, and evidence that they have completed the annual refresher 
training, before commencing diving operations. (COMMERCIAL DIVING 
OPERATIONS DURING SALVAGE AND POLLUTION RESPONSE 
OPERATIONS, James E. Elliott) 
 
Diving in contaminated water requires equipment that protects divers from 
pollutants. As a rule, if the pollutant is unknown, diving operations should 
not be permitted. With the exception of the requirement to comply with the 
HAZWOPER standards, to date, the U.S. Coast Guard, OSHA, and the 
International Maritime Organization have not published regulations that 
mandate specific equipment or training for diving in contaminated water. 
However, the National Research Council (NRC), U.S. Environmental 
Protection Agency (EPA), and the National Oceanic and Atmospheric 
Administration (NOAA) have published guidance and protocols. 
Additionally, the Association of Diving Contractors (ADC) has drafted 
industry standards for contaminated water diving that are now under review 
by the members of the association. (COMMERCIAL DIVING 
OPERATIONS DURING SALVAGE AND POLLUTION RESPONSE 
OPERATIONS, James E. Elliott) 
 
The NRC’s report on spills of nonfloating oils recommends operational 
limitations for diving in contaminated waters to depths of 20 meters, a 
minimum visibility of 0.5 to 1.0 meter, and low-water currents (NRC, 
1999). However, existing OSHA and USCG regulations allow commercial 
divers to work in depths in excess of 60 meters, zero visibility, and heavy 
currents. Additionally, the ADC, EPA, and NOAA do not restrict 
commercial diving operations to depths that are more stringent than the 
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depth requirements noted in the regulatory checklist, nor do they mandate 
visibility and current-speed standards. 
 
A review of historical submerged oil recovery case studies shows that 
commercial divers have safely and successfully completed operations in 
conditions that exceed the NRC’s proposed operational limitations. For 
example, during the T/B Apex 3512 oil recovery from the bottom of the 
lower Mississippi in 1995, divers worked in depths that exceeded 20 meters, 
“zero visibility and a strong downriver current” (Weems, et al, 1997). 
Divers encountered similar conditions during the winter of 1995 submerged 
coal tar recovery in the Detroit River (Helland, et al, 1997). 
 
It should be noted that according to the EPA, equipment problems in 
contaminated water are caused primarily by petroleum products (Traver, 
1986). Divers exposed to petroleum constituents often experience equipment 
failure and deterioration. For example, Purser and Kunz provide a case study 
where a diver was exposed to elevated levels of benzene: “The benzene 
weakened the rubber straps on his helmet, and his neck, face and head were 
well exposed to the benzene mixture for a few seconds.” The diver was later 
hospitalized due to his brief exposure (Purser and Kunz, 1985). 
(COMMERCIAL DIVING OPERATIONS DURING SALVAGE AND 
POLLUTION RESPONSE OPERATIONS, James E. Elliott) 
 
To prevent these types of accidents, safety officers should supplement their 
site-specific safety plan and on-site safety audits with a safety checklist for 
contaminated water diving. (COMMERCIAL DIVING OPERATIONS 
DURING SALVAGE AND POLLUTION RESPONSE OPERATIONS, 
James E. Elliott) 
 

VIII. CONCLUSIONS 
A.  The tracking, containment, and recovery of spills of nonfloating oils pose 
challenging problems, principally because nonfloating oils suspended in the water 
column become mixed with large volumes of seawater and may interact with 
sediments in the water column or on the seabed. The ability to track, contain, and 
recover nonfloating oils is critically dependent on the physical and chemical 
properties of the oils and the water or the oils and the other materials dispersed in 
the water column or on the seabed. The differences in these characteristics are 
often quite small, and little technology is available for determining them. (Spills of 
Nonfloating Oils: Risk and Response/National Research Council) 
 
B.  Although many methods are available for tracking nonfloating oils, the simplest 
and most reliable are labor intensive and cover only limited areas. More 
sophisticated methods have severe technical limitations, require specialized 
equipment and highly skilled operators, or cannot distinguish oil from water or 
other materials dispersed in the water column. Engineered systems for containing 
oil in the water column or on the seabed are few and only work in environments 
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with low currents and minimal waves. Natural containment in seabed depressions 
or in the lee of topographical or man-made structures on the seabed is effective for 
containing oils, but these are not always present in the vicinity of the spill. (Spills 
of Nonfloating Oils: Risk and Response/National Research Council) 
 
C.  The recovery of oil from the water column is very difficult because of the low 
concentration of dispersed oil; hence, recovery is rarely attempted. If oil collects on 
the seabed in natural containment areas, many options for effective recovery are 
available, although most of them are labor intensive and access to response 
equipment is a problem. (Spills of Nonfloating Oils: Risk and Response/National 
Research Council) 
 
D.  The risks of potential harm to water-column and benthic resources from 
nonfloating oils have not been adequately addressed in the contingency plans for 
individual facilities or geographic areas. (Spills of Nonfloating Oils: Risk and 
Response/National Research Council) 
 

IX.  RECOMMENDATIONS  
The recommendations below are intended to improve the capability of the spill 
response community to respond to spills of nonfloating oils. 
 

 A.  The Area Planning Committee must assess the risk of spills of nonfloating oils 
(i.e., oils that may be dispersed in the water column or ultimately sink to the 
seabed) to determine the resources at risk. In areas with significant environmental 
resources risk, the Area Planning Committee should develop response plans that 
include consultation and coordination protocols and should obtain pre-approvals 
and authorizations to facilitate responses to such spills. Stakeholder groups should 
be educated about the impact and methods available for tracking, containing, and 
recovering oil suspended in the water column or on the seabed. The Area 
Committee should include at least one scenario for responding to a nonfloating-oil 
spill in their training or drill programs. (Spills of Nonfloating Oils: Risk and 
Response/National Research Council) 
 
B.  The Area Planning Committee must improve its knowledge base and training 
for responding to spills of nonfloating oils by including a scenario involving a spill 
of nonfloating oils in oil spill response drills, by establishing a knowledge base and 
scientific support teams to respond to these types of spills, and by disseminating 
this knowledge as part of ongoing training programs. The information would help 
area planners assess the requirements for responding to nonfloating-oil spills. 
(Spills of Nonfloating Oils: Risk and Response/National Research Council) 
 
C.  The Area Planning Committee should support the development and 
implementation of an evaluation program for tracking oil in the water column and 
on the seabed, as well as containment and recovery techniques for use on the 
seabed. The findings of these evaluations should be documented and distributed to 
the environmental response community to improve response plans for spills of 
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nonfloating oils. (Spills of Nonfloating Oils: Risk and Response/National Research 
Council) 
 
D.  Tests of area contingency plans and industry response plans for responses to 
spills of nonfloating oils should be required parts of training and drill programs. 
(Spills of Nonfloating Oils: Risk and Response/National Research Council) 
 
E.  Companies that transport sinking oils over the waters in D13 / Region 10 should 
expect Government-Initiated Unannounced Exercises with the specific objective of 
determining if they are prepared with the tools, strategies and tactics to carry out 
their companies’ response plan with respect to sinking oils. 
 

X.  FINDINGS: LIQUID NATURAL GAS (LNG)  
A.  Transportation picture 

      On 1 August 2012, the North American Emission Control Area (ECA) as designated 
by the International Maritime Organization (IMO) went into effect. The ECA is 
intended to reduce air pollution and will impose enforceable limits on a variety of air 
emissions from vessels. In order to comply with these stricter emission standards, 
there has been a growing interest by the maritime industry in converting existing 
vessels and/or constructing new vessels to use LNG as fuel. The maritime industry is 
considering a variety of methods for supplying LNG to these LNG-fueled vessels.  
Such methods include, but are not limited to, LNG delivered from bunkering vessels, 
e.g., tank barges and small tankers), or via shore-based facilities, e.g., storage tanks 
in waterfront facilities, tank trucks, and rail tank cars.   

 
      Initially, few ports in the U.S. will have the infrastructure required for LNG vessels, 

but Seattle is on the leading edge of maritime usage and shore side distribution 
projects. Seattle can expect a potential increase in traffic as vessels shift to ports that 
have LNG refueling capability. There will be a variety of issues that this raises, 
including the fact that it could potentially reduce the oil outflow in the event of a 
casualty (e.g. LNG gets released and floats/evaporates). In addition, response plan 
holders should consider if new equipment is needed for an effective response. 
Industry comments indicate using LNG for fuel is one of the biggest revolutions in 
maritime transportation, not unlike going from sail to steam to fuel oil. 

 
      Proposed for Oregon. The state of Oregon is currently facing two proposals for LNG 

terminals, one in the Columbia River at Warrenton, and one in Coos Bay. The 
Warrenton proposal would be "bi-directional" with the ability to liquefy and export 
LNG as well as re-gasify and supply the interstate gas pipeline system during peak 
demands. The Coos Bay proposal is for liquefaction and export only. The pipeline 
for the Warrenton facility would tap into an existing gas pipeline near Woodland, 
Wash., requiring 80 miles of new pipeline. The pipeline supplying the Coos Bay 
proposal would tap into a hub near Malin, Ore., and will require 230 miles of new 
pipeline. 
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      Oregon LNG’s Proposal. Oregon LNG proposes to build an industrial complex on 
the Skipanon Peninsula, near the mouth of the Columbia River, primarily to liquefy 
and export LNG to Free-Trade-Agreement countries. The facility would also be 
equipped to re-gasify and feed gas into the interstate gas pipeline to level out peaks 
in demand. At peak production, 2 or 3 vessel visits each week could be expected. 
The proposal also includes 80 miles of new 36-inch pipeline from the facility, under 
the Columbia River near Deer Island, Ore., to join an existing pipeline on the I-5 
corridor near Woodland, Wash. 

 
Other information: 

      Dept. of Energy/Sandia National Laboratory conducted large-scale LNG pool fire 
experiments, which can be viewed 
at: https://web.ornl.gov/efcogWorkshop/Stirrup_persentation.pdf 

 
      USCG Headquarters has established a working group to provide guidance on safety, 

security and response concerns.  The Dept. of Energy published a Notice of Intent to 
Prepare an Environmental Impact Statement for the Planned Magnolia (Louisiana) 
Liquefied Natural Gas Project in the Federal Register on June 25, 2013. In addition, 
IMO is also working to update LNG guidance. 

 
B.  Definition  
Liquefied natural gas or LNG is natural gas (predominantly methane, CH4) that has 
been converted to liquid form for ease of storage or transport. Liquefied natural gas 
takes up about 1/600th the volume of natural gas in the gaseous state. It is odorless, 
colorless, non-toxic and non-corrosive. Hazards include flammability after 
vaporization into a gaseous state, freezing and asphyxia. (Wikipedia) 
 

C.  Characteristics 
LNG is made up of several hydrocarbon gases but mainly methane. This gas mixture 
is cooled until it condenses into a liquid form. The gas is extracted from the ground 
or produced as a by-product of oil or coal extraction, piped into liquefaction 
facilities, liquefied and piped onto LNG tankers. The LNG is then shipped overseas 
via tanker ship and delivered to import re-gasification terminals. At these import re-
gasification terminals, the liquid is heated to return to its gaseous form and piped 
into pipelines to be delivered to the pipeline grid. 
 

D.  Response strategies / E. Safety issues 
Controllable Emergency - This is an emergency in which the Terminal Operations 
Personnel can prevent harm to personnel or equipment by taking reasonable and 
prudent actions such as valve manipulations, shutting down equipment, or initiating 
the Emergency Shutdown System.  (Oregon LNG, Emergency Response Manual) 
 
Uncontrollable Emergency - This is an emergency in which the Terminal Operations 
Personnel cannot prevent harm to personnel or equipment by taking reasonable and 
prudent actions such as valve manipulations, shutting down equipment, or initiating 
the Emergency Shutdown System. An Uncontrollable Emergency involves situations 

https://web.ornl.gov/efcogWorkshop/Stirrup_persentation.pdf
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that have the potential to result in exposure of personnel or property to natural gas in 
a liquid, cold vapor, or gaseous state or may result in fire or explosion. (Oregon 
LNG, Emergency Response Manual) 
 

XI.  CONCLUSIONS/RECOMMENDATIONS 
Enormous U.S. deposits of natural gas buried in shale rock fields have flooded the 
domestic markets in the past few years. This gas surplus has changed the U.S. into an 
exporter of LNG versus an importer. The bottom has fallen out of the LNG import 
market. The single remaining importer is the Distrigas terminal in Boston Harbor in 
Everett, Massachusetts. It has one primary customer, the Mystic Power Station electric 
plant next door, under a long-term contract that does not expire until late next decade. 
(The Boston Globe, Jay Fitzgerald, January 23, 2013) 
 
For the first time ever, the United States has the ability to become a major natural gas 
exporter, but that possibility comes with substantial economic and environmental risks. 
(LOOK BEFORE THE LNG LEAP, Craig Segall, Staff Attorney, Sierra Club 
Environmental Law Program) 
 
XIII.  FINDINGS: BIODIESEL  

A.  Transportation picture 
The National Biodiesel Board lists 144 U.S. production plants in operation in for 
2013. It must be noted that individuals unaware of federal and local regulations 
oftentimes try to blend their own biodiesel in their garages, shops or warehouses. 
 
Biodiesel facilities in Washington State include the Gen-X Energy Group Inc., 
Moses Lake, which has a 6 million gallon per year nameplate capacity.  General 
Biodiesel Seattle LLC has a 5 million gallon per year nameplate capacity. Imperium, 
Grays Harbor, located in Hoquiam, has a 100 million gallon per year nameplate 
capacity.  
 
Biodiesel facilities in Oregon include Beaver Biodiesel LLC of Albany, which has a 
capacity of 0.94 million gallon per year nameplate capacity. SeQuential-Pacific 
Biodiesel, located in Salem, has a 17 million gallon per year nameplate capacity.  
 
The Biodiesel facility in Idaho is Pleasant Valley Biofuels LLC, located in American 
Falls, and has a capacity of 5.5 million gallon per year nameplate capacity.  
 
The Port of Tacoma has received proposals for a biodiesel/bulk liquids handling 
facility on the former Kaiser Aluminum smelter site on Blair Waterway. Port 
spokeswoman Tara Mattina said she could not discuss proposals because of ongoing 
negotiations. 
 
Biodiesel infrastructure includes rail lines/railcars, barges/waterways, and tank 
trucks/highways. Pipelines are not often used. Infrastructure also includes terminals, 
storage tanks, blending facilities and transfer hubs.  
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Though no transportation routes were provided, an overview of biodiesel transport 
and marketing would look like this. Pure biodiesel product is transported to blending 
facilities by rail and truck, where it is mixed at the pipeline rack with petroleum 
diesel in the distribution terminal to provide B5-B20. These blends are transported to 
retailers by truck. The B100 product is also sold and used neat, as a more expensive 
“green” fuel. 
 

B.  Definition 
Biodiesel is renewable diesel fuel substitute formulated exclusively for diesel 
engines. It is made from vegetable oil or animal fats derived from soybean, palm, 
algae, and/or recovered from commercial fryers then chemically processed with an 
alcohol such as methanol or ethanol. Methanol has been the most commonly used 
alcohol in the commercial production of biodiesel.   
 
Biodiesel can be mixed with petroleum-based diesel fuel in any percentage, from 1 
to 99, which is represented by a number following a B. For example, B5 is 5 percent 
biodiesel with 95 percent petroleum; B20 is 20 percent biodiesel with 80 percent 
petroleum, or B100 is 100 percent biodiesel, no petroleum. 
 
Biodiesel is expected to play an increasingly important role in the world’s energy 
profile. Production has increased dramatically over the last several years, from an 
estimated 112 million gallons in 2005, to nearly 1.1 billion gallons in 2012 (National 
Biodiesel Board, 2013).   

 
C.  Characteristics 
An oil-methanol blend produces a biodiesel with the following physical 
characteristics: 
• Not very miscible with water 
• Completely miscible with diesel               
• Less dense than water 
• More viscous than water or diesel               
• Gels at high temperatures 
• Very low vapor pressure (Low fire risk) 
• Mildly corrosive to metals, plastics and other synthetic materials (potentially 

important from a spill response perspective)   
 

In an extensive set of comparisons between petroleum diesels and several biodiesels 
produced from different feedstock oils, the following observations were noted: 
• Biodiesels are much more naturally dispersible in water than petroleum diesels  
• Biodiesels are in fact mild surfactants and form a milky white emulsion in water 
• Biodiesel-diesel blends as low as B10 to B20 can disperse diesel into the water 

column. 
• Biodiesel will physically auto-degrade (with light, high temperatures, oxidizers) 
• Biodiesel (B100) will biodegrade in eight days or less under optimal nutrient and 

oxygen conditions, in activated sludge 
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• Under more typical conditions, biodiesel will biodegrade 80-90 percent in 28 
days (versus 50 percent in 28 days for petroleum diesels) 

 
D.  Response strategies  
A major producer of soy-based biodiesel in California (von Wedel, 1999) suggests 
that while biodiesel would be expected to manifest a lower toxicity and impact than 
petroleum diesel if spilled in the marine environment, the soy product is still toxic 
and noted that in an October 1997 ruling under the Clean Water Act, as amended by 
the Oil Pollution Act of 1990, vegetable oils are considered "oil"—like petroleum—
in contrast to France, where biodiesel is classified as food for transportation 
purposes. 
 
Von Wedel points out that spilling biodiesel into the water would be as illegal as 
discharging petroleum fuels overboard. Waterfowl and other birds, mammals and 
fish that get coated with vegetable oils could die from hypothermia or illness, or fall 
victim to predators. Even though the biodiesel is relatively non-toxic and less 
viscous than vegetable oil, it can still have a serious impact on marine and aquatic 
organisms in the event of a big spill.  
 
Hollebone also tested skimmer recovery efficiencies with biodiesels relative to 
petroleum diesels and determined that biodiesels were slightly more amenable to 
skimming, with those biodiesels derived from vegetable stock most readily 
recovered. Hollebone attributed these differences to viscosity differences in the 
product. For sorbent materials, the behavior of biodiesels was very similar to 
standard fuels of similar viscosity. However, tests were not conducted near the gel 
points for biodiesels, and there were indications that emulsification of the oils might 
result in functional problems for the skimmers. 
 
Some (e.g., Fernández-Álvarez, 2007) have suggested the potential use of biodiesel 
as a standalone cleanup agent unto itself, citing its oleophilic character, relative low 
cost, “non-toxicity,” and biodegradability. At least a few of Hollebone’s 
observations could be construed to support this application, although the fact that 
biodiesel tends to act as a built-in dispersant for the petroleum portion of a diesel 
blend would likely not be viewed as a positive characteristic for a remedial agent. 
 
A 2007 Seattle-area spill at a biodiesel production facility provides insight into other 
potential response issues related to facilities accidents. The spill occurred July 27 at 
the Seattle Biodiesel plant located on the east shore of the Duwamish River in an 
industrialized area of the city. An employee was pumping a processing-chemical 
mixture of vegetable oil, biodiesel, sodium hydroxide, methanol and glycerin from a 
large tank to a small portable tank. The transfer was left unattended, however, and 
the small tank overflowed and the mixture ran across a driveway into a small inlet 
along the Duwamish River. Between 391 and 620 gallons of the mixture reached the 
waterway. All but 23 gallons were recovered. While this cleanup was relatively 
successful, response personnel anecdotally related that some component or 
components of the spilled mixture had a corrosive effect on certain parts of recovery 
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equipment such as skimmers.  This could be attributable to the biodiesel itself (as 
noted by both Hollebone and von Wedel) or possibly to some of the chemicals used 
in production (such as sodium hydroxide, sulfuric acid, or methanol). In the event of 
a spill of biodiesel or at a biodiesel production facility, it will be prudent to 
understand the basic aspects of manufacturing and the chemical structure of the fuel 
that may affect response equipment. In areas where biodiesel spills represent a 
modest risk, it may be prudent to retrofit gear with corrosion-resistant parts. 
 
The chemistry of biodiesels may present other unanticipated challenges during a 
spill incident, attributable to their non-petroleum derivation and chemistry. For 
example, response chemists using a standardized approach to forensically 
“fingerprinting” oil residues for legal or other reasons may find their protocols to be 
inadequate for a fuel derived from biological feedstock. Spikmans et al. (2011) and 
Fuller et al. (2013) discuss the modified analytical and forensic approaches that are 
necessary to source identify biodiesels and characterize weathering in the products. 
 
The information presently available for biodiesels generally suggests a lower 
occupational exposure risk to response and cleanup workers, with the important 
exception noted by Hollebone that biodiesels may present an increased inhalation 
exposure risk. This should be considered during the determination of appropriate 
personal protection equipment, particularly during warmer conditions when 
increased volatility/evaporation could be expected in a spill. 
 
The U.S. EPA has prepared and updated an overview of response for releases at 
biodiesel manufacturing facilities (Weston Solutions, 2008), focused on issues at 
production facilities. However, this guide contains excellent information and 
represents a good reference for spill response to biodiesel spills under any 
circumstances. 
 

E.  Safety issues  
As a rule, biodiesels are less acutely toxic than their petroleum-based counterparts. 
Although oil in water dispersions of B5 and B20 blends were similarly toxic to 
rainbow trout as ultra low sulfur diesel, the neat (B100) biodiesels derived from 
canola, soy and tallow were much less so—or even nontoxic. With both Microtox® 
bacterial tests and the rainbow trout, the lowest toxicity results were obtained with 
the three B100 biodiesel formulations. Variably higher toxicity resulted from the 
blends and from petroleum diesel. Toxicity observations are as follows: 
 
• Pure biodiesels are at least 5 times less acutely toxic than petroleum diesels 
• Biodiesel blends up to B20 are similarly toxic to petroleum diesel 
• The relationship between biodiesel content and toxicity is not linear 
• No strong correlation between solubility and toxicity 
• Large differences in organism sensitivity (with Microtox® > rainbow trout > 

water flea)  
• Human lung cell assays: biodiesels more toxic than petroleum diesel; higher 

inhalation risk 
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• Biodiesels less toxic in rat tests than petroleum diesels, but wide variation among 
biodiesels 

 
Ecological implications of biodiesel in the environment: 

 
• Biodiesel biodegrades much more rapidly than conventional diesel 
• Biodiesel in bulk can coat animals and inhibit oxygen transfer to aquatic species, 

similar to what would be expected for petroleum diesel 
• Biodiesel is less toxic and has less of a solvent action than petroleum diesel 
• Treatment of biodiesel-oiled wildlife would be similar to that for petroleum 

diesel exposures. 
• Biodiesel has a high oxygen demand in water, which could result in fish kills. 

 
Although biodiesel and biodiesel blends are less toxic than conventional diesel fuel, 
results from this study demonstrated that their risk to aquatic organisms is still quite 
substantial. Consequently, it will still have a serious impact on aquatic organisms if 
accidentally spilled or inadvertently discharged during transportation, storage, or 
use. Therefore, biodiesel and biodiesel blends should be handled with great care like 
any other fuel to avoid contamination to the watersheds, because their impact may 
have similar toxic effects as those of diesel spills 
 

XIV.  CONCLUSIONS / XV. RECOMMENDATIONS 
 Appropriate mitigation measures for release of biodiesel fuel include the following: 

A.  Proper air monitoring equipment 
• Biodiesel fuel has a very low volatility at normal ambient temperatures and 

vapors are not typically an issue. However, vapors / mists may be generated 
when heated above 266 degrees Fahrenheit. 

B.  Proper spill containment 
• Containment/response should follow typical oil containment procedures. 

Example: use oil-dry, petroleum-compatible absorbent socks, booms, etc.; the 
absorbent material used should be resistant to alcohol in the event methanol has 
further commingled with the biodiesel release. Disposal of biodiesel-
contaminated soil or products can be considered non-hazardous provided 
methanol and/or hexane have not commingled with the release to meet the 
flammability characteristic for hazardous waste. 

C.  Expected fate of biodiesel 
• Release in Soil  

o Biodegradation, with faster rates under aerobic conditions than anaerobic 
conditions, if it doesn’t polymerize  

• Release in Water  
o Insoluble in water. Degradation varies in aquatic environments 

• Release in Air as result of spill/fire  
o Combustion produces carbon monoxide, carbon dioxide along with thick 

smoke 
• Release to storm/sanitary sewers   
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o May be high in free fatty acids and glycerol, and can have a high biochemical 
oxygen demand (BOD). These can disrupt wastewater treatment plant 
operations.  

 
 
D.   Overall health risks of biodiesel release 
• Human Health Effects 

o Inhalation effects are negligible unless heated to produce vapors.  
o If biodiesel fuel were to be ingested, enzymes in the body called esterases 

would break the biodiesel fuel molecules into the component fatty acids and 
alcohol molecules. The alcohol is usually methanol and methanol is toxic. 
Thus, methanol toxicity could be a concern for ingestion of biodiesel fuel.   

o Neat biodiesel fuel is approximately 11 percent methanol by weight, so 
ingestion of 100 grams of biodiesel would release 11 grams, or 14 milliliters 
(mL) of methanol. For a 70-kilogram (kg) adult, the fatal dose of methanol 
ranges from 60 to 160 mL. 

 
• Ecological Effects 

o Biodiesel may biodegrade more rapidly than conventional diesel. It depends. 
o When biodiesel is present in bulk in the environment, it can coat animals that 

come in contact with it and may reduce the ability of oxygen to reach aquatic 
systems. In this respect, its action is similar to petroleum diesel fuel.  

o The treatment of oiled birds and animals would be similar to the treatment 
provided when an oil spill occurs.  

o However, in water it has a high oxygen demand, which can lead to massive 
fish kills. 

 
XVI.  FINDINGS: SYNFUELS  

A. Transportation picture    
SYNFUELS transportation risks include; Vessel Collision, Sinking, Grounding,  
Fire, Allision, Breakaway, Rain/incidental water and Spillage of loose cargo. 

 
B. Definition 
Synthetic fuel or synfuel is generally a liquid fuel, less often a gaseous fuel, obtained 
from coal, natural gas, oil shale, biomass, or municipal waste. It may also refer to 
fuels derived from other solids such as plastics or waste rubber (such as used tires).  
The definition of synthetic fuel has been expanded from its traditional source 
materials of coal or natural gas to accommodate other naturally occurring or human-
produced substances. In all cases, the end product is a combustible material intended 
for use in place of standard liquid petroleum fuels. 

 
C. Characteristics 
Both biofuels and synfuels have gained standing as alternatives to petroleum-based 
fuels in light of the inevitable scarcity of the latter as known reserves are tapped and 
drained. Although originally marketed as the means to grow or recycle our way to 
energy independence, biofuels and synfuels have more recently been shown to have 
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external costs that make them less than ideal as absolute replacements for petroleum; 
however, they can contribute, sometimes substantially, to the energy portfolio 
feeding the needs of an industrialized society. 
 
Synfuels are not a new development; in fact, some of the advances in petroleum 
distillation that paved the way for the rise of oil as an energy source occurred 
because early industrial chemists were seeking ways to convert abundant coal 
resources into liquid fuels. Oil sands were excavated and processed by the French as 
early as 1735 (Speight, 2007). Production of fuels from biomass, such as agricultural 
by-products like cellulose or lignin, is currently less developed, but is the subject of 
considerable research. 
 
The primary incentive for synfuel development and use is the imbalance between 
supply and demand for petroleum liquids and natural gas (Ghassemi and Iyer, 1981).  
While recent discoveries of new oil and gas reserves and the improved efficiencies 
of petroleum and natural gas extraction methods have decreased the immediate 
demand for synthetic fuels, growing consumption rates for transportation fuels in 
particular—projected to increase 100 percent by 2050 (Bulushev and Ross, 2011)—
dictate that synthetic fuels will remain an important component of world energy 
production well into the future. As biomass-derived synfuels are considered to be 
“carbon neutral” because the carbon dioxide produced in their combustion is 
“recycled” from plant-based carbon and not extracted from the ground, there are 
increasing numbers of mandates (e.g., U.S. Department of Defense, European 
Union) for production and use of biomass-based synfuels. 

 
  D.  Response strategies   
Synthetic fuel manufacturers are producing synfuel because associated tax incentives 
have allowed them to provide bulk coal consumers with a cheaper energy source. 
These consumers consist of power plants, coke plants, steel manufacturers, etc. 
Some of the synfuels being produced consist of approximately 99% coal and 1% oil 
emulsion. These oil-coal synfuels have produced sheens in the marine environment 
when accidentally released. The sheen sighting in turn prompts a Coast Guard 
response with possible pollution fines and costly mitigation efforts. There are no 
current regulatory requirements for the marine transportation of synfuel. The need 
for a synfuel marine-transportation risk assessment arose due to a lack of guidance 
from the Federal Government regarding enforcement of the Clean Water 
Act/Federal Water Pollution Control Act with this product. Because of the lack of 
guidance, industry was reporting sheens resulting from the secondary effects of the 
residual synfuel binder, which creates a sheen when the non-regulated product (coal) 
is accidentally released into the marine environment.  (SYNFUEL  A Western 
Rivers Marine Transportation Risk Assessment) 
 
E.  Safety issues 
Ghassemi and Iyer (1981) evaluated the known differences in chemical, combustion, 
and health effects characteristics of coal- and shale-derived synfuel products and 
their petroleum analogs. The coal and shale synfuels were notable in their higher 
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content of aromatic hydrocarbons and fuel-bound nitrogen and greater emissions of 
NOx (nitrogen oxides) during combustion. Fuel oils from coal liquefaction processes 
and crude shale oil were identified as highly hazardous because of established 
mutagenic, tumorigenic, and cytotoxic properties. These characteristics were 
associated with high boiling and tarry coal and petroleum materials caused by the 
presence of polycyclic aromatic hydrocarbons, hetero- and carbonyl-polycyclic 
compounds, aromatic amines, and inorganics such as arsenic in shale oil. That these 
synfuels are considered to be comparatively more toxic than their petroleum 
equivalents should be factored into assessments of potential human and wildlife 
exposures in the event of synfuel spills. 

 
Synthetic fuels from biomass-based sources are considered to have similar or less 
severe environmental effects than coal-based synfuels (Office of Technology 
Assessment, 1982). However, from a broader perspective, large-scale production of 
biomass-based synfuels may result in more severe ecosystem impacts due to the 
extensive and potentially intensive nature of the cultivation practices for the resource 
base, e.g., corn or rapeseed. However, these would be reduced with a greater reliance 
on what is currently considered to be agricultural waste as biomass feedstock. 
 
Khan et al. (2007) directly compared the toxicity of petroleum diesel and biomass-
derived diesel on water flea (Daphnia magna) and rainbow trout (Onchorhynchus 
mykiss) and found that biodiesel was considerably less acutely toxic than its 
petroleum analog.  However, they cautioned: 
 

Although biodiesel and biodiesel blends are less toxic than conventional diesel 
fuel, results from this study demonstrated that their risk to aquatic organisms is 
still quite substantial. Consequently, it will still have a serious impact on aquatic 
organisms if accidentally spilled or inadvertently discharged during 
transportation, storage, or use. Therefore, biodiesel and biodiesel blends should 
be handled with great care like any other fuel to avoid contamination to the 
watersheds, because their impact may have similar toxic effects as those of diesel 
spills. 

 
XVII.   CONCLUSIONS / XVIII. RECOMMENDATIONS 
While the bulk of the “emerging risk” attention in the Northwest has been focused on 
the increased transport of oil sands products, coal, and Bakken crude oil through the 
region, the response community should at least remain aware that at some point in the 
future, synfuels may become a more significant part of the environmental risk equation. 
A challenge in generalizing a discussion of risk from synfuels is that the definition of the 
term has expanded to include source materials of widely differing origins and products 
with different chemical characteristics. 
 
In every response, the basic question of “what is the material that spilled?” is key to 
every aspect of how the response is structured. Because synthetic fuels are 
fundamentally different from petroleum analogs, the need to distinguish a synthetic 
product and to understand its chemical structure is an important piece of the initial 
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response information. Knowing that a fuel is synthetic, and that it is derived from coal, 
shale, or biomass would be of great utility in predicting potential impact and in 
appropriately responding. It is beyond the scope of this limited review to detail 
regulatory requirements for labeling or documenting synthetic fuels, but it is worth 
noting that for spill response, more information is almost always better than less. 

 
XIX.  OVERALL EMERGING RISK PICTURE 
The evaluation of risks associated with an increase in petroleum traffic, 
petroleum volume and emerging information on oil types conducted by the 
Emerging Risks Task Force identified that, overall, the risks are a function of 
the shifting transportation of petroleum products by rail to inland areas and an 
associated predicted decrease in marine transportation of petroleum within the 
NW Area. Conversely, this is complicated by other potential changes which 
could increase the number of cargo ships calling on ports in the Northwest, the 
number of tank ships carrying crude oil out from Canadian ports through U.S. 
waters, and the number of tank ships (most likely barges) moving various types 
of crude oil via rail terminals to refineries in Washington or California.    
 
In October 2012, the Washington Puget Sound Partnership Oil Spill Work 
Group and Puget Sound Harbor Safety Committee formed a joint Vessel Traffic 
Risk Assessment Steering Committee, comprising about a dozen representatives 
drawn from several maritime industry sectors, the Makah Nation, Washington 
Association of Counties, the Department of Ecology and the U.S. Coast Guard. 
The purpose of this study was to assess the relative risk in Puget Sound for 
vessels as the oil-movement picture changes. The information from the study 
will be used to evaluate potential risk mitigation measures. Our Task Force 
suggests that the Area Committee monitor the progress of the study and use the 
information to update this report and help implement mitigating measures that 
emerge, as appropriate. In addition, various Washington State proposed crude-
by-rail projects discussed in this report may have permit requirements for more 
localized risk studies to help determine the risk impacts of the projects. These 
studies should be monitored as well. 
 
New Petroleum Products and Risks, or More of the Same? 
While there is a perception that the petroleum products in question - and 
particularly Canadian Oil Sands Products (OSP) and Bakken crude oil - 
represent materials that are “new” to the response community in the NW Area, 
this turns out to be false. OSP have been transported to the four northern Puget 
Sound refineries through the Trans Mountain Pipeline system since 1980 with 
no spills or operational issues (per The Center for Spills in the Environment, 
2013). Under the U.S. Coast Guard’s definition of oils as set forth in Title 33 
Code of Federal Regulations, Volume 2, Part 155, the OSP of concern - dilbit 
crude, synbit crude and syndilbit crude - fall within the parameters of Group IV 
oils, similar in physical and chemical characteristics to many other heavy crude 
oils delivered to area refineries by tank vessel since the 1950s. While Bakken 
crude oil is a new crude oil on the world market and a new feed stock to area 

http://www.pshsc.org/links_presentations
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refineries, Bakken crude exhibits physical and chemical properties which 
classify it as a Group II oil under the USCG definition, making it analogous 
from a response standpoint to many other Light Crude Oils, Diesel Fuel, Jet 
Fuel and Kerosene. Similar light crude oils have been utilized by area refineries 
throughout their histories as driven by product specification requirements and 
crude market prices. Moreover, Jet Fuel and Diesel Fuel are transported 
regionally by pipeline and in tank trucks daily. Both Group II and Group IV oils 
are very familiar to Oil Spill Removal Organizations (OSROs) and to Incident 
Management Teams (IMTs) in the NW Area and much of the region’s response 
equipment is designed specifically to address spills of both of these classes of 
oils. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In their report on the 2013 Alberta Oil Sands Workshop, the Center for 
Spills in the Environment noted, “There are many open questions that need 
to be answered in order to better predict or model how heavy oils or OSP 
react after a spill” (p. 12).  The general lack of precision regarding the 
prediction or modeling of the fate and effects of all heavy oils once released 
into marine waters - including OSP - remains a risk. As to OSP, more work 
is needed to understand the variety of diluents that may vary the 
characteristics of the products delivered to Washington refineries. Ongoing 
effort to improve the ability to better predict the behavior of these products, 
and thus direct a broad range of response operations, is warranted. 
 
 One of the recommendations from the 2013 Alberta Oil Sands Workshop 
was to ensure that Northwest area responders have plans in place and are 
equipped with appropriate equipment to monitor the safety of communities 
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and responders, in particular to monitor benzene levels associated with spills 
of Bakken oil. 

 
Rerouting the Risk 
While the “new” petroleum products being introduced to the NW Area 
themselves may not constitute a new risk, what is different are the routes by 
which these petroleum products are and will be transported and the volumes 
being transported via these routes. Proposed routes and modes of 
transportation of petroleum products moving through Idaho, Oregon and 
Washington are addressed in Section I. of this document. The refining 
capacity is fixed. The transborder pipeline capacity is not maximized and is 
expected to increase in the foreseeable future. With anticipated increases in 
delivery of petroleum products by rail and pipeline, the NW Area can expect 
to experience a decrease in delivery of crude oil by tank vessel and an 
associated decrease in regional marine crude oil spill risk. 
  
Risk assessments of the transportation of petroleum products have 
repeatedly shown that changes in transportation systems often shift risk 
from one location to another rather than reduce overall system risk. This 
tenet may hold true for the transportation of OSP and Bakken crude, 
particularly as it pertains to the transportation of these products by rail and 
the distribution of response resources - both equipment and personnel - 
relative to these inland transportation corridors. 
 
In its most simple terms, risk is the product of consequence and probability, 
represented by the following equation: 
 
 R = L x p (1) 
 
Where: R = Risk 
L = Loss or consequence, and 
p = probability of occurrence 
 
It can also be described in terms of frequency and severity. If we look at risk 
of an oil spill associated with increased petroleum transportation by rail, we 
find that the larger number of trains transporting oil, the higher the 
probability that one of these trains will experience an incident resulting in a 
loss of containment. Consequence or loss associated with any single incident 
has not necessarily increased, as the size of the trains transporting petroleum 
products has not changed appreciably from the Unit Train of  +100 rail cars; 
however, BNSF Railways has reported a 300 percent increase in crude 
transport in 2011-2012 over previous years with the overwhelming majority 
of that volume being Bakken crude deliveries to Washington and Oregon.  
This significant increase in the number of trains transporting petroleum 
products translates into increased probability of occurrence and, therefore, 
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increased incremental risk of a rail transportation-related spill along these 
inland rail corridors.   
 
Additionally, this represents a change in severity, as we now must plan for 
spills of persistent oils in inland areas where previously the inland scenario 
was an oil type with a non-persistent characteristic. 
 
Changes to the NWACP 
The characteristics of OSP and Bakken crude fall within parameters that are 
currently addressed within the Northwest Area Contingency Plan 
(NWACP), though additional studies are needed to better understand the 
spill behavior/fate/effects/toxicity/ dispersant efficacy information. The 
focus on OSP has increased recognition that current fate and effects 
predictive modeling does not adequately address all aspects of the heavier 
Group IV oils and more work in this area is warranted.  
 
Where the NWACP has traditionally focused on response to spills of oil to 
marine waters, recent changes and future trends in modes of crude oil 
transportation in the NW Area reflect a geographic shift to inland areas with 
a focus on rail transportation. This will result in a change in response 
strategy and response resource utilization and may warrant a review of the 
distribution of response resources. Federal On-Scene Coordinators will need 
to re-focus Preparedness and Response resources from traditional marine-
based scenarios to a broader range of scenarios and work with Plan-holders 
to ensure that transfer of custody issues - and associated response 
expectations - are clearly articulated within Contingency Plans. 

 
References: 
The Center for Spills in the Environment, University of New Hampshire.  
2013.   
Alberta Oil Sands Workshop for Washington Department of Ecology, the 
Regional Response Team 10 and the Pacific States/British Columbia Oil 
Spill Task Force. 
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Recommendation Matrix 
 

Recommendation Owner Tracking 
III. Continue to support and monitor 
the outcome of the current risk 
studies, in particular the Vessel 
Traffic Risk Assessment, which could 
lead to a series of recommendations to 
manage the changing risks in the 
Northwest. 

Area Planning 
Committee, Scott 
Knutson 

Aug 2013: The VTRA 
Steering Committee expects a 
final report to be completed in 
Oct 2013. 

III. Monitor studies that are occurring 
in Canada to support the various 
proposed projects to improve our 
understanding of the fate & effects, 
efficacy of dispersants and long-term 
toxicity of OSP. 

  

III. Study the distribution of response 
equipment between inland and marine 
areas to assess whether we are 
prepared for the changing inland risks. 

  

VI. Monitor the VTRA.  See Recommendation III 
IX. Assess the risk of spills of 
nonfloating oils to determine the 
resources at risk.  

  

IX. Develop response plans that 
include consultation and coordination 
protocols and obtain pre-approvals 
and authorizations to facilitate 
responses to such spills. 

  

IX. Educate stakeholder groups about 
the impact and methods for tracking, 
containing, and recovering oil 
suspended in the water column or on 
the seabed. 

  

IX. Include at least one scenario for 
responding to a nonfloating oil spill in 
training or drill programs. 

  

IX. Establish scientific support teams 
to respond to nonfloating-oil spills. 

  
IX. Disseminate and share knowledge 
learned from nonfloating oil spills as 
part of ongoing training programs. 

  

IX. Develop an evaluation program 
for tracking oil in the water column 
and on the seabed, as well as 
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containment and recovery techniques 
for use on the seabed. Document 
findings and distribute to the 
environmental response community to 
improve response plans for spills of 
nonfloating oils.  
IX. Require tests of area contingency 
plans and industry response plans for 
responses to spills of nonfloating oils 
as part of training and drill programs. 

  

IX. Conduct Government-Initiated 
Unannounced Exercises for 
companies that transport sinking oils 
over the waters in D13 / Region 10, 
with the specific objective of 
determining if they are prepared with 
the tools, strategies and tactics to 
carry out their companies’ response 
plan with respect to sinking oils.

  

XIV. Ensure proper air-monitoring 
equipment for biodiesel fuel response. 

  
XIV. Ensure proper spill containment 
for biodiesel fuel response. 
Containment/response should follow 
typical oil containment procedures. 

  

XVII.   Remain aware that at some 
point in the future, synfuels may 
become a more significant part of the 
environmental risk equation.   
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FOR IMMEDIATE RELEASE 

 
AAR Reports Record Second Quarter Crude-by-Rail Data; Decreased Weekly Rail Traffic

 
WASHINGTON, D.C. – August 29, 2013 – The Association of American Railroads (AAR) reported today that 
U.S. Class I railroads originated a record 108,605 carloads of crude oil in the second quarter of 2013, up 11.8 
percent from the 97,135 carloads originated in the first quarter of 2013 and up 111.0 percent over the 51,474 
carloads originated in the second quarter of 2012.  Crude oil accounted for 1.5 percent of total Class 1 carloads 
in the second quarter of 2013. Based on data from the U.S. Energy Information Administration, AAR estimates 
that railroads today transport approximately 11 percent of U.S. crude oil production, up from virtually none a few 
years ago.
 

 
 
 

 
The AAR also reported today decreased weekly rail traffic for the week ending August 24, 2013, with total U.S. 
weekly carloads of 291,889 carloads, down 1.7 percent compared with the same week last year. Intermodal 
volume for the week totaled 257,080 units, up 3.5 percent compared with the same week last year.  Total U.S. 
rail traffic for the week was 548,969 combined carloads and intermodal units, up 0.7 percent compared with the 
same week last year.
 
Six of the 10 carload commodity groups posted increases compared with the same week in 2012, led by 
petroleum and petroleum products with 12,764 carloads, up 15.3 percent. Commodities showing a decrease 
compared with the same week last year included grain with 15,925 carloads, down 15.3 percent. 
 
For the first 34 weeks of 2013, U.S. railroads reported cumulative volume of 9,478,728 carloads, down 1.2 
percent from the same point last year, and 8,260,570 intermodal units, up 3.5 percent from last year. Total U.S. 
traffic for the first 34 weeks of 2013 was 17,739,298 carloads and intermodal units, up 0.9 percent from last year.
 
Canadian railroads reported 79,241 carloads for the week, down 0.8 percent compared with the same week last 
year, and 56,458 intermodal units, up 6.1 percent compared with 2012. For the first 34 weeks of 2013, Canadian 
railroads reported cumulative volume of 2,640,013 carloads, up 1.3 percent from the same point last year, and 
1,803,603 intermodal units, up 4.1 percent from last year.
 
Mexican railroads reported 15,857 carloads for the week, up 6.2 percent compared with the same week last 
year, and 10,691 intermodal units, down 4.0 percent. Cumulative volume on Mexican railroads for the first 34 
weeks of 2013 is 526,847 carloads, up 9.1 percent from the same point last year, and 325,830 intermodal units, 
down 1.2 percent from last year.

Weekly Rail Traffic Summary  AAR Reports Record Second Quarter Crude-By-Rail Data; Decreased Weekly Rail Traffic 
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Combined North American rail volume for the 34 weeks of 2013 on 13 reporting U.S., Canadian and Mexican 
railroads totaled 12,645,588 carloads, down 0.3 percent compared with the same point last year, and 
10,390,003 trailers and containers, up 3.5 percent compared with last year.
 

WEEKLY RAIL TRAFFIC CHARTS (PDF)
 

# # #
 
For more information contact: Abigail Gardner, AARMedia@skdknick.com, 202-464-6603, or Holly 
Arthur, harthur@aar.org, 202-639-2344. 
 
About AAR: The Association of American Railroads (AAR) is the world's leading railroad policy, research and 
technology organization focusing on the safety and productivity of rail carriers. AAR members include the major 
freight railroads of the U.S., Canada and Mexico, as well as Amtrak. Learn more at www.aar.org. Follow us on 
Twitter: AAR_FreightRail or Facebook: www.facebook.com/freightrail.
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U.S. Rail Traffic1

Week 34, 2013 – Ended August 24, 2013

This Week Year-To-Date
Cars vs 2012 Cumulative Avg/wk2 vs 2012

Total Carloads 291,889 -1.7% 9,478,728 278,786 -1.2%
Chemicals 30,052 2.5% 1,012,447 29,778 -0.1%
Coal 119,779 -4.4% 3,772,035 110,942 -4.3%
Farm and Food Products, Excluding Grain 15,579 -6.2% 552,723 16,257 -3.3%
Forest Products 11,066 1.8% 372,448 10,954 2.4%
Grain 15,925 -15.3% 567,218 16,683 -15.7%
Metallic Ores and Metals 24,898 -6.3% 835,992 24,588 -5.1%
Motor Vehicles and Parts 16,898 8.2% 540,100 15,885 2.8%
Nonmetallic Minerals and Products 36,459 5.4% 1,110,345 32,657 7.0%
Petroleum and Petroleum Products 12,764 15.3% 460,082 13,532 41.1%
Other 8,469 4.8% 255,338 7,510 -3.1%

Intermodal Units 257,080 3.5% 8,260,570 242,958 3.5%
Total Traffic 548,969 0.7% 17,739,298 521,744 0.9%

1 Excludes U.S. operations of CN and Canadian Pacific.
2 Average per week figures may not sum to totals as a result of independent rounding.
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Canadian Rail Traffic1

Week 34, 2013 – Ended August 24, 2013

This Week Year-To-Date
Cars vs 2012 Cumulative Avg/wk2 vs 2012

Total Carloads 79,241 -0.8% 2,640,013 77,647 1.3%
Chemicals 10,498 1.4% 385,595 11,341 7.7%
Coal 9,751 7.6% 307,281 9,038 2.4%
Farm and Food Products, Excluding Grain 4,400 -29.6% 197,817 5,818 -5.9%
Forest Products 7,959 -2.7% 263,195 7,741 0.6%
Grain 8,227 -5.7% 281,598 8,282 -3.2%
Metallic Ores and Metals 18,486 8.1% 558,094 16,415 0.4%
Motor Vehicles and Parts 5,179 -10.7% 179,173 5,270 -6.2%
Nonmetallic Minerals and Products 6,507 5.0% 197,661 5,814 8.9%
Petroleum and Petroleum Products 6,300 -1.6% 223,098 6,562 16.7%
Other 1,934 6.6% 46,501 1,368 -28.9%

Intermodal Units 56,458 6.1% 1,803,603 53,047 4.1%
Total Traffic 135,699 1.9% 4,443,616 130,695 2.4%

1 Includes U.S. operations of CN and Canadian Pacific.
2 Average per week figures may not sum to totals as a result of independent rounding.

Trends, 2013 vs 2012
Canada
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Mexican Rail Traffic
Week 34, 2013 – Ended August 24, 2013

This Week Year-To-Date
Cars vs 2012 Cumulative Avg/wk1 vs 2012

Total Carloads 15,857 6.2% 526,847 15,496 9.1%
Chemicals 1,219 5.0% 47,860 1,408 14.3%
Coal 242 24.1% 4,860 143 -3.0%
Farm and Food Products, Excluding Grain 1,430 -13.7% 50,357 1,481 -2.5%
Forest Products 58 -20.5% 1,639 48 -24.5%
Grain 1,853 65.4% 53,202 1,565 63.4%
Metallic Ores and Metals 4,011 -0.9% 137,941 4,057 3.7%
Motor Vehicles and Parts 4,086 14.4% 120,032 3,530 4.3%
Nonmetallic Minerals and Products 2,046 -3.8% 76,064 2,237 5.2%
Petroleum and Petroleum Products 388 -27.7% 14,843 437 7.8%
Other 524 17.8% 20,049 590 29.7%

Intermodal Units 10,691 -4.0% 325,830 9,583 -1.2%
Total Traffic 26,548 1.8% 852,677 25,079 4.9%

1 Average per week figures may not sum to totals as a result of independent rounding.

Trends, 2013 vs 2012
Mexico
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North American Rail Traffic
Week 34, 2013 – Ended August 24, 2013

This Week Year-To-Date
Cars vs 2012 Cumulative Avg/wk1 vs 2012

Total Carloads 386,987 -1.2% 12,645,588 371,929 -0.3%
Chemicals 41,769 2.3% 1,445,902 42,527 2.3%
Coal 129,772 -3.5% 4,084,176 120,123 -3.9%
Farm and Food Products, Excluding Grain 21,409 -12.7% 800,897 23,556 -3.9%
Forest Products 19,083 -0.2% 637,282 18,744 1.6%
Grain 26,005 -9.2% 902,018 26,530 -9.5%
Metallic Ores and Metals 47,395 -0.7% 1,532,027 45,060 -2.4%
Motor Vehicles and Parts 26,163 4.7% 839,305 24,685 1.0%
Nonmetallic Minerals and Products 45,012 4.9% 1,384,070 40,708 7.2%
Petroleum and Petroleum Products 19,452 8.0% 698,023 20,530 31.4%
Other 10,927 5.6% 321,888 9,467 -6.5%

Intermodal Units 324,229 3.7% 10,390,003 305,588 3.5%
Total Traffic 711,216 1.0% 23,035,591 677,517 1.4%

1 Average per week figures may not sum to totals as a result of independent rounding.

Trends, 2013 vs 2012
North America
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Major Rail Traffic Groups
And the Associated Weekly Railroad Traffic  Commodity Categories

Chemicals
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Grain Mill Products
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Motor Vehicles and Parts
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Nonmetallic Minerals and Products
Crushed Stone, Sand & Gravel
Nonmetallic Minerals
Stone, Clay & Glass Products

Petroleum and Petroleum Products
Petroleum Products

Other
Waste & Nonferrous Scrap
All Other Carloads

Intermodal
Containers
Trailers

Weekly traffic data for the detailed commodity groups are available in the AAR's Weekly Railroad Traffic  report.
which can be ordered at https://www.aar.org/Pages/ProductDetails.aspx?ProductCode=WRT2013. Monthly traffic
data for the detailed commodity groups are available in our Rail Time Indicators  report, which costs $50 for 12
monthly issues. RTI can also be purchased with a spreadsheet containing monthly traffic data by country and
commodity for $100. Rail Time Indicators  may be ordered at www.aar.org/Pages/AllProducts.aspx.
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AAR Reports October and Weekly Rail Traffic Gains, 3Q Crude Oil Up Year Over Year 
 

WASHINGTON, D.C. – Nov. 7, 2013 – The Association of American Railroads (AAR) today reported increased 
U.S. rail traffic for October 2013.  Intermodal traffic in October totaled 1,317,601 containers and trailers, up 6.8 
percent (84,120 units) compared with October 2012. The weekly average of 263,520 intermodal units in October 
2013 was the highest weekly average for any month in history.  Carloads originated in October totaled 
1,443,609, up 1.5 percent or 21,059 carloads compared with the same month last year.  This represents the 
highest year-over-year percentage total carload increase in the last 22 months, although rail traffic in late 
October 2012 was impacted by Hurricane Sandy. 
 
Fifteen of the 20 commodity categories tracked by the AAR each month saw year-over-year carload increases in 
October 2013 compared with October 2012. Commodities with the largest monthly carload increases included 
grain, up 9,450 carloads or 9.3 percent; petroleum and petroleum products, up 8,426 carloads or 14.2 percent, 
and crushed stone, gravel, and sand, up 7,664 carloads or 7.2 percent. Commodity categories with carload 
declines last month included coal, down 30,428 carloads or 5.4 percent compared with October 2012, and farm 
products excluding grain, down 3,738 carloads, or 46.2 percent.
 
Excluding coal and grain, U.S. carloads in October 2013 were up 5.6 percent, or 42,037 carloads.
“There’s been some concern lately that the recovery may be running out of steam.  Rail traffic data for October 
doesn’t seem to support that,” said AAR Senior Vice President John T. Gray.  “A number of economically 
sensitive commodities, like lumber, autos, and chemicals, saw higher traffic volumes in October.  The sharp 
increase in grain carloadings is a welcome change and points to the cooperative relationship railroads have 
established with their partners in the agricultural community.”
 
AAR today also reported that U.S. Class I railroads originated 93,312 carloads of crude oil in the third quarter of 
2013 (3Q), up 44.3 percent over the 64,658 carloads originated in 3Q 2012, but down 14.1 percent from the 
108,605 carloads originated in the second quarter of 2013. 
 
AAR today also reported increased rail traffic for the week ending Nov. 2, 2013. U.S. railroads originated 
292,398 carloads last week, up 5.1 percent compared with the same week last year, while intermodal volume for 
the week totaled 264,264 units, up 17.7 percent compared with the same week last year.  Total U.S. rail traffic 
last week was 556,662 carloads and intermodal units, up 10.8 percent compared with the same week last year.  
Rail traffic in the comparable week of 2012 was affected by Hurricane Sandy.
 
Eight of the 10 carload commodity groups tracked on a weekly basis posted increases compared with the same 
week in 2012, including nonmetallic minerals and products, up 18.6 percent; motor vehicles and parts, up 15.9 
percent; and petroleum and petroleum products, up 12.6 percent. The groups showing a decrease in weekly 
traffic compared with the same week last year included farm and food products, excluding grain, down 3.3 
percent; and coal, down 1.2 percent.
 
For the first 44 weeks of 2013, U.S. railroads reported cumulative volume of 12,384,147 carloads, down 0.7 
percent from the same point last year, and 10,865,365 intermodal units, up 4.0 percent from last year. Total U.S. 
traffic for the first 44 weeks of 2013 was 23,249,512 carloads and intermodal units, up 1.5 percent from last year.
 
Canadian railroads reported 83,000 carloads for the week, up 6.8 percent compared with the same week last 
year, and 54,867 intermodal units, up 8.3 percent compared with the same week in 2012. For the first 44 weeks 
of 2013, Canadian railroads reported cumulative volume of 3,471,365 carloads, up 2.1 percent, and 2,370,520 
intermodal units, up 4.2 percent from the same period last year.
 
Mexican railroads reported 14,281 carloads for the week, down 0.4 percent compared with the same week last 
year, and 8,928 intermodal units, down 15.0 percent. Cumulative volume on Mexican railroads for the first 44 
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weeks of 2013 is 669,971 carloads, up 6.8 percent from the same point last year, and 444,314 intermodal units, 
up 0.5 percent.
 
Combined North American rail volume for the first 44 weeks of 2013 on 13 reporting U.S., Canadian and 
Mexican railroads totaled 16,525,483 carloads, up 0.2 percent compared with the same point last year, and 
13,680,199 trailers and containers, up 3.9 percent compared with last year.
 

WEEKLY RAIL TRAFFIC CHARTS (PDF)
 

###
 

For more information contact: Abigail Gardner, 202-464-6603, at AARMedia@skdknick.com, or Holly 
Arthur, harthur@aar.org, 202-639-2344. 
 
About AAR: The Association of American Railroads (AAR) is the world's leading railroad policy, research and 
technology organization focusing on the safety and productivity of rail carriers. AAR members include the major 
freight railroads of the U.S., Canada and Mexico, as well as Amtrak. Learn more at www.aar.org. Follow us on 
Twitter: AAR_FreightRail or Facebook: www.facebook.com/freightrail.
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U.S. Rail Traffic1

Week 44, 2013 – Ended November 2, 2013

This Week Year-To-Date
Cars vs 2012 Cumulative Avg/wk2 vs 2012

Total Carloads 292,398 5.1% 12,384,147 281,458 -0.7%
Chemicals 30,095 5.3% 1,310,775 29,790 0.4%
Coal 111,064 -1.2% 4,898,065 111,320 -4.2%
Farm and Food Products, Excluding Grain 17,945 -3.3% 719,282 16,347 -3.4%
Forest Products 11,355 10.2% 483,336 10,985 3.2%
Grain 20,833 9.2% 763,891 17,361 -12.1%
Metallic Ores and Metals 23,432 3.7% 1,092,837 24,837 -3.1%
Motor Vehicles and Parts 18,419 15.9% 716,243 16,278 4.6%
Nonmetallic Minerals and Products 37,626 18.6% 1,472,426 33,464 7.3%
Petroleum and Petroleum Products 13,607 12.6% 592,492 13,466 33.8%
Other 8,022 16.4% 334,800 7,609 -1.0%

Intermodal Units 264,264 17.7% 10,865,365 246,940 4.0%
Total Traffic 556,662 10.8% 23,249,512 528,398 1.5%

1 Excludes U.S. operations of CN and Canadian Pacific.
2 Average per week figures may not sum to totals as a result of independent rounding.

Trends, 2013 vs 2012
United States

Weekly Railroad Traffic | Copyright AAR, 2013 1 

5.1% 

5.3% 

-1.2% 

-3.3% 

10.2% 

9.2% 

3.7% 

15.9% 

18.6% 

12.6% 

16.4% 

17.7% 

10.8% 

-20.0% -10.0% 0.0% 10.0% 20.0% 30.0% 40.0%

Total Carloads

Chemicals

Coal

Farm and Food Products

Forest Products

Grain

Metallic Ores and Metals

Motor Vehicles and Parts

Nonmetallic Minerals

Petroleum and Products

Other

Intermodal Units

Total Traffic

This Week
Year-To-Date



Canadian Rail Traffic1

Week 44, 2013 – Ended November 2, 2013

This Week Year-To-Date
Cars vs 2012 Cumulative Avg/wk2 vs 2012

Total Carloads 83,000 6.8% 3,471,365 78,895 2.1%
Chemicals 10,884 10.6% 497,376 11,304 8.1%
Coal 9,876 19.1% 406,703 9,243 6.4%
Farm and Food Products, Excluding Grain 7,144 5.0% 273,284 6,211 -5.5%
Forest Products 7,965 7.0% 340,814 7,746 1.3%
Grain 11,826 12.4% 381,700 8,675 -1.7%
Metallic Ores and Metals 15,771 -1.6% 724,896 16,475 1.2%
Motor Vehicles and Parts 5,507 -0.6% 235,089 5,343 -5.1%
Nonmetallic Minerals and Products 5,552 9.8% 260,078 5,911 8.5%
Petroleum and Petroleum Products 6,907 9.1% 288,549 6,558 14.1%
Other 1,568 -16.1% 62,876 1,429 -28.1%

Intermodal Units 54,867 8.3% 2,370,520 53,875 4.2%
Total Traffic 137,867 7.4% 5,841,885 132,770 2.9%

1 Includes U.S. operations of CN and Canadian Pacific.
2 Average per week figures may not sum to totals as a result of independent rounding.

Trends, 2013 vs 2012
Canada
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Mexican Rail Traffic
Week 44, 2013 – Ended November 2, 2013

This Week Year-To-Date
Cars vs 2012 Cumulative Avg/wk1 vs 2012

Total Carloads 14,281 -0.4% 669,971 15,227 6.8%
Chemicals 1,071 -16.7% 58,889 1,338 5.7%
Coal 177 17.2% 6,495 148 -4.8%
Farm and Food Products, Excluding Grain 1,234 -0.2% 64,371 1,463 -0.3%
Forest Products 35 -18.6% 2,237 51 -16.2%
Grain 1,162 63.7% 65,431 1,487 52.3%
Metallic Ores and Metals 3,704 -1.5% 174,213 3,959 1.7%
Motor Vehicles and Parts 4,094 4.5% 162,630 3,696 8.0%
Nonmetallic Minerals and Products 1,723 -23.0% 94,930 2,158 1.0%
Petroleum and Petroleum Products 388 -18.1% 18,363 417 0.1%
Other 693 32.0% 22,412 509 10.9%

Intermodal Units 8,928 -15.0% 444,314 10,098 0.5%
Total Traffic 23,209 -6.6% 1,114,285 25,325 4.2%

1 Average per week figures may not sum to totals as a result of independent rounding.

Trends, 2013 vs 2012
Mexico
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North American Rail Traffic
Week 44, 2013 – Ended November 2, 2013

This Week Year-To-Date
Cars vs 2012 Cumulative Avg/wk1 vs 2012

Total Carloads 389,679 5.3% 16,525,483 375,579 0.2%
Chemicals 42,050 5.9% 1,867,040 42,433 2.5%
Coal 121,117 0.2% 5,311,263 120,711 -3.4%
Farm and Food Products, Excluding Grain 26,323 -1.1% 1,056,937 24,021 -3.8%
Forest Products 19,355 8.8% 826,387 18,782 2.4%
Grain 33,821 11.6% 1,211,022 27,523 -6.9%
Metallic Ores and Metals 42,907 1.3% 1,991,946 45,272 -1.2%
Motor Vehicles and Parts 28,020 10.6% 1,113,962 25,317 2.9%
Nonmetallic Minerals and Products 44,901 15.1% 1,827,434 41,533 7.1%
Petroleum and Petroleum Products 20,902 10.7% 899,404 20,441 26.0%
Other 10,283 10.7% 420,088 9,547 -5.8%

Intermodal Units 328,059 14.9% 13,680,199 310,914 3.9%
Total Traffic 717,738 9.4% 30,205,682 686,493 1.9%

1 Average per week figures may not sum to totals as a result of independent rounding.

Trends, 2013 vs 2012
North America
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Major Rail Traffic Groups
And the Associated Weekly Railroad Traffic  Commodity Categories
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Weekly traffic data for the detailed commodity groups are available in the AAR's Weekly Railroad Traffic  report.
which can be ordered at https://www.aar.org/Pages/ProductDetails.aspx?ProductCode=WRT2013. Monthly traffic
data for the detailed commodity groups are available in our Rail Time Indicators  report, which costs $50 for 12
monthly issues. RTI can also be purchased with a spreadsheet containing monthly traffic data by country and
commodity for $100. Rail Time Indicators  may be ordered at www.aar.org/Pages/AllProducts.aspx.
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EXECUTIVE SUMMARY  
 

Oil sands are unconventional hydrocarbon deposits that consist of clay, sand, water, and a 

highly viscous oil known as bitumen. Over the past decade, extracting bitumen from oil sands 

has become profitable as oil prices have increased and extraction technologies improved. With 

the rapid growth of oil sands products in Alberta, production is expected to grow from 1.25 

million barrels per day (mbl/d) in 2011 to around 3.75 mbl/d by 2030. The majority of oil sands 

products transported to market will be via existing and proposed pipelines; however, a sharp 

increase in the use of rail and marine transport can be expected while new pipelines are 

constructed to match the increasing production of oil sands products. 

Alberta bitumen owes its high viscosity and density to its developmental history. These 

deposits began as standard crude oil reserves but during development the reservoirs never 

exceeded 80̊ C, meaning pasteurization did not occur. Therefore, when the conditions were 

correct, microorganisms began attacking and consuming the smaller molecules leaving only the 

large molecules that give bitumen its characteristic physical properties. Bitumen densities range 

from higher than freshwater to lower, making it difficult to conclude whether the substance 

would sink (higher) or float (lower).  

 In order to transport bitumen, a diluent must be added to decrease the viscosity. 

The most commonly used diluent is natural gas condensate, a liquid byproduct of natural gas 

processing. Typically the mixture of diluent and bitumen (dilbit) consists of 30% diluent and 

70% bitumen. The second method is the use of synthetic crude (synbit). Synbit is bitumen that 

has undergone partial upgrading, which removes larger molecules through coking and 

hydrolysis. The mixture of synthetic crude and bitumen tends to be 50% synthetic crude and 50% 

bitumen. Future projections indicate that the use of synthetic crude will increase while the use of 

natural gas condensate will remain steady resulting from natural gas condensate’s high price and 

decrease in local availability. 

Little research is currently available regarding the behavior of oil sands products in water 

and the process and outcome of weathering after a spill. The only tests that have been conducted 

were in a laboratory environment so predicting the actual behavior of oil sands products for a 

range of spills is not currently possible. While the parent bitumen can be denser than water 

meaning it would sink, after diluent addition, the density decreases to less than water meaning it 

would float. The environmental conditions present during a spill such as turbidity, water 
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salinity,, and mixing with sediments can all affect the potential for the oil sands products to float 

or sink. Responders to the oil sands product spill into the Kalamazoo River reported the presence 

of floating oil, submerged oil, and sunken oil. Presently there are several research projects in the 

planning stages addressing the weathering behavior of oil sands products, but only one study has 

been published to date. 

A highly debated topic with oil sands products is the degree of corrosivity with respect to 

pipeline transport. Oil sands products tend to be higher in sulfur and total acid number than 

medium and light crude oils, which can contribute to corrosivity. Preliminary conclusions from 

ongoing research suggest that oil sands products are not more corrosive than standard crude oils 

and thus do not pose a increased risk for transmission pipeline corrision.  

 Environmental and human health risks are another concern associated with oil 

sands development and transportation. The health of the Athabasca River near the oil sands 

deposits in Alberta serve as background information which will be referenced during future oil 

spills. Researchers have found raised levels of priority pollutants in the river below oil sands 

development which exceed those considered safe for aquatic life, but not levels that exceed those 

listed as safe for human consumption. However, differentiating between river toxicity from 

bitumen and that from seepage from tailings ponds is difficult. Fish larvae laid on bitumen 

contaminated substances did have a high rate of death and many of those that survived displayed 

physical abnormalities including lesions, hematomas, and unusual growths. Poly aromatic 

hydrocarbons are also present in high levels in the Athabasca River which could contribute to 

cancer rates although no conclusive evidence has been shown.  

 If a spill of oil sands products were to occur, responders will have to prepare for 

both a light, floating oil depending on the diluent used and the potential for a heavy, submerged 

or sinking oil. Species of concern for floating oil are any that contact the surface of the water 

frequently, particularly those that may inhale toxic fumes from the oil sands products or the 

evaporating diluent. Submerged and sinking oil can affect adult fish as well as fish larvae, 

species that feed on or come into contact with sediments, and benthic habitats such as coral reefs. 

For responders and citizens living in the vicinity of a spill, it is important to note that during the 

response to the Kalamazoo spill elevated benzene levels, a known carcinogen, were observed. 

Also, bitumen tends to be higher in sulfur which could also affect local populations. The diluent, 

depending on the type, could pose additional problems as it has a low flash point so it can be 
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highly flammable after evaporation and may collect in depressions, as the gas is heavier than air. 

After the Kalamazoo spill, 331 people reported adverse effects including nausea, respiratory 

distress, and headaches although none required hospitalization. 

 There have been only two major spills of oil sands products. In 2007, synthetic 

crude spilled in Burnaby, B.C. after a pipeline ruptured. The second, in 2010, was a dilbit spill in 

Marshall, Michigan. Again, a pipeline rupture led to dilbit spilling into the Kalamazoo River. 

The spilled dilbit initially floated and then went on to sink to the bottom of the river as well as 

submerge in the water column. The response efforts in Burnaby B.C. were relatively successful 

whereas the Kalamazoo spill’s response effort was extremely challenging. The clean up effort is 

still occurring in the Kalamazoo River as of March 2013. In both spills, the failure to follow 

standard emergency shutdown procedures contributed to the intensity of the oil spill. 

 Planning response to a spill of oil sands product is difficult as it is not enough data 

exisit to predict whether it will float, submerge or sink. As of now, the ability to detect, monitor, 

contain, and recover submerged or sunken oil is limited. In addition, it is difficult to interpret the 

national or regional capacity to respond to a submerged or sunken oil spill as the equipment lists 

are missing vital processing information. Research and development is currently being conducted 

to design equipment for responding to a sinking or submerged oil spill.  

Regulations and standards governing oil spills can largely be divided into two related 

categories—requirements for preparing for oil spills and requirements for responding to oil 

spills. For oil sands products, a number of gaps in regulations currently exist. Two important 

gaps are the exemption of oil sands products from an excise tax and the lack of specific 

information required by facilities and transporters regarding the oil product they are handling. 

There are additional gaps in policies and regulations that warrant attention as transport of oil 

sands products increases. The Federal Railroad Administration has traditionally spent little time 

on the oversight of oil spill planning. Large oil spills in rail transport have not generally been a 

threat until recent years, during which oil transport via rail has significantly increased. There is 

also concern that the recently drafted PHMSA contingency plans for pipelines are not well 

integrated with regional and area plan as required. In addition, while many current regulations 

give agencies the authority to effectively regulate bitumen products, problems can arise from a 

lack of resources and experience dealing with potentially non-floating oils.  
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1 BACKGROUND 
 

1.1 Introduction to Oil Sands 

Oil sands are unconventional hydrocarbon deposits that consist of clay, sand, water, and a 

highly viscous oil known as bitumen. According to the U.S. Geological Survey (2006), oil sands 

is a “generic term that has been used for several decades” to describe this type of hydrocarbon 

deposit.” Extracting bitumen from oil sands was previously uneconomical as bitumen is more 

difficult to extract and transport than conventional crudes due to its thick consistency and the 

need to dilute the oil for it to flow through pipelines. Over the past decade, extracting bitumen 

from oil sands has become profitable as oil prices have increased and extraction technologies 

improved.  

The dramatic increase in the extraction of bitumen from oil sands deposits in Alberta is just 

one part of a larger movement towards development of unconventional oils—those oils not 

extracted through conventional oil wells. According to the Department of Energy, 

unconventional oils are those that fall into one of three categories:  

1. Petroleum-like material produced through heating the kerogen from oil shale deposits; 

2. Bitumen extracted from oil sand deposits; 

3. Low gravity crude oil from conventional reservoirs, but require heat for production. 

Although conventional oils were historically less expensive to bring to market, extraction 

technologies have drastically reduced the price of producing unconventional oils—the 

production of the Alberta oil sands is just one example. 

 In this report we examine the issues associated with the transport of products from 

Alberta’s oil sands through the U.S., focusing on how this increased activity might change the 
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spill risks in various ways. We begin with an introduction to oil sands development and 

transportation, highlighting the economic drivers of that development and the environmental 

impacts in Alberta. The bulk of the report focuses in on a number of key issues, including a 

summary of past and projected spills of dilbit and other oil sands products; a detailed outline of 

where oil sands products are being transported; the chemical and physical properties of oil sands 

products; an introduction to potential environmental and human health impacts of oil sands 

products; an outline of risk mitigation approaches in oil transport, planning, and spill response; 

and a summary of the regulations pertinent to oil transport and spills. We conclude with a section 

that summarizes the gaps in information, research, and policy that we have uncovered throughout 

our research related to oil sands transport and oil spills in general, with some recommendations 

for how policymakers, researchers, and stakeholders might proceed in the future.   

Common Oil Sands Terms1 

Oil Sands or Tar Sands2 
Used synonymously, the combination of bitumen, clay, sand, and water. EIA (2013): 
“Naturally occurring bitumen-impregnated sands that yield mixtures of liquid hydrocarbon 
and that require further processing other than mechanical blending before becoming 
finished petroleum products.” 

Bitumen A semi-solid or solid petroleum deposit. Thick like molasses at room temperature, it must 
be heated or diluted with lighter hydrocarbons to flow (ENE, 2009). 

Diluent Any “lighter viscosity petroleum products that are used to dilute bitumen for transportation 
in pipelines (CAPP, 2012).  

Synthetic Crude Also syncrude or SCO, according to CAPP (2012), “a mixture of hydrocarbons, similar to 
crude oil, derived by upgrading bitumen from oil sands.” 

Dilbit Short for diluted bitumen, bitumen combined with any diluent for transport. 

Synbit/Dilsynbit Bitumen combined with synthetic crude/and synbit combined with a diluent. 

Oil Sands Products A term we use to describe products derived from oil sands, including bitumen, diluted 
bitumen, synthetic crude, synbit, and dilsynbit. 

Table 1-1: Common Oil Sands Terms 

                                                
1 For a full glossary of oil sands terminology, visit: http://www.energy.alberta.ca/OilSands/1708.asp  
2 Oil sands and tar sands mean the same thing. They are used by different groups in order to frame the issue politically. We chose 
to use oil sands and oil sands products throughout this report for consistency and because it is more scientifically correct.  
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1.1.1 Reserves 

Twenty-three countries have known deposits of oil sands. The largest reserves are located 

in three major deposits in northern Alberta, Canada—the Athabasca, Cold Lake, and Peace River 

deposits. The Government of Alberta estimates its total reserves of bitumen at approximately 170 

billion barrels (CAPP, 2012). Significant reserves also exist in Venezuela and Russia. U.S. 

reserves are minimal in comparison but contain twenty-nine accumulations totaling 36,000 

MMBO3 (USGS, 2006). 

As of February 2013, bitumen is not being produced at the same quantity, quality, or with 

the same product specifications anywhere else in the world. However, there are three other 

countries that are producing products or will soon produce products similar to Canada’s dilbit 

and synbit: 

• Venezuela: Venezuela has bitumen reserves estimated to be 513 billion barrels of 

recoverable oil located in the Orinoco Belt (USGS, 2009). Orimulsion is Venezuela’s 

bitumen-based fuel, which consists of bitumen, 30 percent fresh water, and a small 

amount of surfactant (Rayaprolu, 2013). Orimulsion is not a homogenized mixture 

and the bitumen drops out of suspension when left undisturbed for an extended period 

of time (Rayaprolu, 2013). Orimulsion is not being exported to the United States, and 

Venezuela continues to decrease its orimulsion program due to political volatility 

(Rayaprolu, 2013).  

• Kazakhstan: Russian oil company Gazprom Neft purchased a bitumen production 

facility in Kazakhstan in January of 2013. The facility has an annual production 

capacity of 280,000 tons (Energy Resources, 2013).  

• Russia: Russian oil company Gazprom Neft is investing $446 million in renovating 

the Moscow Oil Refinery to refine bitumen, which is expected to produce up to 1.7 

million tons of refined product a year (Moscow Times, 2012).  

                                                
3 MMBO, million barrels of oil. 
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1.1.2 Production of Oil Sands Products 

Oil sands products are produced in two ways: surface mining and in situ recovery. The 

method used depends on the proximity of the deposit to the surface. Surface mining is used for 

deposits within 75 meters of the surface and requires the clearing of trees and topsoil before 

removing the oil sand deposits using trucks and shovels. After removal, the oil sands are trucked 

to an on-site processing facility to remove bitumen from sand and clay. Historically, surface 

mining has been the predominant method, but its share of production will significantly decline in 

the near future, as nearly 80 percent of reserves are too deep to mine (Energy Information 

Administration, 2013). The second method of production, in situ recovery, refers to a method 

where two wells are drilled, one for a steam or solvent injection pipe and another to pump the 

separated bitumen to the surface. The steam separates the bitumen and also lowers the viscosity 

making it easier to pump to the surface, where it is blended with a diluent and transported via 

pipeline to an upgrading facility (NPR, 2012).  

1.1.2.1 Extraction and Upgrading 

Extraction separates the bitumen from the oil sands. In-situ extraction uses steam to 

separate the bitumen while mining requires an additional step at an extraction facility. Here the 

oil sands are mixed with hot water—creating a slurry—and separated into sand, water, and 

bitumen and sent to a primary upgrading facility by pipeline (NPR, 2012). According to the 

Energy Information Administration (EIA), “in order to flow in a pipeline, the bitumen must be 

diluted with condensate or other light oils or ‘upgraded’ by complex processing units into a light, 

sweet ‘synthetic’ crude oil (SCO). Upgrading is “the process by which heavy oil and bitumen are 

converted into lighter crude by increasing the ratio of hydrogen to carbon, normally using either 
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coking or hydroprocessing”—and normally occurs in two steps according to Alberta Energy 

(2012).  

Of all the crude oil and equivalent production in Canada in 2011, roughly 28 percent was 

synthetic crude oil and 25 percent was non-upgraded crude bitumen” (EIA, 2012). There are 

currently five upgrading facilities in Alberta where oil sands products were upgraded to synthetic 

crude oil in 2011, according to Alberta Energy (Alberta Energy, 2012). Maps and information on 

oil sands deposits, extraction, and upgrading facilities can be found here: 

http://environment.alberta.ca/apps/osip/ 

1.2 The Economics of Oil Sands Products  

The oil industry has long been aware that large reserves of oil sands exist in Canada and 

parts of the United States. However, production of oil sands products is a more difficult and 

expensive process than production of conventional crude oils. The profitability of extracting oil 

sands products depends on a certain, relatively narrow, range of economic conditions. The price 

of crude oil needs to remain at or above $65/barrel and possibly as high as $95/barrel in order for 

oil sands products to be profitable (Reuter, Cogan, Sasarean, Lopez Alcala, & Koehler, 2010). 

As conventional sources of crude oil have become scarcer and extraction technologies for oil 

sands products improved, the cost-benefit equation has changed and made oil sands products a 

more attractive commodity.  

1.2.1 Economic Drivers 

According to the International Energy Agency (IEA), the global supply of conventional 

oil already has or will soon peak, and only a dramatic increase in supply from non-conventional 

oil or renewable sources will prevent significant leaps in oil prices (IEA, 2012). However, little 

has been done to actually retool how economic systems work to reduce our dependency on oil, 
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and until renewable sources are further developed and become commonly available as the status 

quo, the economic forces driving the extraction and refinement of oil sands remain strong.  

The United States and Canada both continue to look for ways to achieve North American 

energy security and independence. According to Alberta Energy—the ministry that oversees 

Alberta’s non-renewable energy resources—Alberta supplies the U.S. with 1.4 million barrels of 

oil a day from oil sands products (Alberta Energy, 2012). And, although environmental 

objections have been fierce, it is appealing in importing oil from a neighboring country that is 

considered more stable and friendlier to U.S. political and economic interests than potentially 

volatile OPEC countries4.  

1.2.2 Main Economic Players on the Supply Side 

According to the EIA, “Canada is one of the world's five largest energy producers and is 

the principal source of U.S. energy imports (EIA, 2012). [Their] unconventional oil sands 

products are a significant contributor to the recent and expected growth in the world's liquid fuel 

supply and comprise the vast majority of the country's proven oil reserves, which rank third 

globally. According to Oil & Gas Journal (OGJ), Canada had 173.6 billion barrels of proven oil 

reserves as of the beginning of 2012. Canada controls the third-largest amount of proven reserves 

in the world, after Saudi Arabia and Venezuela.” (EIA, 2013; Reuter et al., 2010). The Canadian 

government, on both a national and provincial scale, stands to increase GDP significantly by 

developing these resources. Canadian oil companies Enbridge, Suncor, and Nexen are all heavily 

involved in the process (Reuters, 2012). American oil companies Exxon Mobil (Exxon Mobil 

also owns Imperial Oil and Esso), Shell, Conoco-Phillips, and Chevron are also invested in 

Canadian oil sands products.  

                                                
4 Organization of the Petroleum Exporting Countries 
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Chinese state-owned oil companies SINOPEC, the China National Petroleum Corp. 

(parent company of Petro-China), and the Chinese National Offshore Oil Corporation (CNOOC) 

are increasing their presence in Alberta (The Economist, 2012). Since 2005, CNOOC has been 

acquiring minority interests in Canadian oil companies, and recently acquired Calgary-based 

Nexen outright5 (Reuters, 2012; Armstrong, 2012). The U.S., China, and Canada currently 

comprise the major industrial stakeholders in Canadian oil sands deposits, but others may emerge 

on a smaller scale. For a more comprehensive list of the oil sands products major players, see the 

stakeholder list in Appendix 1.  

1.2.3 The Main Economic Players on the Demand Side 

After extraction, bitumen may be blended with lighter grades of crude oil and is not 

typically identified as oil sands products when transported (Owens, 2012). However, several 

major markets are receiving the majority of the oil sands products oil coming out of Canada. The 

first is the United States. According to Alberta Energy, the U.S. buys 2.5 million barrels of oil 

from Canada per day (Alberta Energy, 2012). For perspective, those 2.5 million barrels per day 

accounts for 18.2 percent of total U.S. oil consumption, more than the 11 percent that the U.S. 

imports annually from Saudi Arabia (Consumer Energy Report, 2012).  

The other primary markets for oil sands products oil are in Asia (Gunn, Foschi, & 

Sexsmith, 2012) and potentially Europe, although these supply lines are still less developed. 

China has shown interest in Canadian oil development, and has already invested heavily in oil 

development capacity in Alberta. Additionally, Canada’s Prime Minister Harper has spoken 

openly about diversifying Canada’s export of oil to Asian markets, and although it is still a 

relatively small piece of the total exports, some tankers already carry Canadian oil to china from 

                                                
5 Final negotiations went through on 2/ 26. $15.1 billion deal approved. 
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Canada’s west coast (Austen, 2011). As new terminals go online—like the one planned for 

Kitimat, B.C.—the transport of oil sands products through U.S. and Canadian waters will 

increase dramatically. According to a presentation given to investors by Ian Anderson, the 

President of Kinder Morgan’s Canada Group, tanker traffic in Port Metro Vancouver alone could 

increase to 288 annually by 2016, up from only 71 in 2010 (Anderson, 2011). On the U.S. side of 

the border, tanker traffic in the Strait of Juan de Fuca is predicted by Kinder Morgan to increase 

from 4 tankers to 6 tankers daily, with a total increase of 500 tankers annually in the region 

(Kinder Morgan, 2013a). Other sources have also estimated as many as an additional 500 tankers 

a year moving through Puget Sound6 (Luk, 2012). While Europe is a major oil importer, the 

European Union (EU) has been reluctant to open itself to oil sands products (Carrington, 2012). 

In February 2012, the EU held a vote to determine if oil sands products should be labeled more 

polluting, which would have made them an infeasible energy source under current climate 

policies. The vote ended in a stalemate and it seems likely that Canadian lobbyists trying to open 

trade of oil sands products to Europe will continue to face resistance (Carrington, 2012). 

1.2.4 Who Benefits? 

Oil companies enjoy significant profits from oil sands products. The oil industry, 

including American oil giants Exxon Mobil, Conoco Philips, and Chevron have already invested 

significant resources and plan to invest an additional $120 billion over the next decade 

(Rainforest Action Network, 2012). As conventional crudes become scarcer, there is increased 

probability that oil prices will rise significantly, which may cause people to pursue alternatives 

more aggressively. This scenario could equate to massive financial losses and economic 

                                                
6 This increase is dependent on the approval and construction of the Enbridge Northern Gateway pipeline. According to some 
sources it is also contingent on additional new ports that would be built because of the new pipeline system, but according to 
Kinder Morgan the capacity already exists.  
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depression if the oil industry cannot adapt (Reuter et al., 2010). Developing Canada’s oil sands 

products reserves is one way that the industry is keeping up with demand and prolonging its 

ability to provide relatively cheap energy at a profitable level, but its success is not guaranteed. 

The Canadian national and provincial governments stand to gain from developing oil 

sands reserves, something that the current Conservative Party Prime Minister, Stephen Harper 

has made a national priority. Canada’s economy benefits from revenues brought in by becoming 

a significant oil exporter. At the provincial level, Alberta will reap the majority of the financial 

rewards, although there have been some disputes between Alberta and British Columbia over 

potential royalties B.C. would receive for allowing pipelines to cross the province. Twice, in 

2010 and again in 2012 B.C. municipal politicians have voted against the Enbridge Northern 

Gateway pipeline project, expressing feelings that while it may benefit Ottawa and Alberta, B.C. 

stands to gain little and bears most of the environmental risks (Market Wire, 2010; Huffington 

Post, 2012). Mining areas like Fort McMurray have also experienced significant economic 

growth from the development of oil sands products.  

Additionally, the United States also stands to benefit from oil sands products 

development. According to Alberta Energy, for every two jobs created in Canada from oil sands 

products extraction, a third is created in the U.S. (Alberta Energy, 2012). Alberta Energy claims 

“oil sands development is projected to generate $521 billion in economic activity in the U.S. 

over the next 25 years” (Alberta Energy, 2012). 

1.2.5 Economic Trade-offs 

Although the numbers differ depending on the source, it is clear that there are significant 

economic benefits associated with developing oil sands products. The dramatic increase in 

production has turned places like Fort McMurray into boom towns, and has had wide reaching 
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economic impacts through job creation, increased Canadian GDP, and large injections of revenue 

into the budgets of the federal, provincial, and local governments at a value estimated to be in the 

billions of Canadian dollars (Timilsina, LeBlanc, & Walden, 2005). However, these monetary 

gains must be weighed against the negative economic impacts and environmental costs 

associated with bitumen extraction and potential spills (Skinner & Sweeney, 2012). 

1.3 Environmental Impact of Oil Sands Products 

Development of oil sands products results in a higher number of negative environmental 

impacts when compared to lighter crude oils. Heavier forms of oil like bitumen require more 

energy for extraction and processing, resulting in higher greenhouse gas emissions. In addition, 

oil sands extraction is more disruptive than conventional extraction techniques, leading to 

significant local impacts in water use, land use, and on wildlife.7   

1.3.1 Greenhouse Gas Emissions 

Although all fossil fuel development results in greenhouse gas emissions—primarily 

carbon dioxide and methane—production of oil sands products has higher emissions intensity. A 

number of studies have analyzed the overall emissions associated with oil sands products in 

comparison to other crude oils from a lifecycle perspective.8 These analyses come in two 

categories, ‘well-to-wheel’ and ‘well-to-tank’. Well-to-wheel life-cycle assessments consider 

emissions from extraction, transportation, upgrading and refining, distribution, and combustion 

while well-to-tank assessments focus on production and extraction. A survey of these studies by 

                                                
7 In addition, all crude spills pose potential environmental and health risks. Some organizations have expressed concern over the 
possible negative impacts of the diluents blended with oil sands in the event of a spill, namely higher exposure to hydrogen 
sulfide, benzene, and other toxins that affect humans and wildlife.  These impacts are discussed below in section 6. 
8 See Alberta Energy Research Institute/Jacobs Consultancy, Life Cycle Assessment Comparison of North American and 
Imported Crudes, 2009; Alberta Energy Research Institute/TIAX LLC, Comparison of North American and Imported Crude Oil 
Lifecycle GHG Emissions, 2009; National Energy Technology Laboratory, Development of Baseline Data and Assessment of 
Life Cycle Greenhouse Gas Emissions of Petroleum-Based Fuels, November 26, 2008; National Energy Technology Laboratory, 
An Evaluation of the Extraction, Transport and Refining of Imported Crude Oils and the Impact of Life Cycle Greenhouse Gas 
Emissions, March 27, 2009. 
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the Congressional Research Service found that Canadian oil sands products emit on average 14-

20 percent (well-to-wheel) and 72-111 percent (well-to-tank) more greenhouse gases (GHG) 

than crudes they would displace in U.S. refineries (Lattanzio, 2012). The higher emissions 

intensity stems from two sources:  

1. Mining: mining oil sands products requires more energy-intensive methods and in-situ 

methods use natural gas to heat steam; and   

2. Extraction and Processing: extracting oil sands products requires more energy-intensive 

methods due to bitumen’s high viscosity. 

1.3.2 Water-Use Impacts and Tailing Ponds 

One of the most pertinent local environmental concerns is water use and disposal. The 

extraction and processing of oil sands products requires large quantities of water, particularly in 

surface mining operations. A barrel of oil requires approximately 3.1 barrels of net fresh water 

for mining and 0.5 barrels for in-situ (CAPP, 2012). After extraction, bitumen is separated from 

sand and clay by mixing it with warm water—and the water, clay, sand, and leftover oil (tailings) 

is moved to large storage ponds (CAPP, 2012). There are concerns around potential negative 

impacts on aquatic ecosystems from large tailings ponds and removal of water from the 

watershed (Birn & Khanna, 2010).  

Like all mining techniques, surface mining for oil sands generates tailings after 

separating the bitumen. The tailings—water, sand, clay, and residual bitumen—are sent to a 

‘tailings pond’ to be recycled. The tailings are placed in large pools that allow sediment to settle, 

which can take years, and the water skimmed off and reused. It is currently estimated that 

tailings ponds encompass an area of over 130 km2 in Alberta. A number of studies argue that the 

Government of Alberta’s efforts to manage the tailings ponds have been unsuccessful and that 

leakage, or ‘seepage,’ of toxic chemicals continues to happen at a high rate. A 2010 study 
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showed that the oil sands industry “releases 13 elements considered priority pollutants (PPE) 

under the U.S. Environmental Protection Agency's Clean Water Act, via air and water, to the 

Athabasca River and its watershed”—seven of which exceeded Canadian standards for an 

aquatic environment (Kelly et al., 2010). 

1.3.3 Land-Use and Wildlife Impacts 

The Canadian oil sands reserves are located within Canada’s boreal forest, part of the 

largest terrestrial ecosystem in the world. Like water-use, land-use impacts differ based on in situ 

extraction versus surface mining operations, but both have negative implications for the land. 

Mining necessitates the removal of vegetation and topsoil; and the topsoil is then stored for later 

use in the reclamation process. In situ extraction has a smaller footprint but still requires the 

construction of roads, pipelines, well pads, and facilities. According to the National Energy 

Board, “the proposed future reclaimed landscape will be significantly different—with 10 percent 

less wetlands, more lakes, and no peatlands.” The government of Alberta requires companies to 

restore land to at least its previous biological productivity but reclamation requires a long time 

investment and its long-term success is still the subject of debate.  

Wildlife organizations like the National Wildlife Federation argue that oil sands 

production has disrupted caribou and moose populations, with populations around Fort McKay 

decreasing 70 percent and 60 percent, respectively (NWF, 2012). For birds, the warm tailing 

ponds provide an open but harmful body of water during the spring migration season when other 

bodies of water remain frozen, resulting in large numbers of bird deaths each year (Timoney & 

Lee, 2009).  
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1.4 Mode of Transporting Crude Oil in North America 

The energy sector in North America transports various crude oil, petroleum and natural 

gas products from source (e.g., wells) to destination (e.g. refineries and industrial complexes). 

This section briefly describes various modes of transporting oil sands products from source to 

destination. Canada has been the main supplier of crude oil products to the U.S. since 2010, with 

the U.S. importing an average of 2.5 million barrels per day (mbl/d) or 27 percent of total U.S. 

imports (EIA, 2013).  

With the rapid growth of oil sands products in Alberta, production is expected to grow 

from 1.25 million barrels per day (mbl/d) in 2011 to around 3.75 mbl/d by 2030, an average 

annual growth rate of 11.5 percent (Canadian Province of Alberta [AB], 2012; Canadian 

Association of Petroleum Producers [CAPP], 2012). The majority of oil sands products 

transported to market will be via existing and proposed pipelines; however, a sharp increase in 

the use of rail can be expected while new pipelines are constructed to match the increasing 

production of oil sands products (CAPP, 2012; CNEB, 2009; CNEB, 2006). 

The U.S. Department of Energy has divided the U.S into five regions for planning 

purposes (Figure 1-1). Each region is called a petroleum administration for defense district 

(PADD). As of the 3rd quarter of 2012, the U.S. PADD II region was the largest recipient with 

1.6 mdl/d (71 percent), followed by PADD IV (11 percent), PADD V (9 percent), PADD I (5 

percent) and PADD III (4 percent) (EIA, 2013; CNEB, 2012). The largest markets for synthetic 

crude oil in the U.S. were PADD II (76 percent) and PADD V (12 percent), while the largest 

markets for blended bitumen were PADD II (79 percent) and PADD III (10 percent) (EIA, 2013; 

CNEB, 2012). 
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Figure 1-1: US DOE EIA: Petroleum Administration for Defense Districts 

1.4.1 Major Crude Oil Pipeline Networks in North America 

1.4.1.1 Existing Networks of Crude Pipelines 

Canada’s main pipelines include Enbridge’s Mainline, Kinder Morgan’s Trans Mountain, 

and Kinder Morgan’s Express pipeline. This pipeline network has a capacity of roughly 3.5 

million barrels per day (mbl/d) (Table 1-2) and runs through much of North America, connecting 

Canadian oil fields to transit ports and refineries in Canada and the U.S. (Figure 1-2) (CAPP, 

2012; CNEB, 2009). 

The Enbridge system in Canada combined with the Lakehead system in the U.S. is the 

world’s largest crude oil pipeline network (CAPP, 2012; CNEB, 2009). This network is the 

primary transporter of crude oil from western Canada to markets in eastern Canada and the U.S. 

Midwest for regional consumption and transfer to the other PADD regions. The system currently 

delivers about 2.1 mbl/d of crude oil products, including oil sands products, and after future 
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expansion this capacity could increase to 3.5 mbl/d by 2020 (subject to approval of Keystone XL 

pipeline in the U.S. Midwest – refer to section 4.1.1.3 for more information). The mainline 

originates at Edmonton, Alberta and meets with the US Lakehead system at Sarnia, Ontario 

(CAPP, 2012; CNEB, 2009). 

The Kinder Morgan Express pipeline supports refineries in the U.S. West. The Express 

Pipeline system is a batch-mode, in which the shipper receives the exact blend that it tendered 

for transport, and is comprised of the Express Pipeline and the Platte Pipeline. It connects 

Canadian and U.S. crude oil producers to refineries in PADD IV. The pipeline originates at 

Hardisty, Alberta, and terminates in Casper, Wyoming with capacity of 0.28 mbl/d (CAPP, 

2012). 

The Kinder Morgan Trans Mountain pipeline system, which directly affects Washington 

State’s energy portfolio, connects Alberta’s oil to the Pacific Coast for use by U.S. refineries and 

export to Asian markets. The Trans Mountain pipeline transports crude oil and petroleum 

products from Edmonton, Alberta, to Vancouver, British Columbia, and an offshore terminal via 

the Westridge Docks in British Columbia for customers in U.S. PADD V region and Asian 

markets, primarily China and Japan with current capacity of 0.30 mbl/d (CNEB, 2009). 

A subsection of the Enbridge pipeline network connects Canadian crude oil products 

from Sarnia, Ontario to Montreal, Quebec and from there to Portland, ME for customers in U.S. 

PADD I (CAPP, 2012). 
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Figure 1-2: Existing North American Crude Oil Pipeline Network 

Pipeline Network Crude Type Capacity 
(mbl/d) 

Enbridge 
Light 1.08 

2.33 
Heavy 1.25 

TransCanada Light / Heavy  
(25% / 75%) 0.59 

Kinder Morgan 
Trans Mountain 

Light / Heavy  
(80% / 20%) 0.30 

Kinder Morgan 
Express 

Light / Heavy  
(35%/ 65%) 0.28 

Total Existing Capacity  3.50 

Table 1-2: North America's Existing Crude Oil Pipeline Network 

1.4.1.2 Proposed Crude Oil and Bitumen Pipelines 

The U.S. and Canadian pipeline industry is currently working on many expansion 

proposals and construction projects (dotted lines in Figure 1-3) that will increase the current 

networks capacity by 61 percent to approximately 5.6 mbl/d (Table 1-3). The proposed Enbridge 

Southern Lights, Enbridge Northern Gateway, and Kinder Morgan Cochin Conversion are 
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intended to transfer increased Canadian crude oil export to markets in North American and Asia 

(CAPP, 2012; CNEB, 2009). 

 

Figure 1-3: North American Crude Oil Pipeline – Existing + Proposed 

Pipeline Crude 
Type 

Capacity 
(mbl/d) Origin Destination Consumer 

Markets 
Year 

Active 

TransCanada 
Keystone XL  

Light / 
Heavy / 
Diluent 

0.33 Hardisty, AB Steele City, NE PADD III 2016 

0.55 Cushing, OK Nederland, TX PADD III 2014 

Enbridge  
Northern Gateway 

Heavy / 
Diluent 0.53 Kitimat, BC Edmonton, AB Asia 2017 

Kinder Morgan 
Trans Mountain 

Expansion 
Heavy 0.45 Edmonton, 

AB Burnaby, BC PADD V 
Asia 2017 
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Pipeline Crude 
Type 

Capacity 
(mbl/d) Origin Destination Consumer 

Markets 
Year 

Active 

Enbridge 
Alberta Clipper & 

Southern Light 
Expansion 

Heavy / 
Diluent 0.12 Flanagan, IL Edmonton, AB PADD II 2014 

Enbridge 
Line 9 Reversal 

Light / 
Heavy / 
Diluent 

0.10 Montréal, 
Québec Sarnia, ON PADD I 

Europe 2014 

Kinder Morgan 
Cochin Conversion Diluent 0.07 Kankakee 

County, IL 

Fort 
Saskatchewan, 

AB 
Alberta 2014 

Total Proposed Capacity  2.15  
Table 1-3: North America's Proposed Crude Oil Pipeline Expansion 

1.4.2 Transport of Oil Sands Products via Rail 
 

Rail is becoming an increasingly larger proportion of the crude oil transportation network 

because companies can increase their carrying capacity relatively quickly by buying more 

railcars—and because the freight rail infrastructure is already in place throughout North 

America. Rail transport of all types of crude oil products has increased roughly 55 percent 

between March of 2011 and March of 2012 (Table 1-4) (CN, 2012). Rail could provide a short-

term alternative to pipelines, as it allows companies to increase production and transportation 

without investing in significant new infrastructure; however, due to its logistical limitations, it 

remains to be seen how much of crude oil transport will be done by rail in the long term. 

Date Rail Cars 
(#) 

Weight 
(Metric Tons) 

March-12 8,823 707,647 

March-11 5,602 458,696 

Growth Rate 57% 54% 

Table 1-4: Growth in use of Rail for Transportation of Crude Oil in North America 

Canada’s two major rail companies, Canadian National (CN) and Canadian Pacific 

(CPR), are in position to take advantage of increased oil production in Alberta. Both companies 
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have track as far north as the Alberta oil sands fields and are already major transporters of 

mining and in situ extraction supplies for the oil companies. CN and CPR have an extensive 

North American network that could support transport of crude products from the source to 

refineries and shipping ports (Figures Figure 1-4, Figure 1-5, Figure 1-6, Figure 1-7) (CN, 2012; 

CPR, 2012). 

In anticipation of the growth in transportation volume, rail companies are studying several 

options to reduce their transportation costs and increase the effectiveness of rail transport as an 

alternate to pipelines. These include (CAPP, 2012): 

• Test runs transporting light crude and condensate from California, Texas, and Louisiana. 

• The potential of using heated rail cars to transport non-upgraded bitumen that could then 

be blended to specifications at terminals near the destination refineries. Heated railcars 

would allow for speedier loading and unloading of high viscosity oil sands products 

• The transportation of Alberta oil sands products by electric rail to an existing marine 

terminal at Valdez, Alaska for Asian markets. 
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Figure 1-4: Canadian National Rail (CN) Network 



Risks of Transporting Oil Sands Products   32 
 

 

Figure 1-5: Canadian National Rail (CN) Northern Alberta Connection 
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Figure 1-6: Canadian Pacific Rail (CPR) Network 

 

Figure 1-7: Canadian Pacific Rail (CPR) Alberta Connections 

1.4.3 Transport of Oil Sands Products via Waterways 

In anticipation of tremendous growth in the production and transportation of oil sands 

products and due to uncertainties in development of new pipelines, oil transport companies are 
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exploring the option of shipping oil sands products via barges through North American waterway 

networks, specifically the Mississippi River for U.S. PADD II and III markets (Break Bulk I, 

2011; Break Bulk II, 2011; Gabriela Alcocer; Seana Lanigan, 2012). The option of using barges 

in North American waterways would most likely be a viable alternative on the Pacific Coast 

(e.g., Puget Sound) and the Great Lakes region where waterway distances between crude 

terminal and refineries are relatively short (Jensen & Pilkey-Jarvis, 2012). There are currently 

shipments of heavy and extra heavy crude oil products via barges from terminals in British 

Columbia to Puget Sound refineries in Anacortes and Tacoma (Figure 1-8) (Jensen & Pilkey-

Jarvis, 2012). 

 

Figure 1-8: WA Department of Ecology: Marine and Pipeline Routes in Puget Sound Region 
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2 SPILLS OF DILUTED BITUMEN 
 

Four significant spills of diluted bitumen have occurred in the U.S. and Canada over the past 

two and a half years. These include spills on Enbridge pipelines in Michigan and Illinois, a 

Kinder Morgan Canada pipeline spill in Burnaby, B.C., and one spill at a TransCanada operated 

Keystone Pipeline pump station in North Dakota. Further information on the Enbridge Michigan 

and the Kinder Morgan Burnaby spills and response efforts are provided in section 7.2.  

2.1 Recent Spills of Diluted Bitumen Oil 

2.1.1 Marshall, Michigan Enbridge Spill  

The largest dilbit spill, and largest inland oil spill in U.S. history, occurred on Enbridge’s 

Line 6B pipeline on July 25, 2010 in Marshall, Michigan (Young, 2012). Line 6B is a 293-mile 

section of the Lakehead system, which originates in Edmonton, Alberta. The rupture was not 

discovered for more than 17 hours and the total release was estimated to be 20,082 barrels (bbl)9 

of dilbit (NTSB, 2010). The rupture in the line measured 6 feet 8.25 inches in length and 5.32 

inches at maximum width (NTSB, 2010). Of the total oil that spilled, 8,033 bbl reached 

Talmadge Creek and the Kalamazoo River (Enbridge, 2012a). 

Notably, Enbridge did not initially report that the pipeline was carrying dilbit, and 

according to media outlets one Enbridge executive denied that the pipeline was carrying oil 

sands products (Lydersen, 2010). Disclosure of this information is not required, and thus it took 

more than a week for federal and local officials to discover they were dealing with a dilbit spill 

(McGowan & Song, 2010).  

                                                
9 1 barrel (bbl) of oil=42 gallons (gal) 
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The U.S. Environmental Protection Agency (EPA) mobilized an Incident Management 

Team in response to the spill that included federal, state, and local agencies. The EPA reports 

that the spill was contained on July 28, 2010 about 80 miles from Lake Michigan and estimates 

that 27,359 bbl of oil have been recovered as of October 22, 2012 although the official estimated 

spill release was reported to be only 20,082 bbl (EPA, 2012; NTSB, 2012). Although large-scale 

cleanup was ongoing as of this report, the estimated response costs, including the role of the 

federal government in cleanup, were about $767 million as of October 31, 2011 (NTSB, 2012). 

Evaluations of air, water, and fish are ongoing. While no impacts on drinking water have been 

reported and contamination levels of fish were not high enough to trigger fish eating guidelines, 

an assessment of air contamination is still pending. (MDCH, 2001-2012).  

2.1.2 Romeoville, Illinois Enbridge Spill 

Two months after the spill in Michigan, Enbridge was responsible for another spill on the 

Lakehead System on Line 6A in Romeoville, Illinois. On September 9, 2010 a rupture resulted in 

a spill of about 6,095 bbl of dilbit. The spill resulted from a 2.5-inch long puncture on the bottom 

of the pipeline, likely caused by rocks lodged under the structure, although an official report is 

yet to be issued (Hood, 2010). As with the Michigan spill, Enbridge press releases describing the 

pipeline do not explicitly state that it carries dilbit.  

The EPA oversaw the spill response with assistance from state and local agencies. The 

EPA reported the successful completion of its response on October 28, 2010, and transferred the 

cleanup of contaminated groundwater to the Illinois EPA. In total, the EPA reported in 

November 2010 that response efforts resulted in about 20,476 bbl of total oily liquids 

collected—including water and oil (EPA, 2012). Media outlets report that Enbridge cleanup 

costs for the spill were expected to be $40-$60 million (Huffington Post, 2010).  
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2.1.3 Burnaby, British Columbia, Kinder Morgan  

Three years prior to the Enbridge spills in the U.S., there was a spill of approximately 

1,400 bbl of synthetic crude oil in British Columbia. On July 24, 2007, a spill resulted from an 

excavator bucket striking the Westridge Transfer Line in Burnaby, British Columbia during 

excavation for a new storm sewer line. The pipeline is operated by Kinder Morgan Canada and is 

owned by Trans Mountain Pipeline L.P. It runs from the Burnaby terminal to the Westridge 

Dock, where it delivers oil to tankers (TSB, 2008a).  

The oil flowed from the ruptured line into Burnaby’s storm sewer systems until it reached 

the Burrard Inlet resulting in damage to the marine environment and affecting 1,200 meters of 

shoreline (TSB, 2008a). Cleanup took months and cost roughly $15 million and resulted in the 

recovery of 1,321 bbl of oil (CBC, 2011).  

2.1.4 Keystone Pipeline Spills 

In its first two years of operation, the Keystone Pipeline has experienced 35 spills, 14 of 

which were in the U.S. (Cornell University, 2012). Although most of these have been small 

spills, an accident in North Dakota resulted in a 500 bbl spill of dilbit.  

2.1.4.1 Ludden, North Dakota, TransCanada 

A failure at a North Dakota pump station resulted in a spill of about 500 bbl dilbit on 

May 7, 2011 causing the entire pipeline system to shut down for nearly one week. Reports from 

the North Dakota Public Service Commission assert that the spill was not due to the pipeline 

itself, but rather resulted from a failed fitting for a valve on the line’s discharge piping (Crowl, 

2011).  

Under the leadership of private contractors and a regional incident management team, 

clean up and analysis of the spill commenced on May 7. All but approximately five bbl of the 
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spilled oil were contained within the boundaries of the pumping station. Immediately following 

this spill, a U.S. Department of Transportation Pipeline and Hazardous Materials Safety 

Administration (PHMSA) issued a corrective action order requiring operators to replace similar 

fittings on all Keystone pump stations (USDOT PHMSA, 2011). 
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3 PROJECTIONS OF FUTURE SPILLS 
 

3.1 Do Oil Sands Products Increase Pipeline Spills? 

Although several studies and reports suggest that pipelines carrying dilbit have a higher 

frequency of spills than those carrying conventional crude due to the physical characteristics of 

dilbit, finalized studies as well as those underway suggest this is not the case. Citing PHMSA 

spill data, a Cornell University report found that between 2007 and 2010 pipelines transporting 

dilbit experienced three times more spills per mile in the northern Midwest than the national 

average for conventional crude oil due to the corrosive nature of the material (Skinner & 

Sweeney, 2012). The added corrosivity of oil sands-derived products is, however, a contested 

issue. Although the National Resources Defense Council (NRDC) echoed these findings in 

saying dilbit is “more likely to cause corrosion” in pipelines and tankers (NRDC, 2011); data 

from several studies suggest that oil sands products are not significantly more corrosive. 

Recent studies on dilbit and oil sands products characteristics carried out by Heather 

Dettman of Natural Resources Canada (NRC) and J. Zhou and J. Been as commissioned by 

Alberta Innovates. Noting that water content is the paramount factor in pipeline corrosion, 

Dettman and Zhou and Been use an analysis of sediment content, water content, and other 

characteristics to assert oil sands products are not significantly different than comparable heavy 

crudes and are not more highly corrosive enough to be a concern to pipeline operators (Dettman, 

2012; Zhou, Been, 2011). For a further discussion of oils sands and pipeline corrosion, refer to 

section 5.5. 
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3.2 Available Spill Risk Assessments 

To determine potential risk of oil spills, public agencies and private consulting firms have 

carried out assessments on spill predictions for the Keystone, Keystone XL, Enbridge Alberta 

Clipper, and Northern Gateway pipelines. Assessments to provide spill predictions for the Kinder 

Morgan Trans Mountain pipeline expansion and the Enbridge Line 9 Reversal in Eastern Canada 

are respectively planned and underway.  

3.2.1 Pipelines 

Based on U.S. Department of Transportation’s statistics, transmission of oil and 

petroleum products via pipeline is the safest mode in terms of ratio of accidents per amount 

transported per year (Tables Table 3-1, Table 3-2) (Furchtgott-Roth, 2012; Pipeline & Hazardous 

Materials Safety Administration [PHMSA], 2013). 

In compliance with U.S. and Canada governmental requirements to carry out 

environmental impact assessments, spill risk data are available for the TransCanada Keystone, 

proposed TransCanada Keystone XL, and Enbridge Northern Gateway pipelines. Assessments 

are pending for the Kinder Morgan Trans Mountain expansion and Enbridge Line 9 Reversal 

pipelines. Spill risk data are not available for the Enbridge Lakehead System (Alberta Clipper 

and Bakken expansions), Kinder Morgan Express, and current Kinder Morgan Trans Mountain 

pipelines. As U.S. and Canadian reporting and assessment requirements differ and accessibility 

of documents vary, the amount, source, and presentation of data on spill risk is not consistent 

across these studies. 
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Comparative Statistics for Incident Rates Onshore Transmission Pipelines vs. Road and Railway 
(2005-2009) 

Mode 
Billions Ton 

Miles of 
Shipment 

Average Hazmat 
Incidents per 

Year 

Average Hazmat 
Incidents per Billion 

Ton Mile 

Road 23 14,963 650.6 
Railway 35.1 718 20.5 

Hazardous Liquid Pipeline (Onshore) 584.1 354 0.61 
Gas Transmission Pipeline (Onshore) 338.5 300 0.89 

Table 3-1: Incident Rates Onshore Transmission Pipelines vs. Road and Railway (2005-2009) 

Year  Number  Fatalities  Injuries  

Property 
Damage 

as 
Reported 
($ million) 

Gross 
Barrels 
Spilled 

Net 
Barrels 

Lost 

% of 
Volume 

Recovery 

1993 445 17 111 $67.3  116,802 57,559 51% 
1994 467 22 120 $160.6  164,387 114,002 31% 
1995 349 21 64 $53.4  110,237 53,113 52% 
1996 381 53 127 $114.5  160,316 100,949 37% 
1997 346 10 77 $79.8  195,549 103,129 47% 
1998 389 21 81 $126.9  149,500 60,791 59% 
1999 339 22 108 $130.1  167,230 104,487 38% 
2000 380 38 81 $191.8  108,652 56,953 48% 
2001 341 7 61 $63.1  98,348 77,456 21% 
2002 644 12 49 $102.1  97,255 77,953 20% 
2003 673 12 71 $139.0  81,308 50,889 37% 
2004 673 23 60 $271.8  89,311 69,003 23% 
2005 721 14 48 $1,246.8  138,094 46,246 67% 
2006 642 21 36 $151.1  137,693 53,905 61% 
2007 615 15 50 $154.9  94,981 68,941 27% 
2008 662 8 57 $565.9  102,076 69,510 32% 
2009 627 13 64 $179.0  55,014 32,307 41% 
2010 590 22 109 $1,465.3  174,931 123,420 29% 
2011 595 14 60 $365.3  139,017 108,140 22% 
2012 569 12 56 $188.4  54,061 32,401 40% 

Table 3-2: National Pipeline Systems –Reported Incidents Summary Statistics: 1993-2012 

3.2.2 Rail 

Concerning the risks associated with transporting dilbit via rail, risk assessments are not 

conducted according to the specifics of the material being transported. However, an EPA report 
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does provide rail specific data of on spills of all types of oil in U.S. inland waterways. Between 

1980 and 2003, there were 265 spills attributed to rail, which accounted for 0.05 percent of the 

total number of spills over that timeframe. The average volume per spill was 8,185 gallons 

(Etkin, 2006). Further discussion on rail transport and regulation are provided in sections 4.2 and 

8.3.3.2. 

3.2.3 Waterways and Terminals 

Regarding spills at coastal terminals and waterways, Enbridge has published spill risk 

assessments for their pipeline to the Kitimat Terminal and a recent risk assessment was 

conducted for the Aleutian Islands. These are discussed below. However, risk assessments for 

other terminals expected to handle oil sands products will not be conducted until upgrades to 

facilities are underway and regulations require assessments to take place.  

3.3 Keystone XL Pipeline 

The State Department has released two Environmental Impact Statements (EIS) of the 

Keystone XL, the most recent of which was released in March, 2013 accounts for a re-routed 

pipeline through Nebraska. 

The 2013 draft EIS of Keystone XL reports spill releases as distributed by volume. 

Basing their figures on historical spill data from PHMSA, the State Department asserts that for 

all spills along all pipeline components, 79 percent will be less than 50 bbl, 17 percent will be 

50-1,000 bbl, and 4 percent will be 1,000-20,000 bbl. Moreover, they predict that there will be 

.00313 incidents per mile-year of which 21 percent would be greater than 50 bbl. Notably, the 

final EIS discusses the fact that an undetected leak along a buried section of the pipeline could 

saturate soil with the potential for the material spilled to reach groundwater. The Final EIS also 

provides information on pipelines mileage that could affect water bodies. Narrowing their 
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analysis to water bodies in Montana, South Dakota, and Nebraska, they assess that there are 

about 355 miles, 129 miles, and 278 miles of pipeline in these respective state that are prone to 

spills of more than 50 bbl that could affect water bodies (U.S. Department of State, 2013) 

The first EIS of the Keystone XL Pipeline provides figures for “significant spills,” or 

those predicted to exceed 50 bbl. Drawing on historical spills from the PHMSA database, the 

estimated projection for significant spills is 1.18 spills per year (.0007 per mile over 1,682 

miles). This equates to nearly 59 spills greater than 50 bbl over the 50-year design life of the 

pipeline.  

The EIS indicates that the maximum spill volume is 66,666 bbl, which, due to 

topographic conditions, is only possible along less than 1.7 miles of the proposed route. Taking 

factors such as shutdown time, structural failure, flow rate, and line drainage volumes into 

account; for about 50 percent of the proposed pipeline route the maximum spill volume would be 

about 16,000 bbl , which could result from a “complete structural failure of the pipeline” (U.S. 

Department of State, 2011). The EIS also asserts that spill volumes would be much lower at river 

crossings because main line valves (MLVs) occur on either side of each river crossing (U.S. 

Department of State, 2011). 

Two additional assessments of the Keystone XL pipeline provide different figures. An 

assessment carried out by TransCanada contractor DNV consulting, found the likelihood of 

significant spills (greater than 50 bbl) to be .21 (.00013 per mile) or about 11 spills over 50 

years. John Stansbury of the University of Nebraska argues that these figures are “highly 

questionable” because the firm failed to take into account the historical PHMSA spill data that 

accounts for 23 percent of historical pipeline data (Stansbury, 2011). Taking the PHMSA data 

into account and using dilbit’s increased acidity and sulfur rates to substantiate his claims of the 
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material’s increased corrosiveness and abrasiveness, Dr. Stansbury’s spill prediction for 

Keystone XL is 1.83 (.00109 per mile) or 91 significant spills over 50 years (Stansbury, 2011). 

However given data showing that dilbit is not more corrosive than other crude oils, Dr. 

Stansbury’s results might be overstated. 

Dr. Stansbury also provides worst-case spill scenarios for major Keystone XL river 

crossings and the Sandhills region of Nebraska. At the Missouri River Crossing, his worst-case 

spill prediction is 122,867 bbl. For the Yellowstone River, the worst-case prediction is 165,416 

bbl. At the Platte River crossing, the worst-case prediction is 140,950 bbl (Stansbury, 2011). 

Keystone Pipeline 

A DNV Energy analysis carried out for TransCanada provides estimates for spills greater 

than 50 bbl on the Keystone pipeline. Providing data specifically for spills of diluted bitumen, 

DNV states in a section on uncertainties that their estimates assume failure causes are identical to 

crude oil (DNV Energy, 2011). The DNV estimates are 0.094 and 0.151 spills per year 

respectively for the mainline and the mainline plus the Cushing extension (DNV Energy, 2011). 

Over a fifty-year period, this equates to 4.70 and 7.55 spills respectively.  

Regarding worst-case spills, Dr. Stansbury uses Keystone figures to support his analysis 

of Keystone XL. He asserts that TransCanada estimated worst case spills for the Keystone 

pipeline (at Hardisty Pumping Station) to be 41,504 bbl, while Stansbury’s estimate is closer to 

88,000 bbl (Stansbury, 2011). The principal difference in arriving at these estimates is the 

assumed shut-down time, 19 minutes for TransCanada and two hours for Stansbury (Stansbury, 

2011). 
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3.4 Northern Gateway Pipeline 

 Enbridge provides data on spill risks for their Northern Gateway pipeline, the Kitimat 

Terminal, and associated waterways in a 2011 General Oil Spill Response Plan (Enbridge, 2011). 

The estimated spill frequency data in the report is provided in spill return years (number of years 

per spill). Converting these figures to yearly spill likelihoods, the company predicts there will be 

about 0.036 spills per year greater than 62.8 bbl on the pipeline in the region between Alberta 

and Kitimat. The maximum spill volume along the pipeline is predicted to be 49,060 bbl at 

kilometer point (KP) 165 near Mayerthorpe. The assessment also states that the pipeline is 

designed to limit spill volumes at watercourse crossings to less than 12,579 bbl. For spills at the 

Kitimat Terminal involving a tanker at berth, there will be an estimated 0.002 spills greater than 

62.8 bbl per year. A separate, third party assessment carried out by University of British 

Columbia engineering professors puts the estimated spill rate per year at 0.014 (Gunn, Foschi, & 

Sexsmith, 2012) The maximum spill volume at the terminal is predicted to be 10,063 bbl. And 

for waterway spills associated with tanker traffic, there will be an estimated 0.003 spills per year 

of any volume and 0.002 spills per year greater than 31,449 bbl. The maximum spill volume for 

a waterway spill is predicted to be 226,433 bbl. 

3.5 Unimak Pass 

 An assessment of worst case spills in the Aleutian Islands is relevant to the report given 

the likelihood that oil sands products will be shipped via great circle routes through the islands 

and Unimak Pass for export to Asia. Data presented here comes from The National Fish & 

Wildlife Foundation, U.S. Coast Guard, and State of Alaska Department of Environmental 

Conservation multi-phase risk assessment of maritime transportation in the Bering Sea and the 

Aleutian Archipelago. Providing baseline and future accident estimate predictions for all vessels 
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(8.67 for 2008/2009 and 9.61 for 2034), a summary report of the assessment estimates that 

collisions with crude oil tankers along this route would result in a spill of 428,080 bbl (Aleutian 

Islands Risk Assessment Management Team, 2011).  
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4 TRANSPORTATION METHODS 
 

As stated in section 1.4 pipelines, rail, barges and tankers are the primary modes of 

transporting crude oil products from source to markets in North America. Canada produced 

roughly 1.2 billion barrels in 2012 (approximately 3.5 mbl/d), 55 percent of which were oil sands 

products (upgraded bitumen and non-upgraded bitumen) (CNEB, 2012). As of 2011, 65 percent 

of Canadian crude oil production was destined for the U.S (CNEB, 2012; EIA, 2012). The most 

widely used mode of exporting Canadian crude oil to the U.S. is the use of pipelines. Canada 

exported 89 percent of its crude oil via pipelines, 10.8 percent via marine transportation and 0.2 

percent via rail (CNEB, 2012). However, due to environmental and political challenges to 

pipeline expansion, the use of rail is rapidly growing (EIA, 2013; CNEB, 2012). From 2007 to 

2011, the use of pipelines grew by only 5.3 percent yearly and use of marine (tankers and barges) 

shrank by 2.4 percent yearly, while use of rail has increased by over 7000 percent yearly (EIA, 

2013; CNEB, 2012). The rapid growth in use of rail stems from the facts that almost no crude oil 

was transported via rail in 2007 and 2008 (EIA, 2013; CNEB, 2012). 

The U.S. accounts for 97 percent of Canadian crude oil export (CNEB, 2012). In 2012 

Canada’s crude oil export to the U.S. included conventional light (30 < API), conventional 

medium (25 < API < 30), conventional heavy (API < 25), synthetic (upgraded bitumen or 

upgraded heavy crude oil of any API), and blended bitumen (bitumen blended with light 

hydrocarbons and/or synthetic crude oil) (CNEB, 2012). As of the 3rd quarter of 2012, oil sands 

products were the largest type of crude oil product exported to the U.S. (31 percent), followed by 

conventional heavy (24 percent), synthetic (24 percent), conventional light (18 percent) and 

conventional medium (3 percent) (CNEB, 2012). This makes the U.S. consumer of 99 percent of 

the Canadian oil sands crude products destined for export (CNEB, 2012). 



Risks of Transporting Oil Sands Products   48 
 

There are major policy and research gaps related to transportation of oil sands products 

(pipelines, rail or marine) that must addressed in order for both the policy makers and 

governmental organizations to assess ecological, environmental, social and economic risks and 

uncertainties surrounding integration of oil sands products into the global economy. Sections 8.8 

and 9 outline major gaps in both policy and research. 

4.1 Pipelines 

Pipelines are the primary mode of transportation for oil products in North America. 

Approximately 71 percent of crude oil and petroleum products (including crude oil and post 

refining products) are shipped via pipelines on the ton-mile basis (mass in tons * distance in 

miles) (Bureau of Transportation Statistics [BTS], 2012). Tanker and barge traffic account for 

roughly 23 percent of oil shipments, and rail about 3 percent (Table 4-1) (BTS, 2012). By 

focusing on the crude oil products, including all types of crude oil, the numbers swing even more 

towards pipelines. In 2009 roughly 80 percent of all crude oil transport in ton-miles in North 

America was via pipelines, while tankers and barges accounted for 19 percent and rail 0.3 

percent respectively (Table 4-1) (BTS, 2012). 

Crude Oil and Petroleum Products Transported in the United States by Mode (billions) 

  2008 2009 

  Tonne-
Kilometers Ton-Miles % Tonne-

Kilometers Ton-Miles % 

Crude oil, total 543.1  372.0  100.0% 490.6  336.0  100.0% 

Pipelines 447.2  306.3  82.3% 391.6  268.2  79.8% 

Water carriers 92.3  63.2  17.0% 95.0  65.1  19.4% 

Motor carriers 2.5  1.7  0.5% 2.5  1.7  0.5% 

Railroads 1.0  0.7  0.2% 1.5  1.0  0.3% 
Refined petroleum 

products, total 709.4  485.9  100.0% 692.2  474.1  100.0% 

Pipelines 437.1  299.4  61.6% 438.3  300.2  63.3% 

Water carriers 191.0  130.8  26.9% 177.7  121.7  25.7% 

Motor carriers 48.8  33.4  6.9% 47.0  32.2  6.8% 
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Crude Oil and Petroleum Products Transported in the United States by Mode (billions) 

  2008 2009 

  Tonne-
Kilometers Ton-Miles % Tonne-

Kilometers Ton-Miles % 

Railroads 32.6  22.3  4.6% 29.1  19.9  4.2% 
Combined crude and 

petroleum products, total 1,252.5  857.9  100.0% 1,182.7  810.1  100.0% 

Pipelines 884.3  605.7  70.6% 829.8  568.4  70.2% 

Water carriers 283.2  194.0  22.6% 272.7  186.8  23.1% 

Motor carriers 51.2  35.1  4.1% 49.5  33.9  4.2% 

Railroads 33.6  23.0  2.7% 30.5  20.9  2.6% 

Table 4-1: Crude Oil and Petroleum Products Transported in the US by Mode 

There are three major types of pipeline systems that support transfer of oil from its source 

to destination; they are for gathering, crude oil, and refined products, with sizes ranging from 2 

inches to 42 inches in diameter (Figure 4-1) (BTS, 2012). The U.S. has a network of 175,000 

miles of these pipelines for the purpose of onshore and offshore transmission of crude oil and 

petroleum products (BTS, 2012). Gathering pipeline systems gather crude oil from production 

wells, crude oil pipeline systems transport crude oil from the gathering systems to refineries, and 

refined products pipeline systems transport refined products such as gasoline, kerosene and many 

industrial feedstock petrochemicals from refineries to the end user or to storage and distribution 

terminals (BTS, 2012). 
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Figure 4-1: US DOT, PHMSA’s Petroleum Pipeline Systems 

4.1.1 Networks of Crude Pipelines in North America 

As stated in section 1.4.1, there are four major networks of crude pipelines in North 

America that carry crude products from the source (wells and mines) to the destination 

(refineries and offshore drop off terminals for tanker shipment) with an average capacity of 3.5 

mbl/d (CAPP, 2012; CNEB, 2009). 

It is worth mentioning that Canadian heavy-crude prices have declined relative to their 

U.S. and international benchmarks due to lack viable transportation mechanism to transfer the 

increased production capacity to market (Olson & van Loon, 2013). According to Bloomberg 

News, Western Canada Select, a blend refined from oil-sands bitumen, had fallen over 20 
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percent during the past six months amid uncertainty over approvals for Keystone XL, Enbridge’s 

Northern Gateway and Kinder Morgan Energy Partners LP (KMP)’s TransMountain pipelines 

(Olson & van Loon, 2013). 

4.1.1.1 Enbridge Mainline Pipeline System 

The Enbridge pipeline system delivers crude oil and other refined products from western 

Canada, Montana, and North Dakota to markets in western Canada, the U.S. PADD II (Error! 

Reference source not found.), and Ontario (CAPP, 2012; CNEB, 2009). The system connects to 

a number of regional pipelines in the U.S. PADD II region, such as the Minnesota Pipeline at 

Clearbrook, MN and Spearhead South at Flanagan, IL (CAPP, 2012; CNEB, 2009). The 

Enbridge system has the capacity of 2.3 mbl/d (CAPP, 2012; CNEB, 2009; CNEB, 2006). 

The Enbridge network is currently being expanded through upgrades to two of its main 

pipelines, Alberta Clipper and Southern Access (CAPP, 2012; CNEB, 2009). By 2014, when the 

expansion projects are completed, the Alberta Clipper will have an additional 0.12 mbl/d 

capacity and the Southern Access with have an addition 0.16 mbl/d capacity (CAPP, 2012; 

CNEB, 2009; CNEB, 2006). 

4.1.1.2 Kinder Morgan Express and Trans Mountain Pipeline Systems 

Kinder Morgan Canada, Inc. is the parent company of both Kinder Morgan and Trans 

Mountain Pipelines (CAPP, 2012; CNEB, 2009). The Trans Mountain system originates in 

Edmonton, Alberta and transports crude oil and petroleum products to delivery points in British 

Columbia, which include the Westridge dock for offshore exports to final destinations that 

include the U.S. PADD V (primarily CA and WA) and Asia (CAPP, 2012; CNEB, 2009; CNEB, 

2006). 
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The system also includes the Express Pipeline system, which is comprised of the Express 

Pipeline and the Platte Pipeline (CAPP, 2012; CNEB, 2009). This system connects Canadian and 

U.S. crude oil producers to refineries in the U.S. PADD II and PADD IV (CAPP, 2012; CNEB, 

2009). The Express Pipeline originates at Hardisty, Alberta and ends at the Casper, WY facilities 

on the Platte Pipeline with a capacity of 0.280 mbl/d (CAPP, 2012; CNEB, 2009; CNEB, 2006). 

The Platte Pipeline runs from Casper, WY to refineries and interconnecting pipelines in Wood 

River, IL with the capacity of 0.15 mbl/d (CAPP, 2012; CNEB, 2009). 

4.1.1.3 TransCanada Keystone Pipeline System 

The existing Keystone pipeline system runs from Hardisty, Alberta to terminals in Wood 

River and Patoka, IL (CAPP, 2012; CNEB, 2009). The latest extension to the Keystone pipeline 

is the Cushing Extension, which runs from Steele City, NE to Cushing, OK (CAPP, 2012; 

CNEB, 2009). The system has a capacity of 0.591 mbl/d to either Wood River or Cushing 

depending on market requirements (bidirectional) (CAPP, 2012; CNEB, 2009; CNEB, 2006). 

TransCanada’s future expansion plan includes the Keystone XL pipeline. The purpose of 

this pipeline will be to transfer oil sands products from Alberta to refineries on the Gulf Coast 

(PADD III), and from there to international markets. The initial routing plan faced fierce 

objections from a variety of stakeholders, including several state governments and environmental 

groups (Avok, 2011). A new revised route has been selected to address the environmental 

concerns related to the original routing in state of Nebraska. This new route proposal resulted in 

NE governor approving the passage of pipeline through his state (Gardner & Quinn, 2013). On 

March 1, 2013, the U.S. State Department issued a revised environmental impact statement for 

the Keystone XL pipeline. The statement, although, “made no recommendation about whether 

the project should be built, it presented no conclusive environmental reason that it should not be” 
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(Broder, 2013). Thus, the report raised the possibility of final approval by the U.S. government 

(Broder, 2013). The approval of the proposal now depends on President’s Obama’s decision. 

TransCanada will begin the construction of the pipeline in the first half of 2013 with a targeted 

in-service date of 2015 if the project is approved (TransCanada; Gardner & Quinn, 2013). The 

Keystone XL would originate at Hardisty, Alberta and end at Steele City, NE (TransCanada). 

The proposal has the transfer capacity of 0.83 mbl/d and its primary function would be to 

transport synthetic crude oil and dilbit from the Athabasca oil sands region to multiple 

destinations in the U.S. PADD II, III and IV (CAPP, 2012; CNEB, 2006). 

4.1.2 Regional Crude Pipelines in the U.S. 

Table 4-2 lists all major crude pipelines connecting Canadian sources to various regions 

of the U.S. The table is divided into multiple U.S. PADD regions (CAPP, 2012; CNEB, 2009; 

CNEB, 2006). 

Summary of Crude Oil Pipelines to the U.S. East Coast - U.S. DOE PADD I 

Pipeline Originating 
Point Destination Status Capacity 

(mbl/d) 

Enbridge Line 9 Sarnia, ON Montréal, QC Operating 
0.24 Enbridge Line 9 

Reversal Montréal, QC Sarnia, ON Changed Direction – 1999 

Portland-Montreal Montréal, QC Portland, ME Operating 0.60 

TransCanada East Coast 
Pipeline Project Montréal, QC Saint John, NB Proposed – 2015 0.63 

Summary of Crude Oil Pipelines to the U.S. Midwest & Rocky Mountain - U.S. DOE PADD II & PADD IV 

Pipeline Originating 
Point Destination Status Capacity 

(mbl/d) 

Minnesota Pipeline Clearbrook, MN Minnesota 
refineries Operating 0.47 

Enbridge Mainline Superior, WI Multiple delivery 
points Operating 1.56 

Spearhead North 
Expansion Flanagan, IL Spearhead North 

Chicago, IL Proposed – 2014 0.10 

Enbridge Spearhead South Flanagan, 
IL Cushing, OK Operating 0.19 

Enbridge Flanagan 
South Flanagan, IL Cushing, OK Proposed – 2014 0.59 

Enbridge Mustang Lockport, IL Patoka, IL Operating 0.10 
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Kinder Morgan 
Express-Platte Guernsey, WY Wood River, IL Operating 0.15 

Trans Canada Keystone 
to Patoka or Wood 

River 
Hardisty, AB Patoka, IL Operating 

0.59 
Trans Canada Keystone 

to Cushing Steele City, NE Cushing, OK  Operating 

Summary of Crude Oil Pipelines to the U.S. Gulf Coast - U.S. DOE PADD III 

Pipeline Originating 
Point Destination Status Capacity 

(mbl/d) 

ExxonMobil Pegasus Patoka, IL Nederland, TX Operating 0.10 
Seaway Reversal Phase 

1 
Cushing, OK Freeport, TX 

Operating – May 2012 0.15 

Seaway Reversal Phase 
2 Proposed – Early 2013 0.25 

Seaway Twin Line Proposed – Mid 2014 0.45 
TransCanada Gulf 

Coast Cushing, OK Nederland, TX Proposed – Mid 2014 0.55 

Summary of Crude Oil Pipelines to the West Coast - U.S. DOE PADD V 

Pipeline Originating 
Point Destination Status Capacity 

(mbl/d) 

Kinder Morgan Trans 
Mountain 

Edmonton , AB Burnaby, BC 
Operating 0.30 

Kinder Morgan Trans 
Mountain Expansion Proposed – 2017 0.45 

Enbridge Northern 
Gateway Bruderheim, AB Kitimat, BC Proposed – 2017 0.53 

Table 4-2: Major Crude Pipelines Connecting Canadian Sources to the U.S. Destinations 

4.1.3 Diluent Pipelines 

Table 4-3 summarizes the proposed pipelines for transport of diluent in reverse direction 

to the where oil sands upgrading occurs. These pipelines will address the potential demand by 

western Canadian oil sands producers for additional diluent supply needed to transport growing 

volumes of bitumen-derived products (CAPP, 2012; CNEB, 2009; CNEB, 2006). 

Summary of Diluent Pipelines 

Pipeline Originating 
Point Destination Status Capacity 

(mbl/d) 

Enbridge Southern 
Lights Flanagan, IL Edmonton, AB Operating 0.18 

Enbridge Northern 
Gateway Kitimat, BC Edmonton, AB Proposed – 2017 0.19 
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Summary of Diluent Pipelines 

Pipeline Originating 
Point Destination Status Capacity 

(mbl/d) 

Kinder Morgan Cochin 
Conversion 

Kankakee County, 
IL 

Fort Saskatchewan, 
AB 

Open Season – Ends May 
2012 0.08 

Portland-Montreal 
Bitumen Expansion Montréal, QC Portland, ME Proposed – 2017  

Table 4-3: Summary of Major Diluent Pipelines 

4.2 Rail Transportation 

The increase in production of crude products in North America and the costly and lengthy 

process of obtaining permits for new pipelines have made rail the transport mode of choice for 

crude oil products, especially at new crude production sites (Black, 2013). The number of crude 

oil carrying rail cars tripled to more than 200,000 units between 2011 and 2012, and is expected 

to continue to grow in the foreseeable future (Black, 2013). Furthermore, an analysis conducted 

by the U.S. Department of State indicated that with modest expansion and upgrades to the 

existing infrastructure, railroad networks in the U.S. can handle all new oil produced in western 

Canada through 2030 (Efstathiou, 2012; U.S. Department of State [DOS], 2013). 

The biggest players in transport of crude products via rail in North America are Canadian 

National Rail (CN), Canadian Pacific Rail (CPR) and Burlington Northern Santa Fe (BNSF). 

These companies, along with other rail companies and major oil car manufacturers in North 

America, foresee continuous growth in their sector for a foreseeable future due to the slow 

process of granting permits for new pipelines (Vanderklippe, 2013). 

Since trains haul commodities by their weight (typically in tons or carloads) and pipelines 

move oil products by the barrels/day, comparison of the two modes of transport is difficult 

(Furchtgott-Roth, 2012; Vanderklippe, 2013). Despite that, studies have been conducted to 

compare the two modes of transporting oil products (Furchtgott-Roth, 2012; Vanderklippe, 
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2013). A report by the Manhattan Institute aggregated data from U.S. Department of 

Transportation and looked at risks associated with the transport of crude oil and petroleum 

products via pipelines, rail, trucks, and ships. The study found that the average hazmat incidents 

per billon-ton mile were 0.61 spills for pipelines, 20.5 for rail and 650.6 for road (trucks and etc.) 

(Furchtgott-Roth, 2012). Comparing pipelines vs. rail, that is a spill rate 34 times higher for rail 

(Furchtgott-Roth, 2012). The American Association of Railroads (AAR), however, disputes that 

analysis. According to AAR’s internal study, there is a much smaller spill ratio of 2.6 times the 

pipeline rate (Association of American Railroads [AAR], 2013). AAR’s study also determined 

that trains on average leak smaller amounts than pipelines (AAR, 2013). It must be noted that 

AAR’s claims have not been independently assessed and verified. The association website said 

“railways spill less of their hazardous liquid product than do pipelines, 9 percent less per billion 

barrel miles over the 20-year period 1990-2009 and 35 percent less over the 2002-2009 period” 

(AAR, 2013). 

The Railway Association of Canada (RAC) also claims that unlike pipelines, oil sands 

crude, which they refer to as “bitumen” can be moved by train without dilution (Vanderklippe, 

2013). Because of bitumen’s physical characteristics, in the case of a spill due to derailment, “it’s 

like molasses in January coming out. So you’re not going to have a huge problem,” said Michael 

Bourque, president of the RAC in an interview with the Globe and Mail (Vanderklippe, 2013). It 

is worth mentioning that Mr. Bourque’s claim has not been independently assessed and verified. 

Putting aside the apparently conflicting statistics presented by the rail and pipeline 

industries, both means of transporting crude oil have experienced accidental spills in recent 

years. For example, CN trains leaked roughly 4,400 barrels of Bunker C in Lake Wabamun, 
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Alberta  in 2005 and a derailment and explosion near Rockford, IL lost 7,700 barrels in 2009 

(Vanderklippe, 2013). Pipelines are also subject to spills as discussed in Section 2. 

Rail will be used to ship oil sands products from Alberta to U.S. markets. According to 

TransCanada’s president, Alex Pourbaix, even if all of the proposed pipeline were delayed, oil-

sands development would continue because of the possibility of crude exports by rail even 

though shipping oil by rail is about two to three times more costly than by pipeline (Olson & van 

Loon, 2013). 

4.3 Marine Shipment 

Shipment of crude and petroleum products via barges across North America and tankers 

to Asia and other consumer markets is expected to grow dramatically (International Energy 

Agency, 2012). It is expected that tanker traffic will increase primarily in Puget Sound, the Gulf 

of Mexico, and Maine if the proposed Enbridge Gateway (West Cost), TransCanada’s Keystone 

XL (Gulf Coast) and Kinder Morgan Trans Mountain Expansion of Portland-Montreal’s 

Bitumen Expansion (East Coast) are approved (CAPP, 2012). 

Due to the limited availability of data for other regions, the remainder of this section will 

focus on increased vessel traffic in Pacific Northwest, especially in Puget Sound, Strait of Juan 

de Fuca and Unimak pass and Aleutian Islands. 

4.3.1 Puget Sound Waters – British Columbia to Washington 

The increased traffic in the Puget Sound Area would be primarily due to barges that carry 

crude oil products from British Columbia to refineries in Washington State, with most barges 

transiting from Vancouver, BC to refineries in Cherry Point and Tacoma (Jensen & Pilkey-

Jarvis, 2012). 
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4.3.2 Strait of Juan de Fuca – British Columbia to Western U.S. States and Asia 

The Pacific Northwest also serves as a shipping point for crude oil export from 

Vancouver, BC, Grays Harbor, WA, and Tacoma, WA to markets in California and across the 

Pacific region, primarily Asia through Puget Sound and Strait of Juan de Fuca (Figure 4-2) 

(Jensen & Pilkey-Jarvis, 2012). This potential increase in tanker traffic in the Strait has caused 

multiple stakeholders in the region, including the Makah Tribe and Puget Sound Partnership, to 

commission a risk study from a team of scientists at George Washington University called the 

Vessel Traffic Risk Assessment (VTRA). The purpose of VTRA is to develop a geographic 

profile for oil spill risk simulation using 2010 vessel traffic data (Hass, 2013; van Dorp, 2013). 

The study’s final report will describe the analysis results of the geographic profiles of 2005 and 

2010 oil spills by vessel type and location stated in Table 4-4. The study will analyze the 

increased traffic due to Gateway and Kinder Morgan’s pipeline proposals to ship Canadian crude 

oil products from British Columbia to Asian markets as well as the increased re-shipment inside 

Puget Sound waters by barges (Hass, 2013). The study’s initial report is due in August 2013. 

LOCATION VESSEL TYPE 
Cherry Point Area Tug without Barge 
Puget Sound South Tug ATB's or ITB's 

Strait of Juan de Fuca East Tug Pushing Ahead 
Strait of Juan de Fuca West Container 

Puget Sound North Tanker 
Saddle Bag Area Bulk carrier 

Rosario Strait Freighter 
Haro Strait \ Boundary Pass Passenger vessel 

Guemes Channel Service vessel 

 

Public vessel 
Fishing Vessel 

Tug Towing Astern 
Recreational Vessel 

Table 4-4: Scope of the VTRA Study Commissioned by Makah Tribe and Puget Sound 
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The Government of British Columbia and environmental organizations, such as Natural 

Resources Defense Council, Pembina Institute and Living Oceans Society, also conducted 

analyzed increased social, economic, and environmental risks resulting from vessel traffic 

growth in Puget Sound and the Strait of Juan de Fuca waters, especially the rapid growth in 

tanker traffic (Government of British Columbia [Gov. BC], 2012; Swift, Lemphers et al., 2011). 

The report categorized risks into four major areas that include: 

• “Compromising the lifestyles of First Nations who depend on the region’s lands and 

waters for their livelihoods, culture, and health” 

• “Threatening the economic well-being of the communities of British Columbia that 

depend on fisheries and forests” 

• “Potential devastation from a major oil spill from the pipeline or an oil supertanker, 

which could destroy economically important salmon habitat, as well as the habitat of 

Spirit Bears and grizzlies, and whales, orcas, and other marine life that depend on these 

rich coastal waters” 

• “Harm from an oil spill to the Great Bear Rainforest that the province and First Nations 

have worked hard to protect from unsustainable forestry practices and to shift to a 

conservation-based economy (Swift, Lemphers et al., 2011).” 

Figure 4-3 is the graphical depiction of response processes devised by the Government of 

British Columbia in case of a major marine spill. The flow of these processes was developed to 

address some of the concerns raised during that government’s assessment of rapid growth in 

tanker traffic in Strait of Juan de Fuca (Gov. BC, 2012). 
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Figure 4-2: Map of Crude Oil Transport in Washington State (WA Dept. of Ecology) 
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Figure 4-3: Response Plan for a Major Spill in the Marine Environment - Canadian North Pacific  

4.3.3 Unimak Pass and the Aleutian Islands – British Columbia to Asia 
Upon approval of Enbridge’s Northern Gateway pipeline to Kitimat, BC, there will be 

dramatic surge in tanker traffic from Kitimat to Asian markets through the Aleutian Islands 

(Hass, 2013). This increase in tanker traffic coupled with dramatic growth in overall transpacific 
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traffic, due to advancement of trade relations across Asia and North America, has amplified the 

risk of accidents and spills in waters off the coast of the Aleutian Islands (Transportation 

Research Board of the National Academies [TRB], 2009). The Aleutian Islands’ abundant 

natural resources are quite unique to that region and the main source of that region’s economic 

vitality (TRB, 2009). Any accidents involving these ships cold result in oil spills with serious 

ecological, environmental, social and economic consequences. To study the risks and put forth 

recommendations to mitigate them, the U.S. Coast Guard (USCG) commissioned the 

Transportation Research Board (TRB) within the National Academies conduct a study (TRB, 

2009). The final report was called, “Risk of Vessel Accidents and Spills in the Aleutian Islands: 

Designing a Comprehensive Risk Assessment” that was publishes in 2009. 

The primary recommendation of the report was for a more comprehensive long-term 

study of vessel accident risks around the Aleutian Islands, but it also offered USCG some interim 

risk mitigation steps: 

• “USCG to take appropriate action to expand the AIS tracking network along the Aleutian 

chain and covering the southern North Pacific Great Circle Route” 

• “USCG to investigate the possible structure and costs of a Vessel Traffic Information 

System within and near Unimak Pass and Dutch Harbor (TRB, 2009)” 

Data gathered through the interim steps should also assist with more comprehensive risk 

assessment study, information about this ongoing work can be found at: 

http://www.aleutiansriskassessment.com. 
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5 PROPERTIES, FATE, AND BEHAVIOR OF OIL SANDS PRODUCTS  
 

5.1 Definition of Terms 

Specific gravity and API (American Petroleum Institute) gravity are both measures of 

density relative to water. Although specific gravity is a more common measurement in the 

broader scientific community, API gravity is standard when comparing the densities of 

petroleum products.  

• Specific Gravity in calculated based directly on a material’s density and uses pure water 

as the benchmark, assigning it a specific gravity of 1.0. Anything with a specific gravity 

greater than 1.0 is denser than water and will sink while anything with a specific gravity 

less than 1.0 will float. 

• API Gravity also uses pure water as the benchmark, but assigns it a value of 10.0. The 

other key difference between the two measurements is that API gravity is an inverse 

measure of relative density compared to water, so as a substance’s API value increases, it 

is getting less dense compared to water. Thus, in theory anything with an API gravity of 

greater than 10.0 will float on pure water, and anything with an API gravity of less than 

10.0 will sink. The API gravity for saltwater is ~6, so anything with API gravity greater 

than 6.0 will float in saltwater and anything with an API less than 6.0 will sink in 

saltwater. API is expressed mathematically as: °API = (141.5/SG) – 131.5.  

• Total Acid Number (TAN) measures the composition of acids in a crude oil, which can 

gauge its potential for corrosion of pipes or other equipment during transportation or 

refining. TAN value is measured as the number of milligrams (mg) of potassium 

hydroxide (KOH) needed to neutralize the acids in one gram of oil. Crude oils with a 

TAN greater than 0.5 are considered to be potentially corrosive due to the presence of 

naphthenic acids (Ramseur, Lattanzio, Luther, Parfomak, and Carter, 2012). However, 

while increased TAN values do increase the potential for corrosion, according to some 

experts water content in the oil may be the key factor that leads to corrosion in a pipeline 

(Dettman, 2012). 
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• Miscible & Non-Miscible vs. Soluble & Non-Soluble refers to the ability of one 

substance (the solute) to mix completely with another substance (the solvent) and become 

homogeneous. Miscible refers to the mixing of two liquids, whereas soluble refers to a 

solid dissolving into solution in a liquid.   

5.2 Chemical and Physical Differences between Raw Bitumen and Other Crudes 

 
5.2.1 Formation of Oil Sands  

Alberta oil sands most likely formed from a standard crude oil deposit that underwent a 

significant amount of biodegradation (USGS, 2007; Shuqing et al., 2008). The lighter, shorter 

chain alkanes were subject to degradation by microorganisms leading to the predominance of 

large molecules. The biodegradation occurred because the bitumen reserves never exceeded 80̊ 

C, meaning pasteurization didn’t occur (Shuqing et al., 2008). The conditions needed for 

biodegradation are: a low reservoir temp, the presence of an electron acceptor such as water, an 

oil-water contact, microorganisms, and nutrients (Shuqing et al., 2008). For more in-depth 

discussion on development of bitumen reserves in Alberta see Shuqing et al. (2008). The amount 

of biodegradation that may occur after a spill of oil sands products will be dependent on the 

extent to which the material was degraded prior to extraction. Therefore, bitumen that has 

undergone a high degree of biodegradation will probably undergo little biodegradation after a 

spill (Dettman, 2013). However, there are no experimental data available to fully evaluate the 

biodegradation potential oil sands products spilled into fresh or salt water systems. 

5.2.2 Bitumen Chemical Properties  

Biodegradation of oil leads to a relative increase in sulfur, resins, asphaltenes, and metals 

(Shuqing et al., 2008). In biodegradation, microorganisms initially attack small, organic 

compounds leaving large compounds behind. Biodegradation of crude oil, in situ, leads to 
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bitumen containing a lower proportion of paraffins (saturated hydrocarbons without rings) and 

naphthenes (saturated hydrocarbons with rings), and a higher proportion (>50 percent) of 

aromatics (hydrocarbons with one or more aromatic nuclei), which leads to the increased 

viscosity and density characteristics of bitumen (USGS, 1990). Netzer et al. (2006) found that 

aromatics made up 37 percent of the total weight of Athabasca bitumen with resins being second 

(25.7 percent), followed by saturates and asphaltenes (both 17.3 percent). Yang et al. (2011) 

found, through gas chromatography, that Alberta bitumen is characterized by large, unresolved 

compounds (n-C10 to n-C40) and a near absence of n-alkanes. Souraki et al. (2012) found that C39 

and larger molecules made up 56.96 percent of the weight of Athabasca bitumen. See Table 1 in 

Heavy Oil and Natural Bitumen Resources in Geological Basins of the World (USGS, 2007) for 

a numeric breakdown of many of the chemical properties of bitumen. 

5.2.3 Bitumen Physical Properties 

Finding information on the physical properties of Alberta oil sands products can be 

problematic as some of the specific data about physical properties is considered proprietary 

business information. For this reason it has been difficult for regulators and others in the 

scientific community to access (Jensen & Pilkey-Jarvis personal communication, 2012).  

Bitumen is generally characterized as being denser than standard crude oils (USGS, 

2007; Shuqing et al., 2008). The density of bitumen, when compared to water, depends on the 

specific reservoir and temperature of the source material. Athabasca bitumen tends to be denser 

than freshwater but less dense than saltwater under standard conditions of 15.56̊ C and 20 

bara/19.74 ATM (Netzer, 2006; Souraki et al., 2012). Between 25 and 40̊ C, Athabasca bitumen 

becomes less dense than water (Mochinaga et al. 2006). Cold Lake bitumen is denser than 

freshwater below ~40̊ C but not denser than saltwater (Mehrotra & Svercek, 1988). Barrufet & 
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Setiadarma (2003) found that bitumen is less dense than water at ambient temperature although 

they do not specify from which reservoir the sample was obtained. As temperature increases, the 

viscosity and density decrease. Bitumen is orders of magnitude more viscous than conventional 

oils. At 25̊ C, the viscosity of conventional crude is ~13.7 cP, while for bitumen it is >1,000,000 

cP (USGS, 2007). Athabasca bitumen must exceed 150̊ C and approach 200̊ C before its 

viscosity is similar to standard crude oil viscosity at ambient temperatures (Souraki et al., 2012). 

Cold Lake bitumen must exceed 120̊ C before its viscosity is similar to standard crude viscosity 

at ambient temperature (Mehrota & Svrcek, 1988). See Table 1 in USGS (2007), for a more in 

depth comparison of the physical properties of bitumen to heavy, medium, and conventional oils.  

See below for a comparison of Bitumen to other common crude oils and gas condensates. 

API values for crude oils range from approximately <22-42. An overview of crude oil and other 

petroleum product densities is as follows. 

• Gas Condensates – ≈ 42 to 55°API 

• Light Crude Oils – ≈ 31 to 42°API - varies 

• Medium Crude Oils – ≈ 22 to 31°API 

• Heavy Crude Oils – ≈ <22°API 

• Alberta Bitumen – ≈ 8°API prior to being mixed with diluent 

• Water (≈10°API); Gasoline (≈63°API); Fuel Oil #2(≈30-38°API) 

See Appendix 2 for more data values and ranges for the relevant oil sands products being 

exported from Canada (Environment Canada, 2013; USGS, 2007; USDOT PHMSA, 2012). 
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5.3 API, Specific Gravity, Acidity, and Other Data for Oil Sands Products 

5.3.1 Floating, Sinking, and Submerged Oil 

5.3.1.1 Floating Oil  

Most crude and refined oil products float when spilled. Spill response agencies are most 

familiar with and best equipped to handle floating oil spills.10 However, depending on the 

environment, a spill of a very light conventional crude oil does not always float. In the 

Deepwater Horizon spill in the Gulf of Mexico, small droplets of light oil released below the 

surface were kept submerged by the movement of the ocean water despite having API gravity 

greater than 10, because the turbulence was enough to overcome the buoyancy of the small 

particles of oil (Joint Analysis Group, 2012). While this oil would have behaved differently had 

it not been a subsurface release, it demonstrates the variability of oil’s fate based on the 

circumstances under which it is spilled and the environment into which it is spilled.   

5.3.1.2 Sinking Oil  

Some oils, including Group V (defined as having a specific gravity greater than 1.0) can 

sink, sometimes reaching the ocean floor or riverbed (National Research Council, 1999). 

However, specific gravity as used in the regulatory definition of Group V oils, does not 

adequately characterize all oil types and weathering conditions that produce non-floating oils, 

which has led to the “non-floating” or “submerged oil” definition below. 

5.3.1.3 Non-floating and Submerged Oil  

Non-floating oils behave differently and have different environmental fates and effects 

than floating oils. The resources at greatest risk from spills of floating oils are those that use the 

                                                
10 See Section 7 for more on response technology. 
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water surface and the shoreline. Floating-oil spills have fewer impacts on water-column and 

benthic resources. In contrast, non-floating oil spills can pose an increased threat to water-

column and benthic11 resources (National Research Council, 1999). This includes Group IV oil, 

which has a specific gravity of slightly less than 1.0 and “might mix into the water column and 

sink to the seabed after weathering and interaction with sediments” (National Research Council, 

1999). This can make effective recovery difficult if not impossible, because skimmers and other 

surface technologies as well as ROVs that would be able to recover oil from the bottom are both 

rendered ineffective (Goodman, 2006).12 Oils that have density values very close to that of water 

can become neutrally buoyant, and remain suspended in the water column when they interact 

with the environment in a variety of ways, including: 

• Picking up particles of suspended sediment from turbid water, especially in rivers during 

flood stage, estuarine waters, or any other water carrying sediment (National Research 

Council, 1999). 

• Turbulence in the water can move neutrally buoyant oil—or oil with a density very close 

to that of the surrounding water—vertically in the water column. During the Kalamazoo 

spill response, turbulence along the river bottom caused sunken oil to resurface (Muller, 

2013). 

• When oil is spilled and enters the environment there is the potential for it to change 

temperature. Any decreases in temperature will cause the oil’s density to increase, further 

increasing the chance of becoming submerged.  

5.3.2 Implications of Physical Properties in Spill Scenarios 

5.3.2.1 Saltwater  

Due to the salt content, saltwater is denser than fresh water with an API gravity value of 

approximately 6.0 (specific gravity ranging from 1.02-1.03) (Glencoe, 2002). Raw, undiluted 

                                                
11 The term benthic refers to organisms living on or in sea or lake bottoms. 
12 See Section 7 for more on response technology. 
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bitumen produced from oil sands products can have API gravity below 10 (specific gravity of 1) 

depending on the reservoir, meaning that it would sink in fresh water. Dilbit and synbit being 

transported in pipelines and by rail, which have been blended with lighter petroleum in the form 

of diluents or processed into “synthetic crude”, have higher API densities (Environment Canada, 

2013). This addition of lighter material may change the density enough to allow the product to 

initially float if spilled in fresh or saltwater. Although other sources listed above show dilbit 

being lighter that water, the Keystone XL Draft EIS released by the State Department on March 

1, 2013 lists specific gravity values for dilbit that range on either side of water. This may be 

related to the specific samples they were using (U.S. Department of State, 2013).  Additionally, 

having an API density close to 10 means that smaller variations in density due to temperature or 

other environmental factors could change the way the product acts or reacts in a spill. The 

density of fresh oil also changes as a result of weathering and biodegradation. For example, as 

diluents and other lighter molecules begin to evaporate, the remaining material become denser. 

No experimental data are available to evaluate how oil sands products will behave when spilled 

in saltwater environments. Of particular interest is whether oil sands products will sink or 

submerge after weathering, interaction with sediments, or other interactions with the 

environment. 

5.3.2.2 Freshwater  

The most well documented example of a dilbit spill into freshwater is the Enbridge spill 

into Michigan’s Kalamazoo River, which included both Cold Lake Blend and Western Canadian 

Select crude oil condensate mixtures. These dilbit blends have a reported specific gravity of 0.65 

to 0.75 (NTSB, 2010). According to responders and damage assessors who worked on-scene 

monitoring and advising the response effort from its early stages, the spill presented unique 
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challenges not typical in traditional crude oil spills (Jessica Winter personal communication, 

2012; Laurie Muller personal communication, 2013). Because oil begins to weather as soon as it 

enters the environment, some of these unique challenges are a direct result of the specific 

environment in which the spill occurred. An additional difficulty is determining definitively what 

role the physical properties of Cold Lake Blend and Western Canadian Select played in the 

ultimate fate of the oil spilled. Responders from the EPA, NOAA, and the NTSB report state that 

containment and cleanup efforts required responding to floating, submerged and sunken oil 

(NTSB, 2010; Jessica Winter personal communication, 2012; Laurie Muller personal 

communication, 2013). Initially there was a visible sheen of oil on the water surface, and during 

the course of the cleanup, responders also found “blobs” of oil moving in the water column and 

sunken oil on the river bottom (Jessica Winter personal communication, 2012; Laurie Muller 

personal communication, 2013). Flood conditions, turbidity, and the velocity and volume of the 

river at the time of the spill all influenced the behavior of the oil once it was spilled (NTSB, 

2010). Oil sands products could be particularly challenging in this type of dynamic fresh water 

environment because the lighter diluents evaporate, leaving the heavy ends of the product 

behind. If these heavy ends are sufficiently dense—and especially if they mix with sediment— 

the oil can become submerged or sunken. 

5.3.2.3 Estuarine Water and Puget Sound 

 Estuarine water presents its own set of unique challenges when trying to model or predict 

the behavior, weathering, and fate of spilled oil. Influx of fresh water from rivers with differing 

temperatures, salinity, and density can cause the water column to become stratified. In Puget 

Sound specifically, it is this influx of riverine water that is the primary cause and control of 

stratification (Climate Impacts Group, 2005). Because this mixing with fresh water dilutes the 
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salinity, estuarine water is less dense than oceanic saltwater. In addition, because it is less dense, 

the less salty riverine water tends to stay in the top layers, meaning that heavy oil spilled into 

estuarine water like that in Puget Sound is more likely to become submerged or sunken than the 

same oil spilled in the open ocean. This is especially a concern in the waters around potential 

terminal sites like Grays Harbor, WA and Kitimat, B.C., where major rivers flow into the 

system. Predicting and preparing for a spill of oils sands product in Puget Sound or other 

estuarine environments requires taking into account these varying factors that affect water 

density.  

5.3.3 Information Gaps for Physical Properties 

• The API values listed on the Environment Canada website may be out of date. At 

least some of the values there were originally published in 1983. 

• Physical properties of oil sands derived products fluctuate based on season, customer 

requirements, and other factors (Dettman, 2013). 

• It is difficult to say how realistic it is to expect that pipeline operators will know what 

is in the pipeline at the location of a release (Dettman, 2013). 

• The lack of experimental data on oil products weather significantly limits the ability 

of spill response organizations to understand and predict the behavior and fate of oil 

sands products in freshwater, estuarine, and saltwater environments. 

5.4 Diluents  

5.4.1 Diluents and Synthetic Crude 

The diluents being used are light hydrocarbons usually with a density between 0.6-0.775 

g/ml, with a maximum weight by percent of 0.5 percent for sulfur, and max viscosity of 2.0 cST 

(7.5̊ C) according to Enbridge (2010) specifications. Natural gas condensate, a liquid under 

standard, ambient conditions that contains pentanes and heavier hydrocarbons produced from 

processing natural gas, is currently the most commonly used diluent (Bott, 2011). Additional 
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pipelines are being proposed to supply diluent to Alberta and counter the increasing demands but 

decreasing supply of diluents in Canada (CAPP, 2011). Another approach to upgrading bitumen 

is to blend it with synthetic crude to make a product called Synbit. Synbit is a mixture of bitumen 

with synthetic crude, which is bitumen that has undergone upgrading through coking and 

hyrdrolysis to remove the larger molecules and decrease viscosity (Yui, 2008; Héraud, 2011; 

U.S. Department of State, 2013). See Yui (2008) for a simplified schematic of the synthetic 

crude upgrading process. Currently, this method is less expensive than mixing with diluent 

(Héraud, 2011). Projections are that the use of synthetic crude as a diluting agent will increase 

over the next decade while the use of natural gas condensate will remain steady (Héraud, 2011). 

The exact physical characteristics of the diluent will vary depending on the diluent being used. 

See Crude Quality Inc. (2013) for an in depth list of the physical and chemical properties of 

multiple diluents. 

5.4.2 Dilbit/Diluent and Synbit Composition for Transport 

The composition of dilbit tends to be between 25 and 30 percent diluent and 70-75 

percent bitumen depending on the viscosity of the bitumen and the density of the diluent 

(Héraud, 2011). The ratio can be as high as 40 percent diluent for denser bitumen (Bott, 2011). 

The diluent required for mixture can be decreased if asphaltenes are removed from the parent 

bitumen (Rahimi & Gentzis, 2006). Because the diluent and bitumen are both hydrocarbon 

based, the two are completely miscible (Dettman, 2013). For synbit, the mixture is typically 50 

percent synthetic crude and 50 percent bitumen (Héraud, 2011).  

5.4.3 Gaps in Diluents 
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The diluent properties will differ depending on the exact diluent being used as they can 

range from high to low in sulfur content. They have highly variable boiling points so determining 

at what temperature it will become gas in the event of a spill is difficult. 

5.5 Weathering of Dilbit in the Environment  

 
5.5.1 Weathering of Oil Sands Derived Products Compared to Conventional Heavy Crude Oils 

Currently, there is very little information about how oil sands products will weather in the 

environment. A few studies have been conducted at the laboratory level, and covered specific oil 

sands products rather than looking at the whole range of oil sands products being transported out 

of Canada (SL Ross, 2012). One of these studies, conducted by SL Ross Environmental 

Research Limited tested MacKay River Heavy Bitumen and Cold Lake Bitumen that were 

diluted with synthetic crude (Suncor Synthetic Light) and condensate (CRW condensate), 

respectively. The study found that oil subjected to weathering tests was measured to have an 

ultimate density that approached but did not surpass that of the water. At the end of the tests 

approximately 15 percent of the recovered oil was collected from the tank walls 10 cm below the 

water surface. The majority (approximately 85 percent) of the oil was recovered from either the 

surface or stuck to the side walls within 10 cm of the surface. At no point was oil found to 

submerge, sink, and stick to the bottom of the flume (SL Ross, 2012).13 It is important to 

remember that the results SL Ross found represent only one possible weathering scenario, were 

limited by the experimental conditions, and could vary with different products or experimental 

environments. Although some more comprehensive studies are being conducted,14 publically 

                                                
13 A complete description of their methods and findings can be found in the report SL Ross published, cited in the references 
section. 
14 According to a webinar talk given by Kinder Morgan on February 13th 2013 they have engaged O’Brien’s Response 
Management and Polaris to study fate of oils sands products. They have completed the literature review, gap analysis and 
research plan, and are scheduled to do research March 2013 and issue final report by April 2013. They intend to include tests of 
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available data are currently limited to what can be gleaned from the response efforts of the few 

well-documented dilbit spills (See section 7.2 Response Efforts). What is known is that dilbit, 

synbit, and other bitumen-based products contain more “heavy ends” or large hydrocarbon 

molecules than conventional crude oils. Additionally, part of the weathering process of 

conventional crude oil is due to biodegradation by microorganisms, and because oil sands 

products have already undergone partial biodegradation, there is some question as to whether any 

further biodegradation would occur in the environment after initial weathering of the diluent 

portion of the mixture.15 

 
5.5.2 Potential Weathering Patterns in the Environment 

Anytime oil is spilled into the environment it begins to “weather” due to physical, 

chemical, and biological conditions of the environment. Effectively modeling the weathering 

patterns of any oil—including oils sands products—requires knowing the particular properties of 

that product, including density, pour point, and distillation curves. While environmental 

agencies, regulators, and responders tend to have good data on the properties of conventional 

crude oils, less is known or understood about the properties of oils sands products. The current 

state of knowledge is only useful for predicting the weathering of a specific product—Cold Lake 

Blend specifically for example—but not any of the other bitumen diluent blends or synbits being 

produced in the region. Gathering the information necessary to model weathering behavior may 

be particularly difficult for oil sands products. The physical properties of crude oil from 

conventional reservoirs typically changes slowly over years making them easier to predict at any 

given time. In contrast, physical composition of the oil sands products being transported out of 

                                                                                                                                                       
typical oil sands products under ambient conditions similar to those of the Salish Sea. Tests on API by the National Academy of 
Science on diluted bitumen are also currently underway. 
15 See section 5.1 for more on biodegradation and the history of Canada’s oil sands deposits. 
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Alberta can vary greatly. Not only do the physical properties of bitumen deposits vary across the 

region, but what enters the transmission lines after being upgraded and or diluted can vary on a 

weekly basis. Each oil sands product entering a pipeline differs based on specifications from the 

refineries processing the product at the other end of the line (Dettman, 2013). All crude oils 

contains a spectrum of hydrocarbons, and each segment of the spectrum is used to make different 

products—i.e. gasoline, asphalt, plastics, etc. Refineries change the mix they request based on 

demand for specific products.  

There is some evidence that because oil sands products are heavier and more viscous than 

conventional crude oils, they are likely to be more difficult to clean up. In the event of a spill on 

land, “the heavier and more viscous components (i.e., the asphaltenes) would likely remain 

trapped in soil pores above the water table. It is also likely that the lighter constituents would 

partly evaporate and not be transported down through the soil with the heavier components.” 

(Ramseur, et al, 2012). These properties can also make clean up challenging in the event of a 

spill into water. The potential for the lighter diluent to evaporate quickly, leaving the heavier 

bitumen behind equates to an increased risk that responders will be dealing with oil not only on 

the surface, but also sunken oil or oil submerged in the water column. These predictions are 

consistent with the experience of responders at the Kalamazoo spill (Jessica Winter personal 

communication, 2012; Laurie Muller personal communication, 2013). 

5.5.3 Information and Policy Gaps for Modeling Weathering 

• Regulatory and response agencies may lack sufficient information about what product 

is being transported through a pipeline at any given time, and lag time associated with 

getting accurate data from the producer or pipeline operator can cause delays to the 

repose and cleanup efforts. 
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• Experimental and field data on the potential for further biodegradation of spilled oil 

sands products. 

5.6 Corrosiveness of Oil Sands Products  

 
5.6.1 Overview of Existing Research on Pipeline Corrosion 

A recurring theme throughout the debate over the risks of transporting oils sands via 

pipelines has centered on corrosion, and the potential for oil sands products to be more corrosive 

than traditional crude oil. Several research reports exist on the subject of oil sands products 

corrosiveness (see the “Key Sources of Information” below), and although not entirely 

conclusive, the data suggest that in general oil sands products are not significantly more 

corrosive than other heavy crude oils. A brief overview of the findings includes the following 

points: 

• Sulfur content of Alberta oil sands products tends to range between 2-5 (weight 

percent). There are conflicting reports regarding how these sulfur levels compare to 

other heavy crude oils. The report by Zhou and Been found oil sands products to be 

generally comparable to other heavy crudes, with the exception of a few specific 

products (Zhou, Been, 2011). However, a USGS study reports higher sulfur content 

as a fundamental difference between natural bitumen and conventional crude oils as a 

result of in situ biodegradation (USGS, 2007).  

• TAN values of Alberta oil sands products ranged from .5-2.5 (mgKOH/g), which is 

comparable to many conventional heavy crudes. Products with TAN values higher 

than 0.5 are generally considered “potentially corrosive” (Ramseur et al, 2012), but in 

lab testing the oil sands products were not found to be significantly different than 

comparable heavy crudes and not corrosive enough to be a concern to pipeline 

operators (Dettman, 2012), (Zhou, Been, 2011). 

• Water content (BS&W) in oil sands products is comparable to other crudes, required 

maximum allowable threshold is set by pipeline operators (Dettman, 2012), (Owens, 

2012).  
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• Sediment content in dilbit crudes was found to be lower than or comparable to that of 

conventional crudes, with the exception of one dilsynbit blend that was found to have 

more than double the solids content of most other crudes (Zhou, Been, 2011). The 

data, however, only indicates the total amount of sediments and does not provide 

information on the size distribution. It is unknown how the solids in the conventional 

crudes compare to those in dilbits (Zhou, Been, 2011). 

• Sediment build-up in low or high spots in the pipeline interior can lead to corrosion 

(Dettman, 2012; NTSB, 2010). 

• According to some, water is still the most important factor in the potential for 

pipeline corrosion (Dettman, 2012).  

Our research does not indicate that oils sands products are significantly more corrosive than 

other heavy crude oils. A National Academy of Sciences study currently underway and 

scheduled to be complete by the end of 2013 will analyze whether transportation of dilbit by 

transmission pipeline has an increased likelihood of release compared with pipeline 

transportation of other crude oils. The National Academy study will primarily be a review of 

existing literature and will not include any original research. PHMSA data presented to the 

National Academy show that since 2002 there have been no releases of oil caused by internal 

corrosion from pipelines carrying dilbit (API, 2012). However, this does not mean that corrosion 

is not a concern. Together, internal and external corrosion account for 37 percent of non-small 

pipeline accidents for crude oil (PHMSA, 2012c). 

 
5.6.2 Water and Sediment Content  

After being mined from the ground, oil sands go through a series pipelines called 

“gathering lines” and “feeder lines” during initial extraction and processing. During these early 

stages the product can have diluent mixed with it, and can also have elevated levels of sediment 

and water. Consequently, these gathering and feeder lines are more prone to corrosion, and are 
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maintained every three months. Once the product enters the larger “transmission lines” that 

transport the oil sands products out of Alberta, the sediment and water has been reduced and 

corrosion is less likely (Dettman, 2012).  

 

Key Sources: Properties, Fate, and Behavior of Oil Sands Products 

 
Comparison of the Corrosivity of Dilbit and Conventional Crude, By Zhou and Been. 

Commissioned by Alberta Innovates 
 
Congressional Research Service Report: Oil Sands and the Keystone XL Pipeline: Background 

and Selected Environmental Issues 
 
Crude Monitor: http://www.crudemonitor.ca/ 
 
Environment Canada Oil Properties Database: http://www.etc-

cte.ec.gc.ca/databases/OilProperties/oil_prop_e.html 
 
 
Heather Dettman, Petroleum Research Scientist at Natural Resources Canada.  
 
Presentation: National Academy of Sciences Transportation Research Board Study of Pipeline 

Transportation of Diluted Bitumen Pipeline and Hazardous Materials Safety 
Administration Briefing 

Shuqing, Z., Haiping, H., and L. Yuming. (2008). Biodegredation and origin of oil sands in the 
Western Canada Sedimentary Basin. Petroleum Science, 5, 87-94.  

U.S. Geological Survey. (2007). Heavy Oil and Natural Bitumen Resources in Geological 
Basins of the World. (Open File-Report 2007-1084).Reston, Virginia: Meyer, R.F., 
Attanasi, E.D. & Freeman, P.A., retrieved from 
http://pubs.usgs.gov/of/2007/1084/OF2007-1084v1.pdf 
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6 ENIVRONMENTAL AND HUMAN HEALTH EFFECTS OF OIL 
SANDS PRODUCTS 

 

6.1 Environmental Impacts 

6.1.1 Species at Risk During Floating and Sinking Phase 

Spills can have both immediate ecosystem impacts as well as long-term consequences 

resulting from continued chronic exposure (Peterson et al., 2003). Spills of oil sands products 

impacts include those from the partitioning of diluent into the air and water as well as the 

components of the source bitumen that could differentially partition into the water column and 

sediments. 

6.1.1.1 Species at Risk During Floating Phase  

During floating oil spills, species that contact the water’s surface frequently are at highest 

risk. This can include aquatic and semi-aquatic mammals, sea birds and waterfowl, turtles, and 

aquatic insects. Aquatic and semi-aquatic mammals, depending on species, can suffer acute 

mortality through hypothermia from loss of insulation, oil ingestion, and inhalation of toxic 

fumes (EPA, 1999). Mammals that rely on fur for insulation appear to be most affected 

(USFWS, 2010). Sea otters, river otters, beavers, and fur seals, are particularly vulnerable 

resulting from their frequent contact with the water’s surface and their reliance on fur for 

insulation (EPA, 1999). Seabirds and waterfowl are also subject to acute mortality through loss 

of insulation and oil ingestion. These species at risk would be the same as the species which 

would be at risk during any similar floating oil spill. 

6.1.1.2 Species at Risk During Submerged and Sinking Phase  

Fish eggs laid on bitumen contaminated sediments in lab studies showed frequent death 

or physical abnormalities including spinal deformities, lesions, hematomas, and eye defects 



Risks of Transporting Oil Sands Products   80 
 

(Colavecchia et al. 2004; Colavecchia et al., 2006; Colavecchia et al., 2007). Therefore, if a spill 

occurs during spawning periods, fish eggs and larvae may be adversely affected (Peterson et al., 

2003). Coral communities may also be adversely affected by submerged oil (White et al., 2012a, 

White et al. 2012b). Oil can continue to affect marine mammals through ingestion especially in 

species which have contact with sediments or feed on bivalves (Peterson et al. 2003). Shellfish 

can be adversely affected if oil sinks or becomes concentrated near shorelines (USFWS, 2010). 

Through gill uptake or ingestion of oil or contaminated prey, fish may be subject to adverse 

health impacts (USFWS, 2010). The continued presence of polyaromatic hydrocarbons (PAH) 

after oil spills are toxic to certain fish species’ larva including pink salmon and herring 

(Peterson et al. 2003). 

6.1.1.3 Species at Risk From Diluent  

According to the Material Safety Data Sheet for sour natural gas condensate from 

ConocoPhillips (2012), condensates can cause lasting effects in aquatic environments and are 

considered to be toxic to aquatic organisms. In general, natural gas condensate is moderately to 

highly toxic via inhalation and thus could pose problems for all species which breath at or near 

the surface. As the diluent is liquid under ambient conditions, it could mix with water having 

detrimental effects for fish and aquatic insects. 

 

6.1.2 Athabasca River 

Fish which had contact with tailings associated water had adverse immunological effects 

(McNeill et al. 2012). Fish eggs laid on bitumen contaminated sediments showed either adverse 

physical abnormalities including spinal deformities, lesions, hematomas and eye defects or death 

(Colavecchia et al., 2004; Colavecchia et al., 2006; Colavecchia et al., 2007). While fish physical 
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abnormalities have been reported downstream of oil sands development (Schindler, 2010), a 

direct causal link is yet to be established. Kelly et al. (2010) found increased levels of the 13 

elements considered priority pollutants in either melted snow or water samples from near or 

downstream of development. Seven of these pollutants—cadmium, copper, lead, mercury, 

nickel, silver, and zinc—all surpassed either Canada’s or Alberta’s guidelines for the protection 

of aquatic life (Kelly et al., 2010). PAH’s are also significantly higher downstream of oil sands 

development, 10 to nearly 50 fold higher, when compared to areas not subject to land 

disturbance (Kelly et al., 2009). Some of the values exceeded that which were toxic to fish 

embryos. It is possible during spring snowmelt that PAH values could exceed toxicity levels for 

both aquatic and terrestrial organisms (Kelly et al., 2009). Changes in mercury levels in fish 

populations in the vicinity and downstream of oil sands products development is contested. 

Timoney & Lee (2009) found an increase in mercury levels in fish from 1976-2005, while Evans 

& Talbot (2012) found a decrease in mercury levels in fish species from 1981-2011. The reason 

for the conflicting results may be attributable to research methodology (Evans & Talbot, 2012). 

6.1.3 Gaps in Environmental Impacts  

Current water, snowpack, and air monitoring for toxic outputs near oil sands development 

are not sufficient (Kelly et al., 2009; Schindler, 2010). A new testing scheme or organization 

responsible for monitoring needs to be implemented. The Regional Aquatics Monitoring 

Program (RAMP) is currently in charge of monitoring water quality and fish populations in the 

Athabasca River but recent literature has elucidated several problems with the current monitoring 

program (Kelly et al., 2009; Schindler, 2010; Royal Society of Canada, 2010; Jordaan, 2012). 

Ongoing monitoring of potential fish tainting may also be an important component of an overall 

monitoring program to determine the impact of oil sands development (Tolton et al., 2012). 
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6.2 Human Health Impacts 

6.2.1 Human Health Concerns Near Oil Sands Products Development 

No solid evidence currently exists suggesting people who live in the vicinity or 

downstream of oil sands sites near the Athabasca River are subject to increased health concerns 

(Royal Society of Canada, 2010). Two studies have noted that cancer is tied to PAH’s and 

therefore increased PAH levels could cause increases in cancer downstream, but a conclusive 

link between increased PAH’s in the Athabasca river and cancer cases has not been made (Royal 

Society of Canada, 2010). A higher number of cancer cases than would be expected have been 

observed 250km downstream from oils sands development in Fort Chipewyan, but this could be 

due to chance and no connection to oil sands development have been made (Chen, 2009; Royal 

Society of Canada, 2010). When compared to the values laid out in the Guidelines for Canadian 

Drinking Water Quality (GCDWQ), antimony, arsenic, cadmium, chromium, copper, lead, 

mercury, selenium, and zinc did not exceed the recommended values at or below oil sand 

development sites near the Athabasca River (Kelley et al. 2010; Royal Society of Canada, 2010). 

Refer to Environmental and Health Impacts of Canada’s Oil Sands Industry (Royal Society of 

Canada, 2010) for a more in depth discussion of human health risks in the areas near oil sands 

products development sites. 

 
6.2.2 Safety of Cleanup Crew and Citizens in the Spill Vicinity 

The responders to the dilbit spill in Kalamazoo reported elevated levels of benzene above 

those recorded at spills of standard crude oils (Lori Muller, 2013). Also, bitumen is characterized 

as being richer in sulfur (Shuqing et al., 2008). Bitumens tend to be lower in mercury than 

conventional oil but higher in lead content (USGS, 2007). The added diluent could pose 

problems due to its low flash point; meaning combustion could be a problem from the 
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evaporation of diluent. Evaporation of diluent could pose an inhalation risk to responders. The 

MSDS for ConocoPhillips (2012) and Gibsons (2012) natural gas condensate lists the product as 

extremely flammable. ConocoPhillips (2012) further warns that condensate is toxic and 

potentially fatal if inhaled resulting from the hydrogen sulfide gas content. The MSDA for Hess 

(2012) lists sweet natural gas condensate as only marginally toxic through inhalation probably 

because of lower hydrogen sulfide levels. Benzene, a known carcinogen, is also present in 

natural gas condensate, which could pose a risk to spill responders. The MSDS for Hess (2012), 

ConocoPhillips (2012), and Gibsons (2012) recommend spill responders wear air supplied 

respirators, protective clothing, and eye protection. The MSDS for natural gas condensate for 

Oneok (2009) warns that condensate, being heavier than air, will accumulate in depressions. 

These MSDS are for natural gas condensate alone, so the risks from natural gas condensate after 

blending to form dilbit could be different. After the Enbridge spill in Kalamazoo, MI, 320 

community members and 11 spill responders reported adverse health effects which included 

headaches, nausea, and respiratory issues (Michigan Department of Community Health, 2010; 

NTSB, 2010). Refer to the report Acute Health Effects of the Enbridge Oil Spill (2010) produced 

by the Michigan Department of Health for a list and statistical breakdown of the observed 

adverse health effects. 

6.2.3 Gaps in Human Health Impacts 
 

Resulting from the unknown specifications of the diluent, impacts to private citizens 

living in the vicinity of the spill and to responders is unknown because of the potential variability 

in the diluent and bitumen specifications. Additionally, the evaporation rate of the diluent is 

often unspecified, so it is not possible to predict whether responders and citizens would face 

pockets of evaporated natural gas condensate.  
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7 RISK MITIGATION  
 
  

The U.S. government has in place a number of systems that are meant to mitigate the risks 

associated with the transportation of oil. In this section, we will look at three issues: 

1. The siting process of pipelines at the state and international level; 

2. Systems to detect pipeline leaks; and 

3. Spill response equipment with the ability to handle heavy oil spills.  

 These three issues are important in the oil sands debate as they provide insight in the 

ability and capacity for the U.S. government, as well as private companies, to prepare for and 

respond to spills of oil sands products. 

7.1 Risk Mitigation Techniques 

 
7.1.1 Pipeline Siting 
  

The federal government, through the U.S. State Department, approves or rejects the 

construction of pipelines whenever the proposed route crosses a U.S. border (Parfomak et al., 

2013). However, the federal government is not involved in the siting of any intrastate or 

interstate pipelines.16 In both cases, state law determines the appropriate regulatory agency that 

approves the siting and construction of large energy infrastructure projects. The procedures and 

regulatory agency in charge of siting pipelines varies from state to state (Parfomak et al., 2013). 

                                                
16 The Federal Energy Regulatory Commission (FERC) is in charge of approving construction of interstate natural gas pipelines, 
however, this authority does not extend to oil pipelines. FERC’s involvement with interstate pipeline includes regulating the rates 
and practices of oil pipeline companies, establishing equal service conditions to provide shippers with equal access to pipeline 
transportation, and the establishment of reasonable rates for transporting petroleum and petroleum products by pipeline (FERC, 
2013).  
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In this section, we will review the factors that the U.S. State Department considers when making 

pipeline approval decisions and also examine the state requirements in Washington. 

7.1.1.1 Presidential Permit Application 
 
 Pipeline operators constructing an international pipeline must apply for a Presidential 

Permit through the U.S. State Department (the “Department”). The Department has a 

considerable amount of discretion in its decision-making process, however, its main goal is to 

determine if the project is within the “national interest” (Parfomak et al., 2013). To accomplish 

this, the Department looks at (Parfomak et al., 2013): 

• Environmental impacts of the proposed project; 

• Potential for the proposed project to diversify U.S. energy supplies and meet demand; 

• Security of the pipeline at the border crossing, specifically in relation to other modes of 

transport; 

• Stability in the relationship of trading partners; 

• Impact of the proposed project on foreign policy goals; 

• Economic benefits of the project; and 

• Proposed project’s impacts on U.S. goals of reducing fossil fuel dependence. 

 The Department must also take into account any potential impacts the proposed pipeline 

may have on the National Historic Preservation Act, the Endangered Species Act, the National 

Environmental Policy Act, and Executive Order 12898 which addresses environmental justice 

concerns (Parfomak et al., 2013). Of these policies, the National Environmental Policy Act 

(NEPA) traditionally is the most discussed. NEPA requires federal agencies to consider the 

environmental impacts of proposed projects and provides a forum for stakeholders to express 

their concerns (Caldwell, 1998).  
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  NEPA requires the completion of an Environmental Impact Statement (EIS). EISs occur 

in two stages: a draft stage and a final stage. When a draft EIS is submitted to the State 

Department, it is then made available to the public for a mandated comment period. The final 

EIS must incorporate the comments from the public by either explaining why the concern was 

not considered or by explicitly addressing the concern in the final draft (Caldwell, 1998). The 

U.S. Environmental Protection Agency (EPA) must publically comment on the draft EIS and 

evaluate both how well the EIS analyzes the environmental impacts of the alternatives 

(adequacy) and the level of environmental impact of the proposed action (impact) (EPA, 2012c).  

 Based on the EPA’s ratings of the draft EIS and the public’s comments, the project 

proposer either revisits the draft proposal or incorporates the comments to create a final EIS. 

After the final EIS is submitted to the State Department, there is a final 90-day review period 

where the Department gathers information from relevant agencies and stakeholders to determine 

if the project is within the national interest (Parfomak et al., 2013).  

7.1.1.2 Washington State Requirements 
 
 In Washington State, all intrastate pipelines carrying crude, refined, or liquid petroleum 

products must be approved by Washington’s Energy Facility Site Evaluation Council (EFSEC). 

The EFSEC is responsible for evaluating applications and ensuring that all environmental and 

socioeconomic impacts are considered before a pipeline is approved. Applicants must address 

over 60 environmental and socioeconomic impact objectives (including measures to mitigate 

impacts), submit an environmental impact statement, and defend themselves at public hearings 

before their projects can be approved. After evaluating the application, EFSEC will submit its 

recommendation to Washington’s Governor. If the Governor approves the project, a Site 

Certification Agreement (SCA) is issued and construction can begin (EFSEC, 2012). EFSEC is 
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also the regulatory agency that provides oversight during the construction and operation of the 

facility. It has the right to levy fines or halt construction if it deems that the project is violating 

state laws or the conditions of the SCA (EFSEC, 2012).  

7.1.1.3 Stakeholders and other factors in pipeline siting 
 

In order to increase the political feasibility of a large infrastructure project, such as the 

siting of a pipeline, there are a number of factors that should be taken into account beyond 

economic and environmental benefits or concerns. These include (Nussbaum, 2012): 

• Wildlife management areas, including all parks, national forests, and public lands; 

• Other pipelines and utilities that cross the proposed route;  

• Roads, railroads, and water crossings; 

• Jurisdictional boundaries of states, counties, and cities; 

• Native American or First Nation ownership or interests; 

• Federal and State threatened or endangered species’ habitat; 

• Wetlands and other environmentally sensitive properties; and 

• Private land. 

 The proposed pipelines mentioned below have faced opposition and been delayed due a 

number of these factors. For example, the Enbridge Northern Gateway pipeline is being opposed 

by First Nations because the proposed route crosses their land, whereas the Keystone XL 

pipeline has been delayed for multiple years because its proposed route crossed environmentally 

sensitive areas in Nebraska and because of the additional regulations imposed on pipelines that 

cross U.S. borders.  
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7.1.1.4 Status of Each Proposed Pipeline 
 
 Four major pipelines are being planned to increase the transport of oil sands products 

from Alberta to consumer markets. These pipelines include Enbridge’s Northern Gateway 

pipeline, Kinder Morgan’s Trans Mountain (TM) Expansion, TransCanada’s Keystone XL, and 

Enbridge’s Line 9 Reversal. Enbridge’s Northern Gateway and Line 9 Reversal and Kinder 

Morgan’s TM Expansion17 are within Canadian borders, whereas the Keystone XL crosses the 

U.S. – Canadian border. The status of each pipeline, as of March 2013, is as follows: 

  

                                                
17 Note that Kinder Morgan’s expansion is occurring between Edmonton, Alberta and Burnaby, B.C. The expansion does not 
include the segment of the pipeline that crosses the U.S. border, which is why it does not require State Department approval.  
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Pipeline Regulatory Status 
Start of 

Construction18 Operational Major Opposition 
Northern 
Gateway 

• Began Joint Review Panel on 
8/3/2012 to assess 
environmental impacts, public 
comments, Aboriginal 
concerns, and gather 
information.  

• Hearings will continue through 
May 2013 (NEB, 2013a).  

Mid-2014 
(Enbridge, 
2013) 

2017  
(Enbridge, 
2013) 

• Fear for Fraser and Skeena 
River Salmon populations 
(WCEL, 2012).  

• Stanch opposition from First 
Nation Groups, with over 130 
Nations signing the "Save the 
Fraser Declaration" 
(McKnight, 2012).  

• Sixty percent of B.C. residents 
oppose the pipeline (Flegg, 
2012) 

TM 
Expansion 

• Toll application was submitted 
in 2012. 

• Plan to file facilities 
application in late 2013.  

• Expect decision from the 
National Energy Board (NEB) 
in 2014 (Kinder Morgan, 
2013b) 

2016 (Kinder 
Morgan, 
2013b) 

2017 (Kinder 
Morgan, 
2013b) 

• Largest opposition is from 
local groups in Vancouver that 
are concerned with the lack of 
additional marine safety 
procedures for the harbor.  

• Traverses Jasper National Park 
in the Canadian Rocky 
Mountains and some of 
Canada's most productive 
farmland in the Fraser Valley 
(Lee, 2013) 

Keystone 
XL 

• Denied Presidential Permit in 
2/2012.  

• Reapplied in 5/2012 with a 
new route in Nebraska that 
avoids the environmentally 
sensitive Sand Hills region.  

• Decision is expected in early 
2013 (TransCanada, 2013).  

• All states directly affected by 
the Pipeline have expressed 
support (Jones, 2013; Olson 
2013).  

• Received approval from 
Canada's NEB in 2010 
(TransCanada, 2012).  

Southern 
section from 
Oklahoma to 
Texas is 
already under 
construction. 
The second 
section, from 
Alberta to 
Nebraska, is 
expected to 
begin in mid-
2013 
(TransCanada, 
2012) 

Late 2014 or 
early 2015;  
Southern 
section, late 
2013 
(TransCanada, 
2013) 

• Main opposition is from 
environmental groups and 
landowners.  

• The largest delay was the 
opposition from the State of 
Nebraska, which just recently 
approved the pipeline route 
(NPR, 2012). 

Line 9 
Reversal 

• Hearing completed in 5/2012.  
• Approval to reverse the 9A 

pipeline was obtained in 
7/2012 (NEB, 2013b).  

• NEB is currently reviewing the 
request to reverse and expand 
Line 9B from Ontario to 
Quebec (Enbridge, 2012b). 

No 
construction 
(Enbridge, 
2012b) 

Early 2014 
(Enbridge, 
2012b) 

• Since this isn't a new pipeline, 
the major opposition has been 
to the transportation of oil 
sands products. 

• To bring the oil to the Atlantic, 
the Portland/Montreal pipeline 
will also have to be reversed in 
the future (Nelson, 2012) 

 
                                                
18 Pending Approval 
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7.1.2 Pipeline Modes of Failure and Leak Detection Technologies 
 
 There are four main categories of pipeline failure (Chris, 2007): 

• Pipeline corrosion and wear, caused by corrosive products, atmospheric effects, external 

corrosion, or leaving a pipeline partially full for a period of time;  

• Operation outside design limits; 

• Unintentional third party damage; and 

• Intentional damage. 

 The most common source of pipeline failure is from external corrosion, specifically 

caused by water eroding the outside coating of the pipeline (Dettman, 2013). This may have been 

a contributing factor in the Kalamazoo spill as there were high floodwaters at the time of the 

rupture and significant external corrosion was found at the rupture site (Dettman, 2013; NTSB, 

2010).  

7.1.2.1 Types of Spill Detection 
 

Pipeline operators use a number of techniques to detect pipeline leaks. Spill detection 

methods are not meant to prevent spills, but to alert operators of spills so they can respond in a 

timely manner. Traditionally, leak detection methods can be broken down into three different 

categories (Zhang, 1996): 

• Traditional methods: using personnel to walk or fly the line and visually inspect 

unusual patterns on the pipeline route, such as discolored vegetation;  

• Hardware-based methods: localized leak detection that identifies changes in 

temperature, noise, presence of gas, and negative pressure at specific points; and 

• Software-based methods or Leak Detection Systems: various computer programs that 

monitor the changes in flow, pressure, temperature, and other hydraulic data. The 

most successful software-based method involves dynamic modeling, which attempts 
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to mathematically model the flow within the pipeline and detect discrepancies 

between calculated and measured values. 

7.1.2.2 Leak Detection Systems 
 

Currently, software-based methods or Leak Detection Systems (LDS) are the only 

method of spill detection that offers real-time, continuous monitoring down the length of the 

pipeline (Song, 2012). LDS work by sensing abrupt changes in the flow rates and pipeline 

pressure and then triggering an alarm when discrepancies occur.  

When analyzing the success of LDS, it is important to consider the ability of the system 

to detect the location of the leak, the extent of the leak, and the possibility of a false alarm (Jiang 

et al., 2009). Positives of using LDS include (Song, 2012): 

• High success rates in detecting large spills and ruptures; 

• 24/7, 365 day monitoring; and 

• In theory, these systems can detect a spill and shut down the flow of oil in the 

affected pipeline segment within 10 minutes.  

7.1.2.3 False Alarms and Leak Detection Systems 

 One of the main issues with LDS is that controllers have to decide whether an alarm is in 

an actual leak or a false alarm. The more sensitive a system is to the loss of hydrocarbons, the 

higher the rate will be of false alarms (Shaw, et al., 2012). If a system is sensitive to the loss of 

hydrocarbons and false alarms are commonplace, it could condition controllers to assume that 

the majority of alarms are false alarms. This can in turn lead to controllers losing confidence in 

the system and ignoring real warnings, as was the case in the Kalamazoo spill (Zhang, 1996; 

Shaw, et al., 2012; NTSB, 2010). 

 One aspect of pipeline operation that contributes to false alarms is the occurrence of 

column separation. Column separation, or “slack flow,” is the breaking of liquid columns in a 
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fully filled pipeline (Bergant et al., 2006). This occurs when the pressure in the pipeline becomes 

low enough to allow the light ends of the oil to vaporize within the pipeline, creating a sort of 

“bubble.” When the pressure of the pipeline naturally rises, the bubble can collapse which will 

cause the pressure in the pipeline to surge. This phenomenon may occur at high elevation points 

or when there are large changes in elevation and is common in all crude oil pipelines, not just 

dilbit (Dettman, 2013). The issue with column separation is that the pressure surges will register 

a “leak” with an LDS and indicate a false alarm (NTSB, 2010). 

7.1.2.4 Criticisms of Leak Detection Systems 

Other than the high occurrence of false alarms, there are a number of criticisms about 

relying on LDS to detect spills. According to a study commissioned by PHMSA (Song, 2012): 

• LDS detected only 5 percent of the nation’s pipeline spills between 2002 and 2012. 

The general public detected 22 percent of the spills and on scene employees detected 

62 percent. 

• LDS are not effective at identifying smaller spills, especially those that leak slowly. 

Smaller spills of this kind are much more common among pipeline infrastructure.  

• Pipelines with variable flow rates, such as the Keystone XL, make it difficult to 

estimate how much oil is supposed to be in the pipeline at a given time. 

• Pipeline companies’ procedures have allowed alarms to be ignored by controllers, 

assuming that the alert is a false alarm instead of a real threat. 

 Two recent spills document the dangers of relying on LDS to detect spills. In both cases, 

human error, specifically hesitation in shutting down the system after an alarm sounded, led to 

excess oil spilling into the natural environment: 

• Kalamazoo Spill: Enbridge claimed that their spill detection sensors would remotely 

detect and shut down a rupture in eight minutes. After the initial alarm sounded it 

took 17 hours for the pipeline operators to confirm the spill and shut down the 

pipeline segment. The controllers assumed that the alarm was due to column 
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separation and not a leak. As a result, the controllers restarted the line and pumped 

more oil through the pipeline in order to “fix” the problem. The safety board 

concluded that the workers had not been sufficiently trained to recognize a spill 

alarm, which was the primary contributor to the intensity of the spill (NTSB, 2010). 

• Yellowstone Spill: In 2010, over 1,500 barrels of Exxon Mobil crude oil (not dilbit) 

was released into the Yellowstone River. The rupture was detected in the control 

room and the pipeline was partially isolated seven minutes after recognizing failure. 

However, as Exxon employees were trying to figure out next steps, crude continued 

to flow into the river for 48 minutes, until the upstream valve was closed and the 

pipeline segment was fully isolated. Human delay resulted in approximately 6.2 times 

more crude spilling into the river than if the upstream valve was closed upon the 

initial alarm (DOT, 2012). 

7.1.2.5 Expected Use of LDS with New Pipelines 

 Both Enbridge and TransCanada have released statements about using LDS to detect 

spills on their proposed pipelines. In public discussions about LDS, the two companies have 

made clear that they are aware of the potential failures of relying on LDS and indicated that it 

will be one of many tools used to detect spills. Regardless of this submission, the two companies 

continue to use LDS to address citizen concerns regarding spill detection.  

 TransCanada states that the Keystone XL will have the best LDS technology in the world 

(TransCanada, 2013). The company estimates that with their LDS they will be able to detect 

spills at or above 1.5 percent of the pipeline’s flow. This translates to spills of 12,450 barrels or 

larger (Song, 2012). To detect spills smaller than the 1.5 percent threshold, TransCanada states 

that they will use static pressuring. However, this method does require TransCanada to 

periodically shut down operations for testing (Song, 2012). TransCanada has also agreed to 

adopt 57 measures that will hold them accountable to go beyond the legal minimum 

requirements in risk reduction methods. These conditions include burying the pipeline deeper 
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underground than mandated, installing a higher number of data sensors and remote controlled 

shut-off valves, and increasing inspections and maintenance (TransCanada, 2013). TransCanada 

will also conduct aerial patrols every two weeks (TransCanada, 2013). Enbridge stated that it 

will use multiple approaches for leak detection that include computational pipeline monitoring, 

controller monitoring, line balance calculations, and aerial patrols at least once every two weeks 

(NEB, 2012). 

 Kinder Morgan has not indicated its use of LDS beyond general, nonspecific information 

on its website (Kinder Morgan, 2012). This may be because Kinder Morgan’s Trans Mountain 

Expansion’s projected completion date is further in the future than TransCanada’s and 

Enbridge’s projects and therefore may be subject to less scrutiny than the other two companies at 

this point in time. 

Key Sources: Pipeline Modes of Failure & LDS 

Dettman, Heather (January, 2013). Personal Communication.  

Song, L. (2012 19-September). Few Oil Pipeline Spills Detected by Much-Touted Technology. 

Retrieved 2013 11-February from Inside Climate News: 

http://insideclimatenews.org/news/20120919/few-oil-pipeline-spills-detected-much-

touted-technology 

 

7.1.3 Gaps in Risk Mitigation Factors 

 In this section, two major risk mitigation methods were discussed: the process of 

approving the construction of pipelines at the federal and state level and the use of leak detection 

systems to detect leaks. Three main information and knowledge gaps exist in this discussion: 



Risks of Transporting Oil Sands Products   96 
 

• In this report, we did not discuss the siting process of interstate pipelines due to time 

constraints. One main question remains regarding this topic: do pipeline companies 

need to pursue separate approval processes in every state that the pipeline will cross or 

is there a separate regulatory agency, or certain states, that are in charge of approving 

the construction of interstate pipelines? 

• There are many criticisms of relying on leak detection systems to detect spills. 

TransCanada and Enbridge have stepped forward to describe how leak detection 

systems will be used in their risk mitigation strategies. However, a gap still remains in 

understanding how much the pipeline operators are relying on leak detection systems 

to detect spills and if this dependence is providing a false sense of security.  

• There is doubt about the ability of operators to differentiate between false and real 

threats when interpreting leak detection systems’ alarms. It is unknown if the training 

these pipeline companies are providing is adequate to create a reliable detection 

system. 

7.2 Response Efforts 

 
 There have been two water-based spills of oil sands products in recent history: the 

Kalamazoo Spill in Marshall, Michigan (dilbit) and the Burnaby Harbor Spill in Burnaby, British 

Columbia (synthetic crude). Both spills occurred in unique situations, so our ability to 

extrapolate how oil sands products will behave in a spill and the success of response efforts and 

equipment is limited. Due to the small number of case studies, this section will also examine the 

Wabamun Lake Spill, a railcar derailment that spilled Bunker C oil, a heavy fuel oil, into Lake 

Wabamun in Alberta, Canada.  

7.2.1 Kalamazoo Spill 
 
 Two types of dilbit oil were spilled during the Kalamazoo spill: Cold Lake and McKay 

River Heavy (Miskolzie, 2012). The dilbit initially floated in the fresh water. However, after 

mixing with sediments and the evaporation of the light hydrocarbons, some oil became heavy 
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and sank (Miskolzie, 2012). As a result, the dilbit simultaneously was floating, submerged in the 

water column, and on the bottom of the river. Beyond the characteristics of the oil, the water 

temperature, the presence of sediments, and the speed of the river affected oil recovery 

(Miskolzie, 2012). See section 2.1.1 for more information about this spill. 

7.2.1.1 Technologies Used in Recovery 
 
 The most important consideration for oil removal efforts during the Kalamazoo spill was 

the fast moving water of the Kalamazoo River and Talmadge Creek (NTSB, 2010). Recovering 

oil in fast moving water is difficult, as oil tends to flow under booms and skimmers necessitating 

quicker and more efficient responses (USCG, 2001). In these situations, the United States Coast 

Guard (USCG) recommends installing underflow dams, overflow dams, sorbent barriers, or a 

combination of these techniques (NTSB, 2010).  

 Enbridge responders, along with personnel from Terra Contracting and the Baker 

Corporation, used: 

• Oil booming and sorbent booming at 33 oil spill containment-and-control points. At 

the most heavily boomed location, 176,124 feet of boom was deployed (NTSB, 

2010).  

• One Gravel-and-earth underflow dam at the meeting of the contaminated marsh and 

Talmadge Creek. This site was chosen because it was accessible to heavy equipment. 

Responders did not have the traditional materials for adjustable underflow dams on 

site and had to construct one out of surplus materials and therefore were late 

deploying the technology (NTSB, 2010). 

• Three vacuum trucks were used to recover oil at the underflow dam. Nine other 

vacuum tracks were deployed at other sites (NTSB, 2010).  

• Oil skimmers were also used to recover oil (NTSB, 2010). 

• On 25 acres, dredging was used to recover oil (NTSB, 2010). This method was the 

most successful in terms of the amount of oil recovered (Muller, 2013). 
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• Responders considered plugging the steel culvert pipe under Division Drive with 

earth to contain the oil upstream, but the quick water flow prohibited attempting this 

method (NTSB, 2010).  

 At peak deployment, 2,011 personnel engaged in oil spill recovery (NTSB, 2010). As of 

March 2013, the cleanup efforts are still ongoing. In October 2012, EPA asked Enbridge to 

dredge approximately 100 more acres of the Kalamazoo River as oil continues to accumulate in 

three areas (EPA, 2012d). The main concern with the presence of this oil is that during a flood, 

the pools of oil could remobilized and contaminate parts of the river that have already been 

cleaned (Hasemyer, 2012). EPA chose to move forward with dredging because it was deemed 

the most effective method during the original recovery efforts (EPA, 2012d). Enbridge is 

fighting EPA’s assessment saying that further dredging would do more harm than good to the 

Kalamazoo River ecosystem (Adams, 2012).  

7.2.1.2 Lessons Learned regarding Recovery Efforts 

 Three main issues are of concern in regards to Enbridge’s recovery efforts:  

1. Communication –The spill occurred during the night and initial responders were not 

aware of the severity of the spill or the type of oil spilled (Muller, 2013), which led to 

poor decision-making (NTSB, 2010). Responders had no estimate of a volume release 

when the first round of containment methods was deployed (NTSB, 2010).  

2. Lack of resources – Originally, Enbridge responders did not have the resources to 

contain or control the flow of oil into the surrounding bodies of water (such as 

materials for underflow dams). Also, Enbridge initially brought in contractors from 

Minnesota, a 10-hour drive away from the site, which slowed down recovery time 

(NTSB, 2010). The EPA on-scene coordinator had to provide Enbridge with the 

contact information for local contractors to keep recovery efforts moving forward 

(NTSB, 2010).  
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3. Lack of Training – During the initial response, Enbridge personnel placed the 

containment booms too far downstream to be effective and also used booms that were 

incompatible with fast-moving water (NTSB, 2010). This had to do both with lack of 

training and also the lack of communication and knowledge regarding the severity of 

the spill. 

7.2.2 Burnaby Harbor Spill 

7.2.2.1 Spill Summary 
 

 On July 24, 2007, approximately 1,400 barrels of synthetic crude leaked from the 

Westridge Transfer Line in Burnaby, British Columbia. After the oil was spilled, it flowed in 

Burnaby’s storm sewer systems until it reached the Burrard Inlet (TSB, 2008a). In total, eleven 

houses were sprayed from the rupture, fifty properties were affected, 250 residents voluntarily 

left, and the Burrard Inlet’s marine environment and 1,200 meters of shoreline were affected by 

the spill (TSB, 2008a).  

 Five minutes after the rupture, the pipeline operator shut down the Westridge Pipeline 

and the Westridge dock delivery valves were closed. However, the Burnaby Terminal is at a 

higher elevation than the rupture site, so gravity continued to intensify the release of the oil. 

Twenty-four minutes after the rupture, the Burnaby Terminal and the Westridge Pipeline were 

fully isolated. Kinder Morgan established a unified command with the British Columbia Ministry 

of Environment and the NEB to coordinate the response. The initial failure to fully shutdown the 

Westridge Pipeline was contrary to Kinder Morgan’s standard shutdown procedures (TSB, 

2008a). Cleanup took months and cost roughly $15 million and resulted in the recovery of 

approximately 1,321 barrels of oil (CBC, 2011). 

 In 2011, three companies – two contracting companies and Trans Mountain Pipeline L.P. 

– pleaded guilty to violating the Environmental Management Act for introducing pollutants into 
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the environment and will each pay a $1,000 fine and donate $149,000 to the Habitat 

Conservation Trust Foundation (CBC, 2011). Trans Mountain Pipeline L.P. will be required to 

pay an additional $100,000 to fund training and education programs (CBC, 2011). See section 

2.1.4 for more information on this spill. 

7.2.2.2 Technologies Used in Recovery 

 Kinder Morgan primarily relied on contractors to recover the oil (Ministry of the 

Environment, 2007). The contractors used three distinct methods to recover the oil which were 

based on the oil’s location (Penner & Sinoski, 2007): 

1. Residential areas. Peat moss was used successfully to absorb oil on land. 

2. Storm Sewers. Oil in the storm sewers was vacuumed up. Much of the oil was 

collected in the pump station.  

3. Burrard Inlet. The responders were able to set up floating booms outside the storm 

sewer tunnels to collect oil that made it to the Inlet. To treat the oil that had adhered 

to the shoreline, responders successfully used the chemical shoreline cleaner Corexit 

9580 (Shang et al., 2012).  

7.2.2.3 Lessons Learned 

 The recovery effort during the Burnaby Harbor spill was relatively successful. Because 

the synthetic crude traveled on a predictable path through the storm sewer system, the responders 

were able to set up booms in a quick and efficient manner. We were not able to find any reports 

of the oil sinking or being submerged in the water column. Extrapolating the oil behavior in this 

case to other potential synthetic crude spills is difficult because most of the oil was able to be 

collected in the storm sewer systems and on land.  

 The main issue in this case study was the lack of communication between city contractors 

and Kinder Morgan during the excavation process. Also, by failing to follow standard emergency 
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procedure after a spill was detected, more oil was released into the natural environment. As with 

the Kalamazoo spill, failure to follow administrative procedures significantly increased the 

amount of oil spilled. 

7.2.3 Wabamun Lake Spill 

7.2.3.1 Spill Summary 
 
 Forty-three Canadian National Railway (CN) freight railcars derailed on August 3, 2005 

by Lake Wabamun, just west of Edmonton, Alberta. The derailment resulted in 4,400 barrels of 

Bunker C oil and 554 barrels of a pole treating oil being spilled with approximately 1235 

barrels19 of the oil entering the temperate Lake Wabamun (Fingas, 2010; TSB, 2008b). The spill 

was caused by a faulty train track that had a least 13 undetected defects (CBC, 2007). Though 

Bunker C is not an oil sands product it is known to have a density near that of water, which could 

be similar to that of some kinds of undiluted bitumen. In this case, the oil began to sink with 

limited amounts of weathering and sedimentation (Goodman, 2006).  

 CN used an oil response contractor to recover the spilled oil. However, after the 

contractor’s initial efforts, it became clear that they were not experienced in oil spills of this 

magnitude or of this type of oil. As a result, they were not able to contain the spill and CN 

eventually had to contract out the cleanup to a more experienced response organization (TSB, 

2008b). The response contractors began by using the Shoreline Cleanup and Assessment 

Technique (SCAT) and then moved to cleaning up individual shore segments (Goodman, 2006). 

They also cut a number of reed beds because the reeds became a continuing source of surface 

contamination (Goodman, 2006). In total, approximately 1076 barrels of oil was recovered and 

the response effort was completed in October 2005 (Severs, 2005).  

                                                
19 The amount of oil that entered Lake Wabamun is debated and varies greatly depending on the source. This estimate is an 
average of the most commonly cited amounts. 
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 During the clean up, there was strong public perception that the government failed to do 

its job, citing that the recovery efforts were more concerned with getting the track up and 

working again than any ecological effects. This was compounded by the delay in beginning 

cleanup efforts due to lack of available equipment (Goodman, 2006). As a result, the Alberta 

Ministry of the Environment established the Environmental Protection Commission in August of 

2005 after the spill (Goodman, 2006) and First Nations sued CN and were awarded $10 million. 

CN spent approximately $132 million in cleanup costs and paid $1.4 million in fines, as well as 

made changes to its spill procedures and equipment requirements (Goodman, 2006).  

7.2.3.2 Technologies Used in Recovery 

 Two main elements were taken into consideration during spill response: weather and the 

type of oil spilled. Both of these elements affected the behavior of the spilled oil, such as when 

the oil submerged and entered the water column or when the oil sank to the bottom (Fingas, 

2010). Responders used the following technologies: 

• Sorbent and containment booms were the first technologies deployed at the site. 

Sorbent booms were ineffective in containing the Bunker C oil and there were not 

enough containment booms to stop the spread of oil due to high winds (Goodman, 

2006). Additional equipment had to be brought in from across Canada and the United 

States (TSB, 2008b).  

• Dykes were successfully built to stop the flow of oil into the lake. Once the ditches 

and dykes were completed, no further oil made it to the lake (TSB, 2008b). 

• Vacuum trucks helped recover the oil (TSB, 2008b). 

• Hand shoveling and skimmers were relatively successful (TSB, 2008b). 

• Sorbent pads were used to probe the bottom of Lake Wabamun in order to detect oil 

that had settled on the bottom. The Bunker C oil had formed a skin and did not adhere 

to the pads, making this technology ineffective (Goodman, 2006). 



Risks of Transporting Oil Sands Products   103 
 

• Video cameras for detection were only successful in some shallow water situations 

due to the dispersed nature of the oil (Goodman, 2006).  

• Nets of ten millimeters were ineffective. Responders had to move toward very fine 

netting, which inhibited water flow. Ten-millimeter nets were tried due to the success 

this size of net has had in collecting bitumen (Goodman, 2006). 

• Responders had very limited success recovering oil once it reached the bottom 

(Goodman, 2006). 

 It is important to note that it was not until much later on August 3rd that responders 

realized that the pole treating oil had been spilled as well. The pole treating oil being transferred 

was mixed with other chemicals and is used as a wood preservative. This type of substance may 

contain toluene, benzene and its derivatives, naphthalene and its derivatives, phenyls, and 

polycyclic aromatic compounds (PACs) (TSB, 2008b). As a result, the workplace hazard 

associated with the chemical was neither recognized nor communicated until days later (TSB, 

2008b).  

7.2.3.3 Lessons Learned from Spill 

 The spill response effort at Wabamun Lake was not efficient particularly due to 

management decisions (TSB, 2008b). An emergency operations center under the unified 

command system (UC) was not set up. Under UC, response agencies collaborate on the response 

effort. Its main purpose is to provide guidelines for multiple agencies to work together efficiently 

(TSB, 2008b). This was the Transportation Safety Board of Canada’s (2008b) main criticism of 

CN’s response efforts. Other factors to consider during the response effort include: 

• Limited amounts of response equipment in close proximity to the spill. This was 

problematic as it led to both negative public relations as citizens saw the oil spreading 

without an adequate response, as well as responders missing crucial time in 

containing the spill (Goodman, 2006). Later, it was determined that some response 
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equipment in the region was not made available because it was held in reserve in case 

of a concurrent environmental disaster (TSB, 2008b).  

• The need for contingency planning. CN implemented its Dangerous Goods 

Emergency Response Plan but failed to install a unified command (TBS, 2008b). The 

lack of a central structure led to considerable confusion in the early stages of recovery 

as more responders arrived on scene and there was no organizational structure to rely 

on (Goodman, 2006). Also, the contingency plan CN had in place was generic and 

had no specific guidelines for the Wabamun Lake area. The plans had not been tested 

recently and there had been little contact with response groups in the area (Goodman, 

2006).  

• Lack of information regarding the behavior of heavy oil when spilled. In this case, the 

lack of information regarding the interaction of oil and fine sediments and how the 

changes in surface water temperature affects submerged oil, tar ball formation, and 

the long-term fate of submerged oil in marine and fresh water ecosystems affected 

clean-up efforts (Goodman, 2006).  

• Limited number of tested and effective oil detection technologies. Response crews 

lacked appropriate technology for detecting oil once it reached the bottom of the lake 

(Goodman, 2006).  

Key Sources: Response Efforts 

NTSB. (2010). Enbridge Incorporated, Hazardous Liquid Pipeline Rupture and Release, 

Marshall, Michigan, July 25, 2010. National Transportation Safety Board, Pipeline 

Accident Report. Washington D.C.: NTSB. 

Goodman, R. (2006). Wabamun: A Major Inland Spill. Innovative Ventures Ltd. Cochrane: 

IVL. 

TSB. (2008a). Pipeline Investigation Report, Crude Oil Pipelines -- Third-Party Damage, 

TransMountain Pipeline L.P. 610-Millimetre-Diameter Crude Oil Pipeline. P07H0040, 

Transportation Safety Board. 
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TSB. (2008b). Railway Investigation Report R05E0059, Derailment Canadian National 

Freight Train M30351-03 Mile 49.4, Edson Subdivison Wabamun, Alberta 03 August 

2005. Transportation Safety Board of Canada. TSB. 

 

7.2.4 Gaps in Response Efforts 

 This section concentrated on past response efforts for oil sands products spills and one 

case of a heavy oil spill. Due to the small number of case studies, a number of research and 

information gaps remain. One research gap stands out based on the above discussion: 

• As the Kalamazoo spill suggests, weathering and sedimentation may lead to the oil 

being overwashed by water, suspended in the water column, or sinking to the bottom. 

There is a gap in understanding how oil sands products are affected by the weathering 

and sedimentation processes and also the time frame when these processes will affect 

the success of spill response. 

 The three case studies discussed above also have similarities in the ineffectiveness of 

management during the spill response. This leads to the question: 

• Are the current plans, training procedures, and equipment resources adequate in 

preventing significant amounts of oil from entering the natural environment?  

7.3 Effectiveness of Current Equipment on Sunken and Submerged Oil Spills 

7.3.1 Assumptions 
 
 The below analysis is based on the assumption that oil sands products will remain on the 

surface for several hours or days when spilled into saltwater, but as sedimentation and 

volatilization occurs, some of the oil will submerge or sink (Counterspil Research, 2011). This 

assumption is further backed up by Enbridge’s technical data reports that were released in 

conjunction with the proposed Northern Gateway pipeline project. The report suggests that in a 
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marine spill scenario 80 percent of the oil will remain on the surface for 120 hours under summer 

conditions (will not easily sink) but it “will be easily overwashed with water” (Counterspil 

Research, 2011). Due to the lack of available case studies on oil sands product spills, this 

analysis looks at equipment effectiveness in past heavy oil spills, where the oil was submerged in 

the water column or sank. This is relevant to the oil sands discussion as oil sands products may 

behave like non-floating oils after weathering and other interactions with the environment. 

 

7.3.2 Common Oil Spill Recovery Technologies and Anticipated Effectiveness  

7.3.2.1 Detection and Monitoring of Submerged and Sunken Oil 
 
 Based on U.S. Coast Guard research, multi-beam and imaging sonars are the most 

effective technologies for conducting wide area detection surveys and looking for large pools of 

subsurface oil. They are most effective in detecting subsurface pools if they are deployed before 

the oil breaks up. However, the resolution of these devices is still relatively low, impairing their 

effectiveness. Laser systems and narrower beam sonars are better suited to narrow areas and 

determining the amount of oil present (Hansen et al., 2009). A summary of other detection and 

monitoring technologies are provided in the table below. For a full analysis of detection and 

monitoring equipment, see Appendix 3. 
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7.3.2.2 Containment of Submerged and Sunken Oil 

  Containment of submerged oil is still mostly in the conceptual stage. To the extent that 

the below technologies have proven effective, it has only been in low-flow zones or depressions 

(Counterspil Research, 2011).   

Technology Analysis  

Technology Analysis  
Snare Sampler • Specifically used to detect oil at various depths in the water column 

• Produces time-series data 
• Time and labor intensive (Counterspil Research, 2011; Michel, 2006) 

Vessel-Submerged Oil 
Recovery System (V-SORS) 

• Can detect both pooled and mobile oil moving along the bottom 
• Relatively efficient 
• Time and labor intensive 
• Susceptible to snagging on bottom (Counterspil Research, 2011; Michel, 

2006) 
Side-scan sonar data • Provides good spatial coverage and visualization of large accumulations and 

bottom features 
• Effectiveness diminishes as the oil spreads and the water becomes rough 
• More successful in detecting the trenches and other bottom features that 

contain pooled oil instead of the oil itself (Counterspil Research, 2011; 
Michel, 2006) 

RoxAnn • Used to differentiate seafloor bottoms (Michel, 2006; Counterspil Research, 
2011) 

Remotely-operated 
underwater video 

• Successfully provides estimates of frequency and size of oil accumulations 
• Cannot always determine exact oil position 
• Effective with visibility exceeding 0.5 meters, but it does not generate a 

wide view (Counterspil Research, 2011) 
Sorbents attached to weights • Ineffective (Counterspil Research, 2011) 

Sorbent drops and sediment 
cores 

• Not effective for mobile oil in the water column (Michel, 2006) 

Snare Sentinels • Too time and labor-intensive for widespread use (Counterspil Research, 
2011; Michel, 2006) 

Airborne Hyperspectral 
fluorescent LiDar 

• Successful in detecting oil suspended in the top few meters below the water 
surface 

RESON Sonar System • Positively identifies 87 percent of sunken oil targets.  
• Has a false alarm rate of 24 percent (Hansen et al., 2009) 

EIC Fluorosensor • Can be attached to ROVS or other platforms 
• GIS input fluctuates and direct mapping is not possible (Hansen et al., 2009) 

Side-looking Airborne Radar, 
UV, & IR 

• Unable to penetrate water 
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Trenching and Berming • Does not work if the oil is suspended 

Pneumatic barriers (air 
bubbles) 

• Limited information on this method 
• May aerate oil, which would change the density and reduce the 

oil's tendency to sink.  
• Effective at "protecting a water intake at currents of less than 

0.75 knots" (Counterspil Research, 2011) 
Deep-skirted booms • Developed to contain Orimulsion 

• May be effective, but have limited information (Counterspil 
Research, 2011) 

Bottom booms, filter fense, 
trenches, and booms 

• Can be coordinated with recovery and are quick and easy to 
deploy 

• Highly dependent on bottom conditions 
• Seabed booms for sunken oil have not been tested in a real 

situation (Counterspil Research, 2011) 
Trawl nets • Have proven effective (other than fine mesh nets) 

• Made specifically for heavy oil recovery (Counterspil Research, 
2011) 

Sorbent barrier/fence • Never tested 
• Engineering design inadequate to assure it would function 

properly 
• If manipulated, it can be easily fabricated to meet site-specific 

contexts (Michel, 2006) 
 

7.3.2.3 Removal of Submerged and Sunken Oil 

 If oil is suspended in the water column there can be little done other than detecting the oil 

(Counterspil Research, 2011). During the DBL-152 heavy oil spill, hydraulic submersibles that 

featured open impeller chambers, such as the MPC model KMA axial/centrifugal pump, and 

directed by divers proved to be most successful in removing sunken oil (Counterspil Research, 

2011). The U.S. Coast Guard’s research suggests that a hopper dredge or large duck-bill system 

has the highest potential for use in recovery efforts based on timing, operational limits, recovery 

efficiency, remobilization, cost, and safety (Michel, 2006). 

Technology Analysis 
Hydraulically-driven 
submersible dredge pump 
with a diver-directed suction 
hose 

• Recovered 900 gallons of submerged, pooled oil from small trench during M/T 
Athos 

• Diver directed hoses led to a slow recovery, especially since the oil was moving 
(Counterspil Research, 2011) 

Centrifugal Pump • Resulted in droplet formation 
• Used with a lower rpm Foilex TDS-150 Archimedes screw pump as well as a 4-

stage decanting system to effectively reduce water content (Counterspil Research, 
2011) 
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Clamshell dredges • Successful when oil solidifies (Counterspil Research, 2011) 
ROVs and mini-subs • Potential to recover oil from greater depths 

• Marine Pollution Control has been testing a mini submarine mounted with a suction 
recovery system (Counterspil Research, 2011) 

Nets • Messy and largely ineffective (Counterspil Research, 2011) 
Dredging • Effective 

• Generally limited to 50 meters water depth 
• Pneumatic dredgers can operate in greater depths 
• Fastest method of recovering sunken oil but generates a large volume of sediment 

and water that needs to be stored 
• Also need to consider the benefits of removing oil against seabed disturbance 

(Counterspil Research, 2011) 
 

 Based on the current state of recovery technologies, five problem areas need to be refined 

and addressed for heavy oil or oil sands products cleanup (Counterspil Research, 2011): 

1. Nozzle design of hoses to reduce the water intake during underwater pumping; 

2. Diver-directed vacuum systems to increase the pumping rate; 

3. Remotely-operated vehicles (not divers) development for safe pumping; 

4. Dredges modified to minimize water and sediment uptake; and 

5. Improvement in oil separation and water decanting technology.  

7.3.2.4 Transfer of Viscous Oil 

 Overall, the transfer of viscous oil should not be a limiting factor in heavy oil or oil sands 

products recovery. Many modifications to existing technology have already been made to 

process heavy oils (Counterspil Research, 2011).  

 
Technology Analysis 
Pharos Marine GT185 
Skimmer 

• Main component of the Canadian Coast Guard recovery inventory.  
• Unable to recover and pump floating bitumen. Similar with USCG 

stock equipment, need modifications to process heavy oils (Michel, 
2006; Counterspil Research, 2011) 

Annular water injection • Modified pump developed and tested in Denmark, Sweden, Norway, 
and Finland seems to be successful (Counterspil Research, 2011) 
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Key Sources: Effectiveness of Current Equipment on Sunken and 
Submerged Oil Spills 

Counterspil Research. (2011). A Review of Countermeasures Technologies for Viscous Oils 

that Submerge. Counterspil Research Inc. West Vancouver: Counterspil Research Inc. 

Hansen, K. A., Fitzpatrick, M., Herring, P. R., & VanHaverbeke, M. (2009). Heavy Oil 

Detection (Prototypes) -- Final Report. United States Coast Guard, Research and 

Development Center. Washington, DC: U.S. Department of Homeland Security. 

Michel, J. (2006). Assessment and recovery of submerged oil: Current state analysis. Research 

Planning, Inc. Groton: USCG. 

 

7.3.3 Regional Response Capacity – Heavy Oil Spills 

 To obtain project approval from governing bodies, companies exploring, transporting, 

producing, and refining oils are mandated to submit a contingency plan in case of a spill. The 

majority of oil companies choose to enlist an oil spill cooperative to satisfy oil spill response 

needs (Allen, 1981). The United States Coast Guard (USCG) does not have the equipment to 

respond to a submerged oil spill scenario (Hansen, 2013). Nationally, there are two oil spill 

cooperatives that have a large capability in recovering heavy oil that sits on the bottom of bodies 

of water: Marine Pollution Control (MPC), based in Detroit, Michigan, and BISSO Marine, 

based in Houston, Texas (Hansen, 2013). Other cooperatives do have capabilities that include 

divers that can respond or other special equipment used for recovery of oil inside of vessels.  

 Currently, there is no uniform method of reporting a region’s oil spill response equipment 

availability. As seen below, the Pacific Northwest and the New England area aggregates its 

equipment lists into a regional list, which includes publically and privately owned equipment 
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available in multiple states. The Great Lakes Region concentrates on equipment owned and 

operated by state governments.  

 In addition, many response organizations publish their equipment lists, but they may not 

report all the necessary information to determine how the equipment can be used in an oil spill. 

For example, a response organization may report that it has a sonar in its inventory, but will not 

include the frequency it is operating at or other vital processing information (Hansen, 2013). This 

makes it difficult to assess a region’s capacity to respond to a heavy oil spill or a spill of oil 

sands products. 

7.3.3.1 Response Capacity in Washington State 

 In the Pacific Northwest, all equipment maintained by spill response cooperatives in the 

area is listed at: http://www.wrrl.us. However, this list does not capture all the equipment that 

may be available to a responder during a spill because it only lists equipment that is 

geographically close to the spill. This means that oil spill response organizations outside of the 

Pacific Northwest that are contracted with oil companies operating in the region will not report 

available equipment to the WRRL. For example, Kinder Morgan theoretically could contract 

with BISSO but because BISSO’s equipment is located in Texas it is not accounted for in the 

WRRL. 

 The WRRL contains response equipment that is both dedicated to spill response and 

those that are not. A considerable proportion of the equipment is not dedicated to spill response. 

For example, WRRL lists a number of private fishing boats that could be used during a spill 

response effort. This means, there is a possibility that a piece of equipment listed may not be 

available during a spill (OSAC, 2009). 
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7.3.3.2 Response Capacity in the Great Lakes 

 Through various laws and regulations, the U.S. and Canada have a formal relationship in 

regards to oil spill preparedness and response programs. This is expanded on further in section 

8.4.  

 The ability for response organizations to respond to a spill in the Great Lakes Region 

may be hindered significantly during winter conditions. With icy or snowy conditions, access to 

remote locations may be difficult and some facilities may operate with reduced personnel 

(Emergency Preparedness Task Force, 2012). The states in the region do not have a large 

inventory of response equipment (Emergency Preparedness Task Force, 2012). For a full list of 

equipment available during a spill, broken down by state see Appendix 4. 

7.3.3.3 Response Capacity in Maine 

 As part of Maine’s contingency planning, the Department of Environmental Protection 

created a directory of all spill response equipment located in the New England area. This 

includes oil response cooperatives, such as Marine Spill Response Corporation, U.S. and 

Canadian regulatory agencies, U.S. and Canadian Coast Guard contacts, and citizen volunteers 

who may choose to lend their boat or aircraft to spill response. This document can be found at: 

http://www.maine.gov/dep/spills/emergspillresp/documents/appendices.pdf. Again, this does not 

necessarily reflect the response capacity of the region as individual companies may contract with 

oil cooperatives outside of the area. 

Key Sources: Regional Response Capacity 

Hansen, Kurt. (2013 11-February ). US Coast Guard. Personal Communication. 
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7.3.4 Gaps in Effectiveness of Current Equipment on Dilbit Spills 

 There are multiple gaps in policy and research in terms of equipment and mandated 

response capacity: 

• The regional and national equipment lists are missing vital processing information 

about available oil spill response equipment, which makes it difficult to assess how a 

particular piece of equipment can be used effectively during a spill response scenario.  

• There is a lack of real world testing and experience with equipment on dilbit spills, 

hindering our ability to assess whether or not a region has equipment that will be 

effective in an oil sands products recovery effort.  

• When an oil spill occurs, the responsible party must respond within a specific period 

of time. If there is an oil sands products spill, the responsible party will be in 

compliance with oil spill response requirements as long as they have personnel on the 

site performing recover efforts, e.g. divers, not necessarily with the appropriate 

equipment to the specific type of oil spilled. This could mean that the responsible 

party would have to wait up to 72 hours for the appropriate equipment to reach the 

site if the spill is in Washington but the needed equipment is in Detroit or Houston.  

• Clean up regulations require oil cooperatives to prove that they possess the equipment 

and can respond to a spill during a specified time period. However, policy does not 

require them to demonstrate the effectiveness of the equipment on specific oils. As 

we saw in the case studies, this may affect oil spill response effectiveness.  

• Material Safety Data Sheets (MSDS) (discussed further in Section 8.5.1) do not 

require the properties of the specific type of oil spilled to be noted. In the case of the 

Kalamazoo Spill, responders were given an MSDS that listed “crude” oil as the 

material spilled, not dilbit. This affected the responders’ ability to plan their response 

efforts.  

• There is a lack of information and ability to employ oil spill detection and recovery 

methods when the oil reaches the bottom of a body of water or when the oil is 

suspended in the water column.  
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8 SIGNIFIGANT POLICIES AND REGULATIONS 
 
 

8.1 Introduction 

 Regulations and standards governing oil spills can largely be divided into two related 

categories—requirements for preparing for oil spills and requirements for responding to oil 

spills. The U.S. Coast Guard (USCG), the Environmental Protection Agency (EPA), and the 

Department of Transportation (DOT) oversee oil spill planning, response, and transportation—

and are the primary regulatory actors relevant to the transport of oil sands products. These 

regulatory categories can overlap and are administered and enforced by multiple federal and state 

agencies. In this section, we outline: 

• Spill planning and response rules derived from the National Contingency Plan and the 

Oil Pollution Act;  

• The primary federal agencies responsible for rulemaking and enforcement in oil spill 

planning and response, noting any efforts to address the transport of oil sands 

products (focusing on the USCG, EPA, and DOT); 

• The role of states and regions in oil spill response planning, including some recent 

efforts to address the increase in oil sands products and additional legislation that 

could relate to oil sands products indirectly; and 

• Initial gaps in transportation and spill response and preparedness policies related to 

oil sands products. 

8.2 Contingency Planning and Spill Response Background 

 In general, contingency plans are protocols detailing the steps responsible parties and 

government agencies must follow before, during, and after an oil spill and determine who should 

respond (EPA, 1999). The National Oil and Hazardous Substances Pollution Contingency Plan, 

commonly referred to as the National Contingency Plan (NCP), outlines the federal 
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government’s procedures for oil spill contingency planning and response coordination (40 CFR 

300). The NCP’s scope has been expanded several times since its original publication in 1968, 

with the most recent revisions in 1994 following the passing of the Oil Pollution Act (OPA). The 

NCP has created a multilayer National Response System for coordination of local, state, and 

federal agencies, industry, and other actors to ensure effective response to spills (EPA 2013). 

The NCP system is defined by a few key components (40 CFR 300): 

• National Response Team—established the NRT to plan and coordinate responses to 

major discharges of oil and to provide guidance to Regional Response Teams (RRTs) 

• Regional Response Team—established RRTs to coordinate, plan, and respond at the 

regional level and includes representatives from federal agencies that are members of 

NRTs plus local and state officials.   

• Federal On-Scene Coordinators(FOSCs)—established to coordinate federal efforts with 

local, state, and regional groups with four key responsibilities: assessment of a spill and 

resources needed, monitoring of responsible parties, federal response assistance if 

necessary, and evaluation of response actions overall. 

• Unified Command—established a unified command structure to coordinate personnel and 

resources of federal and state officials as well as the responsible party.  

For federal agencies this regulatory structure requires planning for coordination during oil 

spills and oversight of response plans. The regulatory framework for responding to a spill was 

solidified through the OPA amendments, which consolidated all federal spill response laws 

under one program (Ramseur 2012). The notable oil response provisions of the NCP include 

establishing (40 CFR 300.15): 

• The general responsibilities of FOSCs and authorizing FOSCs to direct response 

activities at spill site;  

• The general pattern of response of FOSCs in determining the threat, classification, size, 

and type of the release;  

• Authorization of FOSCs to determine if a spill poses a threat to public health or welfare;  
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• Requirements of FOSCs to notify the National Strike Force Coordination Center 

(NSFCC)20 in the event of a worst-case discharges, defined as “the largest foreseeable 

discharge in adverse weather conditions;”  

• Provision of funding for oil spill responses under the Oil Spill Liability Trust Fund if 

certain criteria are met. 

 The NCP and OPA give responsibility for designating a FOSC to the EPA or the U.S. 

Coast Guard (USCG) depending on the location of the spill. USCG has the authority to 

“evaluate, coordinate and direct clean-up” of spills in coastal waters and the Great Lakes and the 

EPA has the authority for inland spills (US Coast Guard Gulf Strike Team, 2008).   

8.2.1 Discharge of Oil Regulation 

 The Discharge of Oil regulation, commonly known as the “sheen rule,” sets the standard 

for deciding whether or not a spill should be reported to the federal government (Discharge of 

Oil, 1996). Broadly, under the Clean Water Act, the sheen rule mandates that an oil spill should 

be reported if the spill poses a threat to public health or U.S. welfare. The rule specifically states 

that any spills with the following characteristics should be reported: 

1. Spills resulting in a discoloration or a sheen on the surface of a body of water; 

2. Spills that violate pertinent water quality standards; 

3. Spills that cause sludge or emulsion to be deposited beneath the surface of the water or 

on adjoining shorelines. 

8.3 Federal Contingency Planning 

 The NCP framework has resulted in a web of federal agency responsibilities related to 

contingency planning and response requirements. This section outlines the main federal agencies 

that lead contingency planning: the USCG for vessels, the EPA for non-transport-related inland 

                                                
20 According to the USCG website, “the National Strike Force (NSF) provides highly trained, experienced personnel and 
specialized equipment to Coast Guard and other federal agencies to facilitate preparedness for and response to oil and hazardous 
substance pollution incidents in order to protect public health and the environment… The NSFCC provides support and 
standardization guidance to the Atlantic Strike Team (AST), Gulf Strike Team (GST) and Pacific Strike Team (PST).” 
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spills, and the DOT in rail and pipeline transportation. We then discuss the role of regional and 

state plans and other potentially relevant laws governing increased transport of oil sands 

products. Throughout, we discuss if and how agencies have thought about the transportation of 

oil sands products.  

 Oil spill prevention planning requirements are determined by the potential source of the 

spill, which for oil sands products primarily includes vessel, facility, pipeline, and rail. The 

USCG, EPA, and DOT play the most important role in establishing and implementing spill 

response procedures for operators. The designated federal agency must assess the capacity of the 

responsible party to effectively respond to a spill, which may include providing oversight of 

response plans, maintaining contingency plans at various levels, and personnel training (Ramseur 

2012).  

8.3.1 USCG 

 The USCG plays a key role in both spill response and clean up, and in spill prevention 

and preparedness. As the FOSC for maritime oil spills, the USCG is given the authority to ensure 

an effective response to oil spills in U.S. waters subject to the tide, the Great Lakes, and other 

specified waters (40 CFR 300.5).21 USCG jurisdiction in oil spill preparation and planning 

covers vessels, onshore facilitates with transportation-related activities, and deepwater ports 

(Ramseur 2008). Contingency plans for maritime oil spills in the U.S. are established at the 

national and regional level to ensure that for oil transported through Canadian waters, the U.S. is 

prepared to engage in cleanup if a spill has the potential to cross into U.S. waters or affect U.S. 

coastlines.  

                                                
21 40 CFR 300.5 provides a full definition of coastal zone as: “all United States waters subject to the tide, United States waters of 
the Great Lakes, specified ports and harbors on inland rivers, waters of the contiguous zone, other waters of the high seas subject 
to the NCP, and the land surface or land substrata, ground waters, and ambient air proximal to those waters.” 
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 Under OPA and an international treaty, MARPOL 73/7822, owners and operators of 

vessels carrying oil must submit Shipboard Oil Pollution Plans (SOPEP) to ensure tanker crews 

have a plan to respond to an array of oil spill scenarios (Ramseur 2008). Annex 1, Regulation 37 

of MARPOL requires that oil tankers weighing 150 tons gross tonnage or more carry an 

approved SOPEP (IMO 2013). Although other vessels are required to carry SOPEPs depending 

on tonnage (400 tons gross or more), oil tankers have specific plans given the large quantities of 

oil they hold. For U.S. ships, 33 CFR 151.27 requires the Coast Guard to ‘review and approve’ a 

vessel plan (USCG 1995). Among other things, a SOPEP contains:  

• General information about the ship,  

• Procedures to contain a discharge of oil,  

• Reporting procedures in case of a spill,  

• Drawings of fuel lines,  

• Descriptions and locations of oil tanks, and  

• Action plans for all crew members at the time of a spill.  

A list of the vessel contents are also required, but in the case of vessels carrying oil sands 

products above an API of 10, a SOPEP would only be required to list “crude oil” instead of the 

specific product (see section 8.3.4 on Group V oils).  

An update to the USCG’s FRP requirements went into effect in February 2011. 

Aimed at improving response preparedness for facilities carrying or handling oil on U.S. 

navigable waters, the new regulation updated requirements for oil-spill removal equipment, 

added requirements for plan holders to use new response technologies, and amended procedures 

for spill response. The new rule applies to facilities already required to hold response plans under 

the FRP rules (Removal Equipment Requirements and Alternative Technology Revisions, 2009). 

                                                
22 MARPOL 73/78’s full name is the International Convention for the Prevention of Pollution From Ships, created in the years 
1973 and 1978.  
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8.3.2 EPA 

 EPA’s main responsibility relevant to oil spills is its responsibility as FOSC for inland oil 

spills, but it also regulates non-transport related spill planning. EPA provides oversight over 

Facility Response Plans (FRP), which are required under OPA. A FRP is required for certain 

facilities that store and use oil and include detailed plans for responding to a worst case 

discharge. As appropriate, FRPs also outline responses to small and medium discharges. The 

EPA has created regulations for what facilities must prepare and submit FRPs and what the plans 

must contain (US EPA, 2002). 

 OPA requires that “substantial harm” facilities develop FRPs. These include facilities that 

could cause substantial harm to the environment or navigable waters if a discharge occurred. The 

specific regulation on “substantial harm” criteria is found in 40 CFR 112.20 and 112.21, 

appendices B through F. Under the rule, a facility falls in the category if it meets at least one of 

the following criteria (Facility Response Plans, 2005): 

• The facility has a total oil storage capacity greater than or equal to 42,000 gallons 

and performs overwater oil transfers to or from vessels; or 

• The facility has a total oil storage capacity greater than or equal to one million 

gallons, and meets one of the following conditions: 

o The facility does not have secondary containment for each aboveground 

storage area; or 

o The facility is located such that a discharge could cause injury to an 

environmentally sensitive area; or 

o The facility is located such that a discharge would shut down a public 

drinking water intake; or 

o The facility has had, in the past five years, a reportable spill greater than or 

equal to 10,000 gallons. 
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8.3.3 DOT: Pipelines (PHMSA) and Rail (FRA) 

 The DOT houses two agencies that oversee the transportation of oil via pipeline and 

rail—the Pipelines and Hazardous Materials Safety Administration (PHMSA) and the Federal 

Railroad Administration (FRA). Pipeline transport of oil is heavily regulated beginning with 

pipeline siting, construction, and maintenance and continuing during the planning for potential 

oil spills and recovery efforts. Regulations for rail transport of oil are less developed. With 

increased transport of oil sands products from Alberta and crude from the Bakken region, closer 

oversight of rail transport may be necessary.  

8.3.3.1 Regulating Oil Transportation by Pipeline 

 The Natural Gas Pipeline Safety Act of 1968 and the Hazardous Liquid Pipeline Act of 

1979 established the DOT as the federal agency responsible for oversight of pipeline safety in 

the U.S (Parfomak 2013). The Clean Water Act (as amended by the Oil Pollution Act of 1990) 

requires regulations that establish oil spill planning requirements, plan review, and plan 

approval. In 1991, Executive Order 12777 ordered PHMSA to develop regulations that require 

operators to submit spill response plans and review and approve plans for onshore pipelines 

(PHMSA 2012). PHMSA’s Office of Pipeline Safety now oversees these two primary regulatory 

areas, along with safety regulations of the design, construction, and maintenance of pipelines (49 

CFR Part 195), and response plans for onshore oil pipeline spill response plan requirements (49 

CFR Part 194).  

Safety 

 The 1994 Pipeline Safety Act combined the two previous pipeline safety statutes, giving 

PHMSA authority to maintain the safe and reliable operation of the Nation’s pipeline 

infrastructure. The Office of Pipeline Safety developed prescriptive regulations for pipeline 
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design, inspection in the manufacturing and construction processes, and maintenance and 

operation oversight through the life of the pipeline. Tools for enforcement included warning 

letters and compliance orders followed by civil penalties—which are used alongside various 

information-sharing programs (PHMSA 2012a).  

 The prescriptive regulations before legislation in the early 2000s largely followed an 

inspection checklist approach. Accidents led to additional prescriptive requirements and also the 

inclusion of management-based mandates to analyze risk, identify spill prevention options and 

evaluate programs. The Pipeline Safety Improvement Act of 2002 established requirements for 

risk analysis and integrity management (IM) programs for operators (Parfomak 2013). Called the 

Liquid IM Rule, the program outlined how operators should ‘identify, prioritize, assess, evaluate, 

repair, and validate the integrity of hazardous liquid pipelines that could, in the event of a leak or 

failure, affect High Consequence Areas (HCAs) with the United States” (PHMSA 2012b). The 

rules defined HCAs as population centers, ecologically sensitive areas, and commercially 

navigable waters—and required operators to explore how pipeline risks would impact HCAs.23 

Finally, The Pipeline Inspection, Protection, Enforcement, and Safety Act of 2006 developed 

rules on corrosion, public awareness, and qualifications for operators and rules on pipeline 

control room management (Parfomak 2013). 

Spill Response 

 PHMSA reviews contingency plans for pipelines where a major leak could cause harm to 

the environment. Requirements for an onshore pipeline spill response plan must (PHMSA 

2012a): 

• Maintain consistency with National and Area Contingency Plans; 

                                                
23 Full name: “Liquid Pipeline Integrity Management in High Consequence Areas for Hazardous Liquid Operators” found in 49 
CFR Parts 195.450 and 195.452 
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• Identify the qualified individual (QI) with authority to respond; 

• Identify private personnel and equipment necessary to remove a worst case discharge—

and ensure their availability; 

• Describe training, testing, drills; and  

• Be updated periodically and after major changes. 

 

PHMSA and Oil Sands Products 

 A number of recent events led to changes at PHMSA that are directly or indirectly 

relevant to the transportation of oil sands products. The Enbridge spill in Kalamazoo and other 

pipeline accidents led to The Pipeline Safety Act in late 2011.24 The legislation had a number of 

relevant components. First, it increased civil penalty authority for PHMSA for safety and 

compliance violations. Second, it required DOT to evaluate areas of technology that could 

increase safety and detect leaks and required PHMSA to evaluate if integrity management 

requirements should be expanded to more areas. Finally, it led to a study by the Transportation 

Research Board of the National Academies, which will determine if regulations are sufficient for 

facilities transporting dilbit (Parfomak 2013). The study will analyze: 

1. Dilbit risks to pipelines to determine if dilbit increases the frequency of spills compared 

with other liquid petroleum products; and 

2. If the committee finds that dilbit presents an increased risk, it will review regulations to 

determine if current rules are sufficient to address the risk.  

All tasks are to be completed by December 2013. Recent presentations by PHMSA officials 

suggest that they found spill risks similar to other U.S. crude oils for corrosiveness or 

abrasiveness (PHMSA 2012a).   

Additional changes at PHMSA have resulted from recent spills (PHMSA 2012a): 

• More staff are now dedicated to plan-reviewing;  

                                                
24 Full name: The Pipeline Safety, Regulatory Certainty and Job Creation Act of 2011. See www.gpo.gov for the full text. 
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• The Office of Pipeline Safety (OPS) initiated an internal audit of plan review activities;  

• PHMSA continues to revise its plan review criteria and procedures. Previously, only the 

response plan preparer was involved in the review process whereas now PHMSA 

includes operator compliance official(s) into reviews; 

• During the review process, an operator’s history is now considered. This includes 

incident and accident history; and 

• Increased participation in drills by operators. 

Moving forward, PHMSA’s strategic plan is to integrate OPS, target and expand safety 

inspections based on the most serious risks, and focus pipeline safety research on methods to 

identify defects.25 In addition, PHMSA is also planning to review NTSB’s findings and 

recommendations on response plans, examine opportunities for better alignment with EPA and 

USCG plan standards, and integrate spill plan responsibilities and the Pipeline Safety Inspection 

Program (PHMSA 2012b).  

8.3.3.2 Regulating Oil Transportation by Rail 

 The boom in rail transportation of oil in Canada and the U.S. due to increases in supply in 

Alberta and the Bakken crudes has increased concern over the relative lack of regulatory 

oversight in rail transport. The Federal Railroad Safety Act of 1970 established the Federal 

Railroad Administration’s (FRA) role in overseeing the safety of rail transport in general, 

including the safe transport of hazardous materials (GAO 1998). Under 49 CFR 130, the FRA is 

required to oversee contingency plans for operators carrying ‘any liquid petroleum oil in a 

packaging having a capacity of 3,500 gallons or more.” Response plans must follow the general 

pattern dictated by the NCP; operators must: 

• Outline the response procedure for potential discharges, 

                                                
25 Also see PHMSA Onshore Oil Pipeline Fact Sheet 
http://www.eaovt.org/sbcap/pdf/FS19PipelineTransfer.pdf 
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• Consider the maximum potential discharge, 

• Identify ‘private personnel and equipment available to respond to a discharge’, and  

• Identify relevant agencies to be contacted.  

The FRA regulates safety in railcar construction and inspections of rail cars are required by 

DOT before loading operations begin and again once the car has been loaded. According to the 

EPA’s rules, railroad cars often present an issue of jurisdiction between DOT and EPA: 

“DOT regulates railroad cars from the time the oil is offered for transportation to a carrier 

until the time that it reaches its destination and is accepted by the consignee. DOT 

jurisdiction includes railroad cars that are passing through a facility or are temporarily 

stopped on a normal route. EPA regulates railroad cars after the transportation process 

ends; that is, when the railroad cars are serving as non-transportation-related storage at an 

SPCC-regulated facility (EPA 2005).” 

In addition, the USCG has regulatory involvement relative to transfers of oil from rail to barges 

and vice versa.  

 Due to the relative lack of large-scale oil transport by rail, the Federal Railroad 

Administration, unlike PHMSA’s Office of Pipeline Safety, has no known program to 

specifically address potential spills of crude oil let alone heavy oils or oil sands products. With 

expected substantial increases in rail transport throughout North America and the many 

waterways along rail routes, increased oversight of planning and response to oil spills from train 

transport should be considered.  

8.3.4 Federal Planning Regulations Specific to Group V Oils 

At least three federal contingency planning regulations apply specifically to Group V oils, 

two of which are of particular interest: 40 CFR 112 Appendix E, an appendix to the EPA’s oil 
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pollution prevention plans, and 33 CFR Section 155.1052, USCG vessel requirements under the 

FCP. 

1. 40 CFR 112 Appendix E—sets standards for facility owners or operators dealing with 

Group V Oils. Owners or operators must have contractual agreements that confirm 

access to response resources, including things such as sonar and oil locating sampling 

equipment. Notably, these resources “shall be capable of being deployed (on site) 

within 24 hours of discovery of a discharge” (Determination and Evaluation of 

Required Response Resources for Facility Response Plans, 2011). 

2. 33 CFR Section 155.1052—sets ‘response plan development and evaluation criteria for 

vessels carrying group V petroleum oil as a primary cargo.’ Owners and operators of 

vessels must include specific information about the availability of equipment for 

response ‘capable of operating in the conditions expected in the geographic area(s) in 

which the vessel operates.’  

These regulations, as well as contingency plan requirements in the state of Washington, 

require operators to plan specifically for carrying group V oils as a primary cargo. These 

regulations do not apply to oil sands products (normally classified as group IV when a diluent is 

used) even though they have the potential to be non-floating oils when spilled. 

8.4 Regional and State Roles in Contingency Planning and Response 

8.4.1 Plans for U.S.-Canada Contingent Waters 

 The Canada-U.S. Joint Marine Pollution Contingency Plan (JCP) is the coordinated 

system to plan, prepare, and respond to spills of oil and other harmful substances in contiguous 

waters of the U.S. and Canada. The JCP supersedes previous joint contingency plans and 

maintains consistency with provisions of Article 10 of the 1990 International Convention on Oil 

Pollution Preparedness, Response, and Co-operation and Annex 9 of the 1972 Agreement 

between Government of Canada and the Government of the United States on Great Lakes Water 
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Quality. The principle purpose of the JCP is to establish a coordinated system for planning, 

preparedness, and response to “incidents” of “harmful substances” in contiguous waters by 

supplementing existing national plans and ensuring cooperative bilateral response planning at the 

local and national levels (Canada-United State Joint Marine Pollution Contingency Plan, 2003). 

The JCP also facilitates the coordination of response activities for the parties responsible for a 

spill and establishes consultation procedures between parties responding to a spill.   

 Additionally, the JCP includes geographic annexes for five regions to better coordinate 

localized response efforts. Each geographic annex, referred to as a bilateral plan, serves to 

strengthen and coordinate the pollution response systems in order to facilitate an efficient cross-

border spill response. Each geographic annex defines the roles of that region’s response team and 

is tested and updated through ongoing exercises. These five geographic annexes, each of which 

is pertinent to the transportation of oil sands products are as follows: 

• CANUSLANT: joint pollution response for Atlantic marine boundary between Canada and 

the U.S. This includes the Gulf of Maine and the Bay of Fundy. Relevant due to the 

potential of oil sands products passing through Portland, Maine. 

• CANUSLAK: joint pollution response for Great Lakes boundary between Canada and the 

U.S. Relevant due to oil sands products passing through the region via pipeline and rail, 

as seen in the Kalamazoo spill in 2010.  

• CANUSPAC: joint pollution response for Pacific water boundaries between Canada and 

the U.S. Relevant due to oil sands products passing through the Strait of Juan de Fuca 

region. 

• CANUSDIX: joint pollution response for Dixon Entrance water boundary between Alaska 

and British Columbia. Relevant due to potential for oil sands products to be transported 

to Valdez, Alaska via rail. 
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8.4.2 Regional Contingency Planning 

 Contingency plans specifically targeted for specific U.S. regions include USCG area 

contingency plans and the region-specific joint plans with Canada. In addition to the NCP 

discussed above, OPA requires that area committees are established by region as designated by 

the President of the United States. Area committees are composed of federal and state agencies 

that coordinate response actions with the private sector, local governments, and tribal 

communities. Federal On-Scene Coordinators in each area direct the committees, which are 

primarily tasked with developing Area Contingency Plans (ACPs), and work with responders to 

develop procedures to increase the efficiency of decision making for response actions. RRTs, as 

established in the NCP, are responsible for regional planning and preparedness prior to a 

response and each of the 13 RRTs maintain a Regional Contingency Plan. During a response, 

RRTs in each region support FOSC and State On-Scene Coordinators (SOSCs). The principal 

purposes of ACPs in an oil spill are to: 

1. Detail orderly and effective response actions to protect human health, property, and 

natural resources,;  

2. Promote the coordination and strategy for a unified response from federal, state, tribal, 

local, responsible party, and community actors; and  

3. Provide guidance for facility and vessel response planners (Northwest Area 

Contingency Plan, 2013).  

 As it concerns the transport of Alberta oil sands products, the following provides a brief 

overview and links to more information on ACPs in the Pacific Northwest, the Great Lakes Area, 

the area encompassing Maine, and Alaska. The RRTs that operate in coordination for these 

regions are: 

• Northwest: RRT, Region 10  

• Maine: RRT, Region 1  



Risks of Transporting Oil Sands Products   128 
 

• Great Lakes: RRT, Region 5  

• Alaska: RRT Alaska  

8.4.2.1 The Northwest Regional Contingency Planning 

The Northwest Area Contingency Plan (NWACP) covers the coastal and inland zones of 

Idaho, Oregon, and Washington. Regarding the ports and coastal waters surrounding Washington 

State in particular, the NWACP serves as the state’s Oil and Hazardous Substance Spill 

Prevention and Response Plan and applies to all public agencies that manage oil and hazardous 

substance spills. The Washington State Department of Ecology is Washington’s lead agency in 

overseeing the response, containment, and cleanup of oil spills in state waters. 

 In December 2012, the Washington State Department of Ecology added a new provision 

to the Oil Spill Contingency Plan requiring more detail on the type of oil handled to be included 

in a Material Safety Data Sheet (MSDS) or SOPEP. This new rule requires that responsible 

parties disclose the name of all oils handled on vessels and at facilities including pipelines as 

well as the density, gravity, API, oil group number, and sulfur content (Oil Spill Contingency 

Plan, 2012).26 

Regarding non-floating oils, a Washington State standard effective January, 2013 requires 

those plan holders that are “carrying, handling, storing, or transporting” Group V Oils to hold 

contracts with primary response contractors (PRCs) that “maintain the resources and/or 

capabilities necessary to response to a spill of Group 5 Oils.” This includes sonar, sampling 

equipment to locate suspended oil, and dredges, among other pieces of cleanup and detection 

equipment (Planning standards for Group 5 Oils, 2013). 

Also notable in the Northwest region is legislation requiring the USCG to conduct a risk 

assessment regarding the transportation of Canadian oil sands products. Established via H.R. 
                                                
26 NWACP website: http://www.rrt10nwac.com/ 
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2838, the Coast Guard and Maritime Transportation Act of 2012 requires the USCG to “assess 

the increased vessel traffic in the Salish Sea (including Puget Sound, the Strait of Georgia, Haro 

Strait, Rosario Strait, and the Strait of Juan de Fuca), that may occur from the transport of 

Canadian oil sands products (Coast Guard and Maritime Transportation Act of 2012, 2012),.27 

More specifically, the assessment must identify: 

• The extent to which vessels traffic (for barge, tanker, and supertanker) will increase due 

to the development of Canadian oil sands products;  

• Whether or not transport from the Canadian oil sands products will require navigation 

through U.S. territorial water; 

• The regulations that restrict supertanker traffic and the amount of oil that tankers and 

barges can transport in U.S. waters as well as whether there are ways to bypass these 

rules ; 

• The spill response capability throughout shared U.S. and Canadian waters including spill 

response requirements for vessels transiting through the waters of the other nation; and 

• Whether oil sands products have different properties from other types of oil, including 

toxicity and other properties, that may require different maritime clean up technologies. 

8.4.2.2 Maine 

In the Northeast region, there is an ACP covering Maine and New Hampshire as well as a 

Maine Department of Environmental Protection (DEP) Marine Oil Spill Contingency Plan. The 

Maine and New Hampshire ACP was last updated in 2010. Maine law requires DEP to set up a 

state-specific Marine Oil Spill Contingency Plan to coordinate Maine’s response to oil spills. The 

DEP plan focuses on prevention, preparedness, timely response, and restoration and disposal. 

Recognizing the development of other contingency plans that apply to Maine, DEP affirms that 

                                                
27 The bill can be accessed here (section 722) http://www.govtrack.us/congress/bills/112/hr2838/text/eah  
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the Marine Oil Spill Contingency Plan does not supersede any other plan and is intended to be 

carried out in coordination with other contingency plans (Maine DEP, 2011).28 

8.4.2.3 Great Lakes 

For the Great Lakes region, there is series of ACPs and Subarea Contingency Plans (SCPs) 

that cover the Eastern Great Lakes and Lake Michigan. These include the EPA Region 5 

Regional Contingency Plan, the Eastern Great Lakes Area Contingency Plan, and the Sector 

Lake Michigan Area Contingency Plan.29 

8.4.2.4 Alaska 

In addition to the Alaska-specific RRT, the state has a State Preparedness Plan for 

Response to Oil and Hazardous Substance Discharges/Releases (the Unified Plan) as well as ten 

SCPs. These SCPs, in coordination with the Unified Plan, describe the federal, state, and local 

response strategies for oil spills. The SCP most pertinent to the transportation of oil sands 

products is the Prince William Sound Subarea Contingency Plan for Oil and Hazardous 

Substance because of its inclusion of the waters and coastlines near Valdez, a possible terminal 

for dilbit carrying trains. This plan contains guidelines for operations in the event of an oil spill 

or discharge of other hazardous material.30 

8.5 OSHA: Spill Response Planning Safety 

In addition to the contingency plans coordinated with EPA, USCG, state agencies, and 

PHMSA, at national and sub-national levels, the Occupational Safety and Health Administration 

(OSHA) also participates in oil spill planning and response. In an effort to protect workers in a 
                                                
28 EPA Region 1 RRT website: http://www.rrt1.nrt.org/production/NRT/RRT1.nsf/AllPages/rrt1.html 
Maine DEP Contingency Plan: http://www.maine.gov/dep/spills/emergspillresp/documents/contplan.pdf  
29 Great Lakes RRT website: http://www.rrt5.org/acp/  
30 Alaska RRT website: http://alaskarrt.org/ 
Prince William Sound Subarea Contingency Plan website: http://dec.alaska.gov/spar/perp/plans/scp_pws.htm  
 



Risks of Transporting Oil Sands Products   131 
 

spill response scenario, OSHA focuses on exposure to toxic chemicals, training, job-specific 

safety hazards, heat stress, injuries, and illnesses. In order to assess worker exposure and safety, 

OSHA has set sampling strategies in place to monitor for air pollutants and respond with 

protective equipment as necessary (OSHA). In order for OSHA to effectively respond to a dilbit 

spill, it is imperative that the characteristics of the bitumen and the diluents be readily 

available.31 

8.5.1 Material Safety Data Sheets (MSDS) 

The IMO requires that vessels carrying oil or oil fuel have a MSDS prior to loading, 

similar to the contents disclosure required in SOPEPs. An MSDS requires the disclosure of 

“general categories of materials” that would be considered hazardous in the case of exposure, but 

does not specify the specific type of material (International Maritime Organization, 2009). 

MSDSs are required by a 2009 amendment to The International Convention for the Safety of 

Life at Sea (SOLAS) and are also required under the OSHSA Hazard Communications Standard 

in title III of the 1986 Superfund Amendments and Reauthorization Act (SARA). An MSDS for 

a vessel carrying oil sands products would list “crude oil” on the sheet and would not have to 

specify the type of crude. 

8.6 Liability 

OPA unified oil spill liability statutes hold the responsible party liable for any discharge of 

oil from a vessel or facility and all cleanup costs incurred by government entities, private parties, 

injury to natural resources, and loss of personal property. 

                                                
31 OSHA Oil Spill website: http://www.osha.gov/oilspills/index.html  
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8.6.1 USCG National Pollutions Funds Center and the Oil Spill Liability and Trust Fund 

 Related to the liability issue, Title I of OPA authorized the Oil Spill Liability and Trust 

Fund (OSLTF). OSLTF makes available up to $1billion per incident to assist the responsible 

party in oil removal and otherwise uncompensated damages (USCG 2013). Administration of 

OSLTF, handled by the USCG National Pollution Funds Center (NPFC), ensures funding for a 

federal response to oil spills and recovers costs from liable parties. The NPFC was established 

specifically in 1991 with a mandate of implementing Title I of OPA and is committed to 

protecting the U.S. environment through certifying that oil-carrying vessels have the financial 

capacity to contribute in the case of a spill. 

The OSLTF is split into two major components: the Emergency Fund for response to oil 

discharges and initial natural resource damage assessment and the Principal Fund to pay claims 

and fund appropriations by Congress that administer OPA provisions and support research and 

development. The Principal Fund has five sources of revenue, the largest of which is an eight-

cent-per-barrel excise tax collected from the oil industry on petroleum imported to or produced 

in the United States. Notably, as a result of an Internal Revenue Services (IRS) exemption, dilbit 

and synthetic crude derived from oil sands are exempt from paying this barrel tax, although spills 

of oil sands products are covered by the OSLTF (IRS, 2011). See policy gaps section below for 

further information on the exemption. 

Ensuring responsible parties have the funds to be held accountable, the NPFC issues 

Certificates of Financial Responsibility (COFR), which demonstrates that vessels can pay for 

damage and cleanup up to OPA’s required liability limits. With few exceptions, vessels weighing 

more than 300 gross tons must have a valid COFR before navigating U.S. waterways. The NPFC 
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also recovers costs from responsible parties, provides quick response funding, and compensates 

claimants for costs and damages (US Coast Guard, 2012). 

8.7 Other Pertinent Regulations  

In addition to the policies and regulations discussed above, three additional federal 

regulations are pertinent to the transport and discharge of bitumen and dilbit. These include the 

Fish and Wildlife Coordination Act, Marine Mammal Protection Act, and the Endangered 

Species Act. 

8.7.1 Fish and Wildlife Coordination Act (FWCA) 

Intended to minimize the adverse impact on fish and wildlife resources and habitat, the 

FWCA requires federal agencies to consult with the US Fish and Wildlife Service, the National 

Marine Fisheries Service, and State wildlife agencies for all activities that affect, control or 

modify any streams or bodies of water ((Fish and Wildlife Coordination Act). This consultation 

is generally incorporated into the permitting process or licensing requirements required during 

the construction of pipelines that cross water bodies and for upgrades to shipping terminals. 

8.7.2 Marine Mammals Protection Act 

The Marine Mammals Protection Act (MMPA), enacted in 1972, serves to protect all 

marine mammals in U.S. waterways from harm, capture, and harassment. The act was passed 

due to several findings including the potential risk of extinction or depletion that some marine 

mammals may face as a result from human action, the fact that marine mammal species must not 

be permitted to fall below optimum levels for sustainable population, and the understanding that 

measures should be taken to replenish these species (Marine Mammal Protection Act, 1972). 

Given the rise in transportation through, over, and adjacent to U.S. waterways resulting from the 
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oil sands industry; this act is important in considering transportation routes and measuring 

impacts on aquatic organisms. 

8.7.3 Endangered Species Act (ESA) 

In an effort to conserve endangered and threatened species and their habitats, the ESA 

mandates that federal departments and agencies ensure that any authorized, funded, or 

implemented action is “not likely to jeopardize the continued existence of listed species or 

modify their critical habitat.” NOAA and USFWS are responsible for publishing lists of 

endangered and threatened species. The ESA would apply to the construction of dilbit transport 

infrastructure and must also be considered in spill response scenarios (Endangered Species Act, 

1973). 

8.8 Policy Gaps and Analysis 

The outline of regulations governing oil spills and their prevention above has suggested 

potential gaps in regulations when it comes to increased transport of oil sands products out of 

Alberta. The two most obvious gaps are the exemption of oil sands products from an excise tax 

and the lack of specific information required by facilities and transporters regarding the oil 

product they are handling. However, there are additional gaps in policies and regulations that 

warrant attention as transport of oil sands products increases. The Federal Railroad 

Administration has traditionally spent little time concerned with the oversight of oil spill 

planning as large oil spills in rail transport have not generally been a threat until recent years, 

during which oil transport via rail has increased. Further, there is a concern that the recently 

drafted PHMSA contingency plans for pipelines are not well integrated with regional and area 

plan as required. In addition, while many current regulations give agencies the authority to 
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effectively regulate bitumen products, problems can arise from a lack of resources and 

experience dealing with potentially non-floating oils.  

8.8.1 Dilbit Excise Tax Exemption 

As mentioned above, an IRS memorandum exempted dilbit and synthetic crude derived 

from oil sands from being subject to an eight-cent-per-barrel excise tax that would otherwise go 

into the Oil Spill Liability Trust Fund. The July 2011 IRS memorandum stated: “tar sands 

imported into the United States are not subject to the excise tax on petroleum imposed by § 4611 

of the Internal Revenue Code” (IRS, 2011). Notably, this fund can be drawn upon to cover spills 

of oil sands products. “Tar Sands” in this context refers to two materials: 

1. Dilbit: described in the memo as “bitumen extracted from tar sands and blended with a 

diluent or other liquid that enables the bitumen to be transported through a pipeline” 

2. Synthetic Crude: described as “an upgraded oil stream which is a synthetic crude oil 

derived from tar sands.” 

The exemption was made at the request of an anonymous company that was referenced only as 

“Company” in the IRS memorandum.32  

8.8.2 Disclosing Oil Type and Characteristics 

The majority of oil spill contingency plans do not require responsible parties to disclose 

specific information on the type of oil that could be handled in a spill. As discussed above, this 

became problematic during the Enbridge pipeline spill in the Kalamazoo River when responders 

were not informed that they were handling oil sands products until nearly one week after the 

spill. Further complicating the matter, when regulations do require disclosure of oil types, oil 

sands or oil sands-derived products are not listed among the types of oils to disclose. For 

example, the Washington Department of Ecology adopted rules for transferring oil over water 

                                                
32 Available online at: http://www.irs.gov/pub/irs-wd/1120019.pdf  
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that require the delivering facility to submit an Advance Notice of Oil Transfer (ANT) 24 hours 

prior to transfer. In addition to other reporting requirements, the ANT must provide information 

on the oil product type and quantity (Advance Notice of Transfer, 2006). However the data 

available for reporting is based on the Puget Sound/British Columbia (PS/BC) Oil Spill Task 

Force data dictionary, which does not currently include oil sands products.   

Regulators in Washington State are working to close these reporting gaps. As mentioned, 

Washington State passed a provision to the state’s Oil Spill Contingency Plan in 2012 requiring 

responsible parties to provide the names and physical characteristics of all oils handled by 

vessels and facilities (Spill Contingency Plan, 2012). Given the unique characteristics of bitumen 

and dilbit, Washington can be seen as an early actor. Contingency plans, at the national, regional, 

and state level could build similar provisions into their contingency planning requirements. 

8.8.3 Planning for Response to Group V Oils 

Linked to the matter of contingency planning and oil type disclosure, there is a concern 

that in certain scenarios oils sands products could have the characteristics of group V—or non-

floating—oils. Oil sands-derived products are normally classified as group IV oils based on 

physical characteristics once blended with a diluent or a synthetic crude. The contingency 

planning requirements for group V oils outlined in section 8.3.4 therefore do not apply to oil 

sands-derived products. However, if diluents were to flash off after a dilbit spill or if unblended 

bitumen were to be transported via railcar as has been suggested, the material at the spill site 

could potentially be a non-floating oil based on API levels reported for unblended bitumen. In 

failing to suggest that bitumen-products could potentially meet the characteristics of group V 

oils, contingency plans are underestimating the risks and response needs in the case of a spill of 

oil sands products.   
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8.8.4 Assessing Risks of Transportation Oil Sands Products  

As discussed above, a recent bill will require an assessment of the waterway transportation 

routes through the Salish Sea as they concern the Canadian oil sands products. This bill also 

requires an assessment to discern the different properties between Canadian oil sands products 

and other types of oil. There are not similar efforts underway to assess the risks of transporting 

Canadian oil sands products in East Coast and Gulf of Mexico waterways, across major river 

crossings, and near the Great Lakes via rail and pipeline.  

8.8.5 Inconsistencies in Contingency Planning: PHMSA 

Section 8.3.3 outlines the efforts that DOT and PHMSA have taken to better plan for the 

transport of oil sands products in light of the Michigan Enbridge pipeline spill. One of the 

requirements for PHMSA pipeline contingency plans is to ensure consistency with regional and 

national plans. However, a reported lack of coordination between RRTs and PHMSA raises the 

concern that the PHMSA plans are not integrated into regional and area plans and vice versa. 

The fact that RRTs might not have access to PHMSA plans and cannot integrate them 

accordingly into their plans, could result in inconsistencies between plans and a compromised 

response effort in the case of a spill. RRT 10 has reported a plan to draft a memorandum of 

understanding with PHMSA to gain access to pipeline contingency plans, which would 

potentially solve this problem and set an example for other RRTs as well as national planners 

(Chris Field personal communication, 2013).  

8.8.6 Increased Transport of Oil by Rail 

The increase in transport of oil sands products and other oils by rail has raised concern that 

regulations of rail transport are inadequate. While the Department of Transportation regulations 

cover the basic contingency planning requirements, the ability of the Federal Railroad 
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Administration to oversee this dramatic increase in transport is unclear. The Federal Railroad 

Administration, unlike PHMSA’s Office of Pipeline Safety, has no known program to address 

potential spills of crude oil let alone heavy oils or oil sands products. 
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9 GAPS IN REGULATIONS AND TECHNICAL INFORMATION 
 
 
 This section summarizes the gaps in information, research, and policy that we have 

uncovered throughout our research related to oil sands transport and oil spills in general. There 

are still many questions to be answered associated with the development and transportation of oil 

sands products. Listed below are the main areas of concern that we have identified, as well as our 

recommendations for the most efficient ways to address the gaps: 

9.1 Policy 

 Currently, a limited number of policies exist that explicitly address the transportation of 

oil sands products in the U.S. Below are a number of areas where we find this lack of preparation 

concerning, categorized by planning, transportation, and response requirements: 

9.1.1 Planning 

 Pipeline spill plans are not consistently integrated with the regional and area 

contingency planning process. Currently, EPA is in charge of regulating area plans and 

PHMSA is the ultimate authority on pipeline spill plans. Although PHMSA requires that 

contingency plans maintain consistency with area and regional plans, PHMSA’s role in spill 

planning varies from state to state, making it difficult to have a consistent relationship with EPA. 

As a result, in at least some regions, there are no agreements in place for PHMSA to provide 

EPA access to pipeline spill plans to ensure consistency.  

Recommendation: pipeline spill response plans should be made available to Regional Response 

Teams (RRTs) and incorporated into the regional and area contingency plans.  
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 Companies transporting oil sands products are not subject to the eight-cent-per-

barrel excise tax that supports the Oil Spill Liability Trust Fund. However, a spill of oil 

sands products would still be covered by the fund, bringing into question the long-term viability 

of the fund if an oil sands product spill occurred.  

Recommendation: the tax exemption for oil sands products should be removed. An oil sands 

product spill would still require significant recovery efforts comparable to if not exceeding a spill 

of conventional crude that is subject to the tax. The scale of the Kalamazoo spill response and 

ongoing cleanup efforts support this. 

 

 Current preparedness and training requirements do not appear adequate for 

minimizing the amounts of oil from spilling during a pipeline leak. As demonstrated by the 

majority of cases discussed, human error caused more oil than necessary to enter into the 

environment than would have occurred if spill response protocols had been properly followed. 

This is especially apparent in pipeline operators’ inability to differentiate between a false and 

real alarm.  

Recommendation: Enbridge implemented a number of mandated training exercises for its 

personnel after the Kalamazoo spill that could be required or encouraged at the national level. 

First, Enbridge increased the number of emergency response simulator sessions that operators 

were required to attend from one per year to two per year. Two additional training sessions were 

mandated that looked into human factors that contribute to a response failure and hydraulics. 

Additional training was also provided on column separation. More recommendations can be 

found in the NTSB (2010) report under section 1.14.3, Enbridge Actions.  
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 Regulations do not require risk assessments related to water terminals until 

construction is taking place. Risk assessments are not required for terminals that are expected 

to handle oil sands products until upgrades to facilities are underway.  

Recommendation: risk assessments should be required before permits are granted to ensure that 

new risks are factored into the decision to expand a terminal’s capacity. 

9.1.2 Transportation 

Rail regulations specific to the transport of crude oil are undeveloped. Although the 

FRA has plans in place to handle spills of hazardous materials, these do not directly address oil 

spills in general or oil sands products specifically. The ability of the FRA to oversee and regulate 

the increase in oil sands products being transported by rail is unclear. 

Recommendation: more research needs to be done to understand the regulations that rail 

companies must adhere to as they transport oil sands products.  

 

 Policies do not require pipeline operators to provide information to regulatory 

authorities on the type of product being transported in a pipeline. The lag time associated 

with regulatory and response agencies getting accurate data from the pipeline operator may 

affect their ability to plan for and respond to a spill.  

Recommendation: require operators to track the type of oil present in each batch as the material 

is transported through the pipeline. Regulatory and response agencies will have access to this 

information at the time a spill is reported. This will allow pipeline operators, regulatory, and 

response agencies to know what product is spilled when the response is initiated. 
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9.1.3 Response 

The responsible party does not have to demonstrate ability to have appropriate oil 

spill equipment on site within the mandated time. If there is a spill of oil sands products, the 

responsible party is in compliance with oil spill response requirements if they have implemented 

a response effort, but it is not necessary that they have the appropriate equipment on site to deal 

with oils that my submerge or sink over time. Initial response time with product appropriate 

equipment could be especially critical with a spill of oil sands products, given the uncertainty of 

weathering and the potential for the oil to submerge over time.  

Recommendation: contingency planning requirements could be expanded to require companies 

to demonstrate their ability to get the appropriate equipment to a potential spill site based on the 

type of product they are transferring. 

 

Oil spill response regulations require oil cooperatives to prove that they can deploy 

the equipment in their inventory, but not demonstrate the equipment’s effectiveness. As we 

saw in the Wabamun Lake case, this significantly impacted the response effort’s ability to 

contain the oil.  

Recommendation: while assessing inventories, regulators should require a demonstration to 

illustrate the ability to deploy and effectively use the equipment.  

 

MSDSs are not required to disclose the specific type of oil being transported. As we 

saw in the Kalamazoo spill, the MSDS noted that “crude oil” had been spilled and did not 

specify that dilbit was the actual product in the pipeline. This affected the clean up crew’s 

response and resulted in public and environmental health concerns.  
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Recommendation: adopt the Washington regulation discussed in Section 8.4.2.1 as national 

requirment. 

 

Response plans do not address the potential for oil sands products to act as non-

floating oils in the case of spill. There is a concern that in certain scenarios oil sands products 

could have the characteristics of group V—or non-floating—oils. However, the contingency 

planning requirements for group V oils outlined in section 8.3.4 do not apply to oil sands 

products. 

Recommendation: regional and area response plans should reflect the fact that in the case of a 

spill of oil sands products, there is the potential for the material to sink or be suspended in the 

water column unless there is sufficient laboratory or field data to demonstrate otherwise.  

 

Our regional and national capacity to respond to a oil sands products spill is 

unknown as most equipment lists are missing vital processing information that would allow 

us to understand how a piece of equipment can be used in a spill.  

Recommendation: require oil spill response organizations to list their inventory, as well as 

necessary performance information on a national list, to understand how the equipment can be 

used in a spill.  

9.2 Research 

 In general, there is a lack of published independent oil sands related research . There are a 

number of studies under way, but the results have not been published. Research is needed in 

three categories: the physical properties and behavior of oil sands products, the increased risk 

associated with transporting oil sands products, and the effectiveness of current oil spill 
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equipment on an oil sands products spill. For each gap, we recommend conducting independent 

research that will look into the missing information. Specifically: 

9.2.1 Physical Properties & Behavior of Dilbit 

The properties, behavior, and potential public health concerns of the diluent have 

not been adequately addressed at this point. The health risks for responders may differ 

depending on the exact diluent being used. Therefore, there is a gap in research regarding the 

properties of the diluent and also a gap in policy requiring the diluent to be named on an MSDS 

or be made available during a spill response. Also, because the flash point of diluents can differ 

by type, the rate of evaporation could be difficult to predict during a spill.   

 

There are unknowns regarding how weathering and sedimentation may lead to oil 

sands products being overwashed by water, suspended in the water column, or sinking to 

the bottom. Importantly for spill response, the timing of when the oil may potentially leave the 

surface is unknown.  

 

Research regarding how oil sands products will further biodegrade in the 

environment is not sufficient. This has implications for response efforts during an oil sands 

products spill because the degree to which the product has already biodegraded will affect how 

much biodegradation the oil sands products are subject to. 

 

When research is conducted, a variety of bitumen products should be tested. 

Bitumen properties vary both by deposit as well as over time within the same deposit. Therefore, 

there is a need to test a number of different samples to assess the true range of properties.  
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9.2.2 Transportation Risks 

The risks associated with increased waterborn transport oil sands products are 

unknown. There is at least one study planned assessing the risk associated with an increase of 

traffic through the Salish Sea, however, there are no studies as of March 2013 that examine 

potential increases in tanker or rail traffic in or near East Coast and Gulf of Mexico waterways, 

major river crossings, or the Great Lakes. There is a risk assessment planned for transport 

through the Aleutian Islands, but it does not specifically address the transport of oil sands 

products.  

Recommendation: conduct risk assessments examining the increased traffic in the Aleutian 

Islands, East Coast and Gulf of Mexico waterways, major river crossings, the Great Lakes, and 

other waterways that could see increased transportation of oil sands products. Each risk 

assessment should explicitly look at the potential increases in oil sands products transport.  

9.2.3 Response Effectiveness  

There is a lack of real world testing and experience with recovery equipment on oil 

sands products. This hinders our ability to determine whether or not a region will be prepared to 

handle an oil sands products spill and which equipment will be effective. 

Recommendation: controlled experiments looking at current equipment’s effectiveness on oil 

sands products should be conducted. A range of oils should be used to test the equipment 

including different product types (dilbit, synbit, synthetic crude, etc.) and different sources (Cold 

Lake, McKay River Heavy, etc.).  

 

Information is lacking on the ability to recover oil when it sinks or is suspended in 

the water column.  
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Recommendation: continue the U.S. Coast Guard’s work in researching and developing new 

methods of detecting, monitoring, containing, and recovering sunken or submerged oil. 

9.2.4 Other Gaps  

LDS are not predicting a significant portion of the spills. More research and 

development should be dedicated to improving the accuracy of LDS. Additionally, more training 

may be necessary for pipeline operators to help them determine the difference between a real and 

false alarm.  

 

Some of the API values listed in this report are based on research completed in the 

1980s. If possible, these values should be updated in order to have a more reliable understanding 

of where oil sands products fit on the spectrum of API values.  
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10 APPENDICES  

10.1 Appendix 1 

Oil Sands Major Players List* 

Individual/ 
Organization Description of Involvement Additional Information 

Energy Companies 

BP Canada Energy 
Trading Company 

BP uses in situ extraction at three jointly owned 
mines: Sunrise oil sands (50% owner, Husky 
Energy operator); Pike oil sands (50% owner, 
Devon Energy operator); Terre de Grace oil 
sands (75% owner and operator). These projects 
have not begun producing yet, but the first is 
expected to go online in 2014. BP also signed a 
long-term contract with Kinder Morgan's (KM) 
Trans Mountain Pipeline and has both 
downstream and upstream facilities. 

http://www.bp.com/sectiongenericar
ticle.do?categoryId=9036695&conte
ntId=7067648  
 
http://www.transmountain.com/news
-releases/trans-mountain-updates-
customer-commitments-for-
proposed-expansion-project  

Canadian Natural 
Resources 

Canadian Natural Resources is the operator and 
owner of the Kirby, Grouse, and Primrose and 
Wolf Lake In Situ Oil Sands Projects. It also 
signed a long-term contract with KM's Trans 
Mountain Pipeline and is a strong supporter of 
the Enbridge Line 9 Reversal project. 

http://www.cnrl.com/operations/nort
h-america/north-american-crude-oil-
and-ngls/thermal-in situ-oilsands/ 
 
http://www.transmountain.com/news
-releases/trans-mountain-updates-
customer-commitments-for-
proposed-expansion-project 
 

Cenovus Energy Inc. 

Cenovus owns and operates two in situ extraction 
sites in Foster Creek and Christina Lake in 
conjunction with ConocoPhillips (50% share). It 
jointly owns two refineries in the U.S., with a 
50% interest in ConocoPhillip's Wood River and 
Borger refineries. Cenovus signed a long-term 
contract with KM's Trans Mountain Pipeline. 

http://www.cenovus.com/operations/
index.html 

Chevron 

Chevron jointly owns the Muskeg River Mine in 
Alberta which went online in 2011. Its current 
capacity is approximately 255,000 barrels per 
day (b/d). 

http://www.chevron.com/deliveringe
nergy/oilsands/ 
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China National 
Petroleum Corp. (parent 
company of Petro-
China) 

In 2007, CNPC was the first Chinese company to 
win mineral rights to mine bitumen. In August 
2009, CNPC bought 60% of the development 
rights of Athabasca Oil Sands Corp.'s Mackay 
River and Dover projects. In 2012, this was 
extended so that CNPC was the owner and 
operator of the MacKay River oil sands project. 
In 2005, the company signed a Memorandum of 
Understanding (MOU) with Enbridge supporting 
a western pipeline that would help carry crude to 
China via tankers (Northern Gateway).  

http://www.cnpc.com.cn/en/cnpcwor
ldwide/canada/ 
 
http://www.scmp.com/article/59872
1/cnpc-wins-right-work-oil-sands-
alberta 
 
http://www.theglobeandmail.com/ne
ws/politics/chinas-oil-sands-deal-
will-have-lasting-
impact/article1357620/ 

Chinese National 
Offshore Oil Company 
(CNOOC) 

CNOOC is a Chinese state owned multinational 
oil company that operates in Canada and the U.S. 
In July of 2012 CNOOC announced plans to buy 
Canadian oil firm Nexen for $15 billion. It was 
recently approved by the U.S. Committee of 
Foreign Investment (Nexen owns assets in the 
Gulf of Mexico) and the deal officially closed on 
2/25/2013. It also owns a 17% stake in MEG 
Energy, an Alberta oil sands project developer. In 
2011, CNOOC acquired equity interest in OPTI, 
a Canadian oil sands producer. 

http://www.cnoocltd.com/encnooclt
d/AboutUs/zygzq/Overseas/132.sht
ml 
 
http://www.cnbc.com/id/100454779/
CNOOCNexen_Deal_Wins_US_Ap
proval_Its_Last_Hurdle 
 
http://business.financialpost.com/20
13/02/25/cnooc-completes-
contentious-15-1-billion-acquisition-
of-nexen/?__lsa=5f87-ac2a 

ConocoPhillips 

ConocoPhillips holds approximately 1 million 
net acres of land in northeastern Alberta. Its main 
operations occur at the Surmont oil sands project, 
southeast of Fort McMurray where the company 
employs in situ extraction techniques. The 
Surmont project is a 50/50 joint venture project 
with Total E&P Canada Ltd and has the capacity 
to produce 110,000 b/d. ConocoPhillips is also in 
a 50/50 partnership with Cenovus Energy. This 
partnership operates the Foster Creek and 
Christina Lake projects as well as the proposed 
Narrows Lake project. The partnership has a total 
capacity of 428,000 b/d. Most of its oil sands 
product is piped through the Keystone pipeline to 
U.S. refineries, specifically the Phillips 66 Wood 
River Refinery.  

http://www.conocophillips.com/EN/
oilsands/assets/Pages/index.aspx 
 
http://www.conocophillips.com/EN/
oilsands/overview/Pages/transportati
on.aspx 

Exxon Mobil/Imperial 
Oil Ltd./Esso 

ExxonMobil Canada and Imperial Oil jointly 
own the Kearl oil sands project, which is one of 
Canada's largest open-pit mining operations north 
of Fort McMurray. Its current capacity is 345,000 
b/d. The project is assessing its refining options 
and will most likely integrate with North 
American refineries owned by Imperial Oil and 
ExxonMobil. Enbridge's Line 9A Reversal 
project was pursued due to a request from 
Imperial Oil.  

http://www.imperialoil.ca/Canada-
English/operations_sands_kearl_ove
rview.aspx 
 
http://www.enbridge.com/ECRAI/Li
ne9ReversalProject.aspx 
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Flint Hills 
Resources/Koch 
Industries 

Flint Hills Resources, which is operated by Koch 
Industries, is an oil refinery company in the U.S. 
Its St. Paul, Minnesota refinery is rumored to be 
refining over 320,000 b/d of oil sands products.  

http://www.fhr.com/refining/canada.
aspx 
 
http://www.sustainablebusiness.com
/index.cfm/go/news.display/id/2211
2 

Husky 

Husky energy has been exploring oil sands since 
1973 and is one of the top holders in oil sands 
reserves in Alberta. Its Sunrise reservoir alone is 
estimated to hold 3.7 billion barrels of bitumen as 
of 12/2011. It jointly owns a refinery near 
Toledo, Ohio.  

 

Marathon 

Marathon Oil has a 20% share of the Muskeg 
River and Jackpine mine as well as the Scotford 
Upgrader. It also has the rights to over 216,000 
acres of potentially mineable land in the Alberta 
region. Marathon owns interests in in situ oil 
sands leases near Fort McMurray. It is also one 
of the largest oil refinery companies in the United 
States.  

http://www.marathonoil.com/Global
_Operations/Canada/Operations/ 

Nexen Marketing Inc. 

Nexen has an interest in over 300,000 acres in the 
Athabasca region. It's the 65% owner and 
operator of the Long Lake reserve, where they 
use in situ extraction to produce synthetic crude 
on site. Nexen also has begun developing the 
Kinosis area and the extracted bitumen will be 
upgraded at Long Lake. It has a 7% interest in 
Syncrude's oil sands mining and upgrading 
facilities and has a 15% non-operating interest in 
Hangingstone, an extraction project developed by 
Japan Canada Oil Sands. Nexen signed a long-
term contract with KM's Trans Mountain 
Pipeline. As mentioned before, Nexen was 
recently purchased by CNOOC.  

http://www.nexeninc.com/en/Operat
ions/OilSands/OurOilSandsBusiness
es.aspx 

PBF Energy 
PBF Energy owns nearly 1/3 of U.S. East Coast 
refining capacity and is expected to refine oil 
sands products. 

http://www.ubs.wallst.com/ubs/mkt_
story.asp?docKey=1329-
L1E8MQ61A-1&first=0 

Shell Oil 

Through Shell's Athabasca Project, where it is 
the majority owner (60%, with Chevron at 20% 
and Marathon at 20%), Shell both mines and 
upgrades bitumen and converts it to synthetic 
crude. It is the joint owner of two mines (the 
Muskeg River Mine and the Jackpine Mine) and 
the joint owner of one upgrader (Scotford 
Upgrader) in Alberta. It currently has the 
capacity to produce 255,000 b/d of synthetic 
crude.  

http://www.shell.com/global/aboutsh
ell/our-strategy/major-projects-
2/athabasca.html 
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SINOPEC 

SINOPEC is a Chinese state owned company that 
bought a 9% stake in Alberta's Syncrude Canada 
Ltd. in 2010. It first became involved in 
Canadian oil sands in 2005 when it formed a 
joint venture with Canada-based Synenco Energy 
to form the Northern Lights oil sands project. 
SINOPEC continues to look for ways to grow its 
business in Canada.  

http://business.financialpost.com/20
12/12/12/sinopec-still-keen-to-
invest-in-canada-as-long-as-theres-
money-to-be-made/?__lsa=5f87-
ac2a 
 
http://english.caixin.com/2010-04-
13/100134471.html 

Statoil Canada Ltd. 

Statoil uses in situ to extract bitumen from its 
Leismer Demonstration Project. It also signed a 
long-term contract with KM's Trans Mountain 
Pipeline. 

http://www.statoil.com/en/environm
entsociety/relevanttopics/oilsandinca
nada/pages/default.aspx 

Suncor Energy  

Suncor was the original oil sands producer in the 
Athabasca region. It uses mining and in situ 
operations to extract bitumen and has two 
upgrading facilities on site in Fort McMurray and 
a third upgrader in Edmonton. Suncor has signed 
a long-term contract with KM's Trans Mountain 
Pipeline. 

http://www.suncor.com/en/about/24
2.aspx 

Syncrude (Majority 
owner: Canadian Oil 
Sands, Ltd.) 

Syncrude is one of the original oil sands 
producers and began extracting bitumen in 1973. 
Currently, its Syncrude Project leases three mines 
near Fort McKay and it extracts bitumen deposits 
using in situ and open pit mining extraction 
techniques. It sends its product by pipeline to 
three Edmonton area refinieries and to refineries 
in Canada and the U.S. Through its majority 
owner, Canadian Oil Sands, Ltd., Syncrude 
signed a long-term contract with KM's Trans 
Mountain Pipeline.  

http://www.syncrude.ca/users/folder.
asp?FolderID=5753 

Tesoro Refining & 
Marketing Company 

Tesoro is an oil refiner with seven refineries in 
the Western United States, including one in 
Anacortes, WA. Tesoro signed a long-term 
contract with KM's Trans Mountain Pipeline. 

http://www.tsocorp.com/TSOCorp/P
roductsandServices/Locations/Refin
eryLocations/index.htm 

Total E&P Canada Ltd. 

Total E&P Canada extracts bitumen at its 
Surmont, Joslyn, Fort Hills, and Northern Lights 
reserves and upgrades the bitumen at its own 
Voyageur Upgrader. E&P also has assets 
unexplored at this time, known as Asphalt Creek 
and Griffon. It has signed a long-term contract 
with KM's Trans Mountain Pipeline 

http://www.total-ep-
canada.com/upstream/upstream.asp 

Valero 
Valero is the world's largest independent 
petroleum refiner. It has committed to taking on 
at least 100,000 b/d from the Keystone XL.  

http://www.nationaljournal.com/ener
gy/u-s-oil-giants-poised-to-gain-on-
keystone-pipeline-20110804 

Pipeline Operators 
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Enbridge 

Enbridge's oil sands pipeline infrastructure 
connects six producing oil sands projects. It also 
operates contract storage facilities for oil sands 
products. Enbridge is currently sending oil sands 
products into the U.S. through its Line 6B 
pipeline and has proposed to increase its capacity 
through the construction of the Northern 
Gateway Project and the Line 9 Reversal.  

http://www.enbridge.com/MediaCen
tre/News/regionaloilsandsAAG.aspx 
 
http://www.reuters.com/article/2012/
05/17/enbridge-
idUSL4E8GH0H820120517 

Kinder Morgan 

Kinder Morgan is a Texas-based pipeline 
operator that is poised to expand its Trans 
Mountain pipeline from Alberta to Vancouver in 
order to increase its capacity to transport oil 
sands products.  

http://www.kindermorgan.com/inves
tor/presentations/013013_KMCanad
a.pdf 
 
http://www.kindermorgan.com/busin
ess/canada/tmx_expansion.cfm 

TransCanada 

TransCanada is the Keystone pipeline operator 
and is bidding to expand the Keystone pipeline 
from Alberta, Canada to Houston, Texas. It 
currently delivers to refineries in Wood River 
and Patoka, Illinois and Cushing, Oklahoma. Its 
current capacity is 590,000 b/d. 

http://www.transcanada.com/100.ht
ml 

Rail Companies 

Canadian National Rail 

Canadian National Rail (CN) has a rail yard in 
Fort McMurray, giving them direct access to 
northern Alberta oil sands products. Their 
network has direct access to Peace River and 
Cold Lake deposits.  

http://www.cn.ca/en/shipping-north-
america-alberta-oil-sands.htm 

Canadian Pacific Rail 

Canadian Pacific Rail (CPR) directly serves the 
Edmonton/Fort Saskatchewan area. They have a 
direct route to the pipeline injection/terminating 
points at Hardisty and Edmonton. CPR also 
brings diluent to the pipeline terminal facilities at 
these locations.  

http://www.cpr.ca/en/ship-with-
cp/where-you-can-ship/oil-
sands/Pages/default.aspx 

Burlington Northern 
Santa Fe (BNSF) 

Owned by Warren Buffet, BNSF is taking 
advantage of the delay in pipeline construction 
by becoming a more politically stable way to 
transport oil sands to refineries and beyond. 
BNSF is currently allowing CNR and CPR to use 
their tracks to transport oil sands products into 
the U.S. 

http://www.bloomberg.com/news/20
12-01-23/buffett-s-burlington-
northern-among-winners-in-obama-
rejection-of-pipeline.html 

Union Pacific 

Union Pacific Railroad operates in 23 states 
across the Western two-thirds of the U.S. Its 
network is currently set up to handle oil sands 
products and to deliver oil sands crude to 
refineries in Texas and Oklahoma. 

http://www.uprr.com/customers/che
mical/attachments/crude/crude_map.
pdf 

CSX Transportation 

CSX has an extensive rail network in the Eastern 
U.S. Although it currently is not transporting oil 
sands products, it is in the position to do so if 
pipeline construction is further delayed. 

http://www.csx.com 

Industry Associations 
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API 

The American Petroleum Institute (API) is an 
American trade association that represents all 
aspects of the oil and natural gas industry. It also 
provides information to the general public about 
oil sands products and their uses.  

http://www.api.org/oil-and-natural-
gas-overview/exploration-and-
production/oil-sands.aspx 

CAPP 

The Canadian Association of Petroleum 
Producers (CAPP) represents companies that 
explore, develop, and produce natural gas or oil 
throughout Canada. It provides information and 
resources to its member organizations and also to 
the general public.  

http://www.capp.ca/canadaIndustry/
oilSands/Energy-
Economy/Pages/default.aspx 

CEPA 

The Canadian Energy Pipeline Association 
(CEPA) works with its members on the many 
issues associated with moving oil by pipeline. 
Specifically, CEPA makes information available 
on the corrosivity of diluted bitumen in pipelines.    

http://www.cepa.com/5-more-facts-
to-know-about-diluted-bitumen 

COSIA 

Canada's Oil Sands Innovation Alliance (COSIA) 
is an alliance of oil sands producers that focuses 
on accelerating the pace of improvement in 
environmental performance in Canada's oil sands 
through collaborative action and innovation.  

http://www.cosia.ca 

OSDG 

The Oil Sands Developers Group (OSDG) is an 
industry-funded nonprofit that represents oil 
sands operators and developers. Its members 
work in cooperation with other stakeholders to 
address issues related to oil sands development 
and to communicate information on oil sands 
activity.  

http://www.oilsandsdevelopers.ca 

U.S. Regulatory Agencies 

U.S. Coast Guard 

The U.S. Coast Guard (USCG) is in charge of 
facilitating all spill response efforts in coastal 
waters and the Great Lakes. With the proposed 
increase in oil sands transport, the USCG is 
concerned with increases in oil tanker traffic in 
British Columbia and Washington. Washington 
State has five major petroleum refineries which 
could receive oil sands products. As a result, the 
USCG will study the risk of transporting oil 
through the Salish Sea waters. This is mostly in 
response to the proposed Kinder Morgan Trans 
Mountain pipeline expansion.  

http://www.cbc.ca/news/canada/stor
y/2013/01/06/bc-oil-tanker-traffic-
review.html 

Alaska Department of 
Environmental 
Conservation 

If the Northern Gateway pipeline were approved, 
Alaska would see an increase in oil tankers 
coming through its coastal waters. It also has the 
potential to see oil sands products traveling to 
Valdez by rail. The Alaska Department of 
Environmental Conservation is the agency in 
Alaska that works to prevent, prepare, and 
respond to oil spills. 

http://www.dec.state.ak.us/spar/inde
x.htm 
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Federal Railroad 
Administration 

Under the DOT, the Federal Railroad 
Administration (FRA) is in charge of regulating 
all railcars traveling throughout the U.S. Since 
this is likely method of transport for oil sands 
products, FRA is a pertinent regulatory agency in 
the oil sands discussion.  

http://www.fra.dot.gov/ 

Maine Department of 
Environmental 
Protection 

There is a strong possibility that oil sands 
products will/is being transported to Maine's oil 
refineries. Maine's Department of Environmental 
Protection is in charge of enforcing the state's 
environmental laws. Therefore, it has a stake in 
understanding how the transport of oil sands 
products could potentially affect Maine's natural 
resources.  

http://www.maine.gov/dep/spills/ind
ex.html 

U.S. EPA 

The U.S. Environmental Protection Agency 
(EPA) is in charge of responding to all inland 
spills and is also the regulatory agency 
commenting on TransCanada's Keystone XL 
Environmental Impact Statement. EPA was the 
key regulatory agency involved in the Marshall, 
Michigan spill in 2010.  

http://yosemite.epa.gov/oeca/webeis.
nsf/(PDFView)/20100126/$file/2010
0126.PDF 
 
http://www.epa.gov/region05/cleanu
p/kalproject/index.htm 

U.S. PHMSA - Office 
of Pipeline Safety 

The U.S. Pipeline and Hazardous Materials 
Safety Administration, a subagency within the 
U.S. Department of Transportation (DOT), is in 
charge of regulating pipelines in the U.S.  

http://phmsa.dot.gov/about 

U.S. State Department 

The U.S. State Department approves pipelines 
that cross international borders. This means that 
the Keystone XL will not be constructed without 
the State Department's approval. 

http://www.keystonepipeline-
xl.state.gov 

Washington's 
Department of Ecology 

The Washington State Department of Ecology 
(DOE) is mostly concerned with the potential 
increase in tanker traffic in Washington waters 
due to increased production of oil sands products 
and the potential for these products to be shipped 
out of British Columbia. The DOE estimates that 
about 11% of the gasoline that is refined and 
consumed in Washington is a derivative of oil 
sands.  

http://www.ecy.wa.gov/programs/spi
lls/about_us/SPPR%202012-
2013%20Program%20Plan%20(fina
l).pdf 
 
http://www.ecy.wa.gov/climatechan
ge/docs/fuelstandards_112009_prese
ntation.pdf 
 
http://dep.ky.gov/Pages/Spills.aspx 

Canadian Governmental Bodies 

Alberta Energy 

Alberta Energy oversees Alberta's non-renewable 
resources. Specifically, it operates the Oil Sands 
Division, which provides administrative and 
regulatory services for the Oil Sands Royalty 
Regulations, Oil Sands Tenure Regulation, and 
Crown and individual agreements to ensure that 
Alberta receives appropriate royalties and rentals 
from oil sands development.  

http://www.energy.alberta.ca/ourbus
iness/oilsands.asp 
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Canada's Federal 
Government 

Oil sands development adds employment 
opportunities and contributes to Canada's 
economic growth. As a result, conservative Prime 
Minister Stephen Harper has made developing oil 
sands a national priority and has publically 
expressed his support for the Northern Gateway 
pipeline and the Trans Mountain (TM) 
expansion.  

http://www.vancouversun.com/busin
ess/Northern+Gateway+pipeline+vit
al+Canada+interests+Stephen/70533
12/story.html 

Canada's National 
Energy Board 

The National Energy Board (NEB) regulates 
pipelines, energy development, and trade at the 
interprovincial and international level. Therefore, 
NEB's approval is required for any oil pipeline 
that crosses into the U.S. (Keystone XL) or 
crosses provincial  boundaries (Northern 
Gateway, TM Expansion, Line 9).  

http://www.neb-one.gc.ca/clf-
nsi/rthnb/whwrndrgvrnnc/rrspnsblt-
eng.html 

Environment Canada 

Environment Canada's mandate is to preserve the 
quality of the natural environment and coordinate 
environmental policies and programs at the 
federal level. It is currently the main resource for 
scientific research performed on the behavior of 
oil sands.  

http://www.ec.gc.ca/inre-
nwri/default.asp?lang=En&n=D974
A85E-1 

Government of Alberta 

Given that the oil sands reserves are for the most 
part contained in Alberta, the Alberta 
Government is integral in the management and 
development of oil sands.  

http://www.oilsands.alberta.ca 

Government of British 
Columbia 

The Northern Gateway pipeline and Kinder 
Morgan's TM Expansion affect British Columbia 
residents. There is a large constituency in the 
province that oppose both the pipelines. 
However, the Premier Christy Clark sees the 
export of oil sands products from B.C. ports as a 
potential economic boost and a source of 
significant employment opportunities.  

http://www.vancouversun.com/busin
ess/Clark+likens+potential+Alberta+
oilsands/7698187/story.html 

Environmental Groups 

Forest Ethics 

Forest Ethics is working to reduce the demand 
for oil sands products in the U.S. Specifically, the 
organization is focusing its work on the 
communities surrounding U.S. oil sands 
refineries. 

http://forestethics.org/tar-sands 

Living Ocean Society 

The Living Ocean Society is an environmental 
group in Canada that is concerned with marine 
conservation issues. They have been vocal about 
their concerns regarding the state of response 
technologies that could potentially clean up a 
bitumen-related spill. 

http://ecowatch.org/2012/condemns-
announcement/ 

NRDC 

The NRDC is leading the charge against the 
import of oil sands products into the United 
States. Particularly, they have produced a number 
of anti-Keystone XL reports. 

http://www.nrdc.org/energy/tarsands
safetyrisks.asp 
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NWF 

The National Wildlife Federation (NWF) is 
mostly concerned with the methods used to 
extract bitumen and the potential for adverse 
wildlife impacts if a spill occurs.  

http://www.nwf.org/What-We-
Do/Energy-and-Climate/Drilling-
and-Mining/Tar-Sands.aspx 

Sierra Club 

The Sierra Club has helped organize a number of 
anti-oil sands demonstrations in Canada and is 
specifically working with First Nations to bring 
their concerns to the table.  

http://www.sierraclub.org/dirtyfuels/
tar-sands/default.aspx 

The Pembina Institute 

Oil sands, specifically the greenhouse gases 
associated with development, is one of the 
Pembina Institute's focus areas. It has produced a 
number of reports regarding the responsible 
development of oil sands in Alberta. 

http://www.pembina.org/oil-sands 

Other Environmental 
Groups addressing oil 
sands development 
include, but are not 
limited to: 

Greenpeace Canada, Sierra Club Canada, David 
Suzuki Foundation, Alberta Wilderness 
Association, Environmental Defense Canada, 
Dogwood Institute, West Coast Environmental 
Law, Indigenous Environmental Network, Oil 
Change International, 350.org, Energy Action 
Coalition, Climate Action Network Canada, 
Equiterre, Respecting Aboriginal Values and 
Environmental Needs (RAVEN), SumOfUs, 
LeadNow.ca, Ecojustice, DeSmogBlog.com 

 

First Nations & Native American Tribes 

Chipewyan 

The Chipewyan's lands sit in the heart of the 
Alberta oil sands. The Chipewyan launched a 
constitutional challenge based on Treaty 8 
against Shell Canada, which is looking to expand 
their Jackpine oil sands mine into the 
Chipewyan's traditional territories. The 
Chipewyan are arguing that Shell failed to 
adequately consult them, violating treaty rights. 
The Chipewyan also state that they are 
experiencing adverse health effects as a result of 
living downstream from the oil sands.  

http://indiancountrytodaymedianetw
ork.com/article/athabasca-
chipewyan-launch-treaty-8-
challenge-to-shell-canada-over-oil-
sands-137632 
 
http://www.tarsandswatch.org/depth
-fort-chipewyan 

Cree 

The Beaver Lake Cree Nation hunts and fishes in 
and around the Athabasca River. The Cree 
Nation argues that oil sands development is 
destroying the habitat that the animals and fish 
they hunt depend on. They are currently in a legal 
battle with the Alberta Government with a trial 
date set for early 2015.  

http://www.raventrust.com/beaverla
kecree.html 

Dene 

The Dene Nation is downstream from Alberta's 
oil sands and depends on the Athabasca River as 
part of its livelihood. They oppose any new 
pipelines and expansion of oil sands development 
because of the potential negative effects it may 
have on its traditional way of life.  

http://www.nnsl.com/northern-news-
services/stories/papers/oct21_11pip-
nwt.html 
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Haida 

The Haida Nation is opposed to the Northern 
Gateway pipeline and was part of the NEB 
hearings in Edmonton. The pipeline route would 
go through Haida land.  

http://www.qciobserver.com/Article.
aspx?Id=5631 

Haisla 

Enbridge's Northern Gateway pipeline would 
cross Haisla's land. The Haisla Nation is opposed 
to the pipeline, resulting in legal questions about 
whether Enbridge will be able to build the 
pipeline through Haisla's land.  

http://www.theglobeandmail.com/re
port-on-business/industry-
news/energy-and-resources/oil-
sands-pipeline-hits-its-highest-
hurdle/article1357847/ 

Lakota 

The Lakota Nation actively opposes the transport 
of oil sands products through its lands. For 
example, in 2012 the Lakota created a human 
blockade to stop oil sands pipeline trucks from 
entering their territory.  

http://colorlines.com/archives/2012/
03/lakota_indians_block_keystone_
xl_pipeline_trucks_from_entering_r
eservation_in_six-
hour_standoff.html 

Makah 

The Makah Nation is active in oil spill 
preparedness and is concerned with the potential 
tanker traffic increase in the Strait of Juan de 
Fuca. The Makah Nation also provided George 
Washington University (GWU) data for GWU's 
vessel traffic risk assessment. 

http://www.uscg.mil/proceedings/spr
ing2010/articles/51_Bowechop_Mak
ahTribalCouncilOfficeOfficeOfMari
neAffairs.pdf 
 
http://www.eisgatewaypacificwa.go
v/sites/default/files/content/files/Ma
kah_Tribal_Council.pdf 

Métis 

The Métis community sits in the heart of the next 
wave of oil sands development in Northern 
Alberta. They recently signed a deal with 
Cenovus Energy that will give 300 community 
members benefits estimated to be worth $40 to 
$60 million over the next 40 years.   

http://www.aawgecdev.ca/deal-
between-metis-community-oils-
sands-firm-a-turning-poin.html 

Nisga'a 
Though the pipeline will not run through Nisga'a 
land, the Nisga'a Nation opposes the pipeline due 
to concerns over increased tanker traffic.  

http://www.cbc.ca/news/canada/briti
sh-columbia/story/2012/02/17/bc-
cullen-enbridge-hearing.html 

Sioux 

The Yankton Sioux Reservation is located in 
South Dakota. The Sioux Nation hosted the 
historical event, “Gathering to Protect the Sacred 
From the Tar Sands and Keystone XL," where 
those attending signed an international treaty to 
block the Keystone XL.  

http://www.ienearth.org/tribes-and-
allies-gather-on-yankton-sioux-
reservation-to-oppose-the-tar-sands-
and-keystone-xl-pipeline/ 

Squamish 

The Squamish protested the Kinder Morgan 
expansion in 2012 by canoeing from Ambleside 
to Cates Park to showcase the sanctity of the 
ocean.  

http://dirtyoilsands.org/news/article/
squamish_and_tsleil_waututh_paddl
e_to_protest_kinder_morgan_pipelin
e 

Wet'suwet'en 

The Wet'suwet'en is opposed to oil sands 
products being transported over their land. 
Recently, the Wet'suwet'en have reaffirmed their 
declaration of "No Enbridge Northern Gateway 
Pipeline on Wet'suwet'en Territory." 

http://www.wetsuweten.com/media-
centre/news/information-
clarification-around-the-proposed-
northern-gateway-pipeline 
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Coastal First Nations 

Coastal First Nations is an alliance of First 
Nations on British Columbia's North and Central 
Coast and Haida Gwaii. The Coastal First 
Nations include Wuikinuxv Nation, Heiltsuk, 
Kitasoo/Xaixais, Nuxalk Nation, Gitga'at, 
Metlakatla, Old Massett, Skidegate, and Council 
of the Haida Nation. In March 2010, the Coastal 
First Nations signed the Coastal First Nation 
Declaration, which bans oil sands pipelines and 
tankers on the North Coast.  

http://wcel.org/sites/default/files/Firs
t%20Nations%20that%20have%20d
eclared%20opposition%20to%20pro
posed%20Enbridge%20tanker%20&
%20pipeline%20project.pdf 
 
http://www.coastalfirstnations.ca/sit
es/default/files/cfn-files-
public/oil%20tanker%20impacts_1.p
df 

Other Stakeholders 

Landowners in South 
Dakota, Montana, 
Kansas, Oklahoma, 
Nebraska, and Texas 

Landowners along the proposed Keystone XL 
route have mixed opinions about the pipeline 
being routed through their land.  

http://billingsgazette.com/news/state
-and-regional/montana/landowners-
have-mixed-views-of-keystone-
xl/article_1031db2c-fd18-5c8d-
8250-e1c473ac5ee9.html 

Regional Aquatics 
Monitoring Program 
(RAMP) 

RAMP is currently engaged in the creation of a 
new monitoring system for the Athabasca oil 
sands.  

http://athabasca.riverawarenesskit.or
g/ramp/news.aspx?nid=25 

The Prince William 
Sound Regional 
Citizens Advisory 
Council (RCAC) 

RCAC is an independent non-profit corporation 
that promotes the environmentally safe 
operations of the Alyeska Pipeline marine 
terminal in Valdez. It has an OPA mandate to 
build trust and provide citizen oversight of 
environmental compliance by oil terminals and 
tankers. With the increase in oil sands 
transportation, the RCAC will have an interested 
in the increased tanker activity in their region.  

http://www.pwsrcac.org/about/index
.html 

*Note: This is not an exhaustive list, but it hopefully reveals the range of stakeholders participating in the oil sands 
debate 
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10.2 Appendix 2 

Known Characteristics and Data Ranges for Alberta Oil Sands Products 

Product: 
API 

Gravity 
Density 

(g/cm^3) 
Viscosity 

(cP;Temp) 

Sulfur 
Content 

(weight %) TAN Pour Point 
Benzene 
(ppm) 

Athabasca 
Bitumen 7.7-9 

1.011-
1.0133 

(15.56C) 

19000-
>300000(15C) 4.41-5.44 3   

Cold Lake 
Bitumen 9.8-13.2 0.977-

1.002(15C) 235000 4.11-6.9 0.97 (-4)-9  
Cold Lake 
Blend 22.6 

0.9172-
0.9177(15C

) 
150(15C) 3.6-4.72 0.8 (-45)-(-46) 1510 

Cold Lake 
Diluent 69.3 0.704(15C) 1(15C) 0.25  < -75 11600 

Enbridge 
Diluent Specs  

0.6-
0.8(15C) max = 2(7.5C) 0.5   1.17 

Bitumen 
5.4  

1290254.1(25
C) 4.4  72.9  

Heavy Oil 
16.3  100947(25C) 2.9  19.7  

Medium Oil 
22.4  34(25C) 1.6  8.6  

Conventional 
oil 38.1  13.7(25C) 0.4  16.3  

Product: Pour Point 
Benzene 
(ppm) 

Total VOC 
(ppm) 

Oil/Salt 
Water 

Interfacial 
Tension 
(mN/m) 

Oil/Fresh 
Water 

Interfacial 
Tension 
(mN/m) 

Aqueous 
Solubility 

(mg/L) 
 Athabasca 

Bitumen        
Cold Lake 
Bitumen (-4)-9       
Cold Lake 
Blend (-45)-(-46) 1510 10500 28.1 at 0 °C, 

16.3 at 15 °C. 

28.3 at 0 
°C, 21.7 at 

15 °C. 

28 at 25 °C 
(distilled 

water)  

Cold Lake 
Diluent < -75 11600 68080 7.5 at 0 °C, 

6.8 at 15 °C. 

8.3 at 0 °C, 
8.3 at 15 

°C. 

58 at 25 °C 
(distilled 

water)  

Enbridge 
Diluent Specs  1.17      
Bitumen 

72.9       
Heavy Oil 

19.7  4891.1     
Medium Oil 

8.6  8209.2     
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Conventional 
oil 16.3  15996.3     
Sources: Environment Canada and the Congressional Research Service report (Ramseur et al, 2012), (Environment Canada, 2013). 

 

10.3 Appendix 3 

ANALYSIS OF DETECTION & MONITORING EQUIPMENT 
Technology Analysis  
Snare Sampler • Used in M/T Athos 1 incident where Bachaquero Venezuelan crude oil spilled  

• Approximately 100 snare samplers were deployed to measure the spread of oil 
• Specifically used to detect oil at various depths in the water column 
• Produces time-series data 
• Many were lost due to strong currents, rough seas, and vandalism 
• Time and labor intensive 
• No calibration of the efficacy of sampling and how it might change over time 

(Counterspil Research, 2011; Michel, 2006) 
Vessel-Submerged Oil 
Recovery System (V-SORS) 

• Deployed V-SORS in M/T Athos 1 and DBL-152 spills 
• Difficulties with precise locations 
• Could detect both pooled and mobile oil moving along bottom 
• Relatively efficient 
• Provides spatial data on extent of submerged oil 
• Can be used in vessel traffic lanes 
• Good positioning capability with onboard GPS 
• Time and labor intensive 
• Susceptible to snagging on bottom 
• Requires use of white snare, which has to be special ordered (Counterspil Research, 

2011; Michel, 2006) 
Side-scan sonar data • Used in DBL-152 and M/T Athos 1 

• Provided good spatial coverage and visualization of large accumulations and bottom 
features 

• Effectiveness diminished as the oil spread and the water became rough 
• Slow turn around time (days) to validate oil location 
• Can be used to identify areas of potential accumulation 
• More successful in detecting the trenches and other bottom features that contained the 

pooled oil instead of the oil itself (Counterspil Research, 2011; Michel, 2006) 
RoxAnn • Used during DBL-152 with the purpose of differentiating seafloor bottoms 

• Limited use due to its narrow detection range in relation to the patchiness of 
submerged oil and the large search size 

• Less accurate in muddy substrates (Michel, 2006; Counterspil Research, 2011) 
Remotely-operated 
underwater video 

• Used in DBL-152 
• Successfully provided estimates of frequency and size of oil accumulations 
• Provides a record for review by others 
• Could not always determine exact position 
• Effective with visibility exceeding 0.5 meters, but it does not generate a wide view 
• Small survey swath because of visibility issues (Counterspil Research, 2011) 

Sorbents attached to weights • Ineffective 
• Weight of the device pushed the oil away, as seen in the M/T Athos spill (Counterspil 

Research, 2011) 
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10.4 Appendix 4 

State Stated Capacity (Personnel & Equipment 
Illinois • EPA Personnel located in Springfield, Collinsville, and Des Plaines 
Indiana • On Scene coordinators (OSC) in Evansville and South Bend 

• Six OSC in Indianapolis  
• Each OSC is supplied with booms and pads  
• One equipment trailer  
• One Command trailer 
• Three zodiac-style boats 
• One Airboat 
• Four boats that patrol Lake Michigan 
• Intra-red equipment 

Michigan • Personnel located in Lansing, Warren, Jackson, Kalamazoo, Grand Rapids, Bay City, Cadillac, 
Gwinn, Detroit, Gaylord, Newberry, Crystal Falls, and Calumet 

Minnesota • Relies on two major spill response contractors and several smaller contractors 
• All major contractors have headquarters in Duluth with some response equipment 
• Duluth Fire Department and Duluth Safety Department of the U.S. Coast Guard also have 

response equipment 
New York • Maintains approximately 100 Spill Response vehicles located in nine regions 
Ohio • EPA personnel are equipped with testing kits, booms, pads, and other sorbents 
Ontario • Government agencies in Ontario do not maintain equipment to perform spill recovery operations 

• Largest spill cleanup response organization is ECRC 
• ECRC will most likely be deployed during a spill in the Great Lakes 

Pennsylvania • Three vehicles dedicated to emergency response 
• Emergency response members have safety gear and limited containment supplies 

Québec • Specialized equipment 
• Flammable gas detectors 
• PHD Ultra mulitgas detectors.  

Sorbent drops and sediment 
cores 

• Results can be used immediately 
• Low tech solution  
• Not effective for mobile oil in the water column 
• Very slow and labor intensive 
• Rough water conditions restricted vessel operations 
• Could not safely work in active vessel traffic lanes (Michel, 2006) 

Snare Sentinels • Effective in the DBL-152 spill, but were determined to be too time and labor-
intensive for widespread use 

• High loss rates (Counterspil Research, 2011; Michel, 2006) 
Airborne Hyperspectral 
fluorescent LiDar 

• Used in Deepwater Horizon spill  
• Proved successful in detecting oil suspended in the top few meters below the water 

surface 
RESON Sonar System • Tested by Coast Guard.  

• Positively identified 87% of sunken oil targets.  
• Had a false alarm rate of 24% (Hansen, Fitzpatrick, Herring, & VanHaverbeke, 2009) 

EIC Fluorosensor • Tested by Coast Guard.   
• Can be attached to ROVS or other platforms 
• GIS input fluctuated and direct mapping was not possible. (Hansen et al., 2009) 

Side-looking Airborne Radar, 
UV, & IR 

• Unable to penetrate water 
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Wisconsin • 8 containment booms along Lake Michigan, Lake Superior, and the Mississippi River 
• Department of Natural Resources has zone contracts with private companies to respond to all 

types of hazardous material spills 
• 2 FLIR Units (infrared detection) 
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Introduction

Twenty-two years have elapsed since the Department of Ecology first proposed establishing a 
comprehensive oil spill prevention and response program in Washington State.  The 1975 

legislative proposal was prompted after the state suffered major oil spills.  Another concern at 
that time was that the brand new Alyeska pipeline would dramatically increase oil tanker traffic 
in the Puget Sound.  Although the Alaskan pipeline spurred major refining activity in 
Washington, the proposed environmental protection program never materialized due to lack of 
funding.  Even though no one wanted spills to occur, the full public cost of oil spills was not 
placed completely on the shoulders of those responsible for transporting oil.  The oil spills kept 
occurring. 

It took a series of major oil spills in Washington and Alaska in the late 1980s and early 1990s 
before Washington’s innovative spill prevention and response program was finally put into place 
by the Legislature.  These major spills include: 

� The 1985 ARCO Anchorage tanker spill in which 239,000 gallons of crude oil was 
released into marine waters at Port Angeles; 

� The 1988 Nestucca barge spill which released 231,000 gallons of fuel oil into waters 
along the coast of Grays Harbor ; 

� The disastrous 1989 Exxon Valdez spill in Alaska which unleashed 11 million gallons of 
crude oil into Prince William Sound; 

� The 1991 Texaco refinery spill at Anacortes which released 130,000 gallons of crude oil, 
of which 40,000 gallons went into Fidalgo Bay; and 

� The 1991 spill at the U.S. Oil refinery in Tacoma which involved 600,000 gallons of 
crude oil, most of which was stopped from entering state waters. 

How these and other major oil spills accelerated state and federal oil spill prevention, 
preparedness and response legislation is outlined in Appendix 2. This outline shows how the 
major preventable spills between 1985 and 1992 resulted in innovative legislation which holds 
potential spillers accountable for preventing and cleaning up spills. 

Washington’s oil spill prevention and response program has been in place for six years.  This 
report is an examination of the history of oil transportation and the resulting trends in oil spills. 
This analysis is the first step toward measuring the level of success that industry, government and 
the public are having on preventing oil spills.  This report is also intended to help Washington 
determine how to best provide the “best achievable protection” from the effects of oil spills while 
assuring that federal and state programs complement each other. 
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This report provides partial answers to the following fundamental questions: 

� What fundamental forces have shaped state policy regarding oil transportation and spills? 

� Has Washington’s additional attention to oil spill prevention and response paid off? 

� Given Washington’s recent increased refinery production, increased pipeline traffic and 
expanded Pacific Rim trade:  How does our state’s record of recent spills compare with 
national and international trends? 

� Should the state make any adjustments in its program as a result of these trends? 
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Chapter 1: Washington State Energy 
Policy and Oil Spill Initiatives 

Washington’s unique physical geography coupled with its abundance and diversity of natural 
resources has been the driving force behind how the state has provided for its energy needs 

and how much importance the state has placed on preventing and responding to environmental 
threats, especially oil spills. 

Located at the northwest corner of the continental United States, Washington’s rugged mountain 
terrain and distance from traditional energy sources prompted the state to develop its own energy 
reservoirs. Since the 1930s, Washington has exploited its hydroelectric resources and these dams 
have, in many ways, become the region’s energy backbone. 

The Puget Sound is also the closest national port in the lower 48 states for vessels carrying crude 
oil out of Valdez, Alaska.  For more than 25 years, tankers laden with Alaskan crude oil have 
brought their precious cargo into Washington.  Even though the state produces none of its own 
oil, Washington has the fifth highest refining capacity of any state in the nation.  The waters of 
Washington State are also one of North America’s primary water-borne transportation avenues 
for Pacific Rim commerce.  A visitor to one of Washington’s busy ports will see many ships 
flying flags from Russia, China, Japan, Korea, Malaysia and a variety of other nations. 

At the same time, Washington’s waters and shorelines contain highly sensitive and valuable 
natural resources. State marine waters contain critical commercial resources including fishing, 
crabbing, shrimping and shellfish industries.  Washington is also blessed with abundant and 
diverse fish and wildlife resources which are a driving force in state tourism and provide 
recreational opportunities for residents. The seabird colonies along Washington’s outer coast are 
among the largest in the United States.  In addition, 29 species of marine mammals — including 
whales, dolphins, seals, seal lions and sea otters — breed in or migrate through the state.  The 
Olympic Coast is the least disturbed major section of coastline in the continental lower 48 states 
and, according to the Office of Marine Safety and U.S. Coast Guard, it is also the area in 
Washington that is at greatest risk of experiencing a major vessel oil spill. 

Given the importance of preventing spills, this report explores the important connection between 
historical oil spill information and spill trends, and identifies general areas where non-regulatory 
approaches for spill prevention might be viable.  Effective spill prevention can best be attained 
through the right mix of regulatory and voluntary compliance initiatives.  As state regulatory 
programs have matured, Ecology has been shifting its focus to educational initiatives.  The 
information on spill trends in this report is part of this effort. 
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Measuring the effectiveness of state spill prevention endeavors is very complex.  Most experts 
agree that while human factors of one type or another underlie most incidents, spills occur from a 
wide variety of specific sources and causes.  Specific technological or procedural changes must 
be developed and implemented to eliminate or minimize the occurrence of these incidents.  If we 
are to continue making good progress in preventing spills, it is imperative that we gather better 
information on actual spills to understand these incidents. This report is also an effort to obtain 
and disseminate this information. 

State Oil Spill Policy:  A Historical Overview 
Prior to the mid-1940s, most Washington communities discharged raw sewage into state water 
bodies, most industrial wastes went untreated and small oil spills were accepted as part of doing 
business. As a result of continued population growth, state harbors, rivers, lakes and streams 
quickly became polluted.  In March 1945, the Legislature established the Pollution Control 
Commission. In order to give the commission real authority, lawmakers also passed legislation 
prohibiting the pollution of any waters of the state and established specific penalties for 
violations. 

In 1955, the Legislature passed a new law which required that any "commercial or industrial 
operation of any type which results in the disposal of solid or liquid waste material into the 
waters of the state shall procure a permit" from the Pollution Control Commission.  This state act 
preceded the federal Water Pollution Control Act by 10 years.  In several instances, Washington 
State environmental laws have been models for federal pollution laws. 

Growth of Washington Oil Industry 
Prior to 1950, there were no refineries and very little crude oil was transported into Puget Sound. 
In 1953, the Trans-Mountain Pipeline Company and Mobil Oil announced their plan to construct 
an oil pipeline from British Columbia into Washington.  A year later, the state received its first 
delivery of Canadian crude oil.  Most of Washington’s refineries were constructed in the 1950s, 
including: 

� 1954 — Mobil Oil refinery, Ferndale (now owned by Tosco); 

� 1955 — Shell Oil refinery, Anacortes; 

� 1957 — US Oil refinery, Tacoma; and 

� 1958 — Texaco refinery, Anacortes. 

In 1958, a high tariff imposed by Canada on the Trans-Mountain Pipeline resulted in a 12-18 
month embargo on oil imports from British Columbia.  This and other events led to concerns 
about the long-term stability of the Canadian supplies.  In order to improve the oil transportation 
system, the Olympic Pipe Line Company built its pipeline in 1966 and began delivering 
petroleum products from the refineries in the north part of the state to consumers in Seattle, 
Tacoma and Olympia in Washington, and to Portland and Eugene in Oregon. 
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Developments Related to Alaskan Oil 
In 1968 and 1969, the Alaska North Slope oil fields were discovered at Prudhoe Bay.  In 
anticipation of the movement of Alaskan oil into Washington and other pressing environmental 
concerns, the Legislature passed a series of environmental and spill-related laws. 

In 1970, the Washington State Legislature established the Department of Ecology, followed 
quickly by the passage of the 1971 Washington Oil Pollution Act which: 

� Established unlimited liability for oil spills; 
� Provided for state cleanup capability; and 
� Specifically clarified that the discharge of any oil into state waters was illegal. 

That same year, Governor Dan Evans requested an oil risk analysis report concerning the 
transportation of oil into Puget Sound.  Also in 1971, ARCO built its Cherry Point refinery near 
Ferndale.  This move put state production of petroleum products well ahead of in-state 
consumption. It also greatly increased tanker traffic into Puget Sound. 

Construction of the Trans Alaska Pipeline System (TAPS) began in 1973 after the U.S. Congress 
passed the Trans Alaska Pipeline Act. However, in October 1973 the Organizations of 
Petroleum Exporting Countries (OPEC) placed an embargo on oil exports to the United States. 
The resulting shortage placed additional national attention and reliance on Alaskan North Slope 
oil. 

In Washington, one of the results of the embargo was that in 1975 the Northern Tier Pipeline 
Company proposed constructing a major oil pipeline originating in Cherry Point near Ferndale 
and terminating in Minnesota.  In January 1976, Northern Tier changed its proposed point of 
origin from Cherry Point to Port Angeles. 

Also in 1975, the Legislature passed the Washington Tanker Safety Act which prohibited tankers 
exceeding 125,000 dead weight tons from entering Puget Sound, and required tug escorts and 
pilots for certain other tankers. In 1978, the U.S. Supreme Court invalidated this “supertanker” 
ban in the case of ARCO vs. Governor Ray. The court found that federal law pre-empted 
Washington from banning large tankers, but affirmed the right of the state to establish tug escort 
and other requirements.  U.S. Senator Warren Magnison later re-established supertanker limits 
through federal legislation. 

In the 1970s, the Department of Ecology completed a number of shoreline sensitivity studies 
focused on the San Juan Islands in anticipation of the influx of Alaskan oil.  The studies were 
undertaken in order to establish a “baseline” so that any environmental changes precipitated by a 
major oil spill could be more readily quantified.  In both 1972 and 1975, Ecology proposed 
creating a state spill prevention and response program but could not secure funding from the 
Legislature for the effort.  It took a series of major spills in the late 1980s and early 1990s to 
provide the impetus to establish and fund a state comprehensive spill prevention, preparedness 
and response program (see Appendix 2). 
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In June 1976, a federal Coastal Zone Management law placed a partial prohibition on the 
expansion of existing oil terminals.  However, this provision may be superseded by other federal 
laws. That same year, Washington also established the Energy Facility Site Evaluation Council 
(EFSEC) whose mission was to oversee the siting and permitting of energy facilities such as 
pipelines, refineries and nuclear power plants. The council held extensive hearings on the 
Northern Tier Pipeline proposal. The pipeline project was not approved. 

Recent Developments 
During the late 1970s, EFSEC certified the siting and construction of five Washington Public 
Power Supply System (WPPSS) nuclear power plants.  Three developments — the subsequent 
demise of four of these five plants, the WPPSS bond default and the shut down of the federal 
“N” reactor at the Hanford Nuclear Reservation — assured the state’s continued reliance on 
hydropower and fossil fuel resources, including oil and coal for use in the Centralia power plant. 

In 1990, the Trans Mountain Pipeline Company proposed constructing an oil terminal at Low 
Point east of Port Angeles on the Olympic Peninsula.  The proposal included two single-point 
mooring buoys, a tank farm at Low Point, and a pipeline which would be located under Puget 
Sound and connect the Low Point facility with refineries located at Anacortes and Ferndale.  The 
project would have eliminated most tanker traffic coming into Puget Sound beyond Port Angeles, 
but was eventually withdrawn as a result of public environmental concerns and lack of support 
from the oil industry. 

Even with the state’s relative isolation from continental U.S. energy supplies, its oil markets are 
not immune to the market effects of Mideast oil supply volatility as seen during the 1973 OPEC 
embargo.  On Dec. 11, 1996, the United Nations again allowed the sale of Iraqi oil on the 
international market as a result of humanitarian pressures.  This action is expected to lower the 
consumer price of refined petroleum products throughout the United States. 

Current Regulatory Framework 
Ecology has been involved in preventing and responding to spills since the agency was formed in 
1971. The agency’s spill response capability prior to 1989 consisted of a team of employee 
volunteers in each of the four regional offices whose main area of expertise lay in other program 
areas.  There was little centralized management of spill activities.  As a result of the drawbacks 
associated with this decentralized response system and the identification of additional funding, 
Ecology centralized the spill organization in 1990. 

These changes and the legislation which passed from 1989 to 1992, resulted in the state spill 
program which continues to evolve to this day with centralized management systems and 
regional service delivery.  Ecology is now responsible for: 

� Preventing spills at oil handling facilities; 
� Managing the state’s preparedness efforts; 
� Responding to oil and hazardous material spills statewide; and 
� Coordinating state natural resource damage assessment activities. 

Page 10 Oil Spills in Washington State: A Historical Analysis 



The U.S. Congress passed the Oil Pollution Act in 1990 (OPA 90).  This statute created new 
national standards for oil spill prevention and response in the wake of the Exxon Valdez spill. 
Congress delegated responsibility for implementing most of OPA 90’s provisions to the Coast 
Guard, Environmental Protection Agency, Department of Transportation’s Office of Pipeline 
Safety, National Oceanic and Atmospheric Administration and the Minerals Management 
Service. 

The Washington State Office of Marine Safety (OMS) was created in 1991 by the Legislature to 
provide further assurance that frequency of oil spills would be reduced.  OMS is responsible for 
preventing vessel oil spills through vessel inspections, investigation of marine casualties, 
enforcement of state maritime standards and by approving vessel spill contingency plans. 

State and Federal Relationships 
Washington’s role in the current state-federal framework for regulating the oil industry is 
complicated because each major federal regulatory agency views the role of the state differently. 
Some independent legal analysts believe that the U.S. Coast Guard attempts to promote 
uniformity by establishing “ceilings” for regulatory requirements, while the U.S. Environmental 
Protection Agency uses federal environmental laws to set “floors” which allow states to set more 
stringent requirements if they are necessary for regional considerations.  Major oil pipelines are 
regulated by the U.S. Department of Transportation’s Office of Pipeline Safety.  This agency 
generally sets ceilings.  However, unlike the EPA and Coast Guard, the Office of Pipeline Safety 
delegates some of their spill prevention authority to states that have established effective 
regulatory programs. 

Some of these federal agency policy differences concerning state program consistency can be 
traced to concerns for interstate uniformity regarding transportation systems such as vessels, 
trucks and airlines. However, these interstate concerns may not be valid when states establish 
regional standards for fixed facilities and do not impede interstate commerce.  Questions remain 
regarding EPA and the Coast Guard delegation of programs to states and why fixed interstate 
pipelines should not be subject to state spill prevention standards if interstate commerce is not 
impeded. These issues are particularly relevant when the current congressional view of states 
rights’ seems to be reducing federal regulatory programs in favor of state control.  However, at 
this time federal law does not provide a mechanism for state delegation. 

These differences in regulatory approach do not apply to spill preparedness and response.  EPA 
and the Coast Guard have established strong and effective cooperative mechanisms with respect 
to state co-management of spill responses while minimizing duplication. 

Current Oil Transportation Patterns and Related Spill Risks 
As one of North America’s major gateways to Pacific Rim trade, Puget Sound is one of the 
busiest waterways in the world with vessel traffic going to several busy ports in Washington 
State and to major facilities in Vancouver, British Columbia.  More vessel tonnage moves 
through the Strait of Juan de Fuca than through the combined ports of Los Angeles and Long 
Beach, California. 
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Washington is also one of the nation’s primary petroleum refining centers. Refined products are 
exported from Washington to other western states, such as Oregon and California, primarily 
through pipelines, barges and tankers. There are five major pipelines in Washington: Trans 
Mountain, Olympic, McChord, Chevron and Yellowstone. The primary transportation routes and 
quantities of oil transported are shown in Figure 1. The map shows the enormous quantities of 
crude oil and refined products which are transported through our coastal areas, Puget Sound and 
the Columbia River by tankers and barges. 

Figure 1 — Oil Movement in Washington State (figures in thousands of barrels a day) 
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The vessels in-bound to Puget Sound are primarily moving crude oil to Washington’s refineries. 
Large quantities of crude oil also come into our refineries through the Trans Mountain Pipeline. 
Refined petroleum products are moved to in-state consumers primarily by pipelines and trucks. 
These transportation corridors constitute the areas at greatest risk of major spills. Significant 
elements of major spill risk which are not indicated on the map include: cargo and passenger 
vessels in Pacific Rim trade; large facilities with piping and storage tanks; and rail/tanker truck 
traffic. 

Production in the Alaskan North Slope oil fields has declined over the last few years as the 
proven reserves are drawn down. However, it is not clear at this time whether this trend will 
continue, as projected recently by the Oil and Gas Journal, or whether new finds and improved 
production techniques will stabilize production as believed by some industry analysts. The long-
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term effect of changes in Alaskan oil production on Washington refineries remains to be seen. 
One of the current effects of the reduced North Slope oil supply is that oil importation from 
Canada through the Trans Mountain Pipeline has dramatically increased in recent years.  The 
Office of Marine Safety data indicates that the number of individual tankers moving oil into 
Washington waters was: 

� 907 in 1993; 

� 908 in 1994; 

� 723 in 1995; and 

� 804 in 1996. 

This data includes tank ships bound through Washington waters to Puget Sound ports, the 
Columbia River, Canadian ports and Grays Harbor. 
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Chapter 2: Oil Spill Data Sources 

he spill related information in this report is divided into two sections for the purpose of Tpresenting a clear analysis.  Chapter 3:  Major Oil Spills in Washington deals with well 
documented facility, pipeline, vessel and surface transportation spills greater than 10,000 gallons 
that have occurred since 1970. Chapter 4: Recent Trends in Oil Spills takes a closer look at all 
oil spills between 25 and 10,000 gallons that have occurred in the last four years — with the 
exception of surface transportation (railroad and truck) spills. 

Ecology began consistently keeping records of oil spills only after the Legislature provided 
dedicated funding for the program in 1991.  Prior to this time, readily accessible records are 
incomplete.  Fortunately, the agency has institutional memory and information relating to larger 
spills, particularly those exceeding 10,000 gallons.  In preparing this report, a range of sources 
were reviewed to fill in data gaps.  With respect to recent spills (discussed in Chapter 4), the 
information should be accurate given the careful data collection efforts of Ecology’s spill and 
damage assessment team for spills of over 25 gallons reaching surface waters.  Spill information 
is stored in the agency’s Environmental Report Tracking System (ERTS) database and a small 
“stand alone” database for major spills. 

Information on specific spills in this report could contain inaccuracies.  For example, there is 
often a tendency by those responsible for a spill to under report the amount of product spilled. 
No potential systematic errors in the data have been identified other than the possible under 
reporting of spill volume.  Accurate information on the root cause of past spills was also difficult 
to obtain.  Therefore, a smaller data set was used to evaluate spill causes. 

Data for land transportation (truck and rail) spills has not been included in the analyses of recent 
spills because of a lack of complete information about this industry segment.  However, land 
transportation spills do represent a serious threat.  Staff from Ecology’s regional office located in 
Yakima have reported that tanker truck accidents have resulted in multi-thousand gallon spills 
with some regularity over the years.  These tanker truck spills pose a significant threat to public 
health and safety in addition to environmental damage.  These inland fuel spills can contaminate 
drinking water, create dangerous fumes, pose a fire threat and result in fresh water fish kills. 

Unless otherwise noted, the figures in this report do not include information on leaking 
underground storage tanks (LUST) or from spills of animal or vegetable oil. 

Ecology intends to use the information contained in this report as environmental quality 
indicators to help measure the state’s success in preventing spills.  The information will also help 
the agency target its facility spill prevention efforts.  The agency will continue tracking and 
reporting spill information and appreciates receiving additional information regarding spill 
history and trends from all sources. 
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 Chapter 3: Major Oil Spills 
in Washington 

This section evaluates information on major spills of 10,000 gallons or more which have 
occurred in Washington since 1970. 

Distribution of Major Spills 
The historical trends in the annual volume of oil spilled each year from major incidents are a key 
indicator of the state’s success in preventing major spills.  According to the Oil Spill Intelligence 
Report, the annual average volume of oil spilled worldwide from oil spills greater than 10,000 
gallons during the five year period 1987-91 was 53 million gallons (excluding the 1991 Persian 
Gulf war related causalities). However, the annual average volume of oil spilled at major oil 
spills during the four year period 1992-95 was 75 million gallons worldwide — a 41 percent 
increase. 

The “1995 International Oil Spill Statistics” compiled by the Oil Spill Intelligence Report 
concluded that despite the considerable efforts to reduce spills, a downward trend in the number 
of large spill incidents worldwide “is probably not occurring.” 

The data in Figure 2 displays the annual amount of oil spilled in Washington State from spills 
larger than 10,000 gallons.  As seen in this figure, the amount of oil spilled per year as a result of 
major incidents appears to be declining in Washington during the last five years.  Although there 
is not enough data to evaluate the trends statistically, it does appear that the volume and 
incidence of major spills in Washington State may be declining more abruptly than that indicated 
by national and international trends. 

The year Washington passed its major oil legislation (1991), we experienced 3 major spills over 
10,000 gallons.  During this apparently anomalous year, incidents resulted in the loss of 100,000 
gallons from the Tenyo Maru; 600,000 gallons from US Oil and Refining; and 210,000 gallons 
from Texaco refining. 

The annual average volume of oil spilled in Washington State from petroleum oil spills greater 
than 10,000 gallons during 1987-91 was 327,000 gallons.  The volume of oil spilled during the 
five-year period from January 1992 through June 1996 was 72,000 gallons — a 78 percent 
reduction. Both Ecology and the state Office of Marine Safety’s spill prevention and response 
efforts were fully funded and staffed by June 1992.  However, one should be cautious when 
interpreting the significance of these trends in relation to the effectiveness of the state’s program 
given: 
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� The highly variable nature of the data (especially spills during 1991); 
� The fact that spill incidents have a higher probability of being reported in more recent 

years; 
� The fact that spill volumes are more accurately reported now; and 
� The regulatory programs of the Coast Guard and EPA under the federal Oil Pollution Act 

of 1990, while not visibly affecting national trends may have had a regional effect. 

Figure 2 — Major Oil Spills in Washington State Over 10,000 Gallons: 
Volume of Spills Per Year in Gallons 
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The cause and effect of such broad trends cannot easily be determined in a complex milieu such 
as spill prevention. Factors which weigh heavily in determining outcomes include human 
considerations such as legal liability, criminal liability and corporate philosophy. Non-human 
considerations include weather patterns, environment and sea conditions. Furthermore, a single 
catastrophic spill such as the Exxon Valdez can significantly skew the data. 

However, with these limitations in mind, Ecology attributes this apparent decline in the volume 
of oil spilled in Washington from major incidents to a broad effort by industry, the public sector 
and public interest groups to prevent these incidents. In addition to the efforts by state agencies: 
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� The major oil refineries and marine terminals have enhanced corporate policies, 
developed more effective spill prevention and response plans, improved personnel 
training and dedicated more resources to equipment maintenance among other initiatives; 

� Oil tanker and regional tank barge operators have invested heavily in clean-up equipment 
and personnel improvements — including procedures, training, crew rotation and spill 
response equipment; 

� The domestic cargo vessel industry has placed a much higher priority on spill prevention 
than in the past; 

� The Coast Guard has enhanced the vessel traffic system; 
� In the Northwest, the Coast Guard and EPA have been very active in implementing the 

federal Oil Pollution Act of 1990; and 
� The efforts by local government, tribes and environmental groups have been particularly 

important in keeping private and public sector stakeholders focused on effective 
prevention measures. 

While this data relates to volume, it does appear to be consistent with trends identified in national 
spill statistics by American Petroleum Institute (API).  API concluded that during the decade 
ending in 1994, the frequency of large spills declined by 57 percent. 

Source of Major Spills 
Figures 3 and 4 display the number of vessel, facility and transmission pipeline spills in the 
database. As previously mentioned, data on spills from surface transportation modes, such as rail 
and truck, has not been consistently collected and therefore was not included in the statistics. 

Figure 3 — Major Oil Spills Over 10,000 Gallons:
Number of Spills by Source
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Figure 4 shows the volume of oil spilled from the marine industry (3.4 million gallons) is larger 
than that spilled by facilities and pipelines (2.3 million gallons).  The two figures combined 
indicate that the size of major vessel spills exceeds that of facility and pipelines.  This data is 
heavily influenced by several large volume marine accidents which have occurred on the coast 
and in the Strait of Juan de Fuca. 

The data indicates that major pipeline spills are generally smaller than major vessel or major 
facility spills.  However, as discussed later in this report, there has been a recent series of major 
pipeline spills. 

The American Petroleum Institute has concluded that “large spills of 10,000 gallons or more 
accounted for nearly 90 percent of the total oil spilled during the last decade.” State data appears 
to support this conclusion. 

Figure 4 — Major Oil Spills Over 10,000 Gallons:
Total Volume of Oil Spilled by Source
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Types of Oil  Spilled 
Figures 5 and 6 display information on the number and volume of oil spilled by product type. 
The figures show that heavy fuel and crude oils, which are the most environmentally damaging 
types, are the largest amount of oil spilled in the state.  These viscous “black” oils have a 
tendency to smother animals such as birds and mammals, often killing them.  These oils are also 
highly persistent and create residues which are resistant to natural physical and biological 
degradation processes.

 Figure 5 — Major Oil Spills Over 10,000 Gallons:
Number of Spills by Type
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Figure 6 — Major Oil Spills Over 10,000 Gallons: 
Volume of Oil Spilled by Type 
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Geographical Distribution 
Figure 7 is a map of the state showing the locations of the major spills, and includes additional 
spills not analyzed in Figures 2-10. The additional spills are noted in Appendix 4. The map 
shows a clustering of large spills in Puget Sound and dispersed along the coast and Strait. 
Appendix 4 provides a detailed list of these spills. 

Figure 7: Location of Major Oil Spills Over 10,000 gallons 
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Figures 8 and 9 show the distribution of the number and volume of major oil spills in Ecology’s 
four regional offices.  A map depicting the jurisdictional boundaries of each regional office is 
found in Appendix 5. More oil was lost from major spills in the agency’s southwest regional 
office than the three other regions combined.  This is likely due to this region’s long marine 
shoreline which encompasses all of the state’s Pacific coast line, the Strait of Juan de Fuca and 
much of Puget Sound. 

Figure 8 — Major Oil Spills Over 10,000 Gallons:
Number of Spills by Regional Office
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Figure 9 — Major Oil Spills Over 10,000 Gallons: 
Volume of Spills by Regional Office 
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While the largest spills occurred in the SWRO, the northwest regional office (NWRO) actually 
received more spills greater than 10,000 gallons.  This is due to the large population and activity 
levels centered in Seattle, Bremerton and, to a lesser extent, the northern refineries. 

The data probably under represents the volume and number of spills in the Central (CRO) and 
Eastern (ERO) regions because surface transportation incidents were not included in the analysis. 
CRO has reported the greatest number of multi-thousand gallon petroleum product spills from 
tanker truck rollovers. Winter mountain pass conditions undoubtedly contribute to the number of 
truck accidents. 

Figure 10 shows the distribution of spills by receiving environment.  Slightly over half of the 
spills effected the marine environment.  In 45 percent of the major spills, impacts were primarily 
limited to freshwater habits and the land. While land spills often have a lower degree of impact 
on the environment they can have serious consequences upon public health if they affect drinking 
water wells, and to public safety if gasoline fills buildings with explosive and/or toxic vapors. 

Figure 10 — Major Oil Spills Over 10,000 Gallons:
Number of Spills by Impacted Medium
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Chapter 4: Recent Trends in Oil Spills

This section evaluates information on spills between 25 and 10,000 gallons which have 
occurred between June 30, 1992, and July 1, 1996.  The spills included in this data set 

include 86 vessel and facility spills and six pipeline spills where at least 25 gallons of oil reached 
water or at least 250 gallons was spilled on land.  Truck and train transportation incidents are not 
included in this data. 

Distribution of Recent Spills 
Figure 11 compresses the most recent four years of facility and vessel spill data into a single 12 
month bar chart. While we must be careful in not over interpreting the graph given the relatively 
few data points in each month, it does appear that spill frequency peaks during January.  This 
phenomena has been observed by others and may be explained by probability of human error 
increasing during cold, dark climatic conditions and the holiday season. 

Figure 11 — Distribution of Oil Spills Over Time:
Number of Vessel  and Facility Spills by Month
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Source of Recent Spills 
As shown in Figures 12 and 13, our information indicates that for these medium sized spills, the 
number of vessel incidents is significantly larger than the number of facility and pipeline 
incidents combined. The volume of oil spilled from the marine industry is also large compared 
with facilities and pipelines. 

Figure 12 — Recent Spills 25 to 10,000 Gallons:
Number of Oil Spills by Source

Figure 13 — Recent Spills 25 to 10,000 Gallons: 
Volume of Oil Spilled by Source 
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Overall, there are a relatively large number of medium sized vessel diesel fuel spills.  However, 
another observation is that pipeline spills tend to be larger than vessel or facility spills (see 
Figure 13) for this data set. While pipelines account for only seven percent of the spill incidents, 
they resulted in 25 percent of the volume of spilled oil. 
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Types of Oil Spilled 
Figures 14 and 15 describe the number and volume of oil spills by product type.  In contrast to 
the major spills which were dominated by heavy fuels and crude oil, diesel spills dominate the 
number and volume of recent medium-sized spills.  In this data set, crude oil spills are relatively 
infrequent while heavy fuel oil spills contributed to the total volume of spilled oil.  In general the 
heavy fuel oil spills were larger than other incidents.  This is due to the occurrence of relatively 
large vessel bunkering spills.  Had rail and truck incidents also been included, they would have 
further increased the number and volume of diesel and gasoline spills. 

Figure 14 — Recent Spills 25 to 10,000 Gallons: 
Number of Spills by Oil Type 
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Figure 15 — Recent Spills 25 to 10,000 Gallons:
Volume of Spills by Oil Type
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Geographical Distribution 
Figure 16 shows the distribution of spills among the Northwest Area Committee’s Geographic 
Response Plans (GRP). More than half of the spills (50) occurred in the Central Puget Sound 
GRP and in Lakes Washington and Union.  This area includes the state’s largest population 
center, the Seattle/Tacoma metropolitan area. Other areas experiencing large numbers of spills 
included the San Juan Island/North Puget Sound area and the Columbia River. 

Figure 16— Recent Spills 25 to 10,000 Gallons:
Spill Distribution by GRP
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Figures 17 and 18 show the distribution of spills among Ecology’s regional offices.  The 
northwest regional office (NWRO) experienced more spills than any other region.  However, the 
amount of oil spilled in the southwest region (SWRO) was approximately equal to that of the 
more populated northerly region.  Interestingly, over both spill size distributions discussed in this 
report (spills greater than 10,000 gallons discussed in Chapter 3 and the data in this chapter), 
spills in SWRO were larger than NWRO.  This data again probably under represents the volume 
and number of spills in the central and eastern regions because surface transportation incidents 
(rail and truck) were not included in the analysis. 
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Figure 17 — Recent Spills 25 to 10,000 Gallons:
Number of Spills by Ecology Region
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Figure 18 — Recent Spills 25 to 10,000 Gallons: 
Volume of Oil Spilled by Ecology Region 
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Figures 19 and 20 show that similar to the major spills discussed earlier in the report, recent 
medium-sized oil spills have had a significant impact on the marine waters compared with 
freshwater and land environments.  However, primarily as a result of pipeline spills, land spills 
which represent only nine percent of the spills by number resulted in 29 percent of spills by 
volume. 

Figure 19 — Recent Spills 25 to 10,000 Gallons:
Number of Spills by Impacted Medium
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Figure 20 — Recent Spills 25 to 10,000 Gallons:
Volume of Spills by Impacted Medium
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Comparison with Coast Guard Data 
The U.S. Coast Guard maintains a national data base which can be used to evaluate both national 
and regional trends in oil spills.  Spill data from 1991-1995 currently under review by the Coast 
Guard’s District XIII staff in Seattle, seems to confirm the general trends shown in Figure 13. 
This data for the Puget Sound Marine Safety office indicates that 62 percent of the volume of oil 
spilled came from vessels, 34 percent came from facilities and four percent from another source. 

National trends identified by the Coast Guard’s “Marine Environmental Protection Performance 
Indicators” indicates that major and medium sized oil spills may be trending downward.  This 
potential trend appears to be consistent with Figure 2 of this report.  Ecology will continue to 
work closely with our federal partners to track and report on trends as they emerge. 

Cause of Recent Spills 
The analysis and understanding of the causes of major spills is not as simple.  There are a myriad 
of reasons for this, including: 

� Most major spills are difficult to analyze given that they are often the result of a series of 
complex factors and conditions coming together at a particular moment in time.  The factors 
may include both failures which are preventable, and conditions which are not within human 
control. Often a major incident would not have occurred if any one of the factors or 
conditions had been absent. Therefore, it is often difficult to boil an incident down to a 
single primary/root cause with identified contributing factors. 

� There is a lack of a consistent framework for systematically analyzing and categorizing 
incidents. This is a problem both nationally and in Washington State. 

� There is lack of consistently collected reliable information on spill causes.  This is 
partially due to the scarcity of highly trained staff resources in the investigating agencies, the 
reluctance of industry to fully disclose information for liability reasons and the lack of agency 
funding to hire independent experts to conduct professional investigations. 

� There is also a reluctance on the part of many investigators to directly place blame 
because of liability concerns, sympathy for an individual or organization who has already 
been affected by an incident, and concern that an employee who may have contributed to an 
incident may lose their livelihood.  The result is that some investigations identify the cause of 
an incident as equipment failure or a natural event, even when an easily preventable human 
error (individual or organizational) occurred. 

However, there is a consensus that most major spills are caused by some form of human error 
and are therefore preventable. In order to provide additional insight into the types of human 
error, this report further distinguishes between individual human factors and 
management/organizational factors.  The terms used in this report are defined as follows: 
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� Management/Organization — The failure of an organization to provide the necessary 
policies, procedures, equipment, personnel, supervision, training or time to safely design and 
operate a system which could potentially cause a spill.  In order to prevent spills, an 
organization may be expected to go beyond currently accepted industry practices. 

� Human Factor — The diminished ability (over which the organization has relatively little 
control) of an individual to safely complete a task.  Examples include poor communication, 
drugs/alcohol, improper equipment use, inaccurate computation, inattention, procedural error, 
complacency, not following training procedures, fatigue, illness or sabotage/intentional. 

� Equipment — A mechanical, structural or electrical failure not attributable to a human error-
related design, material specification, manufacture/construction, installation, operation or 
maintenance deficiency.  An example which would not qualify for this category as an 
“equipment failure” would be a failure from normal wear and tear as a result of lack of 
maintenance.  This would be either a management/organization or human factor caused spill. 

� External — Natural phenomenon such as earthquakes, floods, storms, tsunami, fog, ice, 
lightning, tidal conditions, sea state and landslides which occur with a magnitude outside of 
reasonably anticipated design or operating limits.  An example of an external cause could be 
any act caused by Mother Nature. 

For the reasons stated earlier, Ecology’s data on spill cause is somewhat limited.  Ecology is 
working to improve the systems for collecting, analyzing and maintaining spill cause data. 
Current initiatives include the development of an investigator training curriculum, hiring 
independent experts on major spills and the States/BC Oil Spill Task Force’s project to provide a 
consistent methodology for collecting and sharing spill data on the entire West Coast. 

Figures 21 and 22 show the distribution of spill causes for 41 recent spills in Washington (Note: 
incident cause was not identified in 51 of the other spills analyzed in this section).  Based on the 
limited information available to Ecology, it appears that "human error" at the levels of the 
organization and individual predominate.  Of the four cause definitions, organizational failure is 
the primary cause of recent spills in terms of both number of incidents and total volume of oil 
spilled. Human factors are the second most predominant cause of these spills. 

The conclusion that human error is the primary cause of most spills is supported by findings by 
the Washington State Office of Marine Safety, the California Lands Commission, the U.S. Coast 
Guard, the Alaska Department of Environmental Conservation and most industry analysts.  The 
definitions used in this report are identical with those being developed by the States/British 
Columbia Task Force for the purpose of consistently collecting cause data in the future on the 
West Coast. 
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Figure 21 — Recent Spills 25 to 10,000 Gallons: 
Number of Spills by Cause 
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Figure 22 — Recent Spills 25 to 10,000 Gallons: 
Volume of Oil Spilled by Cause 
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Chapter 5: Near Miss Incidents 

his report’s Appendix 1: Significant Vessel Casualties and Near Miss Incidents is a list Tof important vessel-related incidents where there was either a major system failure or actual 
external damage to a vessel that occurred between 1984-96.  Those incidents which did not result 
in the release of oil are considered to be close calls.  When they are properly investigated, as 
much can be learned about spill prevention from these incidents as from actual spills. The state 
Office of Marine Safety (OMS) is currently working with other stakeholders to put a system in 
place which would collect information on more of these vessel incidents. 

If these collisions, groundings, allisions (collision with a fixed object) and losses of power were 
plotted on the map outlining Washington’s major oil spills (Figure 7), they would largely 
parallel the locations where major spills have actually occurred. 

Given the difficulty in agreeing on what constitutes a "near miss," the lack of incentives for 
reporting these incidents and the liability concerns of facility owners, it would be difficult to 
establish a reporting system for major non-spill incidents at marine facilities and transmission 
pipelines. However, Ecology will continue to follow progress by OMS and the marine industry 
to determine if similar discussions should be initiated with the industry segments which Ecology 
regulates. 
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Chapter 6: Lessons Learned From 
Recent Pipeline Spills 

ver the last few years pipeline spills have occurred nationally with a frequency and Oenvironmental consequence that have raised significant concerns from the National 
Transportation Safety Board and others.  The potential for similar major oil spills exists in 
Washington State.  For example, two past pipeline spills involved the release of 460,000 and 
168,000 gallons.  These incidents show how much oil can be spilled by pipelines before the leak 
is detected, the system is shut down and residual drain out is controlled. 

In Washington State, the major oil transportation pipelines spill only a very small portion of the 
products they transport.  However, because of the large amount of oil which can be spilled before 
a spill incident is identified and controlled, they have the potential to cause serious 
environmental damage.  Spill events during 1996 have demonstrated the need for Ecology to 
review current spill prevention measures for the state’s major oil transportation pipelines. 
During 1996, the following incidents occurred: 

� On March 23, 1996, an estimated 1,560 gallons of diesel fuel spilled from the Olympic 
Pipe Line into a tributary to Spencer Creek in Cowlitz County.  The spill was caused by 
damage to the pipeline as a result of ground slumping in unstable soil in the area surrounding 
the pipeline. 

� On June 16, 1996, at least 1,000 gallons of gasoline and diesel fuel spilled from a small 
crack in the Olympic Pipe Line into an unnamed slough near Everett.  The cause of the spill 
may have been due to construction damage during original installation in 1972. 

� On Dec. 6, 1996, approximately 49,000 gallons of unleaded gasoline spilled at the GATX 
oil storage facility on Harbor Island in Seattle.  The spill resulted from a pipeline coupling 
failure at the plant during a product transfer from the Olympic Pipe Line.  The specific cause 
of the spill is still under investigation and has not been determined. 

It is often difficult to determine the quantity of oil lost during pipeline spills.  For instance, the 
two Olympic Pipe Line spills went undetected for a significant period of time while oil entered 
soils and state waters.  Ecology will continue to review the cause of these and other similar 
events with industry to gain a better understanding of how these spills can be prevented.  This 
review is particularly important at this time, given the proposal for a major cross-Cascades 
petroleum pipeline. The state has a responsibility to assure that any new or repaired pipeline 
sections are constructed and operated in an optimal manner to minimize the opportunity for 
spills. 
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As a result of recent pipeline spills, Ecology is evaluating the need for industry to put in place 
additional protection measures.  However, at this time Ecology does not have resources to 
institute a transmission pipeline spill prevention effort. 
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Conclusions

e have reached a number of conclusions after reviewing the information presented in this Wreport. These conclusions were not based on a statistical analysis but were developed by 
inference after evaluating the data.  The conclusions presented below are arranged by category, 
not priority. 

Data Collection and Analysis 
� Resources needed for data collection: Readily accessible historical data on major spills 

prior to the mid-1980s is incomplete. Ecology will continue to improve the collection of 
this information in order to better analyze the cause of significant oil spills and help the 
agency target its prevention efforts.  This needed improvement will require Ecology to 
continue current efforts to improve investigator training and commit additional resources 
to information management.  There is also a need to improve truck and rail data in 
particular, given the gap in this report. 

Important Trends in Spills 
� Human error causes most spills:  Ecology’s spill cause data indicates that most recent 

spills (about 80 percent) were the result of some type of human factor and were, 
therefore, preventable. It also appears that organization/management is responsible for 
significantly more incidents than the failure of an individual.  These conclusions are 
consistent with the findings of other researchers at the national level and have important 
implications for spill prevention. 

� Spills occur most frequently in January: During the last four years, the annual 
incidence of significant oil spills was highest during January.  While we need to better 
understand the reasons for this seasonal influx, one factor suggests the importance of 
addressing the human factors component in oil spills. 

� Spills over 10,000 gallons are source of most oil:  The overall quantity of oil spilled is 
dominated over time by large spills greater than 10,000 gallons.  The state should 
continue to target prevention activities for potential major spill sources.  However, this 
report did not evaluate non-point source oil inputs to the environment, which are seldom 
reported to environmental agencies and can add up to large volumes.  Non-point sources 
include leaking motor vehicle crank cases, parking lot run-off, improper disposal of used 
motor oil and other similar sources. 

� “Black” oil is a serious threat: Crude and heavy fuel oils have constituted about 82 
percent of the total oil released from spills over 10,000 gallons.  These forms of “black” 
oil are among the most persistent and environmentally damaging types of oil and are very 
difficult to clean up. Future spill prevention efforts should continue to address vessel 
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spills which were responsible for about 59 percent of the total volume of oil lost from 
major spills and many of the incidents involving black oil. 

� Biggest risk is associated with marine transportation corridors:  The outer coast, the 
Strait of Juan de Fuca and the vicinity surrounding the state’s major refineries are the 
areas at greatest risk of major spills. 

� Transmission pipelines present significant risk:  During the last four years, the volume 
of oil released per spill from pipeline incidents was relatively large compared with routine 
vessel and facility spills.  With the continued occurrence of these spills, industry and 
Ecology should place additional emphasis on prevention of spills from major 
transmission pipelines. 

Effectiveness of Existing Spill Prevention Measures 
� Big spill incidents may be dropping: While it is difficult to clearly attribute the long-

term trend in spills over 10,000 gallons to any specific measure, it does appear that since 
1983 the number and volume of major spills in Washington has gone down (see 
Figure 2). Furthermore, this apparent decline may be occurring more rapidly than 
national rates. If this is true, it has good implications for the effectiveness of the 
state/federal and industry spill prevention partnerships which have been developed in 
Washington since the passage of the state’s spill prevention legislation in 1991. 
However, the state must guard against complacency and losing focus on spill prevention. 

� Land-based spills continue to pose risk: Washington has information on 15 petroleum 
oil spills of over 100,000 gallons since 1964.  These major spills have included tanker 
and barge accidents, refinery accidents and major transmission pipeline releases.  While 
vessel spills may present the greatest risk for catastrophic spills, refinery and transmission 
pipeline operations have resulted in four of the last five spills over 10,000 gallons.  These 
facilities should continue to be the primary focus of Ecology’s spill prevention efforts. 

State Spill Policy 
� Effect of spills on state legislation: As indicated in Appendix 2, there is a strong 

connection between the incidence of oil spills and subsequent legislative expansion of 
state responsibilities for spill prevention and response. We can expect that the future 
occurrence of major spills will trigger additional public expectations for improved spill 
prevention measures. 

� Washington has a unique energy policy setting: Washington State has not depended 
solely on federal rules for the protection of its natural resources, but has established its 
own stringent oil spill prevention and response program.  The primary factors which have 
influenced state policy in this area (other than actual spill events) include:  the high 
sensitivity and value of Washington’s aquatic resources; the large volume of Pacific rim 
trade; and the state’s reliance on external crude oil resources. 
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� Petroleum products exported from Washington are subject to a tax credit: 
Washington State refines large volumes of petroleum products.  A significant portion of 
the refined products are exported to Oregon and California.  While our state is exposed to 
the spill risks associated with the importation, processing, storage and export of those 
products, Washington’s spill prevention and response programs do not receive tax 
revenue from petroleum which is exported. 
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Appendices 

Appendix 1 — Significant Vessel Casualties and Near Misses 

Appendix 2 — Major Oil Spills and Related Legislative Action 
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Appendix 5 — Ecology’s Regional Offices Map 

Oil Spills in Washington State: A Historical Analysis Page 43 



Appendix 1 — Significant Vessel Casualties and Near Misses 

� August 12, 1996, Grounding — A loaded grain ship, the Ossolineum grounded along the 
banks of the Columbia river. The vessel, which was outbound, was carrying 350,000 gallons 
of fuel in its tanks when it ran aground upstream from three wildlife refuges and estuaries. 
Luckily no oil was spilled. 

� July 11, 1996, Loss of Power — The oil tanker Kenai lost power off Port Angeles.  The 
tanker was headed toward Valdez when it stopped at Port Angeles to have its radar fixed and 
to refuel for the voyage.  Fortunately, an escort tug was near by when the vessel lost power 
and was able to bring the vessel back to Port Angeles without incident. 

� July 6 1996, Shipboard Fire — The cruise ship Golden Princess was headed to Vancouver, 
British Columbia, when a fire in the engine room caused the engines to shut down.  The 
vessel also lost electrical power. A tug boat arrived on scene in three hours to tow the vessel 
to Vancouver for repairs. The vessel was carrying over 600,000 gallons of fuel when it lost 
power. 

� October 1994, Grounding — The empty tanker Keystone Canyon broke all of her mooring 
lines in high winds while moored in Astoria, Oregon.  The ship drifted across the Columbia 
River and struck the Astoria-Megler Highway Bridge.  Fortunately, damage to the ship and 
the bridge was minimal.  No oil was spilled although an empty tank was breached.  A 
combination of weather conditions and lack of procedures lead to the grounding. 

� July 1994, Loss of power — The 32,671 bulk carrier Verbier was outbound from 
Vancouver, British Columbia, when it lost power 2.5 miles from shore in the Strait of Juan de 
Fuca.  After an unsuccessful attempt to be towed to port by a small tug, a second larger tug 
was dispatched. After several hours of towing, the tow line parted.  The tug made-up again, 
and successfully towed the vessel to Port Angeles with the final assistance of tow other tugs. 
Lack of proper owner and operator oversight and support contributed to the accident. 

� July 1994, Collision — The Chinese bulk freighter Tian Tan Hai collided with the fully 
laden tank barge Cascades approximately 30 miles west of the Columbia River entrance. 
The Cascades was being towed by the tug Fairwind and was carrying 2.4 million gallons of 
oil. Fortunately no oil was spilled because the collision did not rupture any cargo tanks on 
the barge or fuel tanks on the freighter.  The barge was double-hulled.  Lack of 
communication and adherence to regulations and policy contributed to this collision. 

� November 1993, Explosion — The tanker Sea River Philadelphia suffered an explosion in 
her Inert Gas compartment while moored in Anacortes.  Fortunately no one was injured and 
no oil was spilled.  Inadequate maintenance procedures and possible inadequate design 
contributed to the explosion. 
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� July 1993, Poor Vessel Condition — The tanker Altair was boarded and briefly detained in 
Victoria, British Columbia, by the Canadian Coast Guard.  The ship was in poor condition. 
Two months later, the Altair blew up and sank in the South China Sea. 

� June 1991, Grounding — The laden tanker ARCO Texas ran aground at Ediz Hook in Port 
Angeles, Washington.  No release of oil occurred. 

� September 1989, Loss of power — The tanker Exxon San Francisco lost power while 
outbound in the Strait of Juan de Fuca.  The vessel returned to Port Angeles without further 
problems. 

� April 1989, Loss of power — The tanker Exxon Philadelphia lost power and was adrift off 
the mouth of the Strait of Juan de Fuca with a load of 23 million gallons of Alaska crude oil. 
Approximately five hours later, a tug reached the tanker and towed the ship to Port Angeles. 

� April 1988, Grounding — The tanker Matsukaze grounded at Crescent Bay west of Port 
Angeles causing extensive damage to the vessel but no loss of product. 
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Appendix 2 — Major Oil Spills and Related Legislative Action

� United Transportation Barge, Grays Harbor Co. (3/64) — 1,200,000 gallons diesel fuel 

� Extensive oil spill legislation was passed in 1969-1972 

1971
� United Transportation Barge, Skagit Co. (4/71) — 230,000 gallons of diesel/gasoline 

1972
� General M.C. Meiggs (U.S. Navy), Clallam Co. (1/72) — 2,300,000 gallons of fuel oil 

1973
� Trans Mountain Pipeline, Whatcom Co. (1/73) — 460,000 gallons of crude oil 

1983
� Olympic Pipe Line Co., Allen Pump Station (9/83) — 168,000 gallons of diesel fuel 

1984
� Tanker SS Mobil Oil, Columbia River (3/84) — 200,000 gallons of fuel oil 

1985
� Olympic Pipe Line, King Co. (11/85) — 34,000 gallons of jet fuel 
� ARCO Anchorage, Port Angeles (12/85) — 239,000 gallons of crude oil 

1986
� Concurrent Legislative Resolution 19 established an oil spill advisory committee 
� Olympic Pipe Line, King Co. (5/86) — 70,000 gallons of oil 

1988
� Barge MCN#5 (Olympic Tug & Barge), Skagit Co. (1/88) — 70,000 gallons of heavy oil. 
� Nestucca Barge (Sause Towing), Grays Harbor Co. (12/88) — 231,000 gallons of fuel oil. 

1989
� HB 2242 — Established financial responsibility requirements for vessels. 
� SB 6701 — Washington State Maritime Commission (WSMC) established. 
� HB 1853 & 1854 — Natural Resource Damage Assessment methodology. 
� Exxon Valdez grounding, AK (3/89) — 11,000,000 gallons of crude oil.  This spill resulted in 

significant legislative changes in Washington, as well as other U.S. states and Canada. 
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1990 
� HB 2494 — Broad spill preparedness & contingency planning legislation 
� HB 6528 — Pilotage legislation 
� OPA 90 — Passage of the Federal Oil Pollution Control Act of 1990 
� Navy Supply Depot, Kitsap Co. (2/90) — 70,000 gallons of diesel fuel 
� Texaco, Skagit Co. (3/90) — 130,000 gallons of diesel fuel 
� Chevron Richmond Beach, King Co. (8/90) — 176,000 gallons of asphalt 
� PNW Terminals, Pierce Co. (11/90) — 200,000 gallons of tallow 

1991
� HB 1027 — Broad legislation with a spill prevention focus 
� US Oil Tacoma, Tacoma (1/91) — 600,000 gallons of crude oil 
� Texaco Refinery, Anacortes (2/91) — 210,000 gallons of crude oil 
� Tenyo Maru (COSCO Shipping), Canadian waters at entrance to Strait of Juan de Fuca (7/91) 

— 100,000 gallons of diesel & heavy oil 

1992
� HB 2389 — Amendments to 1991 legislation 
� Chevron Pipeline, Lincoln Co. (11/92) — 20,000 gallons of jet fuel 

1993
� HB 1144 — Established OMS vessel inspection program 
� US Oil Refinery, Tacoma (10/93) — 264,000 gallons of crude oil 
� M/V Nosac Forest (Barber International), Tacoma (4/93) — 6,260 gallons of fuel oil 
� M/V Central (Azuero Shipping), Columbia River (6/93) — 3,000 gallons of fuel oil 

1994
� ESHB 1107 — Marine Oversight Board Abolished 
� HB 1407 — Washington State Maritime Commission privatized 
� Crowley Barge 101, Rosario Strait (12/94) - 26,900 gallons diesel of fuel 
� An Ping (Shanghi Hai Xing Shipping), Columbia River (1/94) - 2,771 gallons of fuel oil 

1995
� ESHB 2080 — Merged OMS with Ecology, legislation was struck down by superior court 

action 

� Initiative 188 fails — Bans off-shore drilling; eliminates OMS merger; adjusts spill funding 
� GATX, Harbor Island Seattle (12/96) — 49,000 gallons of unleaded gasoline 
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Appendix 3 — Selected Spills in Washington State 
(Arranged by date) 

Incident Incident Name Total Quantity Spilled  Product Type 
Date (Gallons) 

03/10/1964 V-UNITED TRANSPORTATION BARGE 1,200,000 DIESEL FUEL 
04/26/1971 V-UNITED TRANSPORTATION BARGE # U 230,000 DIESEL FUEL 
01/01/1972 V-GENERAL M.C. MEIGGS 2,300,000 HEAVY FUEL OIL 
06/04/1972 V-WORLD BOND 21,000 CRUDE OIL 
01/10/1973 P-TRANS-MOUNTAIN PIPELINE 460,000 CRUDE OIL 
01/01/1978 V-BARGE 100,000 DIESEL FUEL 
12/31/1980 F-WHATCOM CREEK PENTA SPILL 20,000 OTHER OIL 
05/01/1981 V-ST. ANTHONY 2,000 CRUDE OIL 
09/23/1983 P-OLYMPIC PIPELINE 168,000 DIESEL FUEL 
03/20/1984 V-SS MOBIL OIL TANKER SPILL 200,000 HEAVY FUEL OIL 
11/28/1985 P-OLYMPIC PIPELINE 34,000 JET FUEL 
12/20/1985 F-CHEVRON BULK STORAGE TERMINAL 1,440 HEAVY FUEL OIL 
12/21/1985 V-ARCO ANCHORAGE 239,000 CRUDE OIL 
01/31/1988 V-MCN#5 BARGE 70,000 HEAVY FUEL OIL 
12/23/1988 V-NESTUCCA BARGE 231,000 HEAVY FUEL OIL 
02/25/1990 F-MANCHESTER NAVAL SUPPLY DEPOT 70,000 DIESEL FUEL 
03/27/1990 F-TEXACO REFINERY 130,000 DIESEL FUEL 
07/14/1990 F-PNW TERMINALS 30,000 OIL OTHER, TALLOW 
08/10/1990 F-CHEVRON RICHMOND BEACH PARK 176,000 OTHER OIL 
11/17/1990 F-PNW TERMINALS TALLOW SPILL 200,000 OIL OTHER, TALLOW 
01/06/1991 F-US OIL AND REFINING COMPANY 600,000 CRUDE OIL 
01/15/1991 P-TRANS MOUNTAIN 3,025 OTHER OIL 
02/22/1991 F-TEXACO REFINERY 210,000 CRUDE OIL 
02/28/1991 V-HANJIN CONTAINER 210 DIESEL FUEL 
07/22/1991 V-TENYO MARU 100,000 HEAVY FUEL OIL AND DIESEL 
12/11/1991 P-TRANS MOUNTAIN PIPELINE 3,528 CRUDE OIL 
03/07/1992 P-TRANS MOUNTAIN PIPELINE 2,100 CRUDE OIL 
06/30/1992 V-SUN ROSE 850 HEAVY FUEL OIL 
07/04/1992 T-TWIN CITY FOODS 100 DIESEL FUEL 
07/17/1992 V-SAMSON TUG 70 GASOLINE 
08/22/1992 F-WASHINGTON WATER POWER 370 DIESEL FUEL 
10/11/1992 V-ARCTIC ALASKA 30 DIESEL FUEL 
11/03/1992 P-CHEVRON PIPELINE 20,000 JET FUEL 
12/15/1992 V-ARCTIC ALASKA FISHERIES 500 DIESEL FUEL 
01/07/1993 V-ARCTIC ALASKA FISHERIES 800 DIESEL FUEL 
03/02/1993 V-F/V ROVER 495 DIESEL/LUBE OIL 
04/15/1993 V-USS CAMDEN 5,400 HEAVY FUEL OIL 
04/25/1993 F-PORT OF PORT TOWNSEND 900 DIESEL FUEL 
04/25/1993 V-NOSAC FOREST 6,260 HEAVY FUEL OIL 
05/04/1993 V-DUTCHIE C 60 DIESEL FUEL 
06/01/1993 F-PENINSULA FUEL 35 DIESEL FUEL 
06/03/1993 V-M/V CENTRAL 3,000 HEAVY FUEL OIL 
08/03/1993 V-GREAT PACIFIC 100 DIESEL FUEL 
08/05/1993 V-F/V EXCELLENCE 2,995 DIESEL FUEL 
08/05/1993 V-ARCTIC ALASKA 50 DIESEL FUEL 
08/08/1993 PACIFIC N. OIL 80 HEAVY FUEL OIL 
08/13/1993 V-F/V RADIO 360 LUBE OIL 
09/06/1993 V-STORMY SEA 30 DIESEL FUEL 
10/14/1993 V-TIDEWATER SPILL 3,295 DIESEL FUEL 
10/15/1993 V-F/V ANELA 50 DIESEL FUEL 
10/18/1993 F-US OIL 264,000 CRUDE OIL 
11/23/1993 V-WA D.O.C. 25 DIESEL FUEL 
11/25/1993 F-U.S. NAVY 560 DIESEL FUEL 
12/22/1993 V-USS NIMITZ 308 JET FUEL 
01/07/1994 V-ISLAND TUG 40 DIESEL FUEL 
01/10/1994 V-AN PING 6 2,771 HEAVY FUEL OIL 
01/25/1994 F-FOSS MARITIME 300 DIESEL FUEL 
01/30/1994 V-F/V TRIAL 40 DIESEL FUEL 
02/01/1994 V-USS CAMDEN 30 DIESEL FUEL 
02/15/1994 V-TUG DAUB 483 DIESEL FUEL 
02/15/1994 F-NORTHWEST ENVIRO SERVICES 5,500 DIESEL FUEL 
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Incident Incident Name Total Quantity Spilled Product Type 
Date (Gallons) 

05/10/1994 V-GOLDEN DAWN 85 DIESEL FUEL 
06/06/1994 V-USS SACRAMENTO 200 DIESEL FUEL 
06/14/1994 V-MATTHEW 50 GASOLINE 
06/29/1994 F-L.U. DRYDOCK 1,000 DIESEL FUEL 
07/18/1994 V-JOE C 700 DIESEL FUEL 
08/09/1994 V-USS ARCADIA 325 DIESEL FUEL 
09/11/1994 V-OMAR 200 LUBE OIL 
09/22/1994 V-J. MICHELLE 100 HYDRAULIC OIL 
10/15/1994 V-TYSON SEAFOOD 25 DIESEL FUEL 
10/15/1994 V-BRENEVA 500 DIESEL FUEL 
10/27/1994 V-USS SACREMENTO 3,700 JET FUEL 
11/05/1994 V-F/V SITKOF 100 DIESEL FUEL 
11/13/1994 V-NOAA 80 DIESEL FUEL 
12/17/1994 V- JUPITER 50 DIESEL FUEL 
12/31/1994 V-CROWLEY BARGE 101 26,900 DIESEL FUEL 
01/11/1995 F-BAINTER RANCH 300 DIESEL FUEL 
01/20/1995 V-POLAR CUB 200 DIESEL FUEL 
01/25/1995 V-U.S. NAVY 2,520 JET FUEL 
01/25/1995 F-JOHNSON CONTROL 50 HYDRAULIC OIL 
01/26/1995 V-TRIPOLI 30 DIESEL FUEL 
01/27/1995 F-WEYERHAEUSER, LONGVIEW BUNKER SP 1,000 HEAVY FUEL OIL 
01/30/1995 V-DAPHNE 400 DIESEL FUEL 
02/10/1995 V-IMCO CONST. 37 DIESEL FUEL 
02/17/1995 V-NX PRESSION 250 DIESEL FUEL 
02/20/1995 TACOMA SCHOOL DISTRICT 50 HEAVY FUEL OIL 
02/23/1995 V-CATHERINE 200 DIESEL FUEL 
02/26/1995 V-USS-NIMITZ 100 DIESEL FUEL 
04/22/1995 V-MARTINIQUE 55 DIESEL FUEL 
05/24/1995 V-A. KOLLONTOY 100 DIESEL FUEL 
06/02/1995 V-N. VICTOR 30 DIESEL FUEL 
07/16/1995 V-BETTY JEAN 25 DIESEL FUEL 
07/18/1995 V-RYBAKCAUTOKY 100 DIESEL FUEL 
08/09/1995 V-GASTELLO 50 HEAVY FUEL OIL 
08/13/1995 F-DISTINCTIVE PROPERTIES 30 DIESEL FUEL 
08/19/1995 V-PELICAN 40 GASOLINE 
09/14/1995 V-DAVID R. RAY 50 DIESEL FUEL 
09/14/1995 V-SEA NEST 75 DIESEL FUEL 
09/29/1995 V-DIANE 50 DIESEL FUEL 
10/21/1995 F-SR 509 'D' STREET POND 50 HEAVY FUEL OIL 
10/31/1995 F-TOSCO 85 CRUDE OIL 
11/12/1995 V-OMAR 120 DIESEL FUEL 
01/04/1996 V-MUSKRAT 30 HYDRAULIC OIL 
01/05/1996 V-COMMODORE 241 DIESEL FUEL 
01/06/1996 F-U.S. OIL 25 CRUDE OIL 
01/14/1996 F-SNOQUALMIE PASS OIL TANK 200 HOME HEATING FUEL 
02/06/1996 V-TANKER NEPTUNE 378 DIESEL FUEL 
02/21/1996 V-REBEL 50 DIESEL FUEL 
02/28/1996 V-BERNERT BARGE 308 DIESEL FUEL 
03/23/1996 P-OLYMPIC PIPELINE 1,561 DIESEL FUEL 
03/25/1996 V-NORTHERN LADY 450 DIESEL FUEL 
04/16/1996 V-POLAR QUEEN 37 DIESEL FUEL 
04/20/1996 T-WIND RIVER TRAIN DERAILMENT 65,000 DIESEL FUEL 
04/21/1996 F-ROCK ISLAND SPILL 700 OTHER OIL 
04/22/1996 V-ISSWAT 35 DIESEL FUEL 
05/06/1996 F-WAPATO RANCH 4,000 HOME HEATING FUEL 
05/15/1996 V-EXPEDITIONS 3 100 DIESEL FUEL 
06/11/1996 V-U.S. NAVY 70 JET FUEL 
06/17/1996 P-OLYMPIC PIPELINE 1,500 DIESEL FUEL 
12/06/1996 F-GATX HARBOR ISLAND 49,000 GASOLINE, UNLEADED 

This table lists all spills analyzed in this report.  Also included are additional spills which included 
non-petroleum products or for which agency data is incomplete. 

Oil Spills in Washington State: A Historical Analysis Page 49 



Appendix 4 — Legend for Map:  Spills Over 10,000 Gallons 
(Ranked by spill size) 

Incident Incident Name Total Quantity Spilled Product Type
Date (Gallons)

1 01/01/1972 V-GENERAL M.C. MEIGGS 2,300,000 HEAVY FUEL OIL 
2 03/10/1964 V-UNITED TRANSPORTATION BARGE* 1,200,000 DIESEL FUEL 
3 01/06/1991 F-US OIL AND REFINING COMPANY 600,000 CRUDE OIL 
4 01/10/1973 P-TRANS-MOUNTAIN PIPELINE 460,000 CRUDE OIL 
5 10/18/1993 F-US OIL 264,000 CRUDE OIL 
6 12/21/1985 V-ARCO ANCHORAGE 239,000 CRUDE OIL 
7 12/23/1988 V-NESTUCCA BARGE 231,000 HEAVY FUEL OIL 
8 04/26/1971 V-UNITED TRANSPORTATION BARGE # U 230,000 DIESEL FUEL 
9 02/22/1991 F-TEXACO REFINERY 210,000 CRUDE OIL 
10 01/17/1990 F-PNW TERMINALS TALLOW SPILL** 200,000 OIL OTHER, TALLOW 
11 03/20/1984 V-SS MOBIL OIL TANKER SPILL 200,000 HEAVY FUEL OIL 
12 08/10/1990 F-CHEVRON RICHMOND BEACH PARK 176,000 OTHER OIL 
13 09/23/1983 P-OLYMPIC PIPELINE 168,000 DIESEL FUEL 
14 03/27/1990 F-TEXACO REFINERY 130,000 DIESEL FUEL 
15 07/22/1991 V-TENYO MARU +100,000 HEAVY FUEL, OIL & DIESEL 
16 01/01/1978 V-COLUMBIA RIVER BARGE*** 100,000 DIESEL FUEL 
17 02/25/1990 F-MANCHESTER NAVAL SUPPLY DEPOT 70,000 DIESEL FUEL 
18 01/31/1988 V-MCN#5 BARGE 70,000 HEAVY FUEL OIL 
19 05/08/1986 P-OLYMPIC PIPELINE 70,000 OTHER OIL 
20 04/20/1996 T-WIND RIVER TRAIN DERAILMENT**** 65,000 DIESEL FUEL 
21 12/06/1996 F-GATX HARBOR ISLAND 49,000 GASOLINE, UNLEADED 
22 11/28/1985 P-OLYMPIC PIPELINE 34,000 JET FUEL 
23 07/14/1990 F-PNW TERMINALS** 30,000 OIL OTHER, TALLOW 
24 12/31/1994 V-CROWLEY BARGE 101 26,900 DIESEL FUEL 
25 06/04/1972 V-WORLD BOND 21,000 CRUDE OIL 
26 11/03/1992 P-CHEVRON PIPELINE 20,000 JET FUEL 
27 12/31/1980 F-WHATCOM CREEK PENTA SPILL 20,000 OTHER OIL 
28 04/27/1980 V-WILLAPA BAY SPILL*** 20,000 OTHER OIL 
29 04/23/1974 P-TRANS MOUNTAIN PIPELINE 16,128 CRUDE OIL 
30 06/24/1990 V-SULAK 15,000 DIESEL FUEL 
31 02/07/1990 P-OLYMPIC PIPELINE 12,600 DIESEL FUEL 
32 08/12/1988 F-NAS WHIDBEY ISLAND 11,000 JET FUEL 
33 01/01/1991 T-MONITOR TANKER***** 10,000 GASOLINE 
34 03/28/1990 F-U.S. NAVY SUPPLY CENTER 10,000 DIESEL FUEL 

V = Vessel spill 
P = Transmission pipeline spill 
F = Facility spill 

+ The Tenyo Maru contained over 400,000 gallons when it sank, at least 100,000 gallons
    was released during the initial incident. 

The following spills were not included in the report analysis because: 
* the spill occurred prior to 1970.
** this was a non-petroleum spill.
*** there is inadequate spill information.
**** this was a land transport spill; considerably less than 65,000 gallons was actually released.
***** this was a land transport spill.

Other major spills will be added to this list as more information becomes available.  Additional major spills have occurred at Kalama 
Chemicals, the City of Tacoma’s power plant, US Oil in Tacoma, and on Whidby Island from an unknown source. 
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Appendix 5 — Ecology’s Regional Offices

Washington Department of Ecology 
Regional Office 24-Hour Oil and
Hazardous Materials Spill Reporting Numbers 

San 
Juan 

Clallam 

Jefferson 

Grays Harbor 
Mason 

Thurston 
Pacific 

Wahkiakum 
Cowlitz 

Clark 

Skamania 

Lewis 

Pierce 

King 

Skagit 

Snohomish 

Okanogan 

Chelan 

Douglas 

Kittitas 

Yakima 

Klickitat 

Franklin 

Grant Adams 
Whitman 

Lincoln 

Spokane 

Ferry 
Stevens 

Pend 
Oreille 

Island 

Benton Walla Walla 

Columbia 

Garfield 

Asotin 

Kits
ap

 Spokane 

Lacey 

Yakima 

Bellevue 

= 
Regional
Office 
location 

Whatcom
Northwest 

(206) 649-7000
TDD (206) 649-4259 Central 

(509) 575-2490
TDD (509) 454-7673 

Eastern 
(509) 456-2926
TDD (509) 458-2055 

Southwest 
(360) 407-6300
TDD (360) 407-6306 

Need to Know: 
Reporting Party 
Contact Phone(s) 
Responsible Party 

Material Released Quantity 
Location Concentration 
Dead/Injured Fish or Wildlife Cleanup Status 

Or call the state Emergency Management Division's 24-hour number at:
1-800-258-5990 or 1-800-OILS-911

For EPA and U.S. Coast Guard reporting, call the National Response Center at: 

1-800-424-8802 
Emergency numbers for other states and federal agencies: 
Idaho: Communications Center (208) 327-7422 Oregon: Emergency Management (503) 378-6377 
EPA Region X, Seattle: (206) 553-1263 British Columbia: Provincial Emergency Program (800) 663-3456 
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1. Introduction 
 

This analysis was prepared by The Goodman Group, Ltd. (TGG), a consulting firm 
specializing in energy and regulatory economics,1 on behalf of Oil Change International. 
Any findings, conclusions or opinions are those of TGG and the authors and do not 
necessarily reflect those of Oil Change International. 

The costs of crude by rail (CBR) accidents/spills can be very large. This analysis 
demonstrates that a major crude by rail (CBR) unit train accident/spill could cost $1 
billion or more for a single event. 

The following examples provide key support for our findings: 

1. The explosion, fire and spill of Bakken crude from a train derailment in Lac-
Mégantic, QC (2013): The Lac-Mégantic rail accident/spill will likely have costs in 
the order of $500 million to $1 billion. Costs/damages for a similar incident could 
have been substantially higher had it occurred in a more populated area. Lac-
Mégantic is also relevant in that it shows how an accident involving highly 
flammable light crude (such as the Bakken crude) can have devastating 
consequences even in a small town in terms of loss of human life and 
widespread explosion and fire damage to surrounding property. 
 

2. The spill of tar sands dilbit2 from Enbridge’s Line 6B in Marshall, MI (2010): This 
rupture had costs of about $1 billion for Enbridge. The spill volumes at Marshall 
were within the range of the amount of spill possible (and, in fact, substantially 
less than the maximum spill) if a crude by rail unit train released much of its 
cargo. Costs/damages for similar incident could have also been substantially 
higher had it occurred in a more populated area. Marshall is also relevant in 

                                            
1 www.thegoodman.com This analysis was co-authored by Ian Goodman and Brigid Rowan. 
2 Diluted bitumen. Raw bitumen (a very heavy asphalt-like crude produced from the Alberta tar sands) is 
diluted for the purposes of rail and pipeline transport. Bitumen is transported in various forms, including a) 
SCO (raw bitumen upgraded to light synthetic crude oil), b) raw bitumen mixed with a petroleum-based 
diluent (such as naphtha or condensate) to make it less viscous, or c) raw bitumen (no diluent). SCO and 
dilbit (diluted bitumen to pipeline specifications, 25–30% diluent) can be transported in standard (non-
coiled and non-insulated) tank cars and pipelines. Railbit (bitumen with 15–20% diluent) and raw bitumen 
can be transported in coiled and insulated tank cars (which are also sometimes used to transport dilbit). 
Keystone XL Draft Supplemental EIS, p. 1.4-49. Accessed October 30, 2013.    
http://keystonepipeline-xl.state.gov/documents/organization/205654.pdf  

http://www.thegoodman.com/
http://keystonepipeline-xl.state.gov/documents/organization/205654.pdf
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showing the high potential cost of dilbit spills into water (and rail lines are often 
highly proximate to water).3 

The AAR petition for rulemaking states:4 

AAR surveyed its members for information on derailments involving packing 
group I and II materials from '2004-2008. The derailments resulted in one fatality 
and eleven injuries, the release of approximately 925,000 gallons of these 
hazardous materials, and cleanup costs totaling approximately $63 million. 

The Village of Barrington petition for rulemaking responds:5  

Furthermore, while AAR claims that derailment costs totaled approximately $64 
million over the past five years, including equipment, lading, response and 
environmental remediation costs," [footnote 17 in original: March 9, 2011 Petition 
for Rulemaking letter to Dr. Magdy EI-Sibae from Michael Rush of the 
Association of American Railroads at page 2, footnote 7.] Petitioners question the 
accuracy of industry's cost-benefit claims. In reviewing the derailment cost chart 
at Attachment B of AAR's petition, PHMSA should note that there is no apparent 
accounting for costs associated with civil litigation in the wake of derailments. 
However, in the Cherry Valley/Rockford derailment, CN paid over $36 million in 
October of 2011 to settle a lawsuit brought by the family of only one victim. AAR's 
chart, however, reflects costs of only $8 million for that incident. [footnote 18 in 
original: At the very least, Petitioners believe it would make sense for the PHMSA 
to ascertain the costs stemming from civil litigation for the entire list of 
derailments incidents that the AAR provided to your office on March 9, 2011. 
Even if it doesn't yet completely balance the cost-benefit equation in favor of 
public safety, Petitioners would guess that the plaintiffs' bar would look forward to 
securing ever higher awards for future victims of derailments based on the public 
record demonstrating that industry chose to do nothing meaningful in terms of 
investing in a retrofit program of tank cars that are known to be dangerous and 
that are increasingly serving as a rolling pipeline for the ethanol and crude oil 
industries.] 

                                            
3 The discussion of the costs of the Lac-Mégantic disaster and the Marshall, MI pipeline rupture is partly 
based on excerpts from a TGG report filed as written expert testimony at Canada’s National Energy 
Board: 
“The Relative Economic Costs and Benefits of the Line 9B Reversal and Line 9 Capacity Expansion,” 
August 8, 2013, pp. 38-41. Accessed October 23, 2013. 
https://www.neb-one.gc.ca/ll-eng/livelink.exe?func=ll&objId=985663&objAction=Open  
4 See http://www.regulations.gov/#!documentDetail;D=PHMSA-2012-0082-0005 p. 2. Accessed October 
29, 2013. 
5 See http://www.regulations.gov/#!documentDetail;D=PHMSA-2012-0082-0006 p. 8. Accessed October 
29, 2013.  

https://www.neb-one.gc.ca/ll-eng/livelink.exe?func=ll&objId=985663&objAction=Open
http://www.regulations.gov/#!documentDetail;D=PHMSA-2012-0082-0005
http://www.regulations.gov/#!documentDetail;D=PHMSA-2012-0082-0006
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In fact, even a single accident relating to a crude by rail unit train can have dramatically 
higher costs than the costs taken into account in the AAR’s cost-benefit claims. As 
further explained in this briefing, this analysis will demonstrate that a major crude by rail 
unit train accident/spill, involving either dilbit or a very light crude such as Bakken, could 
cost $1 billion or more for a single event. 

We have limited our cost analysis to environmental and socio-economic impacts that 
directly affect economic activity and can be somewhat readily (albeit approximately) 
quantified using market economics. These costs escalate very quickly in more densely 
populated urban areas. Moreover, as we have witnessed firsthand in Quebec, in 
summer 2013, unconventional crudes (such as Bakken and dilbit) have hazardous 
characteristics (notably flammability), such that their unsafe transport can result in the 
loss of human life. We have not attempted to assign a cost to potential effects on 
human health and safety or to broader effects on ecosystems (notably residual effects).6 

As noted above, two relevant examples to support our findings that a single unit-train 
accident/spill could result in very large costs are the following: 

1. the explosion, fire and spill of Bakken crude from a train derailment in Lac-
Mégantic, QC (2013). 

2. the spill of tar sands dilbit from Enbridge’s Line 6B in Marshall, MI (2010). 

For each example, TGG will provide:  

1. description of the disaster; 
2. the cost and sources of the cost data;  
3. the relevance of the example to estimating the potential costs of CBR 

accidents/spills. 

 

                                            
6 Residual effects are those effects remaining after implementation of mitigation measures, such as 
emergency response and decontamination efforts. 
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2. Estimated Costs of the Crude by Rail Disaster at Lac-
Mégantic 

2.1. Description of Disaster 
 

According to the Transportation Safety Board of Canada (TSB), “[o]n July 6 2013, a unit 

train carrying petroleum crude oil operated by Montreal, Maine & Atlantic Railway 
(MMA) derailed numerous cars in Lac-Mégantic, Quebec, and a fire and explosions 
ensued.”7 

The train with five locomotives was pulling 72 DOT-111 tanker cars full of light crude oil 
from the Bakken shale play in North Dakota to the Irving Oil refinery in Saint John, New 
Brunswick. The train was operated by Montreal Maine & Atlantic Railway. The train 
broke away and derailed, unleashing an explosive ball of burning Bakken crude, which 
incinerated the downtown core of this small Quebec town.8 

Quebec’s Department of Sustainable Development, Environment and Parks reports that 
this rail accident released 6.0 million litres9 of crude oil into the environment (affecting 
soil, water and air).10 Among its other findings (as of October 28, 2013): 

A total of 7.7 million litres11 of crude oil were on the runaway MMA train 

from a total of 72 tankers, 63 spilled and 9 avoided spilling during the accident 

43 million litres of oily water have been recovered from Lac-Mégantic’s city 

centre (sewer system, lake, and grounds)  

52,000 litres of oily water removed from the nearby Chaudière River 

                                            
7 See TSB website, Railway investigation R13D0054. Accessed October 29, 2013.  
 http://www.bst-tsb.gc.ca/eng/enquetes-investigations/rail/2013/R13D0054/R13D0054.asp  
8 “Lac-Mégantic: What we know, what we don’t,” Montreal Gazette, July 22, 2013. Accessed August 2, 
2013. 
http://www.montrealgazette.com/news/M%C3%A9gantic+What+know+what+know/8626661/story.html  
9 Equivalent to 1.6 million gallons. 
10 See Quebec Department of Sustainable Development, Environment and Parks website, Train Accident 
in Lac-Mégantic (content in French: Ministère du Développement durable, de l'Environnement, de la 
Faune et des Parcs (MDDEFP), Accident ferroviaire à Lac-Mégantic),.Accessed November 8, 2013 
http://www.mddep.gouv.qc.ca/lac-megantic/index.htm; and  specifically 
Summary Table on quantities of oil estimated as of October 28, 2013 (Tableau-Synthèse: Estimation au 
28 octobre 2013 des quantités de pétrole brut léger impliquées dans l’accident à Lac-Mégantic) 
http://www.mddefp.gouv.qc.ca/lac-megantic/20131028-tableau-synthese-petrole.pdf 
11 Equivalent to 2.0 million gallons. 

http://www.bst-tsb.gc.ca/eng/enquetes-investigations/rail/2013/R13D0054/R13D0054.asp
http://www.montrealgazette.com/news/M%C3%A9gantic+What+know+what+know/8626661/story.html
http://www.mddep.gouv.qc.ca/lac-megantic/index.htm
http://www.mddefp.gouv.qc.ca/lac-megantic/20131028-tableau-synthese-petrole.pdf
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the oily water recovered has concentrations of oil ranging from 2% to 50%, and it 
is not possible to determine the exact amount of oil actually recovered. 

“The catastrophe killed 47 residents and levelled more than 40 buildings.” 12  

According to a September 11, 2013 TSB news release, “TSB test results indicate that 

the level of hazard posed by the petroleum crude oil transported in the tank cars on the 
accident train was not accurately documented.” The crude was “offered for transport, 

packaged, and transported as a Class 3, PG III product, which represented it as a lower 
hazard, less volatile flammable liquid.”13 

2.2. Costs and Sources of Cost Data 
 

The TSB investigation into the accident is still ongoing.14 It is still too early to know the 
final costs for this disaster (including decontamination, town reconstruction, economic 
recovery, and compensation for victims’ families); but TGG estimates these costs to 
be in the hundreds of millions (in the order of $500 million to $1 billion).  

Preliminary clean-up bills for damage to the town doubled in the weeks following the 
accident from $4 million to almost $8 million. The MM&A Railway stated at the end of 
July that it was unable to pay clean-up costs because it was not getting funds from its 
insurers. At the time, MM&A had outstanding bills for $7.8 million. MM&A also publicly 
raised the concern that it could go bankrupt.15 In response, the Quebec government 
ordered World Fuel Services Corp. to assist with the clean-up. World Fuel “purchased 

the oil from producers in North Dakota’s Bakken region, then leased and loaded rail 

                                            
12 McNish, Jacquie and Justin Giovanetti, “Oil Company Disputes Lac-Méganitc Cleanup Order,” Globe 
and Mail. Accessed August 4.  
http://www.theglobeandmail.com/news/national/oil-company-disputes-lac-megantic-cleanup-
order/article13518237/ 
13 “TSB calls on Canadian and U.S. regulators to ensure properties of dangerous goods are accurately 
determined and documented for safe transportation,” TSB News release, September 11, 2013. Accessed 
October 29, 2013.  
http://www.bst-tsb.gc.ca/eng/medias-media/communiques/rail/2013/r13d0054-20130911.asp  
The news release further explains that this misclassification may partly explain why the crude ignited so 
quickly following the rupture. 
14 See the TSB active investigation page for Lac-Mégantic:  
http://www.bst-tsb.gc.ca/eng/enquetes-investigations/rail/2013/R13D0054/R13D0054.asp.  
15 Blatchford, Andy, “Railway says it can’t pay for Lac-Mégantic disaster cleanup” 
http://www.theglobeandmail.com/news/national/mma-lays-off-nearly-one-third-of-quebec-workforce-
union/article13496970/#dashboard/follows/ 

http://www.theglobeandmail.com/news/national/oil-company-disputes-lac-megantic-cleanup-order/article13518237/
http://www.theglobeandmail.com/news/national/oil-company-disputes-lac-megantic-cleanup-order/article13518237/
http://www.bst-tsb.gc.ca/eng/medias-media/communiques/rail/2013/r13d0054-20130911.asp
http://www.bst-tsb.gc.ca/eng/enquetes-investigations/rail/2013/R13D0054/R13D0054.asp
http://www.theglobeandmail.com/news/national/mma-lays-off-nearly-one-third-of-quebec-workforce-union/article13496970/#dashboard/follows/
http://www.theglobeandmail.com/news/national/mma-lays-off-nearly-one-third-of-quebec-workforce-union/article13496970/#dashboard/follows/
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cars and arranged for their transport to an Irving Oil refinery in New Brunswick.”16 World 
Fuel is disputing the cleanup order. 

“In the end, says one expert in civil responsibility, taxpayers could be stuck with a 
bill in the hundreds of millions of dollars. 

Quebec law professor Daniel Gardner says he highly doubts MM&A has enough 
coverage to absorb the massive, combined financial liabilities of damages like 
environmental cleanup, emergency-crew salaries and lawsuits. 

In fact, he believes the Lac-Megantic derailment could have more financial 
consequences than any other land disaster in North American history. 

“The whole cost of this will be far closer to $1 billion than to $500 million,” said 

the Universite Laval academic, adding he would be surprised if the railway had a 
total of $500 million in coverage. 

“What will probably happen? ...The company will go bankrupt, insurance 
coverage won’t be enough.” 

Gardner expects governments will wind up covering the difference.17 

On August 7, 2013, MM&A filed for bankruptcy in both Canada (Quebec) and the US 
(Maine).18 

“It has become apparent that the obligations of both companies now 
exceed the value of their assets, including prospective insurance 
recoveries,” MM&A chairman Edward Burkhardt said in a statement 

Wednesday. 

Filing for bankruptcy is “the best way to ensure fairness of treatment to all 
in these tragic circumstances,” he said. 

The decision means the company will start a judge-supervised process to 
determine how much money will be paid to its various creditors. The 
process, which allows the company to tackle its unmanageable debt load 
and remain viable, can be lengthy and typically places secured creditors 
ahead of those seeking compensation through a lawsuit. 

                                            
16 See footnote 12. 
17 See footnote 15. 
18 Mackrael, Kim and Tu Thanh Ha, “MM&A files for creditor protection after Lac-Mégantic rail disaster” 
Globe and Mail. Accessed August 7.  
http://www.theglobeandmail.com/news/national/rail-company-involved-in-megantic-disaster-files-for-
bankruptcy/article13644535/#dashboard/follows/  

http://www.theglobeandmail.com/news/national/rail-company-involved-in-megantic-disaster-files-for-bankruptcy/article13644535/#dashboard/follows/
http://www.theglobeandmail.com/news/national/rail-company-involved-in-megantic-disaster-files-for-bankruptcy/article13644535/#dashboard/follows/
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MM&A’s insurance provider, XL Group, has so far declined to cover the 

cleanup bills, leaving the province to step in and pay more than $8-million 
to ensure the work continues. 

The court documents indicate that XL has no plans to contribute to 
continuing environmental recovery costs because it has decided to 
prioritize claims from victims affected by the disaster. MM&A’s insurance 

policy with XL covers the company for up to $25-million, according to the 
court documents. 

Because of the number of claims and the amounts being claimed, the 
insurer “cannot provide for payment of covered environmental cleanup 

costs to the detriment of the third-party claimants, especially where the 
amounts of the claims exceed the limit of the coverage,” the documents 

state. 

Based on the information provided above, the now bankrupt MM&A has liabilities in 
excess of assets, minimal insurance coverage ($25 million); and the insurer has so far 
refused to pay environmental cleanup costs.  

Ongoing squabbling has recently intensified between Quebec and the Canadian federal 
government over who should pay for the clean-up, economic recovery and town 
reconstruction. Quebec is insisting that the federal government pitch in more than the 
$60M they have committed to. In the October 2013 Throne Speech, the federal 
government promised to help more with decontamination and reconstruction but have 
yet to commit to an exact amount. 

The Quebec government has still not supplied the federal government with a cost 
estimate for the cleanup and reconstruction. Federal officials refuse to commit to a fixed 
amount without a final bill.19 

While MM&A is bankrupt, some $25 million in derailment insurance policy is earmarked 
by the US bankruptcy trustee for the victim’s families. There is a possibility that 

additional compensation could be obtained for the families from a second insurance 
policy or from the sale of the company’s assets, but these amounts are uncertain.20 
                                            
19 The Globe and Mail, “Throne Speech to promise help with Lac-Mégantic cleanup, but not a ‘blank 
cheque,’ insiders say,” October 15, 2013. 
http://www.theglobeandmail.com/news/politics/throne-speech-to-promise-help-with-lac-megantic-cleanup-
but-not-a-blank-cheque-insiders-say/article14883079/#dashboard/follows/  
20Montreal Gazette, “Quebec rail victims could begin to see compensation in mid-2014: U.S. trustee,” 
October 22, 2013. 
http://www.montrealgazette.com/business/Quebec+rail+victims+could+begin+compensation+mid2014/90
66861/story.html  

http://www.theglobeandmail.com/news/politics/throne-speech-to-promise-help-with-lac-megantic-cleanup-but-not-a-blank-cheque-insiders-say/article14883079/#dashboard/follows/
http://www.theglobeandmail.com/news/politics/throne-speech-to-promise-help-with-lac-megantic-cleanup-but-not-a-blank-cheque-insiders-say/article14883079/#dashboard/follows/
http://www.montrealgazette.com/business/Quebec+rail+victims+could+begin+compensation+mid2014/9066861/story.html
http://www.montrealgazette.com/business/Quebec+rail+victims+could+begin+compensation+mid2014/9066861/story.html
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Certainly, even individual victims of derailment have recently received compensation 
greater than $25 million,21 therefore higher compensation, if available, would be 
justifiable. 

On the decontamination costs alone there are a series of estimates: 

 In late July 2013, a Quebec-based Ecotoxicologist, Emilien Pelletier, estimates 
that the bill just for decontamination would be $500 million and that doesn’t 

include town reconstruction.22 
 

 In early August 2013, MM&A was reported to have estimated the 
decontamination costs at $200 million in court documents.23 

 
 In an October 2013 article, the Quebec government recently estimated the soil 

decontamination costs alone at $150 million.24 
 

Overall costs estimates vary from several hundred million dollars to $1 billion: 

 As indicated above, Quebec law professor, Daniel Gardner, estimated in August 
that the costs would far closer to $1 billion than $500 million.25 

 
 In September 2013, the Toronto Star reported that cleanup costs are pegged as 

high as $500 million by some estimates.26 
 

 On October 15, 2013, the Globe and Mail (Canada’s National paper), indicated 

that “[e]xperts and government officials expect that the bill will easily reach 
$200-million, and could even end up in the vicinity of $1-billion.”27 

 
In light of the above, it would appear that the minimum decontamination costs would be 
$200 million and the minimum total costs (decontamination, town reconstruction and 
                                            
21 See footnote 5. 
22 See http://www.ledevoir.com/environnement/actualites-sur-l-environnement/383941/blanchet  
23 See http://www.theglobeandmail.com/news/national/quebec-could-still-be-on-hook-for-cleanup-
bill/article13680378/#dashboard/follows/ and 
http://www.thestar.com/news/canada/2013/08/09/lac_megantic_cleanup_to_stretch_into_next_year.html  
24 See 
http://www.thestar.com/news/canada/2013/10/03/lacmegantic_ottawa_to_pitch_in_more_money_for_clea
nup_of_train_derailment.html  
25 See footnote 15. 
26 See 
http://www.thestar.com/news/canada/2013/09/24/lac_megantic_cleanup_quebec_asks_federal_governm
ent_to_share_bill.html#  
27 See footnote 19. 

http://www.ledevoir.com/environnement/actualites-sur-l-environnement/383941/blanchet
http://www.theglobeandmail.com/news/national/quebec-could-still-be-on-hook-for-cleanup-bill/article13680378/#dashboard/follows/
http://www.theglobeandmail.com/news/national/quebec-could-still-be-on-hook-for-cleanup-bill/article13680378/#dashboard/follows/
http://www.thestar.com/news/canada/2013/08/09/lac_megantic_cleanup_to_stretch_into_next_year.html
http://www.thestar.com/news/canada/2013/10/03/lacmegantic_ottawa_to_pitch_in_more_money_for_cleanup_of_train_derailment.html
http://www.thestar.com/news/canada/2013/10/03/lacmegantic_ottawa_to_pitch_in_more_money_for_cleanup_of_train_derailment.html
http://www.thestar.com/news/canada/2013/09/24/lac_megantic_cleanup_quebec_asks_federal_government_to_share_bill.html
http://www.thestar.com/news/canada/2013/09/24/lac_megantic_cleanup_quebec_asks_federal_government_to_share_bill.html
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economic recovery, and compensation for victims’ families) would be approximately 
$500 million. The total bill could escalate to $1 billion and beyond. The updated 
information is consistent with TGG’s August 2013 estimate from the NEB expert report: 

“It is far too early to know the final costs for this disaster but they are estimated 
to be in the hundreds of millions, and possibly exceed $1 billion.” 28 

2.3. Relevance of Lac-Mégantic to Estimating the Costs of CBR 
Accidents/Spills 

 

The Lac-Mégantic tragedy is directly relevant to an estimation of the costs of a major 
CBR accident/spill for the following reasons: 

1. It demonstrates the consequences of a CBR accident in a small town by a lake, 
thus proximate to people, water and economic activity. 

2. The Lac-Mégantic tragedy demonstrates the effect of a rupture of 63 tank cars on 
a unit train with a total of 72 tankers, all carrying Bakken crude. 

3. Bakken crude, which caused the explosion, is very light, and has hazardous 
characteristics (notably flammability).  

4. Rail is now transporting over 600,000 barrels per day (and over 60% of the total) 
from Bakken production.29 

5. More generally, the rapid expansion of CBR results from the rapid expansion in 
production and transport of unconventional crudes (Bakken and other light 
crudes from shale/tight oil plays and dilbit and other heavy crudes from Canadian 
tar sands).30  

                                            
28 See footnote 3, p. 39. 
29 See North Dakota Pipeline Authority website. Accessed October 30, 2013. 
http://northdakotapipelines.com/directors-cut/. 
Monthly Updates for April 2013-October 2013 (February 2013-August 2013 data), reporting transport by 
rail ranging from 600,000 to 700,000 barrel per day, comprising 61-75% of total Bakken production.  
30 To date, a sizable proportion of overall recent CBR activity relates to Bakken production. The Keystone 
XL Draft Supplemental EIS (KXL DSEIS) assumes that CBR could be rapidly expanded to transport 
expanded Canadian tar sands production of dilbit and other heavy crudes, so as to provide a viable 
alternative to expanded pipeline capacity. The KXL DSEIS analysis of tar sands CBR is flawed and 
potentially misleading because it assumes that CBR can be quickly and vastly scaled up, with no 
significant operating, logistical, economic or regulatory constraints. Nonetheless, some Western 
Canadian production is already being transported by rail into the US (including dilbit, railbit, and raw 
bitumen, from both tar sands and non-tar sands), and there is a potential for further expansion of CBR 
transport of unconventional Canadian crudes. 
See footnote 29; Titterton, Paul, Tank Car Update: Presentation to SWARS, February 28, 2013. 
Accessed October 30, 2013.  
http://www.swrailshippers.com/swars_pdfs/2013_gatx_presentation.pdf;  
(footnote continued on next page) 

http://northdakotapipelines.com/directors-cut/
http://www.swrailshippers.com/swars_pdfs/2013_gatx_presentation.pdf
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6. In addition to the devastation of the Lac-Mégantic town center, there has been 
significant release of crude oil (6.0 million liters or 1.6 million gallons) into the 
environment (affecting soil, water and air).31 

7. There are very serious concerns about who will bear the financial responsibility 
for the disaster. 

Although the Lac-Mégantic accident/spill was devastating and will likely have costs in 
the order of $500 million to $1 billion, it is nowhere near a worst-case scenario for a 
CBR accident.   

Costs/damages for a similar incident could have been substantially higher had it 
occurred in a more populated area. Lac-Mégantic demonstrates how an accident 
involving highly flammable light crude (such as the Bakken crude) can have devastating 
consequences even in a small town in terms of loss of human life and widespread 
explosion and fire damage to surrounding property. In an urban area, the effects of such 
an accident could be catastrophic and costs could easily escalate to the multi-billion 
dollar range.32 

                                                                                                                                             
(footnote continued from previous page) 
Keystone XL Draft Supplemental EIS, pp. 1.4-33 – 1.4-60. Accessed October 30, 2013.    
http://keystonepipeline-xl.state.gov/documents/organization/205654.pdf; 
Goodman, Ian and Brigid Rowan, Report evaluating the adequacy of the Keystone XL (KXL) Draft 
Supplemental Environmental Impact Statement (DSEIS) Market Analysis, April 22, 2013, pp. 33-50, 
Adobe pp. 267-284 
http://switchboard.nrdc.org/blogs/aswift/Comments%20of%20Sierra%20Club%2C%20et.%20al.%2C%20
on%20the%20Keystone%20XL%20DSEIS.4.22.13.pdf  
31 There have been concerns that the spill affected water quality and drinking water in Lac-Mégantic and 
nearby towns. Authorities continue to monitor water quality.  
“Government Examining Lac-Mégantic Health Risks,” The Record, July 31, 2013. Accessed August 2, 
2013. 
http://www.sherbrookerecord.com/content/gov%E2%80%99t-examining-lac-megantic-health-risks;  
see also footnote 10. 
32 In the context of the PHMSA rulemaking and elsewhere, some may submit that the Lac-Mégantic 
accident is an exceptional and possibly worst-case scenario that is unlikely to be repeated. And this 
particular accident certainly has some attributes that may be atypical or even unique. That said, this 
accident also occurred in a relatively small town. A similar explosion and fire in a more dense urban area 
could have had even worse consequences and higher costs. In an urban area, the particular factors in 
Lac-Mégantic (unattended train rolling down steep grades to crash at high speeds) may be far less likely 
to occur. On the other hand, in an urban area, there are other risk factors, such as increased danger of 
collisions with other trains (or other vehicles), as well as proximity to large populations and other 
infrastructure. 

It may also be pointed out that the Lac-Mégantic accident occurred in Canada and that the 
estimated costs are in Canadian dollars. But in fact, the Lac-Mégantic accident is very relevant for the 
US. First, US and Canadian dollars now have similar value, so the cost estimates for Lac-Mégantic 
accident would be similar if presented in US dollars. Second, the accident occurred very close to the US 
border, on a train that had originated in the US (North Dakota), traveled through numerous US states and 
cities, and would have again passed through the US (Maine) on its intended routing between Quebec and 
New Brunswick. 

http://keystonepipeline-xl.state.gov/documents/organization/205654.pdf
http://switchboard.nrdc.org/blogs/aswift/Comments%20of%20Sierra%20Club%2C%20et.%20al.%2C%20on%20the%20Keystone%20XL%20DSEIS.4.22.13.pdf
http://switchboard.nrdc.org/blogs/aswift/Comments%20of%20Sierra%20Club%2C%20et.%20al.%2C%20on%20the%20Keystone%20XL%20DSEIS.4.22.13.pdf
http://www.sherbrookerecord.com/content/gov%E2%80%99t-examining-lac-megantic-health-risks
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3. Estimated Costs of Enbridge’s Line 6B Spill in Marshall, MI  

3.1. Description of Disaster 
 

According to the NTSB, following its investigation of the Enbridge Line 6B Spill 
(emphasis added):33 

On Sunday, July 25, 2010, at about 5:58 p.m., a 30 inch-diameter pipeline (Line 
6B) owned and operated by Enbridge Incorporated ruptured and spilled crude oil 
into an ecologically sensitive area near the Kalamazoo River in Marshall, Mich., 
for 17 hours until a local utility worker discovered the oil and contacted Enbridge 
to report the rupture. 

The NTSB found that the material failure of the pipeline was the result of multiple 
small corrosion-fatigue cracks that over time grew in size and linked together, 
creating a gaping breach in the pipe measuring over 80 inches long. 

"This investigation identified a complete breakdown of safety at Enbridge. Their 
employees performed like Keystone Kops and failed to recognize their pipeline 
had ruptured and continued to pump crude into the environment," said NTSB 
Chairman Deborah A.P. Hersman. "Despite multiple alarms and a loss of 
pressure in the pipeline, for more than 17 hours and through three shifts they 
failed to follow their own shutdown procedures." 

[…] 

Over 840,000 gallons of crude oil - enough to fill 120 tanker trucks - spilled into 
hundreds of acres of Michigan wetlands, fouling a creek and a river. A Michigan 
Department of Community Health study concluded that over 300 individuals 
suffered adverse health effects related to benzene exposure, a toxic component 
of crude oil. 

Line 6B had been scheduled for a routine shutdown at the time of the rupture to 
accommodate changing delivery schedules. Following the shutdown, operators in 
the Enbridge control room in Edmonton, Alberta, received multiple alarms 
indicating a problem with low pressure in the pipeline, which were dismissed as 

                                            
33 NTSB Press Release, “Pipeline Rupture and Oil Spill Accident Caused by Organizational Failures and 
Weak Regulations,” July 10, 2012.  Accessed August 3, 2012. 
http://www.ntsb.gov/news/2012/120710.html  

http://www.ntsb.gov/news/2012/120710.html
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being caused by factors other than a rupture. "Inadequate training of control 
center personnel" was cited as contributing to the accident. 

The investigation found that Enbridge failed to accurately assess the structural 
integrity of the pipeline, including correctly analyzing cracks that required repair. 
The NTSB characterized Enbridge's control room operations, leak detection, and 
environmental response as deficient, and described the event as an 
"organizational accident." 

Following the first alarm, Enbridge controllers restarted Line 6B twice, pumping 
an additional 683,000 gallons of crude oil, or 81 percent of the total amount 
spilled, through the ruptured pipeline. The NTSB determined that if Enbridge's 
own procedures had been followed during the initial phases of the accident, the 
magnitude of the spill would have been significantly reduced. Further, the NTSB 
attributed systemic flaws in operational decision-making to a "culture of 
deviance," which concluded that personnel had a developed an operating culture 
in which not adhering to approved procedures and protocols was normalized. 

The NTSB also cited the Pipeline and Hazardous Materials Safety 
Administration's weak regulations regarding pipeline assessment and repair 
criteria as well as a cursory review of Enbridge's oil spill response plan as 
contributing to the magnitude of the accident. 

The investigation revealed that the cracks in Line 6B that ultimately ruptured 
were detected by Enbridge in 2005 but were not repaired. A further examination 
of records revealed that Enbridge's crack assessment process was inadequate, 
increasing the risk of a rupture. 

"This accident is a wake-up call to the industry, the regulator, and the public. 
Enbridge knew for years that this section of the pipeline was vulnerable yet they 
didn't act on that information," said Chairman Hersman. "Likewise, for the 
regulator to delegate too much authority to the regulated to assess their own 
system risks and correct them is tantamount to the fox guarding the hen house. 
Regulators need regulations and practices with teeth, and the resources to 
enable them to take corrective action before a spill. Not just after." 

As a result of the investigation, the NTSB reiterated one recommendation to 
PHMSA and issued 19 new safety recommendations to the Department of the 
Transportation, PHMSA, Enbridge Incorporated, the American Petroleum 
Institute, the International Association of Fire Chiefs, and the National 
Emergency Number Association. 
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3.2. Costs and Sources of Cost Data 
 

As of March 31, 2013, Enbridge indicated in its First Quarter Interim Report to 
Shareholders that the total clean-up for the spill is now estimated to cost approximately 
$1 billion. Enbridge’s civil penalty for the spill was only $3.7 million.34 Enbridge also 
points out that there is a possibility that the clean-up bill will continue to increase as the 
clean-up is still ongoing. 
 
No lives were lost, but as the NTSB citation above indicates: “over 300 individuals 
suffered adverse health effects related to benzene exposure, a toxic component of 
crude oil.” Furthermore, “[o]ver 840,000 gallons of crude oil - enough to fill 120 tanker 
trucks - spilled into hundreds of acres of Michigan wetlands, fouling a creek and a river.”  

3.3. Relevance of Marshall, MI to Estimating the Costs of CBR 
Accidents/Spills 

 

The Marshall, MI pipeline disaster is also highly relevant to an estimation of the costs of 
a major CBR accident/spill for the following reasons: 

1. It demonstrates the costs of a dilbit spill in an environmentally sensitive area 
(with wetlands and proximity to waterways and human population) in a non-urban 
area.35 Marshall, MI is not dissimilar to the many areas through which trains are 
also routed (along waterways in order to minimize elevation and through 
population centers throughout the US).  
 

2. The spill volumes at Marshall were within the range of the amount of spill 
possible (and, in fact, substantially less than the maximum spill) if a crude by rail 
unit train released much of its cargo. 840,000 gallons (or 3.3 million liters) were 
spilled at Marshall, the equivalent of the full cargo release of 27 tank cars 
(carrying 31,000 gallons) or 34 tank cars (carrying 25,000 gallons).36 With 

                                            
34 Enbridge First Quarter Interim Report to Shareholders for the Three Months Ended March 31, 2013, 
Section 11 Contingencies, Adobe p. 67. Accessed August 3, 2013. 
See http://www.enbridge.com/InvestorRelations/FinancialInformation/InvestorDocumentsandFilings.aspx 
and then click on FIRST QUARTER REPORT under 2013. 
35 The population of Marshall is approximately 7,000. 
36 Maximum capacity per tank car typically varies between 25,000 and 31,800 gallons of crude, based on 
factors including maximum weight limits, tank car design, and type of crude. Capacity will generally be 
lower for heavy crudes (such as the dilbit spilled at Marshall), which weigh more per gallon than light 
crudes (such as the Bakken crude spilled at Lac-Mégantic). Likewise, capacity will be lower for tank cars 
(footnote continued on next page) 

http://www.enbridge.com/InvestorRelations/FinancialInformation/InvestorDocumentsandFilings.aspx
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transport by unit trains on the rise, and unit trains carrying up to 100+ tank cars, it 
would be possible for a unit train to spill significantly higher volumes than the 
840,000 gallons (or 3.3 million liters) released at Marshall. The 6.0 million liters 
released at Lac-Mégantic (almost twice the amount released at Marshall) provide 
support for this finding.   
 

3. In light of recent findings regarding the Line 6B spill, the EPA has recently 
expressed concerns regarding the additional impacts of tar sands crude spills 
(versus conventional oil), with a particular concern about spills on waterways.37 
 

Regarding the need for improved safety regulation for CBR, there are a number of 
regulatory lessons from the Marshall, MI rupture that should be considered: 

1. The NTSB investigation also clearly indicates that in the case of Enbridge, and 
with respect to the regulation of pipeline operators, “trust us” isn’t good enough. 

Chair Hersman has insightfully pointed out that “for the regulator to delegate too 
much authority to the regulated to assess their own system risks and correct 
them is tantamount to the fox guarding the hen house.”38 Chair Hersman’s words 

are even more relevant for the regulation of transport of hazardous materials by 
rail, which is in many ways both weaker and more fragmented than the regulation 
of liquid pipelines.39 
 

2. The NTSB investigation pointed out that the Marshall rupture was “a wake-up 
call” to industry, the regulator, and the public.” Enbridge knew for years that the 

                                                                                                                                             
(footnote continued from previous page) 
which have higher tare (unloaded) weights (such as those with heater coils and insulation, which are also 
sometimes used to transport dilbit).  
37 Comments of EPA on the Department of State’s Keystone XL Draft Supplement Environmental Impact 
Statement (DSEIS). Accessed October 30, 2013. 
http://epa.gov/compliance/nepa/keystone-xl-project-epa-comment-letter-20130056.pdf  
38 See footnote 33. 
39 As described in various other documents in the current proceeding, there is a long history of problems 
in regard to transport of hazardous materials (notably flammable liquids) by rail, with only a very slow and 
partial response to tighten standards to insure public safety. See Village of Barrington, Illinois and The 
Regional Answer to Canadian National (TRAC) - Petition for Rulemaking (P-1587); National 
Transportation Safety Board - Accident Report - Derailment of CN Freight Train U70691-18 With 
Subsequent Hazardous Materials Release and Fire Cherry Valley, Illinois June 19, 2009; and National 
Transportation Safety Board - Safety Recommendation - R-12-5 through -8, R-07-4 (Reiteration) 

In the case of liquid pipelines, the pipeline owner/operator is typically responsible for construction 
and operation of all facilities within its transport system that are handling hazardous materials (notably 
flammable liquids), including pipes, valves, and pumping stations. By contrast, in the case of rail, the 
railroads provide motive power and crews to move hazardous materials (notably flammable liquids) in 
tank cars which are typically owned, loaded, and unloaded by shippers and other entities besides the 
railroads. 

http://epa.gov/compliance/nepa/keystone-xl-project-epa-comment-letter-20130056.pdf
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pipeline was vulnerable; much as the rail industry knows that another CBR spill is 
only a matter of time.  

Although the Line 6B rupture caused widespread devastation to the Kalamazoo and 
surrounding wetlands and, at $1 billion in clean-up costs, holds the record for the single 
most expensive onshore spill in US history,40 it is nowhere near the worst-case scenario 
for a CBR disaster. Similar to the Lac-Mégantic tragedy involving a CBR release of 
Bakken, the costs/damages for a CBR dilbit spill could be substantially higher in a more 
populated area, and costs could easily escalate to the multi-billion dollar range. The 
clean-up of dilbit, especially in waterways is particularly problematic and expensive. 
Moreover, the condensate can be highly flammable when spilled and this flammability 
could have catastrophic consequences in a more densely populated area. 

 

                                            
40 See footnote 33. 
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4. Conclusion 
 

As the examples of the Lac-Mégantic CBR tragedy and the Marshall, MI pipeline rupture 
have demonstrated, a major CBR unit train accidents/spill could cost $1 billion or more 
for a single event. 

Unit trains now transport unconventional crude, including both dilbit and Bakken, 
through densely populated urban areas, and this form of transport is rapidly growing. An 
accident/spill in an urban area could damage and disrupt major infrastructure, result in 
serious and widespread water and soil contamination, and possibly cause loss of life.  
The costs of a major unit train derailment in an urban centre could easily escalate into 
the multi-billion dollar range. 
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A train that derailed and exploded in rural Alabama was hauling 2.7 million gallons of 
crude oil, according to officials.

The 90-car train was crossing a timber trestle above a wetland near Aliceville late Thursday night 
when approximately 25 rail cars and two locomotives derailed, spilling crude oil into the surrounding 
wetlands and igniting a fire that was still burning Saturday.

Each of the 90 cars was carrying 30,000 gallons of oil, said Bill Jasper, president of the rail company 
Genesee & Wyoming at a press briefing Friday night. It’s unclear, though, how much oil was spilled 
because some of the cars have yet to be removed from the marsh.

“Most of the cars did not spill all of the product that was inside it,” Don Hartley, a regional 
coordinator for the Alabama Emergency Management Agency, told the Los Angeles Times.

Emergency responders have to wait until the fire has burned out, Hartley said.

Hartley said that the marsh where the oil spilled is stagnant, so the oil hasn’t spread to other water 
systems. Scott Hughes, spokesman for the Alabama Department of Environmental Management, told 
The Times that responders had set up booms to absorb some of the oil. 

“Typically wetlands are a sanctuary for a variety of different types of aquatic species, so once we’re 
able to get in and assess environmental impacts, we’ll certainly look at any impacts to aquatic 
organisms and other types of wildlife,” Hughes told The Times.   

There are extensive wetlands near Aliceville, a town of about 2,400 in western Alabama, according to 
the state’s Forestry Commission website.

Hughes said Friday that a check of the water quality of the nearby drinking wells came up clean. The 
U.S. Environmental Protection Agency has been at the scene since Friday monitoring air quality in 
the region.

There are more than 100 people from various local, state and federal agencies surveying the scene, 
Hartley said.

Hartley said 21 cars were still in the marsh, but that most of the other cars had been moved back onto 
the track. The most damaged cars in the water will be removed last. The 60-foot-long, 10-foot-high 
wooden trestle, which also caught on fire, will have to be rebuilt. That will take about a week, Hartley 
said.
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The cause of the crash is under investigation, and will probably take weeks to determine. The train, 
which was en route from Amory, Miss., to Walnut Hill, Fla., was traveling below the posted track 
speed of 40 mph, according to Jasper. 

“No issues have been found with the performance of the train’s two-man crew,” reads a statement 
from the train company.

The track was last inspected Monday, and the most recent train to traverse the section of track where 
the crash occurred passed the site approximately 2.5 hours before the derailment, according to the 
statement. 

The explosion of an oil train in Lac-Megantic, Canada, in July has fueled criticism regarding the use 
of rail to move oil. Railroads are carrying 25 times more crude oil than they were five years ago. In 
that incident, a train with 72 tank cars carrying crude oil from North Dakota's Bakken Shale fields 
ignited an inferno in the city, The Times reported in September. 

Hartley said that the Alabama train probably originated from North Dakota.
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Executive Summary 
The Coal Industry's Threat to Fish and Communities in the Pacific Northwest
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THE TRUE COST OF COAL 

The era of Big Coal in the United States is on the

ropes. Over the last decade we have steadily reduced

our reliance on this dirty fuel, both because of its

impacts on public health and our global climate, and

because coal has been eclipsed by cheaper, cleaner

energy options. But despite the gains we have made,

the coal industry remains a political powerhouse that

isn’t going down without a fight: Peabody Energy,

Arch Coal, and the other mega-producers have now

set their sights on the Asian market, where pollution

and climate concerns have taken a backseat to a

rabid demand for cheap energy. 

In an irony lost on no one, the cheapest and fastest

route from the western coal fields of the Powder

River Basin goes straight through the Pacific

Northwest —– a region that is probably the most

environmentally conscious in the country. People in

the Pacific Northwest know how important a clean

environment is to their economy and quality of life,

whether that means healthy salmon runs or clean air

and water. Sportsmen, Tribes, and citizens

everywhere know they face a choice between those

values and the opportunity to become a stopover for

one of the world’s dirtiest industries: To date, Big

Coal has proposed at least six export terminals in

Washington and Oregon. If all of them are built we

could see 150 million tons or more of coal moved by

rail, barge, and tanker every year through those

states.

Until recently, coal exports weren’t even on the list

of people's concerns for the Columbia River, Puget

Sound, and the other rich but fragile fisheries in

Washington and Oregon. Decades of overfishing,

pollution and impassible dams took their toll, but

progress has been made in recent years as cities and

towns prioritize smart development, fish habitat is

being restored, Columbia River dams are allowing

more juvenile fish to pass and the Northwest’s

remaining coal plants are being shut down. Fishing

remains a multi-billion dollar industry in the region,

so when evidence surfaced that the world’s dirtiest

industry was planning an all-out blitz, residents

began to take notice and speak out. 

In The True Cost of Coal Exports, we examine the

likely impacts these projects would have on the

communities and ecosystems in their path, with a

focus on the danger posed to fisheries and the people

who depend upon them for their livelihoods,

recreation, and cultures. 
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The dangers the Pacific Northwest faces from

exporting coal include: 

• Diesel emissions and coal dust from mile-and-a-

half long rail cars would reduce air quality and

deposit toxic elements such as mercury into

waterways; 

• Port construction and a huge scaling up of barge

traffic would harm crucial fish habitat; 

• Burning more coal in Asia would drive global

warming, ocean acidification, mercury deposition,

and other crises that affect species like salmon

and steelhead that help power the economies of

Washington and Oregon.

We also peel back the curtain on the companies

behind the rush to export, and the lessons are clear:

Big Coal has razed, dynamited, and excavated

immense swaths of once-pristine areas like the

Appalachian Mountains and the Powder River Basin,

leaving behind a toxic legacy of pollution and

shattered communities. Not only is the mining

process a fundamentally destructive one, but, as a

whole, the coal industry has earned a reputation for

unscrupulous—and often illegal—behavior. As if the

point needed any emphasis, they have already

gotten off on the wrong foot in the Northwest,

deceiving regulators about the scope and size of

their latest export plans. It is the wrong industry, at

the wrong place, at the wrong time.

We have an opportunity to say “NO!” to coal, but it

will take a united effort by citizens, states, and the

federal government. So far the first two groups have

stepped up to the plate, with a growing coalition of

diverse Northwestern voices opposing the plans:

the health community, conservationists, tribes,

fishermen, faith leaders, elected officials and many

others. All agree that these proposals contradict

deeply held regional values, and come with too high

a price. As such, this report is a call to action for

Americans to stand up against Big Coal to protect

our natural resource legacy and public health.

But the local and regional voices may not be

sufficient to push back against the multi-billion

dollar expansion plans that Peabody Energy, Arch

Coal, and others are determined to push forward. 

Given the broad impact that increased coal

shipments will have, not only on the local

communities and the region’s critical natural

resources, but also on the global climate, national

scrutiny and oversight is essential. And national

leadership to pursue an alternate energy path for

our country is urgent. We lack crucial data on these

issues, and National Wildlife Federation recommends

a series of policy steps to ensure that we know the

full extent of these proposals’ impacts on our

environment and public health. A full list of

recommendations can be found at the end of 

this report.

P
ow

er
 P
as
t 
C
o
al



INTRODUCTION
Here’s the very good news: In the United States,

we have steadily reduced our dependence on coal.

In 1988, coal-fired power plants supplied 57

percent of the nation’s electricity.1 At the end of

2011, it had dropped to less than 40 percent.2

Coal will assuredly continue to decline as a

domestic energy source, for good reason: it is a

dirty fuel, with destructive impacts that harm

our health, poison our waters and foul our air. 

A national movement that includes scientists,

health care professionals, sportsmen, Tribal

leaders, elected officials from both major parties,

parents and business leaders are demanding that

we replace coal with smarter, more modern, and

less caustic energy sources. New coal-fired power

plant construction is at a virtual standstill, old

ones are slated for retirement, and more

renewable energy is coming online every day. 

As one top industry analyst astutely remarked,

“Coal is a dead man walking.” 

It’s not dead yet. The bad news is that the coal

industry is responding to this shrinking domestic

market by shipping more dirty fuel overseas,

especially to growing markets in China and India.

Some of the largest coal companies in the U.S.

propose building or expanding six coal ports in

Oregon and Washington, states that have

rejected coal for their own energy needs. (See

map, Page 16) 

These controversial proposals have opened a new

front in the coal wars. In addition to building or

enlarging ports in sensitive aquatic habitat, the

export plan includes a massive build-up of rail

traffic, ferrying tens of millions of tons of coal

annually from Wyoming and Montana, through

Idaho to ports along the Columbia River and in

Puget Sound. Mile-and-a-half long freight trains,

known in the railroad world as “black snakes,”

would leave a trail of coal dust, toxic pollution,

health problems and disrupted communities 

from Wyoming’s Powder River Basin to the

Pacific Ocean. 

The prospect of damaged fisheries, fugitive coal

dust and diesel from freight cars, and toxic

pollution from burning coal are all good reasons

to oppose these port expansion proposals, but

there’s more: burning coal is one of the world’s

biggest sources of carbon pollution.3 Carbon

dioxide is a heat-trapping gas when it lodges in

our atmosphere. Once there, it warms the planet

in much the way wearing a down parka on a warm

day will make you overheat. Carbon dioxide build-

up is one of the major contributors to higher

global temperatures, melting ice caps, and rising

seas that researchers have documented all over

the globe, and contributes to the strange weather

patterns that have escalated in the last century.

Our oceans are also absorbing carbon dioxide,

which is turning them more acidic and stressing

marine life. We can substantially reduce carbon

emissions using existing, affordable technologies,

but sending American coal to China is simply

outsourcing our pollution, and climate change

and toxic emissions don’t respect international

boundaries.

STO P P I N G  COA L  I N  I T S  T RAC KS  
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The fact is these coal expansion proposals

affect us all, whether we live near Puget Sound

or the Chesapeake Bay. It is an intensely local

issue for citizens who live where coal is mined,

transported and shipped. It is an issue for any

Pacific Northwesterner who values living in one

of the country’s greenest regions, home to

some of the nation’s most productive fisheries

and progressive energy politics. It is also a

national issue for those who care about an

energy future that does not include spewing

vast quantities of toxics and carbon pollution

into our planet’s atmosphere. 

Fortunately, these port expansion proposals are

by no means a done deal. There’s a growing

backlash to these plans from a wide swath of

Pacific Northwest residents and around the

nation, despite coal companies’ promise of a

relatively small number of permanent jobs and

additional tax revenues for the states. People

who are more accustomed to waiting for salmon

runs on riverbanks than “black snakes” at

railroad crossings are making their objections

known—from Bozeman, Montana to Bellingham,

Washington, from Sandpoint, Idaho to

Clatskanie, Oregon. Citizens are writing letters,

attending meetings, and voicing objections to

the proposals. Residents are asking why they

should support a commodity whose benefits to

the region are overwhelmingly outweighed by

its costs. 

This report details the main proposals to

expand ports and loading facilities in the Pacific

Northwest, and walks readers through the

plans, companies and concerns associated with

this new coal juggernaut. As we said in the

beginning, the good news is that a growing

number of Americans realize that a successful

future will require weaning ourselves off coal

while expanding our use of renewable and less

carbon-intensive energy sources. This report

will help you understand why these coal port

expansions are a bad idea, and what you can do

to help stop these black snakes from

multiplying.
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In March 2011, Washington Governor

Christine Gregoire announced plans to

close the state’s last coal-fired

electrical generating plant by 2025.

Citing a need to reduce pollution,

develop renewable power, and curb

the state’s greenhouse gas emissions,

the Governor joined state legislators,

labor unions, and conservation groups

to herald the end of the state’s coal

burning era. Responding to this radical

plan, Lou Florence, director of

TransAlta, the energy company that

runs the coal power plant in Centralia,

told the Centralia Chronicle:

“TransAlta supports the goal of a coal-

free Washington.” 

Oregon had already announced

plans to shutter the Boardman Coal

Plant by the end of the decade.

Boardman is the state’s only

remaining coal-fired power plant —–

and its largest single carbon polluter.

Instead of burning coal, officials

trumpeted that a biofuel refinery

would be built in Boardman, and will

make ethanol out of poplar trees,

wheat straw, and corn stalks. Governor

John Kitzhaber said the new plant

“will support the long-term

development of renewable energy

resources and boost economic rural

development.”

A deeply ingrained environmental

ethic runs through the Pacific

Northwest, like the Chinook and Coho

fingerlings that dart through its

waters. The region’s natural beauty

and bounty bestow both a source of

income and a sense of cultural identity

to its residents. Its lawmakers, citizens

and businesses emphasize smart,

green, long-term planning. The

politics, economics and industry of the

Pacific Northwest have been shifting

—– away from intense resource

extraction like clearcutting timber and

overfishing salmon, toward more

sustainable and viable long-term

stewardship. 

In contrast to these deep-rooted

values, Big Coal’s proposals to use

Oregon and Washington as conduits

for millions of tons of dirty fuel on

their way to Asian markets are

shocking. 

Part of what draws people to the

Pacific Northwest is a lifestyle linked

to clean creeks and streams, healthy

conifer forests, outdoor recreation

and an appreciation of its abundant

natural beauty. Places like Hood River,

along the Columbia, have become a

global destination for windsurfers, and

on a broader scale, consumer

spending on outdoor recreation

generated $256 billion in 2011,

supporting 2.3 million jobs in Western

States.4 Native tribes like the Lummi

and the Yakama, the Warm Springs

and the Nisqually, whose cultures are

inextricably entwined with the salmon

and shellfish of the region, see

troubling downsides to these

proposals. 

Another reason that opposition to

these proposals is fierce —– and getting

fiercer —– is that despite the region’s

environmental leadership today,

CHAPTER ONE 

Opening the floodgates to Big Coal undermines a region’s identity – and self-interest
Shadows over the Pacific Northwest
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there’s no question that the Pacific

Northwest’s fisheries have suffered

from past development. Salmon runs

are slowly being restored after dams,

overfishing and toxins depleted them,

yet many key species are still

endangered or threatened.

Ecosystems already struggling to

recover do not need the additional

stress of dredging, construction, tons

of coal dust, and more pollution from

coal combustion floating on the jet

stream from Asia to coat America’s

streams and soil.5

In a nutshell, here’s the irony facing

residents of the Pacific Northwest:

Just as Washington and Oregon are

winding down coal burning because of

a long list of environmental and health

impacts, coal companies want to use

the region’s railways, rivers and ports

to deliver millions of tons of a

pollutant that will haunt the region for

decades (see Impacts, Chapter 4). In

return, coal companies and their

partners are offering a few dozen

permanent jobs and some increased

tax revenue to offset the coal dust,

mercury poisoning, arsenic deposits,

congestion and noise that increased

rail traffic and port expansions will

spawn.

For many in the Pacific Northwest,

that’s a fool’s bargain, and people are

organizing to head off this bad idea

before it gathers too much steam.
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The Proposals
LONGVIEW, WA: The proposed
Millennium Bulk Logistics Longview

Terminal is located on the Columbia

River Estuary and would potentially

become a “mega-terminal,” the largest

West Coast export facility in the nation,

exporting up to 60 million tons of coal

a year.6 The estuary is important for

shallow-water salmon, smelt, and other

marine species.7 It is also near the

confluence of the Cowlitz River and the

Columbia; and the lower Columbia

River area has been identified as vital

habitat for a range of species, from

Dungeness crabs to sea lions, starry

flounder and shellfish like oysters,

clams and mussels.8 In addition, this

stretch of the river is a favorite for

sport anglers, especially during spring

and fall salmon runs, when hundreds of

boats converge upon this famous

fishing spot. 

The terminal is partly owned by Arch

Coal, one of the two biggest coal

companies in the U.S., in partnership

with the Australian company Ambre

Energy. The corporate entity created

by Ambre Energy is Millennium Bulk

Logistics, which got off on the wrong

foot when they lied about the size of

the project in their initial proposal,

withdrew their permit, and reapplied

after paying a fine (see Meet the

Players, page 18). 

CHERRY POINT, WA: The proposed
Gateway Pacific Terminal near

Bellingham, WA, could ship up to 54

million tons of coal per year. Seattle-

based SSA Marine joined Peabody

Energy, the country’s biggest coal

company, to promote this expansion in

Whatcom County. (The embattled New

York financing company Goldman

Sachs owns a portion of SSA’s parent

company.) SSA Marine already found

itself in hot water with Whatcom

County, when one of its contractors

cleared trees in a wetland without the

necessary permits (see page 20).

Located within the Cherry Point

Aquatic Reserve,9 this facility is near

one of the region’s most important

herring spawning grounds. Herring are

a key food link for marine species,

from Chinook salmon to killer whales,

and herring populations are already

under stress and declining.10 
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The Lummi Nation, whose lands border

the facility, holds treaty rights to the

fishing grounds in the area, and is

concerned about the impacts on those

legal rights.11 There is vocal opposition

from Bellingham residents, who fear

the port expansion will degrade their

quality of life. A report by Public

Financial Management, Inc. of

Philadelphia concluded that instead of

adding jobs, impacts on the city’s

image as a clean, healthy city could

harm job growth, drive away tourism,

and detract from investment.12

PORT OF ST. HELENS, OR: Near
Clatskanie on the Columbia River,

Kinder Morgan Energy Partners plans

a facility that could ship as much up to

30 million tons of coal annually

(received by rail from the Powder River

Basin in Wyoming and Montana).

To build this port, Kinder Morgan will

partner with a subsidiary of Ambre

Energy, the same Australia-based

company involved in Longview. As with

the Longview project, there are

allegations that information about the

project’s impacts have been kept from

the public. Oregon Gov. John Kitzhaber

warned that the terminal “should not

happen in the dead of night. We must

have an open, vigorous public debate

before any projects move forward.”13

PORT OF MORROW, BOARDMAN,
OR: Upstream from Port St. Helens on
the Columbia River, Ambre Energy is

planning another expansion —– this one

a transfer station that would off-load

coal from rail cars, load them into

barges, and take them downriver to St.

Helens. Another Ambre subsidiary, the

Coyote Island Terminal LLC of Salt

Lake City, is behind this proposal to

handle 8.8 million tons of coal per

year. The company’s own biological

assessment showed that port

construction and operations would

“result in unavoidable impacts to

protected species and critical habitat

as project activities take place.”14 In

April, Governor Kitzhaber sent a letter

to federal officials in charge of

approving the project, expressing

concerns about the “significant”

cumulative impacts of all the coal

projects and requesting a thorough

review.15

GRAYS HARBOR, WA: The proposed
expansion of the Port of Grays Harbor

in Hoquiam is near the Grays Harbor

National Wildlife Refuge, one of the

biggest staging areas for migrating

birds in the lower 48.16 Grays Harbor is

an important stopover for Alaska-

bound cruise ships, and residents

worry that increased coal traffic

(reports put the amount at 5 million

tons per year) will put a damper on its

ability to market its tourist trade. It is

also home to important and growing

runs of king and coho salmon during

fall migration.17

COOS BAY, OR: The Port of Coos Bay,
whose linchpin is wood products, has

announced it is in “discussions” with

coal developers. This plan, known only

as “Project Mainstay,” is shrouded in

secrecy but could bring 6-10 million

tons of coal through Coos Bay

annually.

Add it all up and Northwest ports

could be shipping over 150 million tons

of coal per year, a staggering number

that is deeply at odds with the region’s

ethos, economic aspirations, and

future dreams. 
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Fish, and fishermen, help define the

Pacific Northwest, like crabbers in the

Chesapeake, shrimpers on the Gulf

Coast, and lobstermen in Maine. The

salmon and steelhead that make their

improbable journey from the Pacific

Ocean, up the Sandy and the

Skykomish, the Willamette and the

Kalama, the Cowlitz and the Columbia,

and spawn as far away as Idaho’s

Salmon River are as much a part of

Oregon and Washington’s identity as

the rain that paints coastal conifer

forests into seas of misty green.

Commercial fishermen, professional

fishing guides, boaters, weekend

anglers, oyster farmers, clam diggers,

even the fishmongers at Seattle’s

famous Pike Place Market, all depend

on healthy fish and shellfish stocks to

support the local economy. Oceans,

estuaries, rivers, sounds, streams,

creeks and wetlands are vital parts of

the region’s employment —– and

enjoyment —– for millions of people in

our region. Recreational fishing

accounts for $2.7 billion a year to the

Washington and Oregon economies18 —–

in addition to the substantial

commercial fishing and aquaculture

industries. A 2011 report for the Seattle

Marine Business Association calculated

that the commercial fishing industry in

Washington alone contributed $3.9

billion to the state economy.19

In recent decades, the Northwest’s

aquatic abundance has declined as a

result of what fishing guide Bob Reese

calls “a thousand cuts.”20 (See “A

Guide’s Guide to Coal Exports,” page

12.) Dams, railroad construction, ports,

housing developments, toxins from

industrial waste, and even invasive

species have all combined to create

tough times for fish that live here.21

Herring, a “keystone species” that

salmon rely on, have been in steep

decline due to some of these stressors.

Not surprisingly, salmon populations

have been on a 160-year downward

trend and are now a fraction of historic

levels. Some salmon runs have slowed

to a crawl and others have disappeared

altogether.22

Expanding coal exports here will

make the difficult process of

restoration even harder. None of these

proposals will make life better for the

fish or the people who depend on them

—– for their livelihoods, for their

recreation, for their regional identity, or

for their peace of mind. 

CHAPTER TWO
What’s Fishy about Coal

Potential Impacts to Pacific Northwest Fish
When it comes to the Pacific

Northwest, the coal industry is rushing

to build without studying the full

consequences of their proposals.

There’s a big gap in our scientific

understanding of how our region’s

fisheries would be impacted by coal

mining, transport, and burning, and

common sense tells us to get this

information before deciding whether to

risk our vital natural resources.

Although data for Oregon and

Washington are hard to come by, case

studies of similar developments around

the world paint a troubling picture:

From the effects of coal dust on

mangroves near Cape Town, South

Africa23 to the adverse effects of coal

combustion on juvenile fish populations

in South Carolina,24 from studies of

juvenile salmonids and coal dust

dispersal in British Columbia25 to the

effects of fly ash dumping on algae off

England’s coast,26 these studies provide

insight into the impacts we may face in

the Pacific Northwest. 

Based on the knowledge available,

we are concerned about five major

potential impacts to our land, water,

and fisheries: (1) increased coastal

riparian and marine habitat

degradation from port expansions and

shipping traffic; (2) decreased water

quality from coal dust; (3) increased

mercury deposition from coal burning

and wind-driven transport; (4)

increased carbon pollution from coal

transport, export, and burning that is

driving dangerous climate-related

extreme weather nationally and

globally; and (5) increased ocean

acidity from coal burning.
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Increased coastal riparian and
marine habitat degradation from
port and rail expansions —– Human
development has squeezed the

spawning grounds, estuaries, riverbanks

and creekside habitat of all salmon

species.27 Each port expansion would

require dredging, filling, new pylons, 

and shoreline grading. 

• In the lone biological assessment

prepared for any of these proposals

to date, numerous ill effects were

catalogued for the Morrow Pacific

project in Boardman. For example,

“The proposed construction at the

Port of Morrow will involve piling

installation using vibratory and

impact hammers, which produce

sound levels above the thresholds 

for fish disturbance and injury.”28

Construction would also result in

increased water turbidity and possible

toxic discharges.29 And an expected

doubling of barge traffic would raise

the incidence of fuel leaks, wake

strandings, noise disturbance,

sedimentation, ship strikes, and a

host of other threats to Columbia

River fish.30 Closer to the mouth of

the river and the Pacific Ocean,

marine mammals like orcas would be

put in harm’s way from possible

strikes by barges and tankers.31

• Just across the Canadian border from

the proposed Cherry Point export

facility, dredging and filling for port

construction at the Roberts Bank

terminal (below) resulted in loss of

cobble beach and sandflat habitat,

conversion of shallow-water to

deepwater habitat, and drying of

moisture-dependent eelgrass

habitat.32 Some of these areas are

now unusable by fish such as juvenile

salmonids, which prefer shallow-

water habitat, while further research

is needed to examine changes to

feeding habits and migration routes

as a result of dredging and filling.33

• Increasing rail traffic along the

Columbia River will require additional

construction of rail lines, turnarounds,

and passing loops long enough to

allow trains operating on a single

track to pass each other. There have

been at least 30 coal train

derailments in the U.S. since 2010

alone, raising the specter of massive

coal contamination into river

systems.34 With increased rail traffic,

an increase in fuel spills is also likely,

which would further damage habitat.

• More exports means more tanker

traffic, raising the risk of invasive

species. In fact, a few hundred miles

down the Pacific coast, San Francisco

Bay has some of the highest levels of

non-native species in the world: 85

invasives total, two-thirds of which

are considered “harmful.”35 In that

ecosystem, animals like the Chinese

mitten crab were introduced by

ballast water discharges, and now

pose a risk to native fish (juvenile

salmon are a major prey species for

the crabs).36

Decreased water quality from coal
dust —– Nobody can predict the exact
amount of coal dust that will enter

Pacific Northwest watersheds as a

result of these proposals, but the

evidence doesn’t look good. According

to BNSF Railway, a major railroad

company that transports coal from the

Powder River Basin, fugitive coal dust is

a significant problem for its track

maintenance.37 BNSF has estimated that

each coal car loses between 500 and

2000 pounds (1/4 ton to 1 ton) during

rail transit.38 In scientific studies, coal

dust has been shown to have a host of

biological effects to the marine

environment:39

• A study of juvenile Chinook in British

Columbia found that exposure to the

polyaromatic hydrocarbons (PAHs)

found in coal dust increased the

expression of certain genes that play

“crucial roles in cellular metabolism,”

one of which can convert cancer-

causing substances found in PAHs

into active carcinogens.40

• Coal can physically damage fish

habitat: Off the coast of England, a

study showed that coal dust and fly

ash dumping reduced light

penetration and inhibited the growth

of algae and bottom-dwelling plants

and animals.41

• In the marine sediments adjacent to

the Westshore Terminals coal facility

on Roberts Bank, British Columbia,

the concentration of coal residues

doubled between 1977 and 1999.42
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Right: Wind kicks up a massive cloud of
coal dust at the Westshore Terminals
export facility in Vancouver, BC.
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Although not yet observed at this

site, the concern is that sediments

with high levels of coal will become

devoid of the oxygen that bottom-

dwelling plants and animals need to

breathe.43

Increased toxic deposition from coal
burning and wind-driven transport —–
Burning coal, whether in Centralia or

Beijing, releases not just greenhouse

gases but also poisonous substances

like mercury and arsenic.44 Toxic

chemicals from Asian power plants rise

on the winds and carry back across the

Pacific Ocean to land on the Pacific

Northwest: studies have placed nearly

one-fifth of the mercury in the

Willamette River, and 14% of the

mercury on Mt. Bachelor in central

Oregon, as originating from Asia.45

According to the U.S. Environmental

Protection Agency, “coal-burning power

plants are the largest human-caused

source of mercury emissions to the air

in the United States, accounting for

over 50 percent of all domestic human-

caused mercury emissions.”46 Mercury

from coal plants has huge impacts on

both land and sea.47 Mercury

accumulates in the food chain, affecting

not only fish but also fish-eating

mammals and birds. Mercury warnings

have become a part of modern life,

cautioning citizens (especially pregnant

women) to limit their consumption of

many marine and freshwater species

including swordfish, smallmouth bass,

yellow perch and tuna.48

Contributing to global climate
change —– Although the politics of
climate change are contentious, the

science is unequivocal: the human

activities of burning coal and other

fossil fuels are releasing vast amounts

of heat-trapping gases into our

atmosphere that have contributed to

increasing the average temperature of

the planet. The range of climate-related

problems is breathtaking: 

• Higher temperatures have already

contributed to sea level rise, melting

glaciers, and increased extreme

weather events like droughts,

hurricanes, and floods.49

• Rising temperatures are warming

rivers, contributing to the stress and

even causing die-offs of cold-water

fish like salmon and trout, particularly

in the summer months.50

• Climate change is disrupting

everything from bird migrations to

when farmers can plant their crops,

and evidence is mounting that

ecosystems and species are changing

rapidly —– and sometimes

disappearing as a result of these

rapid changes.51 For example, in the

Pacific Northwest in 2005, a three-

month delay to the normal start of

upwelling (a crucial marine process

that brings nutrients and food

sources such as plankton close to

shore) was associated with a number

of detrimental effects including low

survival of Coho and Chinook salmon,

complete nesting failure by the

seabird Cassin’s Auklet, and

widespread deaths of other seabirds

(common murres, sooty

shearwaters).52

Increased ocean acidity from coal
burning —– The rising acidity of our

oceans may be one of the most

devastating —– and underpublicized —–

effects of burning fossil fuels, with

serious consequences for salmon,

steelhead, and other anadromous

species. Use of fossil fuels, like burning

coal, releases massive quantities of

carbon dioxide (CO2) into our

atmosphere. The ocean absorbs much

of this carbon dioxide, initiating a

chemical reaction that changes the

ocean’s acidity: oceans are 26% more

acidic than they were at the dawn of the

Industrial Revolution.53 One local effect,

recently documented by a team of

Oregon State University researchers, is

that baby oysters in the Pacific

Northwest have been dying as a direct

result of higher concentrations of CO2.54

Furthermore, ocean acidification

directly affects the ability of mollusks,

corals, pteropods, and other organisms

to develop their shells and skeletons.55

In fact, the rate at which reef-building

corals produce their skeletons, the

ability of marine algae and zooplankton

to maintain protective shells, and the

survival of larval marine species are

reduced.56 These small creatures are an

important food source for salmon and

other fish, which are in turn food for

orcas, bears, and humans.57 Coal

burning therefore affects not just the

tiny creatures that salmon eat, but the

entire marine food web we all depend

upon. 

Although the United States has taken

some important steps toward reducing

our own carbon pollution, our credibility

is at stake: Sending U.S. coal to Asian

countries shows that we’re not serious

about putting the brakes on this dirty

fuel, and diminishes U.S. authority

during any future climate negotiations.
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A GUIDE’S GUIDE TO COAL EXPORTS

Sixth-generation Oregonian Bob Rees knows pushing more coal through the Northwest is a

dangerous idea. One of the most respected fishing guides in the region, Rees doesn’t pretend to be

a political activist who knows the ins and outs of energy politics. But he is a dedicated angler who

believes that if we don’t stop burning coal, there will be fewer fish to catch —– a nightmare

scenario for him. Rees, the executive director of the Northwest Guides and Anglers Association,

has cast up and down the Columbia River, its tributaries and estuaries since he was a kid growing

up near Tillamook. “It’s just in my blood,” he says. “Like a salmon, I’m drawn to the river.” 

Rees knows first-hand that salmon populations are

swimming a fine line between salvation and decline. He’s

watched salmon runs improve after the courts ordered new

flow and spill regimes for the dams a few years ago, and

lately he’s been buoyed by great spring and fall salmon runs.

But Rees also knows that salmon health remains in a

precarious state, due to a host of problems —– from dams to

diminished water quality to overfishing to disappearing food

sources. The scientific consensus that emerged from the

huge “Salmon 2100” project,58 Rees says, is this: “If we

don’t take some serious steps, some of these salmon are as

good as extinct.”

Plans to increase coal exports strike Rees as a serious step

—– in the wrong direction. Rees has heard people worry that

more coal trains might bring pollution from the coal dust

and diesel traffic, as well as construction in critical

shoreline fish habitat, but for him there’s one overarching

problem: the widespread burning of coal is turning the

oceans more acidic.

Anybody who has ever taken a high school chemistry class

knows that if you add carbonic acid to water, its pH will

decline and the water will become more acidic. That’s

exactly what happens when coal-fired power plants spew

carbon dioxide into the seven seas. “It doesn’t matter where

the coal is burned,” Rees says. “It’s having monumental

effects on the ocean.”

It’s also bound to harm the salmon and other species that

Rees and others depend on for the $2.7 billion dollar recreational fishing industry. Tiny

crustaceans, juvenile crab, and shrimp larvae are all having a tough time adapting to the rapid

changes in ocean chemistry. Those tiny marine animals are important food sources for the

salmon. “It’s happening at such a rapid rate,” Rees says. 

Rees says that many sportsmen already understand the problems that acid rain causes to lakes

and streams, but they need to realize that burning coal is one of the biggest reasons that oceans

are becoming more acidic. Encouraging more coal trains to pass along the Columbia River where

he’s been fishing his whole life just doesn’t make any sense to him. “We have to take care of our

side of the street, or we’re going to be largely responsible for the destruction of the species we

love the most,” says Rees. “It’s time to pay attention.” 
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The Salmon People’s Concerns
Northwest tribes’ concerns over the

coal port proposals echo many of the

others listed in this report, but there

are additional issues that directly

affect Native ways. If you’re wondering

if these proposals will have any effect

on Native life and culture in the

Northwest, consider the words of

Nisqually elder Billy Frank, Jr.:

“Pretend you’re a salmon.”

Pretend you’re a salmon that has

been struggling with dams, pesticides,

herbicides, nuclear facilities, mercury

contamination, barge traffic, diesel

pollution, overfishing, clear cutting,

piers and pylons, rock and metal rip-

rap from road and rail construction,

bridges, weirs, diversions, dredging,

dikes, warming water, acidification and

other indignities over the past century

and a half. 

Pretend you’re a salmon that has

noticed some recent improvements. A

dam gets taken down. A Native

hatchery helps your fry survive. A dike

is modified, a forest replanted, a

wetland restored, a spawning stream

becomes accessible again. The humans

that you share these rivers with

appear to be paying more attention to

what you need. Things seem to be

looking up.

Now, pretend you’re a salmon about

to face another onslaught: more

dredging, more coal dust containing

mercury and arsenic coating your

rivers, warmer water, more diesel,

more spills, more acid, more barge

traffic. More trouble ahead. 

The tribes of the Pacific Northwest

—– the “Salmon People” —– don’t need

to be told what a long and difficult

path they’ve trod to get to the point

where treaty language from the 1850s

actually began to mean something:  

These hard-fought treaty rights

mean much more than simply claiming

the right to fish.60 They mean that

Northwest tribes have the right to

have healthy populations of fish. They

mean the right to have fish that don’t

contain contaminants, and that are

suitable for subsistence, for

livelihoods, and for cultural practices.  

These treaty rights are again in the

cross-hairs, this time from industry’s

high-impact set of proposals that will

use the railroads and ports along the

region’s waterways to transport one of

the dirtiest commodities imaginable. 

The coal proposals will mean

ongoing habitat destruction, which the

tribes have long opposed and continue

to fight. In a July 2011 report from the

Treaty Indian Tribes in Western

Washington entitled “Treaty Rights at

The exclusive right of taking fish in all the
streams, where running through or bordering said
reservation, is hereby secured to said confederated
tribes and bands of Indians; as also the right of taking
fish at all usual and accustomed places, in common
with citizens of the Territory, and of erecting
temporary buildings for curing them; together with
the privilege of hunting, gathering roots and berries,
and pasturing their horses and cattle upon open and
unclaimed land. 

“

”
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Steelhead at Lucia Falls

—–Yakama Treaty of 185559
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Risk: Ongoing Habitat Loss, the

Decline of the Salmon Resource, and

Recommendations for Change,” the

first and most important point was

simple and direct: “Stopping habitat

degradation is the cornerstone of

salmon recovery.” As Mike Grayum,

executive director of the Northwest

Indian Fisheries Commission said,

“The problem here is that we’re losing

it faster than we can restore it.” 

There is more than just salmon

recovery at stake for Native peoples in

the coal debates. What is at stake is

nothing less than the tribes’ efforts to

find balance —– between humans and

other creatures that cohabit this

planet; between old ways and modern

times; between operating in the

United States’ political sphere and

maintaining tribal sovereignty. 

It is hard to list all the impacts these

proposals will have on Indian ways.

The impacts on treaty rights,

mentioned above, are paramount. But

tribes are also concerned about

impacts to cultural resources and

traditional cultural properties, access

to tribal fishing grounds, increased

barge and rail traffic that will impact

subsistence fishermen

disproportionately, and increased

mercury contamination in salmon,

which constitute a much higher

percentage of Native diets than

among non-Natives. While salmon are

critical, shellfish and the subsistence

gathering of wild foods are also

threatened by the cumulative effects

of more coal mining, transport and

burning.61

Increased rail traffic will make it

more difficult for Native fishermen to

access the river and will almost

certainly kill or maim more people in

rail accidents.62 Shellfish, filters of the

estuaries and coasts, will have to

contend with even more toxics and

particulates that may suffocate or

poison them. Even as tribes celebrated

the demolition of the Elwha and

Condit dams that might signal a

salmon renaissance, the herring

stocks they depend on face another

threat: the dredging, in-filling and

expansion at Cherry Point, in the

Lummi Nation’s backyard. The barge

traffic on the Columbia and on Puget

Sound, already impacting Native

fishermen, will increase many times. 

Tribes are at a legal and biological

crossroads in their efforts to recover

the salmon and sustain Native

cultures, and these coal expansion

plans spell nothing but bad news for

those efforts. Already, the Yakama

Nation has written extensive letters to

the Oregon Department of State

Lands and the U.S. Army Corps of

Engineers, outlining the tribe’s deep

concern over the wide-ranging

impacts of “'development' undertaken

in the name of immediate economic

gain and without regard for the long-

term consequences.” The Lummi

Nation is undertaking a

comprehensive review of the likely

impacts of more coal coming to the

region, and Merle Jefferson, Sr. of the

tribal council wrote in the Bellingham

Herald that the proposed development

“would substantially impact the ability

of Lummi fishermen to exercise their

treaty rights.”63 The Columbia River

Inter-Tribal Fish Commission, in a

letter to the Army Corps of Engineers

(the federal agency tasked with

oversight), voiced concern about the

multiple impacts from these projects,

saying that “the pressures on the

Basin fish will be substantial.” 

It’s clear that these coal export

proposals stand in direct conflict with

the time-honored Native worldview of

maintaining reverence for nature

while seeking a balance between

humans and non-humans. They

threaten to unravel many modern

Native achievements and aspirations. 

As Billy Frank said, “pretend you’re

a salmon.” But this time, make sure it’s

a salmon that can talk, write letters,

attend meetings, and press tribal

councils and other leaders to act. 
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“WE NEED TO START MAKING NOISE”

Bruce Jim is a veteran’s veteran of the Northwest’s salmon wars. As a kid, he’d fish the Celilo Falls

with his grandfather, Chief Henry Thompson, in the days before the Dalles Dam silenced the

legendary fishing grounds. As an adult, he’s fought for Native treaty rights, served as the past

chairman of the Columbia River Inter-Tribal Fish Commission, and still puts out his gill nets along

the river he’s fished his entire life. He says that to be honest, he had gotten used to the coal train

traffic that passes within 50 feet of his home and near his fishing sites, until one day a coal train

passed and was silhouetted by the sinking sun. In that backlight, Jim saw what looked like a gigantic

cloud of black, sparkly mist, and wondered, “What the hell is that?” Soon he realized what it was:

“Man, that’s a lot —– a lot —– of coal dust!” 

To Jim, a Warm Springs tribal elder who serves as a member

of the tribe’s fish and wildlife committee, adding even more

coal dust to the mix is what a bad idea looks like. It’s both a

tribal issue and a personal one. Jim has fishing rights at three

sites that are directly impacted by the proposed expansion of

the port near Boardman, where he lives. In late August every

year, Jim heads down to the beach and sets up his 300-foot

nets, anchoring one to the shore and one to a buoy in the

river. . Three hundred feet downstream, he repeats the set-up,

and then does it again. “Those sites will be wiped out

completely,” he says, which is exactly what happened to one

of his sites after a previous expansion at the Coyote Island

Terminal. 

Jim can’t see an upside in allowing more coal to pass along

the Columbia. The tribes have made great strides in restoring

habitat, not just for the salmon but also for other “First

Foods,” like deer and chokeberries, mountain sheep and wild

roots. The coal dust, he’s convinced, can’t be good for those

food sources, which are still vital to him and other tribal

members. “That’s what worries me,” he says.

What also worries him is the persistent cough he’s developed,

which he can’t swear is from the coal dust but sure makes

him wonder. “People are breathing this and don’t realize it,”

he says. “I never realized it until I saw it in that light.”

For Jim, the issue about whether government agencies

should approve these coal proposals boils down to the same

thing he’s been fighting most of his life: treaty rights. “All

these government agencies, they have a trust responsibility,”

Jim says. “Part of that responsibility means asking the

question, ‘how is this going to affect the tribes?’ I remind

them of that at every meeting.” 

He says that growing up, it was impossible to believe that places like Celilo Falls or Indian Head

Rapids could disappear. “Then, in a blink of an eye, it’s all gone.” The lesson that Jim takes from

those sad chapters in history is that it’s important to stand up before the damage is done, and get

loud. “When a baby makes noise, the mother is going to pay attention,” says Jim. “If nobody cries,

nobody will pay any attention.” Pausing to think about a message he wants to share with other

tribal members, he answers with conviction: “We need to start making noise.”



LONGVIEW:
Amount: Up to 60
million tons
annually. Developer:
Millennium Bulk
Terminals Longview
LLC, owned by
Ambre Energy and
Arch Coal Inc.

PLANNED PORTS OR P   

CHERRY POINT:  
Amount: 54 million tons

annually. Developer:

Peabody and Pacific

International Terminals,

a subsidiary of SSA

Marine.

PORT OF 
ST. HELENS:
Amount: 15-30

million tons

annually.

Developer: 

Kinder Morgan. 

PORT OF GRAYS
HARBOR: 
Amount: 5 million tons
annually. Developer:
RailAmerica Inc.
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COOS BAY 
(OR):  
Amount: 10 million
tons annually. 
Developer: unknown
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PLANNED PORTS OR PLANNED EXPANSIONS KEY

Proposed Coal Train Routes

Powder River Coal Basin

Towns within 10 Miles of Proposed Coal Train Route

million tons per annum 
5

80
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   LANNED EXPANSIONS 

PORT OF MORROW
(OR): 
Amount: up to 8.8 million

tons annually. Developer:

Ambre Energy.

The Powder River Basin
is one of the best
habitats for mule deer.
Biologists believe that
mule deer and their
habitats can be harmed
because of oil, gas and
mineral exploration and
extraction. An increase
in mortality, ingestion
of toxins, loss of
habitat, barriers to
migratory mule deer
that move from winter
to summer ranges, and
disturbance that
fragments and
degrades habitats have
the potential to affect
mule deer populations.
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The salmon and
steelhead runs on the
Columbia River are
legendary, with Spring,
Summer and Fall
Chinook, Summer
Steelhead, Coho and
Sockeye all offering
strong prospects for
sport fishermen,
commercial fishermen
and tribes. Despite the
relative health of these
runs there currently
exists thirteen separate
Columbia River salmon
and steelhead runs listed
as Threatened or
Endangered by the NOAA
Fisheries.
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One of the gifts of the Information

Age is that bad corporate citizens can

no longer hide as easily from their

records. Tricks that were successful in

the past, like creating shell companies

to duck responsibility, can now be

tracked back to their sources with a

couple of mouse clicks. Court

decisions, federal and state sanctions,

and ongoing lawsuits can be more

easily uncovered and shared. Ordinary

citizens can scrutinize companies to

see whether their promises square

with their past actions.

In the case of the companies

involved in the coal export expansions,

their track records leave considerable

doubt about their willingness to obey

environmental laws and be good

neighbors. The coal companies, their

subsidiaries, port owners, investors

and transportation outfits at the heart

of the Northwest’s coal export

proposals have a record of polluting

the communities where they operate,

exerting ruthless political clout to

reduce environmental and workplace

safeguards, settling lawsuits for

undisclosed millions of dollars without

admitting “wrongdoing,” and even

facing convictions for criminal

behavior. From their notorious

practice of mountaintop removal

mining to their support of groups that

seek to discredit climate scientists,

and even their disingenuous “clean

coal” campaign, Big Coal has a

disturbing legacy of environmental

degradation and scorched earth

political tactics. 

Jeff Goodall’s intrepid book Big

Coal: The Dirty Secret Behind

America’s Energy Future details

Peabody and other coal companies’

influence peddling —– and influence. In

2009, the coal mining lobby donated

more than $10 million to members of

Congress, according to the Center for

Responsive Politics.64 Two of the top

contributors were Peabody Energy

and Arch Coal. In 2010, they also spent

$6.5 million in reported lobbying

activity, mostly to counter efforts to

tighten pollution standards for power

plants.65

Like tobacco companies (see

sidebar Big Tobacco, Big Coal, page

21), the coal industry has spent

millions of dollars on disinformation

campaigns, including trying to

convince the public that “clean coal”

technologies were on the horizon.66

The truth is that carbon sequestration

techniques have never been

CHAPTER THREE
Meet the Players:  
Brought to you by the same people who…
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implemented at the scale necessary

for industrial coal-fired power plants

—– and none are likely to come online

anytime in the near future. Author

Goodall calls clean coal “one of the

great oxymorons of our time.”67

PEABODY ENERGY
Singer/songwriter John Prine

immortalized this company in his

song, “Paradise,” when he wrote about

how the company ravaged the

Appalachian countryside: “Mr.

Peabody’s coal train has hauled it

away.” The company —– the world’s

largest private sector coal firm —– has

a long history of strong-arm tactics

with its workers, countless safety

violations, and an unabashed abuse of

political donations and lobbying to

beat back environmental, health and

workplace safety laws.

Peabody and the coal industry have

a long history of funding concerted

efforts to discredit mainstream

climate change science. The company

has been a supporter of the American

Legislative Exchange Council (ALEC),

a powerful, behind-the-scenes group

that has worked to entrench climate

change denial in public school

curriculums.68 Peabody has also been

linked, through leaked emails and

memos, to organized efforts to “sow

discord” in regions that are trying to

limit greenhouse gas emissions from

coal-fired power plants.69

Peabody has repeatedly tried to

delay or eliminate rules that would

reduce the amount of toxic pollution

the industry emits. One infamous

memo to the former Peabody CEO

tries to discredit efforts to reduce

mercury, a potent neurotoxin. “Our

strategy in dealing with mercury has

been two-fold:” the memo explained.

“Prevent states from taking

precipitous or unwarranted action to

regulate mercury and engage in the

federal rulemaking to protect the

interests of coal-based electricity.”70

The federal Mine Safety and Health

Review Commission has repeatedly

found Peabody to be a leader in

violations, and in 2011 the MSHA

began fining Peabody for not

providing Peabody’s records for a

federal audit.71 According to the

company’s own annual report, it

received 3,233 notices of violations —–

about 9 per day —– from the federal

mine inspection agency, which

proposed nearly $6 million in fines for

Peabody.72 In March 2011, Peabody

settled a longstanding and bitter $600

million lawsuit with the Navajo Nation

over allegations that Peabody cheated

the tribe for years.73 The terms of the

settlement were not revealed.

ARCH COAL 
Arch Coal, the nation’s second-largest

coal company, purchased a 38 percent

stake in the proposed Longview Port

in early 2011. Arch has settled many

cases involving alleged violations of

the Clean Water Act in Virginia, West

Virginia and Kentucky, where they

practice “mountaintop removal”

mining, and has been involved in

repeated lawsuits regarding its failure

to clean up toxic runoff from its mine

sites.74 Some recent lowlights:

• In March 2011, the EPA and the U.S.

Justice Department announced that

Arch Coal would pay $4 million to

settle a Clean Water Act case.75

• In April 2011, the U.S. Department of

Justice filed suit against Arch Coal

Inc. to try to recover money the

federal Superfund program spent

cleaning up the company’s Cape

Girardeau site in Missouri.76

• In January 2012, Arch agreed to pay

a $750,000 fine to the federal

government and contribute $6.75

million to the West Virginia Land

Trust, to settle a suit over selenium

pollution.77
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AMBRE ENERGY 
The Australian-based company

purchased a majority stake in the

Longview Port, and owns parts of

other proposed Pacific Northwest coal

export expansion plans. Ambre and its

subsidiaries are already under fire for

their calculated attempt to deceive

local officials about the scope of their

plan at Longview: The company

originally asked Cowlitz County for a

permit to export 5.7 million tons of

coal, and received the permit in 2010.

When a coalition of environmental

groups challenged the permit,

company documents revealed their

real plans were to export 10 times that

amount —– up to 60 million tons per

year. Internal company emails

between Ambre executives indicated

that deception was part of the plan:

“Any expansion plans…should not be

made available to any outside party,”

read one leaked email.78 Another read:

“We are at too sensitive a juncture to

raise the plans to build a second berth.

The community is small and the risk to

the current permit path is too large.”79

The press also reported recently

that Ambre Energy is on shaky

financial footing, after losing a major

project in Australia that was rejected

by the local government after meeting

strong resistance from farming

communities. According to The

Australian newspaper, Ambre posted a

$24 million loss last calendar year

(2011).80

SSA MARINE
Seattle-based SSA Marine boasts that

the company and its affiliates

“operate more cargo terminals than

any other company in the world.”81

Apparently, though, bigger isn’t

always smarter: SSA also got off on

the wrong foot with its preliminary

work on the Cherry Point facility. After

a Whatcom County Councilmember

noticed some illegal clearing of a

wetland while he was walking his dog,

he traced it to an SSA Marine

contractor. At first, SSA denied doing

anything wrong, but when it became

apparent they didn’t have the required

permits, they admitted they had made

a mistake. The county fined them what

local advocates said was a laughable

amount: $4,200 —– a $2,000 fine and

$2,400 to cover county staff costs. 

For many people in the area, this

breach of trust warned of further

troubles ahead. “Their actions have

already spoken louder than their

words,” said Bob Ferris, Executive

Director of RE Sources for Sustainable

Communities, a local advocacy group. 

KINDER MORGAN 
Energy conglomerate Kinder Morgan

is behind the proposal to expand the

Port of St. Helens along the Columbia

River and ship up to 30 million tons of

coal to Asian markets. According to a

report by the Sightline Institute,

Kinder Morgan’s track record in the

Northwest and beyond “is one of

pollution, law-breaking, and cover-

ups.”82 The report details how Kinder

Morgan’s coal export facilities in

Louisiana, Virginia, and South Carolina

have contaminated local communities

with coal dust pollution, and shows

how Kinder Morgan officials have been

implicated in bribery scandals, theft,

lying to regulators, and managing

pipelines that have exploded and

leaked. And maybe Oregon should

expect much of the same: a company

spokesman told the Portland Business

Journal, “What we’re proposing is not

something we don’t already do.”83

Page 20
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BIG COAL AND BIG TOBACCO 

Whatever your opinion is about smoking, it’s obvious that the tobacco

industry has plenty of skeletons in the closet. Tobacco companies once

advertised the health benefits of cigarettes and spent millions

suppressing information about tobacco’s deadly effects. But after the link

between cigarettes and diseases became indisputable, including the

dangers of second-hand smoke, Americans responded. It took an all-out

fight to force companies to admit the medical facts about their product,

but the Surgeon General succeeded in putting a warning label on every

pack of cigarettes: “Smoking Causes Lung Cancer, Heart Disease,

Emphysema, and May Complicate Pregnancy.”

The similarities of coal’s story to the tobacco industry are eerie. The coal industry bills itself as a

cheap, abundant, domestic energy source, but as the health and environmental impacts of mining and

burning coal became clear (including causing some of the same diseases as cigarettes), Americans

began opposing new coal-fired plants and closing old ones. 

Like Big Tobacco, Big Coal isn’t going down without a fight. In April

2012, the coal lobby launched a $120 million, three-year, national

television campaign touting cheap electricity from coal, complete with

waving American flags and an ominous voice that warns, “The clock is

ticking, America.”84

Like Big Tobacco, coal wields enormous political influence. In 2011,

according to the Center for Responsive Politics, the coal lobby spent

$18.1 million in donations to Congress, while the tobacco industry spent

$17 million.85 Even more telling is how much these industries intensified

their lobbying to counter changing societal values: In 1998, when Big

Tobacco was fighting a landmark settlement case of more than $200

billion, it spent a whopping $65 million in lobbying.86 In the meantime,

Big Coal ramped up their lobbying efforts, from $2.1 million in 1998 to

$18 million in 2011. It’s one sure sign that coal is feeling the heat. 

Much like cigarettes harm our lungs, particulate from coal-burning power

plants infiltrates the air, causing hundreds of thousands of cases of

asthma and other respiratory diseases.87 One significant difference

between tobacco and coal, however, is that coal’s “second-hand smoke”

affects the entire planet. The equivalent of the Surgeon General for the

environment warns that coal is hazardous to our planet’s health —– in March 2012, the U.S.

Environmental Protection Agency (EPA) set new rules to discourage coal-fired electricity generation,

and a recent letter from the EPA to the Army Corps of Engineers (which is reviewing the Pacific

Northwest coal export proposals) noted that transporting coal through the Pacific Northwest “has

the potential to significantly impact human health and the environment.”88

Sound familiar? The stark

truth is that coal should

come with a warning label,

similar to those required

on cigarettes: Coal is

Hazardous to Our Health. 
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WARNING: Mining, transporting and burning coal can be harmful to your health.
Ingredients in coal can cause black lung disease, emphysema, birth defects, asthma,
heart attacks, and cancers. Pregnant women, children and the elderly are particularly
vulnerable to emissions from burning coal. Mammals, fish and other animals are
harmed by mercury and arsenic, two components released by coal burning.
Transporting coal by rail releases coal dust, produces diesel pollution, increases
congestion in rural communities, and delays emergency medical response times.
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CHAPTER FOUR 

Driving near the town of Sheridan,

Wyoming, visitors can see and feel the

impact of Big Coal at its biggest. Giant

dust plumes from blasting rise from

the plains, and a few gigantic coal-pit

crevasses are visible from the road,

tens of miles long and hundreds of

feet deep. A steady stream of coal

trains rumbles along tracks that

parallel the highway, sending 40

percent of the nation’s coal to far-

flung domestic power plants. 

This is the heart of the Powder

River Basin, a vast coal stronghold

straddling northeastern Wyoming and

southeast Montana. Bordered by the

Big Horn Mountains and the Black

Hills, interlaced by iconic western

rivers like the Yellowstone and the

Tongue, the Little Missouri and the

Platte, the nation’s top coal-producing

region has also created a monstrously

large problem for future generations

of people —– and wildlife. 

According to the Western

Organization of Resource Councils, the

problem with coal mining in the region

boils down to this: “Coal extraction in

the Powder River Basin is detrimental

to land, water, air and public health for

the communities and people that live

in and around coal production areas,

and leaves behind a legacy of reduced

productivity and waste.”89

The region’s high plains and rolling

hills, sagebrush flats and pine covered

ridges provide food and shelter for

mule deer and elk, sage grouse, wild

turkey and antelope. Sportsmen know

the Powder River Basin is one of the

most special and valuable places for

hunting in the nation, drawing

thousands of hunters every year. In

the river bottoms and valleys,

ranching communities struggle to

maintain traditions under increasing

threat from mineral extraction, as

water quality and quantity suffer with

Massive coal mines take their toll on wildlife, water, and wild places
Spotlight on the Powder River Basin:
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When humans began burning huge

amounts of coal to fuel the Industrial

Revolution in the 1800s, there were

few energy alternatives that could

power mass manufacturing, and little

was known about the effects of mining

and burning coal. Fast forward into the

21st century. Humans now know that

every step of the coal industry’s life

cycle comes with destructive side

effects to human health and to the

planet that sustains us. Today, many

alternatives exist to produce

electricity without burning coal: wind,

solar, sustainable biofuels, and natural

gas are just some of them. 

Some of the main impacts from

exporting coal through the Pacific

Northwest: 

MINING
Powder River Basin coal is a relatively

cheap, bulk commodity that sells for

an average of about $12-15 per ton,

according to the U.S. Energy

Information Administration.90 Vast

amounts need to be mined to be

profitable, and mining is an incredibly

destructive process, a massive

industrial operation that permanently

alters the terrain. Coal mining

contaminates groundwater, eats up

forests and prairie habitat, and

creates sacrifice zones where animals

can no longer survive, and where

humans are forced to relocate or live

with a profoundly altered landscape.

Furthermore, coal mining can cause

respiratory diseases, including black

lung —– not just in underground mines

but also at surface mines like those in

the Powder River Basin.91

RAIL TRANSPORT
If all of the industry’s proposals go

forward, exports to Asia would

increase by around 150 million tons

annually —– compared to just 3.8

million tons in 2009.92 Getting this

colossal amount from the Powder

River Basin to the coast means

railroads —– and lots of them. These

mile-and-a-half long coal trains will

shed toxic coal dust, belch diesel

emissions that damage ecosystems

and wildlife, and disrupt communities

along the way. Adding insult to injury,

rail lines would need to be improved,

and past experience has indicated that

taxpayers, not private companies, may

be left with the infrastructure bill.93

• Each coal train carries about 15,000

tons, usually in open cars that shed

coal dust en route to their

destinations. According to a report

by the Western Organization of

Resource Councils, about 10 coal

trains currently pass through the

region every day, but increasing

exports to the scale proposed by

industry would require at least a six-

fold increase in train traffic —– or 60

trains a day.94 (Keep in mind each

train has to travel to and from the

mines on each trip.) Because

conditions vary substantially, it is

difficult to assess the exact amount

of coal dust that floats away during

transport, but BNSF says it is

concerned about coal dust escaping

from loaded coal cars in transport

from the Powder River Basin to the

new terminals.95

Impacts 

every ton of coal that is extracted.

Coal bed methane, often linked with

coal production, has contaminated

groundwater to the point where

ranchers have infamously lit the water

from their faucets on fire. 

Much of the region has already been

transformed into an industrial

extraction zone scarred by enormous

strip mines and by oil and gas

development. Increasing coal exports

to Asia will only compound the

problems and hurt our chances for

protecting the vast open landscape of

prairies, rolling hills, wide, flat

streambeds and broad floodplains that

evokes the iconic West —– and

embodies the values of freedom and

opportunity that Americans have

come to associate with such places. 

The National Wildlife Federation and

other groups are fighting to put the

brakes on this runaway destruction,

including efforts to protect landscapes

from the proposed Otter Creek mine in

Montana, which, if it goes forward as

planned, would become one of the

biggest coal mines in the country.

What’s happening in the Pacific

Northwest has a direct impact on

wildlife in Montana and Wyoming,

because every port proposal that’s

stopped makes it that much harder for

Big Coal to increase mine production. 
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• Health professionals in the Pacific

Northwest and elsewhere have

catalogued a litany of negative

health impacts from diesel

particulate matter, including

impaired pulmonary development in

children, increased incidence of

asthma, higher cancer rates, more

heart attacks, and other diseases.96

• The World Health Organization

recently declared that diesel

exhaust (like the engine emissions

from coal trains) is carcinogenic to

human; of particular concern is its

link to lung cancer.97

• A less obvious impact from rail

transport is the increased noise

exposure for citizens living near

railroad tracks. Medical literature

shows that exposure to the kinds of

noise levels associated with

increased train traffic comes with a

price: high blood pressure,

cardiovascular disease and sleep

disturbance.98

• A train wreck in the Columbia River

Gorge in July 2012 resulted in the

derailment of 30 coal cars in Mesa,

Washington, spilling coal and

blocking a busy rail corridor. An

increase in rail traffic would almost

certainly lead to an increase in

these accidents.

• Many communities along the rail

lines already experience temporary

road closures when trains pass

through. A substantial increase in

rail traffic through these towns will

likely result in longer delays for

emergency medical treatment and

lost productivity for local

businesses.99

• Trains routinely kill and maim

people in accidents. According to

the National Transportation Safety

Board, in 2010 there were 813 rail

fatalities in the U.S.100

WATER TRANSPORT
Several of the coal terminal proposals

would increase barge traffic on the

Columbia River, and all of them would

result in more tanker traffic near

coastal zones. The Morrow Pacific

project in Boardman, for example,

would entail more than 5,000

additional barge trips per year (once

upriver, once downriver), a 94%

increase over 2010 levels.101 A

biological assessment prepared for

Ambre Energy and submitted to the

Army Corps of Engineers admitted

that “the proposed project will result

in unavoidable impacts to protected

species and critical habitat,”

potentially harming steelhead, salmon,

bull trout, green sturgeon, and dozens

of other fish and aquatic mammals.102

BURNING
The level of atmospheric carbon

dioxide has risen substantially over

the past 150 years, much of that from

burning fossil fuels like coal.103 Today,

coal-fired power plants account for

about one-third of energy-related CO2

emissions in the US.104

Burning coal, even overseas, has

three main impacts that should

concern Pacific Northwesterners: It

changes the ocean’s chemistry and

makes it more acidic (see What’s Fishy

about Coal, page 9); it releases

mercury and other toxic chemicals

that infiltrate the food chain, and it

contributes to a warmer planet that

creates more extreme weather events

and changes ecosystems so fast that

many species cannot adapt.
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A DOC’S VIEW

For Dr. Frank James, a Bellingham, WA family physician and San Juan County Health Officer,

an increase in coal exports will cause two certain side effects: an increase in disease, and an

increase in deaths. 

James has pored over the medical literature along with his colleagues in the “Whatcom

Docs,” a group of about 200 local physicians who are concerned about the health and safety

impacts of the Cherry Point proposal. They don’t like what they’ve found: Evidence points to

greater health problems for communities near coal export facilities or near rail corridors, and

James is calling for a comprehensive (and independent) Health Impact Assessment to drill

down on just how much port and rail communities would be

affected by the coal industry’s projects.

For James, the issue is both personal and professional. 

An asthmatic since he was a child (a condition he ascribes partly

to the fact that his father was a heavy smoker) James has seen

the effects of bad air on children’s lungs in his family practice.

Living with his family near the railroad tracks only increases 

his concerns.

What troubles James most is the increase of diesel particulate

matter that will be a certain by-product of four-engine rail

convoys coming through town, up to 20 times a day. Between

that and the increase of “Cape class ships” —– the world’s 

largest oceangoing vessels —– the amount of diesel pollution

around Bellingham will increase. “It will bring a dramatic drop 

in the quality of the air,” says James, “as well as the quality of

our lives.”

That in turn will affect the health of Bellingham’s residents,

especially the young, the elderly, and those closest to the tracks.

The Whatcom Docs have catalogued potential health impacts to

the community in four categories: diesel particulates, which

especially trouble James; coal dust; noise exposure; and delays

in emergency medical responses when train traffic shuts down

road crossings.105 Simply put, he says, “It’s not about ‘Jobs vs.

the Environment.’ Real people’s health will be impacted  —– our

patients and your families. Heart attacks, strokes, asthma and

many other conditions will become more common, and current

patients will be made worse.”

James and his colleagues have combed the peer-reviewed medical literature and made

inquiries to colleagues around the country. In Spokane, WA, James found studies that

indicated increased cancer deaths near the tracks. He phoned officials in Newport News, VA,

and found out that everything from asthma rates to property values have been affected by

the coal export facilities there.  

The Whatcom Docs include cardiologists, infectious disease specialists, radiologists, and

general practitioners, and they all agree: These projects would result in significant increases

of airborne pollutants from diesel engines and coal dust, would raise levels of noise pollution,

and would elevate the risk of vehicle and pedestrian injuries along the tracks. It’s a heavy

cost to pay, and one that would be borne by communities, not the coal industry.



Recommendations
Given the broad impact that increased

coal shipments will have, not only on

the local communities and the region’s

critical natural resources, but also on

the global climate, national scrutiny

and oversight is essential. And national

leadership to pursue an alternate

energy path for our country is urgent. 

THE NATIONAL WILDLIFE
FEDERATION CALLS ON
ELECTED OFFICIALS TO:

1. Require a thorough examination
of the climate impacts of an
expanded coal export market

(both in the Pacific Northwest and

elsewhere), and include these

considerations as part of any

environmental analysis evaluating

federal decisions involved in

exporting coal, extracting coal or

leasing federal lands for coal

development, given the evidence

at hand that we are nearing the

tipping point for disastrous

climate effects;

2. Require the U.S. Army Corps of
Engineers to complete a
comprehensive, area-wide analysis

to fully assess the potential

impacts —– including climate and

other factors —– from these port

and rail expansions; and ensure

that Endangered Species Act

consultation takes place with

federal wildlife agencies to ensure

that populations of salmon,

marine mammals and other

protected species are kept from

harm; 

3. Direct the National Academy of
Sciences to conduct a study on
the impact of major coal port

expansions (and associated

infrastructure such as rail

expansions) on terrestrial and

marine habitat, in particular that

of endangered and threatened

salmon species in the Pacific

Northwest;

4. Require federal and state
permitting agencies to fully
engage Tribes in the process of

analyzing these proposals; and

make sure that Tribal treaty rights

are upheld without exception. 
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CHAPTER FIVE 

Local, state and federal agencies will

be examining all of the port proposals

in the months and years to come.

There will be ample opportunity —– at

public meetings, “scoping hearings,”

public comment periods, and through

other forms of citizen involvement, to

influence their decisions. 

It won’t be easy to fend of the coal

industry. The companies involved know

how to play the political game at the

highest levels —– through political

contributions, lobbying efforts, high-

priced public relations firms, and other

tried and true methods of influence. 

But citizens around the country have

been successful in demonstrating to

their elected officials that coal is not a

welcome neighbor. New coal-fired

power plants have been stopped in their

tracks in dozens of communities around

the country, and groups around the

Pacific Northwest have formed to bring

persuasive local voices to the table. 

NWF is an active member of the

Power Past Coal coalition

(www.powerpastcoal.org), a regional

coalition of organizations working to

prevent the export of coal from the

Northwest. Major partners include

Climate Solutions, Columbia

Riverkeeper, Earth Justice, Sierra Club,

Washington Environmental Council,

and the Western Organization for

Resource Councils. In partnership with

the Power Past Coal Coalition, NWF is

Get Involved 
Top 5 reasons not to invest in coal export terminals

1. Coal kills —– The mining, transport and burning of coal impacts human
health, plants and animals, changes global ocean chemistry, and

contributes to the world’s increasingly extreme weather events and

changing climate. 

2. Coal has no place in the Pacific Northwest —– Oregon and
Washington plan to shut down their remaining coal-fired plants; the 

region is a leader in sustainable development and should not be used 

as a conduit for dirty coal.

3. Coal companies and their partners have been bad neighbors —–
The main players in the Northwest export expansions have a demonstrated

legacy of pollution, broken environmental laws, and ruthless business practices.

For Peabody, Arch Coal and the rest, their bottom line —– not good citizenship —–

is the most important thing.

4. Coal is dirty —– Humans were burning coal when horse and carriage transport

was commonplace and whale oil was still in widespread use. Many cleaner

energy options have been developed and continue to come online in the U.S.

and around the world. The future of the world energy economy lies in

renewables, not dirty fossil fuels.

5. Coal will harm economic development —– Negative impacts on salmon and
other species will hurt our fishing economy, and as the Public Financial

Management report showed in Bellingham, coal exports would box out other

industries like tourism.

focused on three areas that are

essential for blocking the plans of the

coal industry:

1. Prevent the permitting of new port
projects along the Columbia River

and Puget Sound that would be

needed to support increased coal

exports; 

2.Prevent expanded coal rail
infrastructure between Eastern

Montana and the Pacific coast, that

would cross pristine river valleys,

farms and ranches, and prime

hunting grounds; and

3. Prevent new coal mine leases in the
Powder River Basin.

To find out about current ways 

to have your voice heard on this issue,

go to: www.nwf.org/coalexports
where you’ll see a list of tools to help

you participate.

Perhaps the most important thing

you can do is let decision-makers know

that you’re paying attention. Write

your members of Congress, and tell

them that the country needs an

energy policy that moves away from

coal and other fossil fuels towards

more renewable, sustainable energy

and energy conservation strategies. 
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Thomas Boyd, The Oregonian

The New Dawn fuel barge ran aground in the Columbia River in
July 2009. Workers had to off load half the fuel before it was
able to continue. The official report of the response said that
"confusion" about who was in charge reigned in the early hours
after the spill.

New Dawn fuel barge ran aground in the Columbia River, response
was confusion, report says

Published: Sunday, June 20, 2010, 8:00 PM     Updated: Monday, June 21, 2010, 6:22 AM

 
By 

Scott Learn, The Oregonian 

When a fuel barge transporting a million

gallons of gasoline ran aground in the

Columbia River last summer there was a

"great deal of confusion" initially over who

was in charge, with agencies responsible for

containing a fuel spill left out of the loop for

hours after the accident, investigation

documents released by the U.S. Coast

Guard indicate. 

The New Dawn, a fuel barge owned and

piloted by Tidewater Barge Lines of

Vancouver, ran aground on an uncharted

mud shoal just off Hood River shortly after 3

a.m. on July 9. No fuel spilled during or after

the accident, and the Coast Guard and the

company, citing the soft river bottom and

the barge's double hull, judged spill risk as very low and treated the grounding as a relatively simple

"salvage operation." 

But spill response officials from Washington, Oregon and the U.S. Environmental Protection Agency

objected to that approach, saying in a debriefing weeks after the incident that they should have been

notified earlier and the response should have been more aggressive. 

"We have a protocol with the Coast Guard that vessel incidents that present a potential for spill should be

treated the same as an actual spill, and that didn't happen in this case," Ron Holcomb,  a spill responder

with the Washington Department of Ecology, said in a recent interview. "We don't see a barge soft

aground; we see a million gallons of gasoline in a place where it's not supposed to be." 

The 1,500-foot safety zone established around the 282-foot barge would have been too small if a leak

occurred, the spill response agencies said in the debriefing. The agencies were late to establish a unified
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command center, so Tidewater assumed "the primary leadership role" and set up the command center in

Vancouver rather than near the accident site. And there was "limited coordination between agencies on

response and management issues." 

The Coast Guard released the documents at The Oregonian's request, but only after it completed its

accident investigation. The documents underscore the complexity of spill response on the Columbia, which

relies on multiple federal and state agencies as well as local officials. 

Officials from Tidewater and the Coast Guard have since agreed to quickly notify the spill response agencies

even if there's only potential for a spill, Tidewater officials and regulators said. 

"Going forward if there's a fuel barge grounding the expectation is that immediately, in addition to a

salvage component, there has to be a spill prevention component," said John Pigott,  assistant to

Tidewater's president. "We're good with that." 

Tidewater is the primary carrier of petroleum products -- almost entirely gasoline and diesel fuel -- on the

Columbia east of Portland. The company says its safety record includes no tank barge fuel leaks in nearly 16

years, despite about 400 fuel tanker round trips a year. 

The New Dawn grounded at 3:15 a.m. while being pushed upriver to a fuel terminal at Pasco, Wash., by a

Tidewater tug operator who was preparing to move under the Hood River Bridge. It remained stuck for

about 36 hours, before Tidewater freed it by transferring about half its fuel load to another barge, a

process known as "lightering." 

Tidewater notified the Coast Guard 15 minutes after the incident, the investigation report indicates, scouted

the barge within half an hour and surveyed surrounding waters, finding no leaks or sheen on the water. 

But it took more than two hours to notify the states spill response agencies and more than three hours to

notify the EPA, the federal agency in charge of spill response on the Columbia above Bonneville Dam. 

Confusion about whether the Coast Guard or the EPA should take the lead complicated the response, all

the parties said. Frequent turnover among Coast Guard personnel also complicates coordinated spill

response; two of the Coast Guard's key responders on the New Dawn incident have already transferred to

other posts. 

A Coast Guard marine inspector and response personnel arrived on the scene at 8 a.m., about five hours

after the grounding, according to an incident timetable. The timetable says a structural analysis of the

barge was completed shortly after noon. "That's quite a bit of time that you're not 100 percent certain of

what the status of the vessel is," Holcomb said. 

Mike Zamperini,  a commander in the Coast Guard's Portland office, the inspection happened "fairly quickly"
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given requirements to check oxygen levels before entering the interior of the barge. 

At the time of the accident, the Coast Guard, Tidewater and the U.S. Army Corps of Engineers, which is

responsible for maintaining the Columbia's navigation channel, disagreed over whether the barge was in

the channel when it grounded. A marker buoy indicated the area was inside the river's shipping lane, but a

Corps spokeswoman said recently that the Corps still believes the barge was outside the official federal

channel. 

The charted depth at the site of the grounding was 29 feet, the Coast Guard documents say. The actual

depth was 7 feet. 

Pigott and Zamperini said the Coast Guard has since moved the buoy to steer ships away from the shoal.

The National Oceanic and Atmospheric Administration is working on updated river mapping, Zamperini

said. 

Richard Franklin,  EPA's Portland-based spill response coordinator, said the agency regularly drills with

barge companies, the Coast Guard and spill responders. The Coast Guard has already notified EPA more

quickly in subsequent incidents in the Columbia and off the coast, he said. 

"We're doing better at calling each other," Franklin said. "It's not perfect, but I think we're doing pretty

well." 

-- Scott Learn

© 2012 OregonLive.com. All rights reserved.
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River traffic resumes after barge accident but
threats remain

4th June 2011   ·   0 Comments

By Susan Buchanan
The Louisiana Weekly

Traffic on the lower Mississippi River restarted last Tuesday after a four-day closure caused by a Baton Rouge
barge collision. So if you scrambled up the levee last week to investigate the water’s height, you probably saw

tows pushing lots of barges again. Barges, however, remain a challenge for pilots to control in today’s fast

current.

Three grain barges sank in Baton Rouge on May 20, and they could remain under water for up to two months

until the river recedes, according to the U.S. Coast Guard. When the Baton Rouge stretch was closed recently,

shippers sending cargo upriver from New Orleans had to adjust by using rail or trucks, or they just waited until
the situation improved.

To understand what an errant barge is like, think of a frisky dog or toddler that suddenly tears away from your
family outing in the park.

Captain Mike Lorino, president of the Associated Branch Pilots in New Orleans, said “as far as ships are

concerned, we haven’t had any groundings or collisions on the Lower Mississippi this year. But tows are another
matter because they don’t have the power of ships, and if they get out of position they can’t recover in the strong

current.”

On May 20, the Crimson Gem, a 195-foot vessel pushing 20 barges of corn, collided with a sulfuric-acid barge
at the Rhodia Dock in Baton Rouge, according to Brian Dochtermann, spokesman for the U.S. Coast Guard’s

Marine Safety Office. The barges avoided hitting the neighboring Highway 190 bridge, he said. Three corn
barges sank, however. American River Transportation Co. or ARTCO, a subsidiary of Archer Daniels Midland

Co. in Illinois, owns the Crimson Tide.

“Luckily, there was no release of sulfuric acid,” Dochtermann, based in Baton Rouge, said. “No injuries, water,
or air pollution occurred, and the Coast Guard is investigating the incident.”

But, he said “because of the accident and extreme high water, vessel traffic southbound was closed for nine miles

from May 20 to 24–from mile markers 228 to 237 near the Highway 190 bridge.” The Coast Guard reopened
the waterway to southbound traffic last Tuesday afternoon, with some restrictions. And after the four-day

closure, downriver traffic was backed up by at least 50 towing vessels, pushing a large number of barges. Late
last week, river traffic remained log-jammed north of the sunken barges.

Dochtermann said last week “we have limited south and northbound, daylight operations now, and no vessel
traffic is allowed at night. Tow boats are allowed to push no more than twenty barges, and must operate with a
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minimum of 300 horsepower per barge for southbound transit.”

At Wilkinson Point north of Baton Rouge, at miles 232 to 237 on the river, special rules are in effect for

southbound pilots. They must use an assisting, towing vessel, with a minimum of 5,000 horsepower at the Point,
employ radar and radio communications, and coordinate their transit in that area with the Coast Guard’s traffic

service in New Orleans. Even under normal conditions, tow pilots are careful to avoid contact with loading
operations at river mile 234 at Wilkinson Point.

“We also have high water restrictions in force for barge fleeting areas, where barges are picked up and dropped

off in the river,” Dochtermann said. Restrictions depend on a facility’s location in the river, and on whether the
cargo is grains, chemicals or something else. “There are special restrictions on barge configurations in fleeting

areas now,” he said. “We can’t check that every barge is moored properly, but the marine industry does a good
job of policing itself in fleeting areas.”

Dochtermann said “when breakaways occur, we send someone to investigate whether there was neglect or

misconduct, and if there was, the Coast Guard takes action. Companies don’t want to go through that.”

ARTCO, the Crimson Tide’s owners, hired salvage firms McKinney Salvage & Heavy Lift in Baton Rouge and
Budwine & Associates in New Orleans to remove the three sunken barges—which are 70 feet, 90 feet, and 100
feet under water, respectively. “The barges are being monitored by the salvage companies daily with side-scan

sonar,” Dochtermann said. “They haven’t moved, and at this point are stationary.”

He continued, saying “their locations are not physically marked because of the strength of the current, but they’re
under enough water so that they don’t pose any threat to vessel traffic, and most mariners are probably aware of

them.”

Dochtermann said “the river’s current remains very fast at six knots, and the salvage operation probably won’t
take place until the current is moving at fewer than 3 knots,” something that may not happen for a couple of

months. “Our main concern now is the safety of the general public, the mariners and those who will be involved
in salvaging.“

River pilots are trained for water at all stages, said Captain Mike Lorino, president of the Associated Branch

Pilots in New Orleans. “We have a different river every year,” he said. “The last high-water event was in 2008,
and every year prior to that we had high-water conditions.”

Lorino said “during high water, ships moving downriver must have enough power to travel faster than the speed

of the current.” If the current is six knots, they must travel faster than six knots. “And in high water, pilots have to
make plans sooner to turn on the river,” he said. In his view, navigation by lower Mississippi River pilots has
been exceptional in the past month and in every other, high-water phase in recent years.

Chris Bonura, spokesman for the Port of New Orleans, discussed the swollen river’s effect on the Crescent City

and said “under high-water restrictions, barges have to stay at least 180 feet away from levees between New
Orleans and Baton Rouge. He pointed to restrictions on the number of barges in a tow, and said tow boats must

have enough horsepower to fight the current. However, “it’s a misconception that this month’s barge accident in

Baton Rouge had a big impact on the Port of New Orleans,” Bonura said. He noted that between Venice and
Baton Rouge, five port authorities oversee 250 miles of river engaged in domestic and foreign trade. “Cargo in

our region can be moved by barges, railways and trucks,” he said. “When the river was closed for four days in



10/30/12Riv er traf f ic resumes af ter barge accident but threats remain | New Orleans' Multicultural News Sourc…

4/6www.louisianaweekly .com/riv er-traf f ic-resumes-af ter-barge-accident-but-threats-remain/

Baton Rouge this month, we could, for example, still receive foreign steel, but for several days it couldn’t get
above New Orleans by barge.” However, steel could be moved by rail, he said.

“It’s normal to have a large shipment of imported steel headed to, say Indiana, taken off a ship here and then

moved by both barge and rail,” Bonura explained. “What’s needed right away in Indiana is sent by rail, and what

they can wait for, they move by barge, which is slower but also cheaper.”

Lorino discussed current and future river conditions, and said “pilots know where the sunken barges are in Baton

Rouge, and while it’s not an ideal situation, they can go around them.” He said there are only a few daytime,

navigation restrictions in the Lower Mississippi now, but warned “things could change in ten to twelve days as

the river drops back below 17 feet, because sediment in the water will start building up and will reduce the draft
in Southwest Pass.” The Southwest Pass near Venice is the main entrance for deep-draft navigation into the

Mississippi River.

Lorino said the tight, federal budget has hampered dredging activities in the lower river. However, he said “the
Army Corps at the present time is using five dredges in the Southwest Pass area” as the river shoals or

accumulates silt.

He also said “the Corps just received an additional $10 million to increase the number of dredges in Southwest

Pass, but there were no industry bidders on the contract, and therefore we have money but not enough

equipment.” He added, “even with that $10 million, we are still $60 million short this fiscal year to keep the

channel to its project dimensions.” The Army Corps dredges most parts of the lower river to 45 feet.

For fiscal 2011, the Army Corps allotted $63 million to dredge the river from Baton Rouge south, and at the

start of the year said that was all that would be provided. In prior years, the Corps redirected money from other

projects to keep the channel dredged. Maintaining the lower river at 45 feet can cost $85 million to $100 million
annually in dredging.

Exporters, including grain companies, worry that silt buildups at the mouth of the Mississippi will force them to

load ships with lighter cargoes, and that in turn will slow downriver barge traffic and raise their operating costs.

Meanwhile, even with the high water, the Port of New Orleans has stayed on schedule with its expansion plans

this month. “In early May, we received two gantry, containerized-cargo cranes built in Korea, and unloaded

them onto the dock at the Napoleon Avenue container wharf,” Bonura said. The new cranes are able to reach
19 rows across the width of a ship and can pick up containers stacked that far from the dock.

“They’re much bigger than the other four cranes at Napoleon Avenue, and because they operate on a rail

system, moving up and down the dock, the port is building another set of rails now,” Bonura said. “We expect
the rails to be ready for cargo in November.” Bonura said “in addition, five acres of marshaling yards, big open

spaces to hold incoming cargo, are under construction at Napoleon Avenue. They have thick pads of concrete

and can support stacks of five containers.” The port is spending $36.6 million on the new cranes and marshaling
yards as part of a planned $250 million to upgrade and expand the port.

“As ships get bigger and wider, new infrastructure is needed to handle them,” Bonura said. Work is partly in

preparation for the widening and deepening of the Panama Canal, expected to be complete in late 2014 or early
2015.
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Docthermann said at any given time, weather, especially hurricanes, along with high or low river water, operator

error, nighttime conditions and other factors can threaten barges on the Mississippi.

A mid-2008 oil spill on the river in downtown New Orleans was the result of human error, and occurred when a

barge split open in a collision with the Liberian-flagged tanker Tintoretto, closing 85 miles of river to traffic for

almost a week. No major injuries occurred, but nearly 200 ships and barge tows were delayed as they waited to

transit the area.

Meanwhile, the local hurricane season starts in June, and barges will have to be secured or moved when storms

approach to prevent damage to riverbank properties.

This story originally published in the May 30, 2011 print edition of The Louisiana Weekly newspaper.
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Barge collision in Mississippi River
causes oil spill

Saturday, February 18, 2012

The Coast Guard on Friday partially reopened a five-mile
stretch of the Mississippi River upriver from New Orleans
after oil spilled from a barge following an early morning
collision.

Capt. Pete Gautier, the Coast Guard's captain of the port,
said southbound traffic on the river can move through the
affected area until 6 p.m. Then, from 6 p.m. to 6 a.m.
Saturday, northbound traffic will be allowed to transit the
area.

"One of our priorities is to facilitate the safe continuation of
commercial traffic," Gautier said in a news release. "Safety
is paramount, and the unified command is working to
minimize the impact this spill has on people, the
environment and commerce."

Officials said a tanker barge pushed downriver by the towboat Clarence Settoon rammed a crane barge being
pushed upriver by the tugboat Alydar about 2 a.m. on Friday about 50 miles upriver from New Orleans. The
collision tore a 10-foot by 5-foot gash above the waterline of the double-hulled tanker barge and oil spewed
less than 10,000 gallons of Louisiana sweet crude oil into the water, Gautier said. The tank contained about
148,000 gallons of oil, but the spill was substantially less than the tank's contents, the Coast Guard said.

Chief Petty Officer John Edwards said no injuries were reported and neither barge nor tugboat sank. He said
the leak has been contained.

The Coast Guard said the Clarence Settoon deployed 100 feet of containment boom soon after the collision,
and another 30,000 feet was available if needed. A cleanup company has been hired to take further steps to
deal with the spill.

St. Charles Parish authorities downriver from the crash closed intakes that draw water for drinking from the
river, but said an adequate supply is on hand until water quality can be checked. They described the move
as precautionary and said there appeared to be no public danger from the spill. The intakes were reopened
later Friday.

The section of river where the crash occurred is part of a busy shipping and industrial corridor that stretches
from New Orleans north to Baton Rouge. It is lined by refineries, chemical plants and the massive Port of
South Louisiana, which handles much of the grain exported from farms in the U.S. heartland.

Their operations did not appear to be seriously hampered by the river's closing.
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EXECUTIVE SUMMARY 
 
Only one substance, Petroleum (CAS # 8002-05-9) is in the HPV Crude Oil Category. 
Petroleum is defined as “A complex combination of hydrocarbons. It consists 
predominantly of aliphatic, alicyclic and aromatic hydrocarbons. It may also contain 
small amounts of nitrogen, oxygen and sulfur compounds. This category encompasses 
light, medium, and heavy petroleums, as well as the oils extracted from tar sands. 
Hydrocarbonaceous materials requiring major chemical changes for their recovery or 
conversion to petroleum refinery feedstocks such as crude shale oils, upgraded shale 
oils and liquid coal fuels are not included in this definition”.  Throughout this document 
the common name “crude oil” is used for Petroleum.   
 
Crude oil is a naturally occurring substance derived from the decomposition over 
thousands of years of plant and animal organic matter under elevated temperature and 
pressure. In appearance, crude oils range from mobile, volatile, light colored liquids to 
dark, viscous tar-like materials with low vapor pressure. Although, crude oils are 
assigned a single CAS #, they are generally classified by their density, predominant 
type of hydrocarbon (paraffinic or naphthenic) present, and whether their sulfur content 
is high (sour) or low (sweet). 
 
Crude oil is a complex combination of hydrocarbons consisting predominantly of 
paraffinic (straight and branched-chain alkanes), naphthenic (cycloalkanes or 
cycloparaffins), and aromatic hydrocarbons. The hydrocarbons in crude oil have carbon 
numbers that range from four (C4 or butanes), to large molecules containing more than 
sixty carbons. Sulfur, oxygen and nitrogen compounds, organometallic complexes 
notably of nickel and vanadium, and dissolved gases, such as hydrogen sulfide, are 
also found in crude oil. An “average” crude oil contains 84% carbon, 14% hydrogen, 1-
3% sulfur, and approximately 1.0% nitrogen, 1.0% oxygen and 0.1% minerals and salts. 
Analytical studies indicate that similar hydrocarbons, heterocyclics, metals and other 
constituents, e.g. hydrogen sulfide, are present in all crude oils but their proportions 
vary depending on the crude source. The composition of crude oils from different 
producing regions, and even from within a particular geological formation, can vary 
widely. 
 
Environmental 
Due to their complex compositions, crude oils vary widely in their physical/chemical 
properties.   Despite these differing physical and chemical characteristics, some 
generalizations can be made regarding the environmental behavior of crude oil. When a 
release to the environment occurs, components of crude oil will partition into various 
environmental compartments.  The lower molecular weight components may dissolve in 
water or volatilize to the atmosphere, intermediate fractions may float and spread out on 
water where the fractions may form emulsions and/or adsorb to soil and sediment, and 
the viscous, heavy or high molecular weight components may agglomerate and float or 
sink in water or adhere to soil and sediment. The rate at which partitioning occurs 
depends not only on the nature of the crude but also on the severity of the weathering 
processes encountered.   
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Chemical and physical transformations occur as components of crude oil disperse. 
Constituents that partition to the air interact with hydroxyl radicals in the atmosphere 
and have half-lives ranging from 0.4 days to 6.5 days; examples of compounds at either 
end of the half-life range include n-dodecane and benzene, respectively. Crude oils are 
subject to biodegradation, but biodegradation rates vary considerably, and crude oils 
are not considered “readily biodegradable” in standard tests. Low molecular weight 
components may readily biodegrade, but as molecular weight increases, hydrocarbons 
become increasingly insoluble in water, so that their bioavailability is limited. In general, 
hydrocarbons are regarded as being inherently biodegradable, although the degradation 
rates of the more complex, high molecular weight fractions may be very low.  
As a result of crude oil spills and continuous long-term releases of crude oil 
components, a plethora of real-world data is available on the acute and chronic 
environmental effects of crude oil. Crude oil is, in general, harmful to aquatic organisms. 
In both marine and freshwater environments a spill event may cause extensive mortality 
to non-motile susceptible species such as phytoplankton, crustaceans and larvae or 
eggs of fish and invertebrates. In contrast, spills of crude oil may not acutely affect 
highly mobile species such as adult fish.  Also, mollusks and polychaete worms have an 
apparent tolerance to oil contamination.  
Because crude oil is extracted from world-wide sources and composed of many 
different types and molecular weights of hydrocarbons, it may be impractical to assign 
specific acute aquatic toxicity values that cover the full domain of crude types.  In 
general, aquatic toxicity of crude oil is not likely to be any greater than that represented 
by the most toxic fraction.  For concentrations presented as loading rates, acute toxicity 
could potentially fall within the range of 1 – 10 mg/L. Acute toxicity is attributed to those 
water-soluble hydrocarbon components that are either saturates (aliphatic and alicyclic) 
or mono- and di-aromatics. Polycyclic aromatic hydrocarbons (PAHs) in crude oil are 
not expected to contribute significantly to acute aquatic toxicity due to their limited 
bioavailability. However, their partition coefficients, i.e. log Kow 3 to >6, indicate a 
potential to bioaccumulate, thus the chronic toxicity of PAHs may be a concern. 
 
Other risks to other aquatic species including semi-aquatic birds, and sea mammals 
include physical fouling of plumage, fur, gills etc, by floating oil product. This results in 
loss of buoyancy, insulation and smothering of intertidal animals. Ingestion of oil 
resulting from attempts by animals to clean contaminated body parts may result in 
toxicity, including severe enteritis.  
Spills in freshwater environments have been shown to adversely affect the aquatic 
macroinvertebrate community, with the observed effects associated with oil sorption and 
substrate coating. Recovery of such communities in some habitats may be rapid, e.g., 
riffle areas of streams/rivers, while impacts to backwater areas may persist for months.  
Ultimately, the type of crude oil and the local conditions and habitats will dictate the 
extent to which crude oil persists and the potential effects in the environment.  
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Human Health Effects  
Crude oils have demonstrated little local irritation or acute dermal toxicity (LD50 >2.0 
g/kg dermal).  However, exploration, production, and transport of crude oil can result in 
significant levels of hydrogen sulfide and/or volatile organic compounds (VOCs) in some 
situations (i.e., enclosed spaces).   The acute inhalation hazard is primarily from 
hydrogen sulfide.  When the acute toxicity of hydrogen sulfide was assessed in rats, the 
calculated LC50 for a 4-hour inhalation exposure was 444 ppm.  VOCs from crude oil are 
similar to the hydrocarbons found in gasoline and gasoline blending streams.   The 
results of acute toxicity testing indicate that these materials are not acutely toxic by the 
inhalation exposure route, e.g., Rat LC50 >5g/m3.  
 
Repeat dose and developmental studies on inhaled hydrogen sulfide have determined 
NOAECs of 10 ppm and 80 ppm, respectively.  The inhalation NOAECs for repeat dose 
and developmental effects of VOCs from crude oil are read-across data from studies on 
gasoline and gasoline blending streams.  These values are: Repeat Dose NOAEC: 
1507mg/m3 to 10,153mg/m3   (427 – 2880ppm3); Developmental NOAEC: 5970mg/m3 to 
27750mg/m3 (1694 – 7873ppm3 ); [ Total hydrocarbon determined as parts-per-million 
(ppm) hexane equivalents.] 

 
In the repeat dose inhalation studies with hydrogen sulfide and gasoline blending 
streams, there were no specific adverse effect on reproductive organs.  In addition, two 
multi-generation reproduction studies on gasoline vapor in rats have determined 
NOAECs of over 20,000 mg/m3.  This data supports the conclusion that hydrogen 
sulfide and VOCs from crude oil have limited potential to be reproductive toxicants.  
 
In situations involving repeated dermal exposure, the constituents with the greatest 
potential for toxicity are the polycyclic aromatic compounds (PACs).  Analysis of 46 
crude oils showed significant variation in the PAC profile between samples.  Solvent 
extracts of crude oils which concentrate the PAC constituents have induced gene 
mutations in bacteria. In contrast, the injection of mice with whole crude oil did not 
produce activity in micronucleus assays but did induce an increase in sister chromatid 
exchanges. Several samples of crude oil have produced skin-tumors in mice following 
long-term skin application.   
 
Studies of repeated exposure by the dermal route have demonstrated toxicity that was 
manifested by aberrant hematology, liver enlargement and thymic atrophy.  Measured 
and modeled toxicity endpoints show a wide range of responses from different samples 
of crude oil.  The benchmark dose (BMD10) for measured data on two crude oils and the 
predicted dose response (PDR10) for modeled data on 46 crude oil samples were 
between 55 and 544 mg/kg/day.    
 
In developmental toxicity studies in rats, crude oils, primarily at maternally toxic doses, 
caused fetal death, decreased fetal weight, delayed skeletal ossification and parturition.   
Measured and modeled developmental toxicity endpoints show a wide range of 
responses from different samples of crude oil.   The benchmark dose (BMD10) for 
measured data on two crude oils and the predicted dose response (PDR10) for modeled 
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data on 46 crude oil samples were between 53 and 2000 mg/kg/day.  Crude oil is not 
expected to be a reproductive toxicant since repeated dermal exposures to crude oil for 
13-weeks have not produced adverse effects in the reproductive organs of either male 
or female rats.  
 
The Testing Group believes that the potential for mutagenicity and the systemic toxicity, 
developmental toxicity and/or carcinogenic effects from repeated dermal exposure is 
related to the PAC profile of the specific crude oil. 
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1. DESCRIPTION OF CRUDE OIL  
 

1.1 Types and Composition:   
 

Crude oils range from light colored oils to thick, black oil similar to melted tar. All crude 
oils contain carbon, hydrogen, sulfur, nitrogen, oxygen, minerals and salts in varying 
proportions depending on their source.  Table 1 provides examples of the broad 
chemical composition of various crude oils. 
 
Light/Heavy Crude Oils 
 
The designation of “light” or “heavy” for crude oils is based on their density.  API gravity 
is the common measure of crude oil density and is calculated as °API = 141.5/Sp. Gr. – 
131.5; the higher the API gravity, the lower the specific gravity.  Crude oils with lower 
densities and viscosities, and thus higher API gravities, usually contain higher levels of 
naphtha (gasoline-range hydrocarbons) with predominately volatile paraffinic 
hydrocarbons, which can be processed readily to produce gasoline and are considered 
“light” crude.  Heavy crude oils are more viscous, have higher boiling ranges and higher 
densities, and thus have lower API gravities. Heavy crude oils are usually rich in 
aromatics and tend to contain more residual material, e.g. asphaltenes, and 
heterocyclics, e.g. sulfur, nitrogen, oxygen-containing hydrocarbon analogs.  
For example, a Saudi Light Crude that is 63% paraffins, 37% naphthenes and aromatics 
and a Saudi Heavy crude that is 60% paraffins, 40% naphthenes and aromatics appear 
to differ only slightly in general hydrocarbon class content, but the compounds making 
up those classes vary significantly in molecular structure and size distribution, e.g. level 
of saturated hydrocarbons vs. unsaturated and naphtha vs. asphaltene content, 
respectively, so that their API gravities are sufficiently different to classify, within the 
same oil field, one crude as “light” with 34°API and the other as “heavy” with 28°API. 
The currently accepted API gravity values that differentiate between light and heavy 
crude oils are ≥33°API for “light” and ≤28°API for “heavy” (Platt‟s, 2003).  
 
Paraffinic/Naphthenic Crude Oils 
 
Crude oils are composed of paraffinic, naphthenic (cycloparaffinic) and aromatic 
hydrocarbons, and may be described as either paraffinic or naphthenic depending on 
the predominant proportion of hydrocarbon type present (The Petroleum Handbook, 
1983). Paraffinic crude oils are rich in straight chain and branched saturated 
hydrocarbons while naphthenic or asphaltic crude oils contain mainly cycloparaffinic, 
saturated-ring hydrocarbons and aromatic, unsaturated ring hydrocarbons with at least 
one benzene ring (IARC, 1989).  The aromatic fraction of crude oil contains higher 
molecular weight aromatic molecules including polycyclic aromatic hydrocarbons (PAH) 
which consist of only carbon and hydrogen and polycyclic aromatic compounds (PAC) 
in which some carbon atoms are substituted with heteroatoms, such as sulfur, oxygen 
and/or nitrogen.  Most PAC and PAH in crude oil have one or more alkyl side-chains on 
the ring structure.   
 

JrPope
Text Box



Crude Oil Category               14 January 2011          Consortium Registration No. 1100997 

 

10 

 

Sweet/Sour Crude Oils 
 
A crude oil may also be described as sweet or sour depending on its sulfur content.  As 
a general rule, crude oils with less than 1% sulfur are “sweet” and crude oils with over 
1% are “sour”.  Strategic Petroleum Reserve (SPR) “sour” crude oils contain a 
maximum of 1.99 weight % total sulfur and “sweet” crude oils contain a maximum of 0.5 
weight % total sulfur.   
 
 
Table 1.  Properties of Whole Crude Oils  
Crude Source 

Paraffins 

% vol 

Naphthenes 

% vol 

Aromatics 

% vol 

Sulfur 

% wt. 

API gravity 

(°API) 

Light Crudes 

Saudi Light 63 18 19 2.0 34 

South Louisiana 79 45 19 0.0 35 

Beryl 47 34 19 0.4 37 

North Sea Brent 50 34 16 0.4 37 

Lost Hills Light 50% 

Aliphatics 

- 50 0.9 >38 

Mid range Crudes 

Venezuela Light 52 34 14 1.5 30 

Kuwait 63 20 24 2.4 31 

USA West Texas sour 46 32 22 1.9 32 

Heavy Crudes 

Prudhoe Bay 27 36 28 0.9 28 

Saudi Heavy 60 20 15 2.1 28 

Venezuela Heavy 35 53 12 2.3 24 

Belridge Heavy Aliphatics 37% 63 1.1 14 

IARC, 1989; Mobil, 1997; OSHA, 1993 & International Crude Oil Market Handbook, 2004 

 
1.2 Analytical Characterization 

 
A comprehensive evaluation of gas chromatographic (GC)-analyzable fractions of 77 
crude oils from worldwide oil fields (Figure 1) provides a profile of compositional 
similarities and differences among crude oils (US DOE/PERF, 2001). Total petroleum 
hydrocarbon (TPH) content was sorted as aliphatics up to C16, combining the saturated 
aliphatic paraffins and naphthenes (cycloparaffins), and as aromatic hydrocarbons, 
unsaturated rings from C6 to greater than C21. Content of 
benzene/toluene/ethylbenzene/xylene (BTEX), content of the 16 EPA standard marker 
polycyclic aromatic hydrocarbons, and distribution of 4-6 ring polycyclic aromatic 
hydrocarbons (PAH) were determined. The amount of material available for GC analysis 
is influenced by molecular structure and size. The heavier crude oils which have higher 
boiling ranges and higher densities contain a greater proportion of complex, high 
molecular weight hydrocarbons, e.g. asphaltenes and resins, in the non-distillable 
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range, thus reducing the size of the fraction available for GC analysis as shown in 
Figure 1. 
 
Figure 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Results from testing 64 crude oils with identified API gravities are summarized in Figure 
2 which demonstrates the range of API gravities of crude oils from various regions.  In 
this study, North American (Namer) crudes show a wide range from very heavy, e.g. 
11°API, to highly desirable light crudes, e.g. 43.5°API, with an average of 31°API. The 
European, Asian Pacific and African crude oils sampled averaged in the mid-range, i.e. 
>30° to <33° API.  The Middle Eastern crude oils sampled tended to be lighter, e.g. 
37°API, and more easily used for gasoline production. The Latin America crude oils 
sampled were heavier, i.e. average 16°API, and are therefore more useful as sources 
for lubricant base oils and heavier fuels, e.g. fuel oil #6. 
 
Figure 2: API Gravity for Crude Oils 
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Light crude oils with lower boiling ranges and lower densities are richer in aliphatic 
hydrocarbons (Figure 3a) while heavy crudes contain a greater proportion of aromatic 
compounds with increasingly broad carbon ranges (Figure 3b).  

Figure 3a        Figure 3b 
 
 
 
 
 
 
 
 
 
 
 

 
Of the total petroleum hydrocarbons analyzed, the average weight % of fractions 
containing less than six carbons was greater in the light crudes, i.e. 6.6%, than in the 
medium crudes, i.e. 4.7%, and lowest in the heaviest crude oils, i.e. 1.2%.  Conversely 
heavy crude oils contain larger percentages of molecules with carbon distributions 
greater than C44, i.e. 36%, compared to medium crudes, i.e. 16%, and light crudes, i.e. 
8%. 
 
The distribution of BTEX is greater in the lower density light crudes as seen in Figure 4, 
although the weight % never exceeds 1.2%. 
 
Figure 4 
 
 
 
 
 
 
 
 
 
 
 
 
 
Analysis for the 16 EPA standard marker PAH compounds found that naphthalene was 
present at the highest concentration of >500 ppm in the light crude and at 400 ppm in 
the heavy crude while the known PAH carcinogens, benzo(a)pyrene and 
benzo(a)anthracene were present at very low levels in all the crude oil samples (Figure 
5). 
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Figure 5. 
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Crude oils contain polycyclic aromatic compounds (PACs). Although similar to polycyclic 
aromatic hydrocarbons (PAHs) that contain two or more fused-aromatic rings consisting 
only of carbon and hydrogen, PACs are a broader group of compounds that also 
includes heterocyclic compounds in which one or more of the carbon atoms in the PAH 
ring system is replaced by nitrogen, oxygen, or sulfur atoms. The PACs in Crude oil are 
formed when organic matter is converted into petroleum under elevated pressure and 
moderate temperatures (130 – 150°C).  The nature of the processes which convert 
organic matter into petroleum involves semi-random chemical processes.  The 
formation of crude oil produces hundreds to thousands of individual PACs.  The types of 
PACs formed in petroleum include a complex variety of parent, i.e. un-substituted, and 
alkylated structures.  The alkyl-substitutions are usually one to four carbons long and 
can include non-carbon compounds, such as sulfur.  Multiple alkyl and cycloparaffinic 
substitutions of the parent structure are also common, especially in higher boiling 
fractions of petroleum.  The relative abundance of the alkylated polycyclic aromatics (C1 

– 4) in petroleum far exceeds the abundance of the non-alkylated species (C0) (Speight, 
2007). The fact that the concentration of alkylated polycyclic aromatics is much greater 
than the non-alkylated polycyclic aromatics is the main feature of the petrogenic PACs 
found in petroleum.   
 
The profile of PAC in some petroleum streams has been shown to be important for 
predicting the possible effects that can occur with repeated dermal exposures (TERA, 
2008).  For that reason, recently developed data on the percent of each Aromatic Ring 
Class (ARC) in 46 individual pentane de-asphalted crude oil samples are shown in 
Table 2.  The Table is sorted by API Gravity, lowest to highest (heavy crude oil to lighter 
crude oil). 
 
Table 2.  PAC Profile of 46 Crude Oils 1,2 

Sample 

Number 

Total DMSO 

extractable 

wt% 

ARC 1 

Wt% 

ARC 2 

Wt% 

ARC 3 

Wt% 

ARC 4 

Wt% 

ARC 5 

Wt% 

ARC 6 

Wt% 

ARC 7 

Wt% 

 

 

API 

Gravity 

70920 5.8 0.0 0.6 1.7 1.2 1.2 0.6 0.3 13.9 

50905 3.3 0.0 1.0 1.6 0.3 0.2 0.1 0.0 19.4 

10953 3.7 0.0 1.8 1.1 0.4 0.2 0.0 0.0 19.6 

70918 3.9 0.1 1.6 1.6 0.4 0.4 0.1 0.0 20.8 

30903 4.4 0.0 1.3 1.3 0.4 0.4 0.4 0.0 21.2 

30913 3.7 0.0 1.9 1.5 0.2 0.1 0.1 0.0 21.4 

70912 4.0 0.0 0.8 1.6 0.8 0.4 0.4 0.1 21.9 

70917 5.3 0.1 1.6 1.6 1.1 0.5 0.5 0.1 23.3 

30905 3.3 0.0 1.7 1.0 0.2 0.1 0.1 0.0 23.4 

70916 4.2 0.1 1.2 1.2 0.8 0.4 0.3 0.1 23.4 

70910 3.9 0.0 1.2 1.6 0.4 0.3 0.2 0.0 25.4 

50910 4.3 0.0 0.9 2.1 0.9 0.3 0.2 0.0 26.6 

10956 1.9 0.0 0.4 0.2 0.1 0.0 0.0 0.0 28.6 

50907 2.5 0.0 0.5 1.0 0.5 0.3 0.2 0.1 28.9 
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Sample 

Number 

Total DMSO 

extractable 

wt% 

ARC 1 

Wt% 

ARC 2 

Wt% 

ARC 3 

Wt% 

ARC 4 

Wt% 

ARC 5 

Wt% 

ARC 6 

Wt% 

ARC 7 

Wt% 

 

 

API 

Gravity 

70911 3.8 0.1 1.5 1.2 0.4 0.4 0.3 0.0 28.9 

50908 2.7 0.1 1.3 0.8 0.2 0.1 0.1 0.0 29.3 

10959 2.6 0.1 1.5 0.8 0.2 0.1 0.0 0.0 29.6 

30965 3.9 0.1 2.3 1.2 0.2 0.2 0.1 0.0 29.6 

10952 3.2 0.0 2.2 1.0 0.2 0.0 0.0 0.0 29.8 

10954 3.3 0.0 1.6 1.0 0.3 0.1 0.0 0.0 30.4 

50906 3.3 0.0 1.6 1.3 0.2 0.1 0.1 0.0 30.5 

70913 4.7 0.1 1.9 1.4 0.5 0.3 0.2 0.0 30.5 

50909 3.2 0.0 1.0 1.6 0.3 0.2 0.1 0.0 30.6 

30902 4.5 0.2 2.2 1.3 0.4 0.3 0.2 0.0 30.7 

70919 4.0 0.0 1.2 1.2 0.8 0.4 0.3 0.0 31.1 

30906 5.0 0.2 2.5 1.5 0.4 0.3 0.1 0.0 31.5 

30907 4.1 0.2 2.5 1.2 0.2 0.1 0.1 0.0 31.5 

30909 5.0 0.1 3.5 1.0 0.1 0.0 0.0 0.0 32.4 

30910 4.4 0.1 2.2 1.3 0.4 0.2 0.1 0.0 32.4 

50904 3.6 0.0 1.4 1.4 0.3 0.2 0.1 0.0 32.4 

10960 2.7 0.0 1.9 0.5 0.2 0.0 0.0 0.0 32.7 

30904 4.6 0.1 2.8 1.4 0.1 0.0 0.0 0.0 33.1 

10957 3.1 0.1 1.6 0.9 0.3 0.1 0.0 0.0 33.3 

30964 4.9 0.1 2.0 2.0 0.4 0.2 0.2 0.0 33.3 

30908 3.5 0.1 2.1 0.7 0.1 0.1 0.1 0.0 33.3 

10951 3.8 0.0 2.3 1.1 0.4 0.1 0.0 0.0 33.4 

50902 3.0 0.0 1.2 1.5 0.3 0.1 0.1 0.0 33.6 

70914 2.5 0.0 1.2 0.7 0.2 0.1 0.1 0.0 36.5 

10958 2.6 0.1 1.5 0.8 0.2 0.0 0.0 0.0 36.9 

50901 3.7 0.1 1.9 1.5 0.2 0.1 0.1 0.0 38 

30911 4.5 0.3 2.7 1.3 0.1 0.0 0.0 0.0 38.3 

10955 3.0 0.1 1.8 0.9 0.2 0.0 0.0 0.0 39.1 

30914 3.3 0.1 2.6 0.7 0.0 0.0 0.0 0.0 39.1 

50903 4.2 0.0 2.1 1.7 0.2 0.1 0.0 0.0 39.4 

30912 3.0 0.1 2.1 0.6 0.1 0.1 0.1 0.0 41.8 

70915 3.2 0.2 1.9 0.6 0.2 0.1 0.1 0.0 46.2 

1)  As determined by PAC-2 Method as described by Roy et al, 1985 &1988.  
2)  ARC is “aromatic ring class”. “ARC 1 %” is the weight percent of PACs that have 1 aromatic ring within 

the total sample. “ARC 2 %” is the percent of PACs with 2 aromatic rings, and so forth to 7 aromatic 
rings.  

 
Crude oils also contain varying amounts of non-hydrocarbon sulfur, nitrogen, oxygen 
and trace metals. Sulfur is present as hydrogen sulfide (H2S), thiols, mercaptans, 
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sulfides, benzothiophenes, polysufides, and/or as elemental sulfur. As a rule, the 
proportion, stability and complexity of sulfur compounds are greater in heavier crude oil 
fractions. H2S is a primary contributor to corrosion in refinery process units and 
combustion of sulfur-containing petroleum products can produce undesirable 
byproducts such as sulfuric acid and sulfur dioxide. The total sulfur content of crude oils 
spans a range of <0.1% to ~5.0% by elemental analysis. In general, as API gravity 
decreases, sulfur content increases.  For example, a light US crude from Rodessa, 
Louisiana, has an API gravity of 42.8 and a sulfur content of 0.28%, while an extremely 
heavy crude from Venezuela has an API gravity of 9.5 and contains 5.25% sulfur 
(Dickey, 1981; IARC, 1989).   
 
Table 2 illustrates the range of sulfur content in the blended light/medium crude oils that 
comprise the US Strategic Petroleum Reserve [SPR] stored at 4 cavern sites – Bryan 
Mound, West Hackberry, Bayou Choctaw, and Big Hill (US DOE, 2002).  In the SPR, 
sour crude oils contain a maximum of 1.99 weight % total sulfur and sweet crude oils 
contain a maximum of 0.5 weight % total sulfur.  Sulfur is removed during refining by 
catalytic hydrogenation, by caustic wash or other sweetening processes.   
 
 
Table 3.  Properties of Crude Oil in the Strategic Petroleum Reserve  
Crude Source 

Paraffins 

% vol 

Naphthenes 

% vol 

Aromatics 

% vol 

Sulfur 

% wt. 

API gravity 

(
0
API) 

Bryan Mound Sweet 68 24 8 0.33 36 

Bryan Mound Sour 71 18 11 1.39 35 

West Hackberry Sweet 57 30 13 0.32 37 

West Hackberry Sour 75 19 6 1.41 34 

Bayou Choctaw Sweet 63 26 11 0.36 36 

Bayou Choctaw Sour 68 21 11 1.38 32 

Big Hill Sweet 61 30 9 0.48 36 

Big Hill Sour 68 19 13 1.41 31 

US DOE SRC, 2002 

 
Heterocyclic PACs containing nitrogen include anilines, pyridines, quinolines, pyrols, 
carbazoles, benzonitriles and amides.  Nitrogen is found in lighter fractions as basic 
compounds and in heavier fractions as non-basic compounds. Total nitrogen varies 
from <0.01% to 1.0% by elemental analysis. Oxygen-containing PACs in crude oils are 
generally in the phenol, ketone and carboxylic acid families.   
 
The polar compounds in crude oils contain the heteroatoms of oxygen (O), nitrogen (N), 
and/or sulfur (S) and are known by a variety of names, including heterocyclics, resins, 
NSOs, polars, and asphaltenes (Prince, 2002, Tissot and White,1984). In crude oils, 
sulfur-containing heterocyclics exist in the greatest proportion with nitrogen 
heterocyclics occurring at much lower concentrations (Potter and Simmons, 1998). The 
majority of the sulfur and nitrogen-containing compounds of petroleum have high 
molecular masses and high boiling points, thus these materials become concentrated in 
the heavy fuel oil and tar fractions (Tissot and White, 1984). Although NSO-heteroatom 
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PACs are discussed here separately, these heteroatoms can occur together in the 
same highly complex, high molecular weight fractions. Heterocylic compounds also may 
contain metals in the form of salts of carboxylic acids or more typically as porphyrin 
chelates or organo-metal complexes (Tissot and White, 1984; Potter and Simmons, 
1998; Prince, 2002).   
 
Many of the non-hydrocarbon constituents in crude oil are entrained in non-distillable 
residues with high boiling ranges that can exceed 720°C (1328°F) and consist almost 
exclusively of heterocompounds. These residues, e.g. resins, maltenes, and 
asphaltenes, typically account for 30-50% total sulfur, 70-80% total nitrogen and 80-
90% total vanadium and nickel in crude oil. Saturates and aromatics make up only a few 
weight percent of the non-distillable residue while 40-70% is pentane-insoluble 
asphaltenes. Resins and asphaltenes with molecular weights of 500-10,000 may 
constitute from 10% in light paraffinic crude oils to 20-60% in heavy crude oils. The 
viscosity of a crude oil is greatly affected by the presence of non-distillable residual 
fractions. The broad molecular range of heterocompounds in this fraction, low volatility 
and limited solubility severely impair analytical characterization (Algelt and 
Bodieszynski, 1994). These large, minimally soluble, highly polar molecular structures 
have very limited bioavailability and absorption, so that heterocompounds and small 
concentrations of metals entrained in these molecules cannot contribute significantly to 
possible biological activity induced by exposure to crude oil. 
 
Small quantities of metals naturally occur in crude oils due to their presence in rock 
formations or salt water deposits from which the oils are drawn or introduced during 
processing (IARC, 1989). The metals are primarily in the form of stable molecular 
complexes that can be distilled at temperatures above 500 °C (IARC, 1989). Table 4 
summarizes the concentration of metals in 26 representative crude oils from a PERF 
project where the mean concentrations detected were less than 1.5 ppm for all metals, 
i.e. total of 18 detectable metals, except nickel at 20 ppm, vanadium at 63 ppm and zinc 
at 3 ppm (API, 2001). Most metals are present in similar concentrations in all crude 
types with the exceptions of nickel and vanadium, which appear to increase in 
concentration as crude oils become heavier (API, 2001). Similar results (Table 5) were 
found in an API analysis of 46 crude oils that had been processed in the US where 
nickel and vanadium were found in the highest concentrations in the heaviest crude oils.  
 
Metals are present in crude oils in such low levels that the potential for human health 
risks and ecological impact is unlikely to be a major risk management consideration at 
crude oil spill sites (Magaw et al., 2000).  Inorganic salts such as magnesium chloride or 
calcium chloride are suspended as minute crystals in crude oil or dissolved in entrained 
water (brine). These salts are removed or neutralized prior to processing to prevent 
catalyst poisoning, equipment corrosion and fouling. 
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Table 4.  PERF Survey of Metal Concentrations (ppm) in Crude Oils 

   Metal 

 

 

LOD 

ppm 

 

Light Crude Oils 

(≥33°API)  

 

Medium Crude Oils 

(>28°- <33°API) 

 

Heavy Crude Oils 

(≤28°API) 

Mean  

(range) 

 

N 

Dec 

Freq 

% 

Mean  

(range) 

 

N 

Dec 

Freq 

% 

Mean 

(range) 

 

N 

Dec 

Freq 

% 

Ag  

[silver] 
0.01 

0.15 (0.07-

0.3) 
11 100 

0.16 (0.14 - 

0.23) 
7 100 

0.13 (0.05 – 

0.28 
10 100 

As  

[arsenic] 
0.08 0.02 1 9 

0.13 (0.09 – 

0.57) 
3 43 

0.06 (0.17 – 

0.19) 
3 30 

Ba  

[barium] 
0.001 

0.04 (0.01 - 

0.37) 
5 45 

0.02 (0.003 - 

0.04) 
5 71 

0.08 (0.002 – 

0.2) 
9 90 

Be [beryllium] 0.005 - ND 0 - ND 0 - ND 0 

Cd [cadmium] 0.002 
0.01 (0.003 – 

0.03) 
11 100 

0.01 (0.003 – 

0.11) 
7 100 

0.01 (0.005 -

0.02) 
10 100 

Co  

[cobalt] 
0.01 

0.07 (0.003 – 

0.44) 
4 36 

0.10 (0.02 – 

0.38) 
3 43 

0.65 (0.11 – 

1.33) 
10 100 

Cr [chromium] 0.005 
0.08 (0.02 – 

0.37) 
10 91 

0.35 (0.07 – 

0.87) 
7 100 

0.46 (0.07 – 

1.43) 
10 100 

Cu  

[copper] 
0.01 

0.06 (0.01 – 

0.13) 
11 100 

0.09 (0.02 – 

0.24) 
7 100 

0.01 (0.03 – 

0.23) 
10 100 

Hg 

[mercury]  
0.01 0.14 1 9 - ND 0 - ND 0 

Mo 

[molybdenum] 
0.02 

0.51 (0.31 – 

0.87) 
11 100 

0.43 (0.31 – 

0.53) 
7 100 

1.23 (0.53 – 

4.01) 
10 100 

Ni  

[nickel] 
0.02 

2.48 (0.05 – 

7.28) 
11 100 

8.45 (4.32-

14.1) 
7 100 

48.0 (6.87 – 

93.0) 
10 100 

Pb [lead] 0.001 
0.49 (0.005 – 

0.10) 
11 100 

0.03 (0.009 – 

0.07) 
7 100 

0.04 (0.005 – 

0.15) 
10 100 

Sb [antimony] 0.001 
0.004 (0.001 

– 0.02) 
6 54 

0.006 (0.003 

– 0.01) 
7 100 

0.02 (0.001 – 

0.06) 
10 100 

Se [selenium] 0.02 
0.06 (0.02- 

0.27) 
9 82 

0.08 (0.03 – 

0.13) 
7 100 

0.33 (0.04 – 

0.52) 
10 100 

Sn [tin] 0.01 
1.91 (0.11 -

9.66) 
11 100 

0.92 (0.04 – 

2.3) 
7 100 

0.92 (0.04 – 

3.26) 
10 100 

Tl  

[thallium] 
0.002 0.001 2 18 0.0003 1 14 - ND 0 

V [vanadium] 0.02 
3.42 (0.13 - 

20.0) 
11 100 

16.72 (0.15 – 

40.0) 
7 100 

154.2 (1.4 – 

370) 
10 100 

Zn  

[zinc] 
0.08 

3.56 (2.04 – 

8.42) 
10 91 

4.09 (1.28 – 

10.9) 
7 100 

1.42 (0.58 – 

3.70) 
8 80 

N = Number of samples 

ND = None detected 

Means and ranges for 26 crude oils from various sources throughout the world. ITALICS  indicates highest mean metal 

concentration between grades of crude oil (Magaw, 1999 & API 2001) 
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Table 5.  API Analysis of Certain Metal Concentrations in 46 Crude Oils  

   Metal 

 

 

 

LOD 

ppm 

 

Light Crude Oils 

(N=15) 

(≥33°API)   

 

 

Medium Crude Oils 

(N=19) 

 (>28°- <33°API) 

 

 

Heavy Crude Oils 

(N=12)  

(≤28°API) 

 

Mean (range) ppm 

Dec. 

Freq. 

% 

Mean (range) ppm 

Dec. 

Freq. 

% 

Mean (range) ppm 

Dec. 

Freq. 

% 

Fe [iron] 0.1 2.18 (0.2-15.9) 73 1.22 (0.2-6.1) 74 8.1 (0.3-48.2) 100 

Ni [nickel] 0.1   2.10 (0.5-3.8) 100 8.8 (0.1-33.2) 95 37.2 (4.3-71.5) 100 

V [vanadium] 0.1 4.04 (0.2-11.6) 93 14.03 (0.4-33.0) 95 80.7 (7.6-175) 100 

Note: Means and ranges for metal concentrations (ppm) analyzed according to ASTM D5708 for 46 randomly chosen 

crude oils processed in the US in 2004 (Wilhelm et al, 2007). 

Dec. Freq. = Detection frequency above the limit of detection 

LOD = Limit of detection 
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2.0 CATEGORY DEFINITION and RATIONALE 
 
Only one Chemical Abstract Service (CAS) number (Petroleum, 8002-05-9) represents 
all crude oils and constitutes the HPV Crude Oil Category.  Crude oil is a Chemical 
Substance of Unknown, of Variable Composition, or of Biological Origin (UVCB) in the 
Toxic Substances Control Act (TSCA) Chemical Inventory and is defined as follows:  
 

“A complex combination of hydrocarbons. It consists predominantly of aliphatic, 
alicyclic and aromatic hydrocarbons. It may also contain small amounts of 
nitrogen, oxygen and sulfur compounds. This category encompasses light, 
medium, and heavy petroleums, as well as the oils extracted from tar sands. 
Hydrocarbonaceous materials requiring major chemical changes for their 
recovery or conversion to petroleum refinery feedstocks such as crude shale oils, 
upgraded shale oils and liquid coal fuels are not included in this definition”.  

 
Although the terms “crude oil” and “petroleum” refer to the same UVCB substance, to 
avoid confusion only the more commonly used term “crude oil” is used throughout this 
document.   
 
Although crude oils are composed of a wide variety of constituents, analytical studies 
indicate that hydrocarbons, heterocyclics, metals and other constituents, e.g. hydrogen 
sulfide, are present in all crude oils with the diversity of crude oils originating from the 
proportional variability in these components depending on the source of the oil. 
Therefore, grouping all crude oils together into one category is appropriate to evaluate 
and predict potential screening level hazards.  
 
The physical/chemical properties of crude oil are directly related to their carbon range 
and to a much lesser extent to their paraffinic, naphthenic and the aromatic character.  
The carbon range influences the volatility, water solubility, and viscosity of crude oils 
which in turn determines the environmental fate, ecotoxicity, and potential bioavailability 
of components. Hydrogen sulfide, volatile organic compounds (VOCs), and polycyclic 
aromatic compounds (PAC) found in crude oils are the most common constituents 
which present human health hazards.     
 
 

3.0  TEST MATERIALS  
 
Forty-six samples of uniquely identified crude oils were randomly chosen from a 
collection of 170 crude oil streams processed in the US in 2004 (Wilhelm et al, 2007). 
These samples were analyzed by the API for Metals by ICP-AES (ASTM D5708), 
Boiling Point Distribution of Samples with Residues by High Temperature GC (ASTM 
D7169), Density and Relative Density of Crude Oils (ASTM D5002).   PAC-2 (Roy et al, 
1985 &1988) analysis was done after the samples were pentane de-asphalted (modified 
ASTM D6560). 
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4.0            PHYSICAL-CHEMICAL PROPERTIES 
 

In appearance, crude oils range from mobile, volatile, light colored liquids consisting  to 
black, viscous tar-like materials. The chemical compositions of crude oils from different 
producing regions, and even from within a particular formation, can vary widely. 
 
Although some physical-chemical property data exist for some crude oils, not all of the 
endpoints indicated below are defined and a consensus database for physical-chemical 
values for all crude oils does not exist. Further, because crude oils are complex 
substances with variable compositions, the measurement or calculation of a single 
numerical value for some of the physicochemical properties is not possible. For 
example, a substance that contains multiple constituents does not have a melting point, 
but rather a melting point range that reflects the constituents‟ properties. Where 
appropriate, values for physical-chemical properties are represented as a range of 
values according to crude oil's general composition of hydrocarbon compounds. 
Measured data have been provided when available. When measured values were not 
available, estimates of the values for physical-chemical endpoints were made for 
representative constituents covering a potential range of molecular weights and 
hydrocarbon isomeric structures using the EPI-SuiteTM structure-activity estimation 
models (EPA, 2000). 
 
 4.1 Physical-Chemical Endpoints 

 
The physicochemical endpoints for the EPA HPV chemical program include the 
following: 

melting point,  
boiling point,  
vapor pressure,  
octanol/water partition coefficient (Kow), and 
water solubility. 

 
 4.2 Melting Point 

 
For complex substances like crude oil, melting point may be characterized by a range of 
temperatures reflecting the melting points of the individual components. To better 
describe phase or flow characteristics of petroleum products, including crude oil, the 
pour point is routinely used. The range of Figures quoted in the robust summary, -30°C 
to 30°C, is a typical range for the pour point as measured by a standard oil industry 
procedure, i.e. ASTM 1991b (ECB, 2000).  Some low-wax crudes have pour points 
below -30°C. 
 
Conclusion:  The pour points of the majority of crude oils fall within an approximate 
range of -30°C to 30°C.  
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 4.3 Boiling Point 
 

Distillation temperatures for crude oil range from approximately -1°C to over 720°C (30 
– 1328 °F) at 1013 Pa. This approximate range for crude oil is based on the boiling 
point of n-butane for the lower end and an upper estimate based on ASTM D7169 – 05, 
“Standard Test Method for Boiling Point Distribution of Samples with Residues Such as 
Crude Oils and Atmospheric and Vacuum Residues by High Temperature Gas 
Chromatography” (ASTM, 2005).  The boiling points of 46 crude oils are presented in 
Table 6.  The “percent recovered” in Table 6 indicates that some portion of the crude oil 
sample often boils above the limits of this analytical method (approximately 720°C or 
1328°F).  In practice, atmospheric distillation of crude oil at a refinery is not conducted 
above 275-300°C, to avoid thermal decomposition.  
 
Table 6.  Boiling Point Distribution of 46 Crude Oils1 

Sample 

No. 
API 

Gravity Boiling Range (⁰F) 

   

Initial 

BP T50
2
 

Final 

BP 

% 

Recovered 

70920 13.9 171 853 1312 86 

50905 19.4 86 852 1321 78 

10953 19.6 90 827 1319 87 

70918 20.8 92 866 1316 76 

30903 21.2 91 916 1302 72 

30913 21.4 86 831 1303 79 

70912 21.9 111 928 1298 72 

70917 23.3 124 744 1281 87 

30905 23.4 93 817 1310 80 

70916 23.4 54 791 1286 82 

70910 25.4 158 737 1303 93 

50910 26.6 82 754 1285 85 

10956 28.6 169 700 1289 90 

50907 28.9 124 687 1300 91 

70911 28.9 79 598 1269 100 

50908 29.3 84 737 1293 84 

10959 29.6 80 738 1316 86 

30965 29.6 84 732 1299 87 

10952 29.8 77 691 1318 94 

10954 30.4 112 626 1079 100 

50906 30.5 95 732 1324 84 

70913 30.5 48 581 1168 93 

50909 30.6 86 739 1305 82 

30902 30.7 75 720 1294 85 

70919 31.1 112 698 1280 86 

30906 31.5 78 605 1338 100 

30907 31.5 82 713 1317 88 

30909 32.4 79 598 1269 100 

30910 32.4 77 671 1297 88 
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50904 32.4 82 662 1275 89 

10960 32.7 87 571 1269 95 

30904 33.1 97 577 1274 95 

10957 33.3 86 674 1314 95 

30908 33.3 44 928 1298 72 

30964 33.3 75 649 1310 89 

10951 33.4 81 642 1305 97 

50902 33.6 86 583 1202 100 

70914 36.5 46 610 1254 97 

10958 36.9 79 618 1226 86 

50901 38 74 540 1242 100 

30911 38.3 80 583 1317 92 

10955 39.1 78 557 1312 96 

30914 39.1 96 502 1284 96 

50903 39.4 66 499 1269 100 

30912 41.8 92 618 1272 79 

70915 46.2 103 478 1088 93 
1
 ASTM D 7169 

2
 Temperature at which 50% of the sample boils 

 
Conclusion:  The distillation range of crude oil is approximately -1°C to over 720°C 
(30°F to over 1328°F). In practice, the upper range of atmospheric distillation at a 
refinery is typically limited to 275-300°C to avoid thermal decomposition.   
 
 4.4 Vapor pressure 

 
A range of vapor pressures of 6 to 45 kPa have been reported for different crude oils 
(Jokuty et al., 2002). Crude oil vapor pressure is a function of oil temperature and 
composition. The cited values represent vapor pressures of different crude oil types as 
reported in the Environment Canada database (Jokuty et al., 2002). 
 
Conclusion:  Vapor pressures of crude oils have been measured from 6 kPa to 45 kPa.  
 
 4.5 Partition Coefficient 

 
The range of partition coefficients for constituent hydrocarbons in crude oil is 2 to > 6, 
based on the calculated log Pow at 25°C (ECB, 2000). The calculation was done by the 
CLOGP Version 3.5 program (Calculation of LOG Partition coefficient octanol/water).  
The Figures represent the spread of calculated and/or measured values for typical 
hydrocarbon components of crude oil. Calculated values for higher molecular weight 
hydrocarbons are above 6, but such values are notional, since no correlation has been 
established between calculated and experimental values.  
 
Conclusion:  The range of partition coefficients of individual constituent hydrocarbons 
in crude oil covers an approximate range of 2 to >6.  
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 4.6 Water Solubility 
 
The aqueous solubilities of the main classes of hydrocarbons present in crude oil 
increase in the order of n-alkanes<isoalkanes<cycloalkanes< aromatics (McAuliffe, 
1966; Tissot and Welte, 1984). The water solubilities of individual constituents also 
decrease with increasing molecular weight and size of alkyl substituents (McAuliffe, 
1966: Tissot and Welte, 1984).  Solubilities of crude oil components may extend up to 
one or two percent individually, however, total solubility of all components will be 
dictated by component composition and loading rates of oil to water (Shiu et al., 1990). 
Concentrations of dissolved hydrocarbons in the water-soluble fractions of twelve crude 
oils are reported in the robust summaries.  Measurements were made in distilled and 
saltwater under different temperatures by purge-and-trap gas chromatography.  
Concentrations of hydrocarbons ranged from 10.42 mg/L to 58 mg/L in distilled water 
and from 7.75 mg/L to 25.5 mg/L in saltwater (Shiu et al., 1990).   
 
Conclusion:  Aqueous concentrations of petroleum hydrocarbons for 12 crude oils 
ranged from 10.42 to 58 mg/L in distilled water and from 7.75 to 25.5 mg/L in saltwater.  
At any particular loading rate, i.e. total nominal amount of substance per unit volume, 
the aqueous concentrations of each constituent represent a balance between the 
relative volumes of aqueous and petroleum phases, partition coefficient between 
phases, amount of component present and the maximum water solubility of each 
constituent. 
 

 4.7 Assessment Summary for Physical-Chemical Properties  
Crude oil is comprised of many materials existing in varying proportions depending on 
the source of the crude oil. For this reason, specific physical-chemical properties also 
vary and may only be presented as wide ranges that reflect the underlying properties of 
the constituent compounds. The values reported above for pour point, boiling point, 
vapor pressure, partition coefficient, and water solubility as reported in reliable literature 
sources and databases, are provided for a range of different crude oils  
 
 
      5.0 ENVIRONMENTAL FATE 

  
When a complex substance such as crude oil is released into the environment, the 
individual constituents separate and partition to the different environmental 
compartments in accordance with their own physical-chemical properties.  The ultimate 
fates of the individual components in crude oil are influenced by both abiotic and biotic 
processes, and the relative importance of these processes will depend upon the 
environmental compartment to which the individual components partition. By 
understanding the environmental fate characteristics of these individual components, an 
overall assessment of the whole crude oil is possible. Therefore, the environmental fate 
attributes of various hydrocarbon constituents in crude oil are described in the following 
sections.    
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5.1 Environmental Fate Endpoints 
 
The U.S. EPA has selected the following environmental fate endpoints by which these 
substances may be characterized: 

photodegradation,  
stability in water (hydrolysis), 
environmental distribution (fugacity), and 
biodegradation.   

In determining these fate characteristics for constituents in crude oil, the U.S. EPA‟s 
collection of physical-chemical and environmental fate models in EPI SuiteTM (USEPA, 
2000a) was used to estimate the properties of photodegradation, stability in water, and 
environmental distribution.  Measured data, when available, were also included in the 
assessment.  Biodegradation was examined for these substances in light of their 
physical-chemical properties and their capacities to undergo microbial 
oxidation/reduction reactions.  
 

 5.2 Photodegradation 
 
 5.2.1 Direct Photodegradation 
 
A prerequisite for direct photodegradation is the ability of one or more bonds within a 
chemical to absorb ultraviolet (UV)/visible light in the 290 nm to 750 nm wavelength 
range. Light wavelengths longer than 750 nm do not contain sufficient energy to break 
chemical bonds, while wavelengths below 290 nm are shielded from the earth by the 
stratospheric ozone layer (Harris, 1982a). However, to a limited extent, some 
degradation of polycyclic aromatic hydrocarbon (PAH) molecules in crude oil may occur 
as the result of photo-oxidative processes, although PAHs bound to sediments are 
reported to be less susceptible to photo-oxidation. The persistence of PAHs in 
sediments may in part be due to lack of light for photo-oxidation. Therefore, this fate 
process will not contribute to a measurable degradative removal of chemical 
components in this category from the environment. 
 
 5.2.2 Indirect Photodegradation 
 
Fractions of crude oil that volatilize to air may undergo a gas-phase oxidation reaction 
with photochemically produced hydroxyl radicals (OH¯). Atmospheric oxidation as a 
result of hydroxyl radical attack is not direct photochemical degradation, but rather 
indirect degradation (Schwarzenbach, 2003).  The atmospheric oxidation potential 
(AOP) of the major constituents in crude oil was estimated using AOPWin (atmospheric 
oxidation program for Microsoft Windows), a subroutine in the EPI SuiteTM (U.S. EPA, 
2000) models and used by the US EPA OPPTS (Office of Pollution Prevention and 
Toxic Substances). This program calculates a reaction rate constant (cm3/molec-sec) 
and a chemical half-life, i.e. hour or days, of a compound based upon average 
atmospheric concentrations of hydroxyl radicals (1.5 x 106 OH¯/cm3) and a 12-h day at 
25°C.   
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Atkinson (1990) gives data which enables half-lives to be calculated for the degradation 
of hydrocarbons in contact with hydroxyl radicals under sunlight conditions in the 
troposphere. Half-life values for typical hydrocarbon constituents in crude oils that 
volatilize to air are as follows: 
 

Constituent Half-life, days 
benzene 
n-butane 
n-hexane 
toluene 
cyclohexane 
n-decane 
n-tetradecane 
naphthalene 

6.5 
3.2 
1.4 
1.3 
1.1 
0.69 
0.42 
0.37 

 
 
Hydrocarbons of carbon number greater than C20 will have little or no tendency to 
partition to air. 
 
Conclusion: Direct photodegradation is not expected to play an important role in the 
environmental fate of crude oils.  Indirect photodegradation via reaction with hydroxyl 
radicals may be important in the gas-phase degradation of hydrocarbons that volatilize 
to the troposphere.  Atmospheric half-lives of 0.37 to 6.5 days have been calculated for 
representative components of crude oil. 
 

5.3 Stability in Water (Hydrolysis) 
 

Hydrolysis of an organic chemical is the transformation process by which a water 
molecule or hydroxide ion reacts to form a new carbon-oxygen bond. Chemicals that 
have a potential to hydrolyze include alkyl halides, amides, carbamates, carboxylic acid 
esters and lactones, epoxides, phosphate esters, and sulfonic acid esters (Harris, 
1982b). The majority of chemical components in crude oils are hydrocarbons, which are 
not included in these chemical groups, and are not subject to hydrolysis reactions with 
water. 
 
Conclusion: The substances in crude oil do not contain chemical moieties that undergo 
hydrolysis and, therefore, this process would not be expected to be an important fate 
pathway. 
 

5.4 Transport Between Environmental Compartments 
 

Equilibrium models can provide information on the way in which a chemical is likely to 
partition in the environment. These data are useful in identifying environmental 
compartments that could potentially receive a released chemical. A widely used fugacity 
model is the EQC (Equilibrium Criterion) model (Mackay et al., 1996, 1997). In its 
guidance document for HPV data development, the USEPA states that Level I fugacity 
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data is acceptable as an estimate of chemical distribution values. The EQC model is a 
Level I model that describes the equilibrium distribution of a fixed quantity of conserved, 
i.e., non-reacting, chemical at steady state within a closed environment with assumed 
volumes of air, water, soil and sediment. The model assumes the chemical becomes 
instantaneously distributed to an equilibrium condition using physical-chemical 
properties to quantify the chemical‟s behavior. The model does not include degrading 
reactions, advective processes or inter-media transport between compartments.  
  
Results of Level I models are basic partitioning data that allow for comparisons between 
chemicals and indicate the compartment(s) to which a chemical is likely to partition in 
the environment. Fugacity modeling for constituents in crude oil indicates that, at 
steady-state, the lower molecular weight components will mainly partition to air, with a 
maximum of about 1% of mono-aromatic hydrocarbons partitioning to water.  As the 
molecular weights increase, less tendency exists for the hydrocarbons to partition to air 
with increasingly greater percentages distributing to soil. Collectively, the wide 
molecular weight range of the hydrocarbons in crude oil will mean that at equilibrium, 
distribution will be mainly to air and soil, with much less than 1.0% being present in 
water. These data are adequate to define environmental distribution of crude oil 
components.   
 
Conclusion:  When crude oil enters the environment, the constituent hydrocarbons will 
partition in accordance with their own physical-chemical characteristics.  Because crude 
oil consists of a wide range of molecular weight and hydrocarbon types, fractions will 
partition mainly to air and soil.  
 

5.5 Biodegradation 
 

Most of the understanding on the biodegradability of petroleum hydrocarbons comes 
from biodegradation studies on crude oil, various streams from the fractional distillation 
of crude oil, and investigations of spill events, much of which have been reviewed by 
Bartha and Atlas (1977) and Connell and Miller (1980). Together with more recent 
reviews by Prince (2002), Prince et al. (2003) and Garrett, et al. (2003), a general 
consensus has developed regarding the biodegradability of petroleum hydrocarbons. 
First, virtually all kinds of crude oils are susceptible to microbial oxidation. The rate of 
oxidation is influenced by the microbial species and environmental factors such as 
available nutrients, oxygen, temperature and degree of dispersion. Second, molecular 
weight influences the rate at which microbial communities can utilize hydrocarbons. Low 
molecular weight components degrade relatively easy, while higher molecular weight 
components take longer to be consumed. Third, molecular structures of the 
hydrocarbons in the petroleum substance affect aerobic microbial biodegradation. 
Generally speaking, the structure-related pattern shows hydrocarbons in order of 
increasing difficulty of degradation: (1) n-alkanes, (2) isoalkanes, (3) alkenes, (4) one-
ring alkylbenzenes (e.g., BTEX), (5) polycyclic hydrocarbons, and (6) high molecular 
weight cycloalkanes (Bartha and Atlas, 1977; Potter and Simmons, 1998). This order 
has been reported for spills in both temperate climates and arctic summer conditions 
(Garrett et al., 2003). The relative ease of biodegradability of these structures is a 
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generalization, and the body of scientific data points to various factors that might 
influence this pattern.  
 
Other constituents of crude oil, such as those grouped in the general category of 
heterocyclic compounds because of their heteroatom content, i.e. oxygen, nitrogen, and 
sulfur may be more or less degraded according to their molecular weight distribution. 
However, many of these constituents exist as large molecular weight compounds that 
end up in the heaviest products resulting from crude oil refining. Current knowledge 
suggests these are not very biodegradable and will persist in the environment (Prince, 
2002).  
 
Empirical data indicate that crude oil can be -degraded equally well in sea water or fresh 
water, with the nutrient availability being a key factor in determining the rate of 
degradability. Adapted microorganisms are often found in ocean areas where crude oil 
spills are common. Zobell (1969) has calculated that when an adapted microbial 
population is available in well-aerated seawater at 20 to 30°C, the rate of crude oil 
oxidation ranges from 0.02 to 0.2 g of oil oxidized/m² ocean surface area/day.  The 
same author found experimentally that complete oxidation of 1.0 mg of hydrocarbon 
requires between 3 and 4 mg of oxygen, i.e. has a biological oxygen demand (BOD) of 
3 to 4 mg oxygen/mg.  Since the oxygen content of sea-water is between 6 and 11 
mg/L, depending on salinity and temperature, this means that the oxygen from about 
320,000 liters of sea water is required to oxidize one liter of crude oil.  
 
Five day respirometric tests run both in fresh water and in salt water at 30°C using a 
Kuwait crude oil resulted in 15% and 3% biodegradation, respectively (Bridie and Bos, 
1971). Biodegradation rates for crude oils will vary considerably, but in standard 28-day 
studies, none would be expected to be readily biodegradable. However, the evidence 
from spillages and from natural seepages is that most of the non-volatile constituents of 
crude oil are inherently biodegradable, but that some of the highest molecular weight 
components are persistent in water (CONCAWE, 2001).  
 
Conclusion:   Whole crude oil would not be classified as readily biodegradable.  
However, the constituent hydrocarbons in crude oils are considered inherently 
biodegradable.  
 

5.6  Assessment Summary for Environmental Fate 
 

When crude oil enters the environment, the individual constituents partition to different 
environmental compartments and degrade in accordance with their own physical-
chemical properties. In soils, crude oil will absorb into the soil matrix and volatile 
components will gradually partition to the atmosphere. Over time hydrocarbons 
available for microbial attack may be slowly degraded. In aquatic environments, crude 
oil will spread as a film on the surface of the water facilitating the loss of volatile 
components. Components that enter the troposphere will not likely persist as 
interactions with hydroxyl radicals leads to indirect photodegradation. Most components 
in crude oil are insoluble in water, but dissolved fractions become available for 
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biodegradation. Rates of mineralization are limited by available nutrients. As crude oil 
weathers, the fraction that does not biodegrade or volatilize can be physically isolated 
through incorporation into sediments and soils. Crude oil is not considered readily 
biodegradable, but the individual hydrocarbon constituents in general are regarded as 
inherently biodegradable.  

     6.0 ENVIRONMENTAL EFFECTS  
 

The environmental effects endpoints in the HPV Challenge program include: 
 Acute Toxicity to Fish, 
 Acute toxicity to Aquatic Invertebrates, and 
 Toxicity to Algae (Growth Inhibition). 

 
For the assessment of ecotoxicity of poorly water-soluble mixtures such as crude oil, 
"loading rate" is now generally accepted as the way in which study results should be 
expressed (OECD, 2000). The "loading rate" is defined as the amount of the substance 
equilibrated with the aqueous test medium, and the aqueous phase at equilibrium is 
termed the water-accommodated fraction (WAF) for the loading rate (OECD, 2000). 
Toxicological endpoints such as the lethal loading rate (LL50) or effective loading rate 
(EL50) are used to express the amount of substance per unit volume that is lethal or 
produces a specific effect to 50% of the test organisms.  Studies in which the results are 
expressed in terms of dilutions of a water-soluble fraction (WSF) do not allow the 
ecotoxicity of a substance to be expressed in terms of the amount of that product 
required to produce a particular effect. Therefore, such results are not comparable to 
results obtained by other exposure methods (Girling and Whale, 1994). Some studies 
have used oil/water dispersions (OWD) in which organisms are exposed to mixtures of 
oil and water resulting from high energy mixing of whole oil product in the dilution water. 
This method results in an expression of concentration of the applied substance (i.e., mg 
test substance/L), but the method does not prevent adverse effects due to physical 
entrapment or other adverse mechanical effects due to the insoluble oil. Besides 
endorsing the WAF method for preparation of exposure solutions, OECD (2000) also 
recommends the use of sealed test vessels with minimal or no headspace to minimize 
loss of volatile components in the exposure solutions. This procedure should be used in 
preparation of the WAF as well as test vessels during testing, as studies have clearly 
documented the loss of volatile hydrocarbons with open-air vessels or use of aeration 
during testing (Anderson et al., 1974; Lockhart et al., 1987; Tsvetnenko and Evans, 
2002). 
 
Although the WAF technique of preparing exposure solutions of sparingly soluble 
substances is currently preferred (OECD, 2000), to disregard other research using 
alternative exposure techniques would be to ignore a large and important body of work. 
For example, the Chemical Response to Oil Spills: Ecological Effects Research Forum 
(CROSERF) was formed to create and evaluate an alternative exposure regime for 
assessing the ecotoxicity of spilled oils (Aurand and Coelho, 2005). The CROSERF test 
protocols were established on the basis that realistic environmental exposure to spilled 
oils is not constant, but begins with an exposure “spike” that subsides as the spilled oil 
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weathers (Aurand and Coelho, 2005). Testing in this manner is not consistent with 
regulatory ecotoxicological hazard assessment methods which attempt to maintain 
consistent exposure concentrations for the duration of the exposure period (OECD 
Guidelines for Testing of Chemicals). The CROSERF program included many test 
species and in some cases comparisons of spiked exposures to continuous exposures, 
and thus is valuable to the overall understanding of the toxicity of crude oil to aquatic 
organisms.  
 
In this overview of the ecotoxicity hazard of crude oil, studies were selected such that 
toxicity comparisons could be made on the basis of similar exposure techniques. 
Whenever possible, the data review included studies of whole oil exposures as well as 
WAF and WSF exposures. For citing WAF and WSF studies, preference was given to 
those that included analytical measurements of the dissolved hydrocarbons in the 
exposure solutions. WAF and WSF preparation techniques have a large influence on 
the concentration and characterization of the dissolved components, and the analytical 
verification of the dissolved hydrocarbon concentrations provides some common means 
of comparing exposures. The following sections present selected acute aquatic toxicity 
studies of fish, aquatic invertebrates, and algae. Data are tabulated such that 
comparisons can be made on the basis of similar exposure techniques.  
 
6.1  Acute Aquatic Toxicity 
Crude oils would be expected to produce a similar range of acute toxicity for the three 
types of organisms (e.g., vertebrate, invertebrate, and plant) based on results of studies 
using comparable standardized test methods and exposure solution preparation 
procedures. This is expected because the majority of constituents in crude oil are 
neutral organic hydrocarbons that act in a common mode of action termed “non-polar 
narcosis”, which is brought about by disruption of biological membrane function (van 
Wezel and Opperhuizen 1995; Di Toro, et al., 2000). Any differences between toxicity 
endpoints (i.e., LC/LL50, EC/EL50) can be explained by the differences between the 
target tissue-partitioning behaviors of the individual chemicals (Verbruggen et al., 2000). 
For example, the existing fish toxicity database for hydrophobic neutral chemicals 
supports a critical body residue (CBR, the internal concentration that causes mortality) 
of approximately 2-8 mmol/kg fish (wet weight) (McCarty and Mackay, 1993; McCarty et 
al., 1991). When normalized to lipid content the CBR is approximately 50 μmol/g of lipid 
for most organisms (Di Toro et al., 2000). Similarities in the range of toxic response 
elicited by exposure to complex petroleum substances may also be predicted based on 
physical-chemical properties and acute toxicities of the individual hydrocarbons 
(Peterson, 1994, CONCAWE, 1996a). 
 
Whenever possible, aquatic toxicity test data with fish, invertebrates, and algae included 
studies that employed exposure solutions made by independent WAFs, dilutions of 
WAFs or WSFs, WAFs using spiked exposures, and whole oil:water dispersion 
techniques. When the data were available, endpoint results were based on 
measurements of dissolved hydrocarbons. Some of the studies included endpoints 
based on WAF loading rates as well as measured hydrocarbons.  Techniques used to 
measure the dissolved fraction varied, but tended to include gas chromatography with 
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flame ionization detection (GC-FID) or GC coupled with a mass spectrometer (GC-MS).  
GC-FID was by far the more common technique, but differences in sample handling 
procedures such as purge-and-trap, solvent extraction, or a combination of both 
methods likely introduced some bias in the range of molecular weight hydrocarbons that 
defined the measurement. Thus, the endpoint basis column in the tables of toxicity data 
includes a clarification if a specific fraction of the total dissolved hydrocarbons was 
reported. The dissolved fraction may include C10 – C36 hydrocarbons or in some 
studies, a separate fraction of C6 – C9 may have been measured then added to the 
C10 – C36 fraction, which was expressed as the total hydrocarbon concentration (mg 
THC/L). The contribution of one or another hydrocarbon fraction to the total dissolved 
hydrocarbons is a variable that could have a bearing on the calculated toxicity value, 
and not all reports provided a detailed description of the analytical method.  
 
6.1.1 Acute Toxicity to Aquatic Vertebrates 
Table 7 presents aquatic toxicity data for aquatic vertebrates (fish) using independent 
WAFs, dilutions of a WAF or WSF, spiked exposures, and whole oil:water dispersions. 
Fuller and Bonner (2001) ran duplicate tests of Arabian Medium crude oil with inland 
silversides (Menidia beryllina) and sheepshead minnows (Cyprinodon variegatus). 
Using independent WAFs and measured dissolved hydrocarbons, the authors 
measured LC50 values of 4.9 mg/L and 5.5 mg/L, and 3.9 mg/L and 4.2 mg/L, 
respectively, for the two oils. The close proximity of the LC50 values for duplicate tests 
likely resulted from their preparation and testing methods. The use of sealed test 
vessels with no headspace combined with daily renewals of the test solutions helped 
maintain exposure concentrations.  
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Table 7. Acute Toxicity of Crude Oil to Fish 

Crude Oil Type 

Fish 

Species 

Test/ Exposure 

Type 

Endpoint 

Basis 

Endpoint 

Value, mg/L Reference 

Independent WAF 

Arabian Medium 

crude oil 

Menidia beryllina 

(inland silversides) 

Independent WAFs; sealed vessels/zero 

headspace; daily static-renewal 

GC-MS 

measured mg TPH/L 

(C10-C36) 

96-h LC50 = 

4.9 (test 1) 

5.5 (test 2) 

Fuller and Bonner 

(2001) 

Arabian Medium 

crude oil 

Cyprinodon 

variegatus 

(sheepshead minnow) 

Independent WAFs; sealed vessels/zero 

headspace; daily static-renewal 

GC-MS 

measured mg TPH/L 

(C10-C36) 

96-h LC50 = 

3.9 (test 1) 

4.2 (test 2) 

Fuller and Bonner 

(2001) 

Alaska North Slope 

crude oil 

Menidia beryllina 

(inland silversides) 

Independent WAFs; covered vessels; daily static-

renewal; aerated 

GC-FID measured 

VOA (C6-9) + TPH 

(C10-36) = mg THC/L 

96-h LC50 = 

15.59 

96-h LL50 = 

1,641 

Rhoton et al. (2001) 

Prudhoe Bay crude 

oil 

Menidia beryllina 

(inland silversides) 

Independent WAFs; covered vessels; daily static-

renewal; aerated 

GC-FID measured 

VOA (C6-9) + TPH 

(C10-36) = mg THC/L 

96-h LC50 = 

14.81 

96-h LL50 = 

4,965 

Rhoton et al. (2001) 

WAF or WSF with Dilutions 

Norman Wells crude 

oil 

Oncorhychus mykiss 

(rainbow trout) 

WSF, 1:12.5 oil:water (v/v); dilutions; static; 3 

tests (sealed, open, open aerated) 

Headspace GC-FID 

(C1-C7) + solvent 

extraction (C8-C12) 

GC-FID measured 

mg TPH/L 

48-h LC50 = 

10.4 (sealed) 

11.6 (open) 

N.D. (open/aerate) 

Lockhart, et al. 

(1987) 

Bass Strait crude oil Melanotaenia 

fluviatilis (crimson-

spotted rainbow fish) 

WAF, 1:9 oil:water (v/v); dilutions; daily static-

renewal 

GC-FID  mg TPH/L 96-h LC50 = 

1.28 

Pollino and Holdway 

(2002) 

Spiked Exposure 

Louisiana Sweet 

crude oil 

Menidia beryllina 

(inland silversides) 

1:40 oil:water (v/v) WAF then diluted; static; 

open/aerated 

GC-FID measured 

mg TPH/L 

96-h LC50 = 

>2.9 

Hemmer, et al. 

(2010) 

JrPope
Text Box



Crude Oil Category               14 January 2011          Consortium Registration No. 1100997 

 

33 

 

Arabian Medium 

crude oil 

Menidia beryllina 

(inland silversides) 

Independent WAFs; CROSERF flow-through 

spiked exposure 

GC-MS 

measured mg TPH/L 

(C10-C36) 

96-h LC50 = 

>14.5 (test 1) 

>32.3 (test 2) 

Fuller and Bonner 

(2001) 

Arabian Medium 

crude oil 

Cyprinodon 

variegatus 

(sheepshead minnow) 

Independent WAFs; CROSERF flow-through 

spiked exposure 

GC-MS 

measured mg TPH/L 

(C10-C36) 

96-h LC50 = 

>6.1 (test 1) 

>5.7 (test 2) 

Fuller and Bonner 

(2001) 

Alaska North Slope 

crude oil 

Menidia beryllina 

(inland silversides) 

Independent WAF; CROSERF flow-through 

spiked exposure 

GC-FID measured 

VOA (C6-9) + TPH 

(C10-36) = mg THC/L 

96-h LC50 = 

26.36 

96-h LL50 = 

3520 

Rhoton, et al. (2001) 

Prudhoe Bay crude 

oil 

Menidia beryllina 

(inland silversides) 

Independent WAF; CROSERF flow-through 

spiked exposure 

GC-FID measured 

VOA (C6-9) + TPH 

(C10-36) = mg THC/L 

96-h LC50 = 

>19.86 

96-h LL50 = 

>8152 

Rhoton, et al. (2001) 

Whole OWD 

Kuwait crude oil Cyprinodon 

variegatus 

(sheepshead minnow) 

OWD; open/mixed Nominal whole oil 

loading, mg/L 

96-h LC50 = 

>80,000 

Anderson, et al. 

(1974) 

 Fundulus similis 

(longnose killifish ) 

OWD; open/mixed Nominal whole oil 

loading, mg/L 

96-h LC50 = 

14,800 

Anderson, et al. 

(1974) 

 Menidia beryllina 

(inland silverside) 

OWD; open/mixed Nominal whole oil 

loading, mg/L 

96-h LC50 = 

9,400 

Anderson, et al. 

(1974) 

South Louisiana 

crude oil 

Cyprinodon 

variegatus 

(sheepshead minnow) 

OWD; open/mixed Nominal whole oil 

loading, mg/L 

96-h LC50 = 

29,000 

Anderson, et al. 

(1974) 

 Fundulus similis 

(longnose killifish ) 

OWD; open/mixed Nominal whole oil 

loading, mg/L 

96-h LC50 = 

6,000 

Anderson, et al. 

(1974) 

 Menidia beryllina 

(inland silverside) 

OWD; open/mixed Nominal whole oil 

loading, mg/L 

96-h LC50 = 

3,700 

Anderson, et al. 

(1974) 
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Rhoton, et al. (2001) conducted acute toxicity tests of Alaska North Slope and Prudhoe 
Bay crude oils to inland silversides. Those tests revealed acute LC50 values of 15.59 
mg/L and 14.81 mg/L, respectively, for the two crude oils. While the difference in toxicity 
may be due to the nature of the crude oils (for example, corresponding LL50 values 
were 1,641 and 4,965 mg/L), the authors acknowledged that despite daily renewals of 
the test solutions, aeration of the test solutions caused a drop in the concentration of 
dissolved hydrocarbons to near the detection limit after 12 hours (Rhoton et al., 2001). 
 
Lockhart, et al. (1987) compared the toxicity of Norman Wells crude oil when tested 
using sealed, open, and open/aerated test vessels. Using dilutions of a 1:12.5 oil/water 
WSF and measuring the dissolved hydrocarbons by GC-FID, the authors measured the 
48-hour LC50 to rainbow trout (O. mykiss) to be 10.4 mg/L using sealed vessels, 11.6 
mg/L using open vessels, and no toxicity occurred in the vessels that were left open and 
were aerated. While the effect of aeration of the test solutions on toxicity was dramatic, 
the solutions left open to the air but not aerated appeared to retain hydrocarbons for a 
sufficient duration for toxicity to occur. Of all the fish studies cited here, the lowest LC50 
was reported by Pollino and Holdway (2002). The authors calculated an LC50 of 1.28 
mg/L based on measured dissolved hydrocarbons. Details of the experimental methods 
were not provided, and this precluded a full understanding what the analytical 
measurements represented with respect to range of carbon numbers. 
 
As described in Section 6.0, the CROSERF protocols were designed to simulate what 
was believed to be an environmentally realistic exposure following an oil spill (Aurand 
and Coelho, 2005). Therefore, this design created an initial high concentration that 
gradually declined as the spilled crude oil weathered and the lighter fractions volatilized 
(Aurand and Coelho, 2005). The studies grouped as “Spiked Exposure” in Table 7 
present acute toxicity values using this exposure scenario. For some tests, 
concentrations of dissolved hydrocarbons did not persist long enough in the exposure 
solutions to elicit toxicity (e.g., LC50 > initial measured concentration). Additionally, the 
LC50 values were generally greater than what was shown in static-renewal tests. This 
latter point can be seen by comparing the tests by Rhoton, et al. (2001) and Fuller and 
Bonner (2001) using static-renewal tests with independent WAFs versus the spiked 
exposure tests. In each comparison, the LC50 values for the spiked exposure tests 
were greater than the LC50 values for the static-renewal tests. These comparisons 
demonstrate that the exposure design can influence the toxicity endpoints for these 
tests.  
 
For studies conducted using oil:water dispersions, the data produced by Anderson, et 
al. (1974) demonstrate that the source of the crude oil as well as differences in species 
sensitivity affect the test endpoints. Because the studies cited in Table 7 for OWDs were 
conducted in a similar manner at the same laboratory, inter-laboratory variability was 
controlled and the differences in toxicity were most likely due to the controlled variables 
of crude type and test species. Because dissolved hydrocarbons were not measured, 
the endpoints were defined by the total oil loading per unit volume of water. These tests 
were done in open/mixed vessels, and loss of volatile components of the oil would be 
expected. However, these nominal concentrations reveal that total oil loadings 
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necessary to elicit toxicity are quite high in comparison to what might be expected in the 
dissolved fraction. The range of LC50 values reported by Anderson, et al. (1974) was 
3,700 mg/L to >80,000 mg/L. The static-renewal tests conducted by Rhoton, et al. 
(2001) reported LC50s and LL50s. The LL50 values for Menidia exposed to Alaska 
North Slope and Prudhoe Bay crude oils were 1,641 and 4,965 mg/L, respectively. 
These values were somewhat lower than those of Anderson, et al. (1974) and may have 
been due to daily renewal of the test solutions.  
 
6.1.2  Acute Toxicity to Aquatic Invertebrates 
Table 8 presents aquatic toxicity data for aquatic invertebrates using independent 
WAFs, dilutions of a WAF or WSF, spiked exposures, and whole oil:water dispersions. 
For studies conducted with independent WAFs and renewal of the test solutions, the 
EC50 values ranged from a low of 0.56 mg/L to 2.61 mg/L (Fuller and Bonner, 2001; 
Rhoton et al., 2001) when based on mean measured dissolved petroleum hydrocarbons 
(GC-FID or GC-MS). Rhoton et al. (2001) aerated the vessels and although test 
solutions were renewed, some loss of dissolved hydrocarbons was likely to have 
occurred. This may explain the higher LC50 values measured in their studies as 
compared to those of Fuller and Bonner, who employed sealed test vessels without 
aeration.  
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Table 8. Acute Toxicity of Crude Oil to Aquatic Invertebrates 

Crude Oil Type 

Invertebrate 

Species 

Test/ Exposure 

Type 

Endpoint 

Basis 

Endpoint 

Value, mg/L Reference 

INDEPENDENT WAF 

Arabian Medium 

crude oil 

Americamysis bahia 

(saltwater mysid) 

(formerly 

Mysidposis bahia) 

Independent WAFs; sealed vessels; static-

renewal 

GC-MS measured 

mg TPH/L 

(C10-C36) 

96-h LC50 = 

0.56 (test 1) 

0.67 (test 2) 

Fuller and Bonner 

(2001) 

Alaska North Slope 

crude oil 

Chionocetes bairdi 

(Tanner crab) 

Independent WAFs; static-renewal GC-FID measured 

VOA (C6-9) + TPH 

(C10-36) = mg 

THC/L 

96-h LC50 = 

2.54 

96-h LL50 = 

12.48 

Rhoton (1999) 

Alaska North Slope 

crude oil 

Americamysis bahia 

(saltwater mysid) 

Independent WAFs; static-renewal GC-FID measured 

VOA (C6-9) + TPH 

(C10-36) = mg 

THC/L 

96-h LC50 = 

2.61 

96-h LL50 = 

160 

Rhoton (1999) 

WAF or WSF with dilutions 

10 different crude 

oils 

Daphnia magna 1:40 oil:water (v/v) WSF then diluted; sealed 

vessels/zero headspace; static 

Purge and trap; 

GC-FID 

48-h EC50 = 

4.6 to 13.3 

(2 oils not toxic) 

Environment 

Canada (1994) 

13 different crude 

oils 

Daphnia magna 1:40 oil:water (v/v) WSF then diluted; sealed 

vessels/zero headspace; static 

Headspace; 

GC-MSD 

48-h EC50 = 

4.8 to 28.7 

(7 oils not toxic) 

Environment 

Canada (1994) 

WAF spiked exposure 

Arabian Medium 

crude oil 

Americamysis bahia 

(saltwater mysid) 

(formerly 

Mysidposis bahia) 

Independent WAFs; CROSERF flow-

through 

GC-MS measured 

mg TPH/L 

(C10-C36) 

96-h LC50 = 

>14.3 (test 1) 

>11.6 (test 2) 

Fuller and Bonner 

(2001) 
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Louisiana Sweet 

crude oil 

Americamysis bahia 

(saltwater mysid) 

1:40 oil:water (v/v) WAF then diluted; static; 

open/aerated 

GC-FID measured 

mg TPH/L 

48-h LC50 = 

2.7 

Hemmer, et al. 

(2010) 

Alaska North Slope 

crude oil 

Chionocetes bairdi 

(Tanner crab) 

Independent WAFs; CROSERF flow-

through 

GC-FID measured 

VOA (C6-9) + TPH 

(C10-36) = mg 

THC/L 

96-h LC50 = 

13.85 

96-h LL50 = 

285 

Perkins, et al. 

(2003) 

Alaska North Slope 

crude oil 

Americamysis bahia 

(saltwater mysid) 

Independent WAFs; CROSERF flow-

through 

GC-FID measured 

VOA (C6-9) + TPH 

(C10-36) = mg 

THC/L 

96-h LC50 = 

9.625 

96-h LL50 = 

654 

Perkins, et al. 

(2003) 

Whole OWD 

Kuwait crude oil Mysidopsis almyra OWD; open/mixed Nominal whole oil 

loading, mg/L 

48-h LC50 = 

63 

Anderson, et al. 

(1974) 

Kuwait crude oil Paleomonetes pugio OWD; open/mixed Nominal whole oil 

loading, mg/L 

48-h LC50 = 

6,000 

Anderson, et al. 

(1974) 

South Louisiana 

crude oil 

Mysidopsis almyra OWD; open/mixed Nominal whole oil 

loading, mg/L 

48-h LC50 = 

37.5 

Anderson, et al. 

(1974) 

South Louisiana 

crude oil 

Paleomonetes pugio OWD; open/mixed Nominal whole oil 

loading, mg/L 

48-h LC50 = 

200 

Anderson, et al. 

(1974) 

South Louisiana 

crude oil 

Penaeus aztecus OWD; open/mixed Nominal whole oil 

loading, mg/L 

48-h LC50 = 

>1000 

Anderson, et al. 

(1974) 

11 crude oils from 

North Sea origin 

Cragon cragon OWD, open Nominal whole oil 

loading, mg/L 

96-h LC50 = 

27 to 110 

Franklin and Lloyd 

(1982) 

8 crude oils from 

Middle East origin 

Cragon cragon OWD, open Nominal whole oil 

loading, mg/L 

96-h LC50= 

41 to 119 

Franklin and Lloyd 

(1982) 
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Environment Canada (1994) tested 23 different crude oils from various parts of the world 
against Daphnia magna using dilutions of a WSF (1:40 oil/water ratio). Nine of the 23 
crude oils produced insufficient toxicity to derive EC50 values, and for those crude oils that 
elicited toxicity, the EC50 values ranged from 4.6 mg/L to 28.7 mg/L.  
 
Tests run with crude oil prepared as spiked concentrations with aquatic invertebrates 
showed results similar to the fish studies. EC50 values were higher than those obtained 
via independent WAF tests (with exposure solutions renewals) or those using dilutions of 
WSFs when attempts were made to maintain exposure concentrations (e.g., use of 
static/sealed test vessels). Toxicity values ranged from low of 2.7 mg/L (Hemmer, et al. 
2010) to 13.85 mg/L (Perkins et al., 2003). Fuller and Bonner (2001) reported an LC50 
greater than the highest concentration (>11.6 mg/L). Toxicity data for the spiked studies 
were based on measured concentrations at the beginning of the test and did not reflect 
exposures over the course of the testing period. The values cited by Hemmer, et al. (2010) 
appeared lower than what might be expected for a spiked exposure, but may be due to the 
use of open and aerated test vessels. Their report did not provide details of their analyses; 
therefore, the range of molecular weight hydrocarbons measured by their method was 
unknown.  
 
The dispersion studies run by Anderson et al. (1974) and Franklin and Lloyd (1982) have 
value in that they permit comparisons to be made between test species and between 
different crude oils while maintaining standard testing procedures.  Anderson et al. (1974) 
measured LC50 values ranging from 37.5 mg/L to 6000 mg/L. One crude oil was not toxic 
at the highest loading rate (LC50 > 1000 mg/L). These LC50s are considerably lower than 
LC50 values reported by the same authors for fish (Table 7) in tests of the same crude 
oils. Franklin and Lloyd (1982) used a dispersion technique similar to Anderson et al. 
(1974). For 11 crude oils from the North Sea region, LC50 values ranged from 27 to 110 
mg/L, while those for eight Middle East crude oils ranged from 41 to 119 mg/L.  
 
6.1.3  Toxicity to Algae 
Although the effects of crude oil on algae have drawn less attention than those on fish and 
aquatic invertebrates, the data reviewed here suggest responses similar to those reported 
for aquatic invertebrates. Table 9 presents study results for tests of crude oil to algae. 
Gaur and Singh (1989) tested Assam crude oil in two ways, first using dilutions of a WSF, 
then in another test using direct addition of the crude oil to the algae medium via oil-
soaked absorbent pads. The direct addition method resulted in lower EC50 values for both 
growth rate and cell yield than using dilutions of the WSF, but only by a factor of 
approximately 1.5. The authors used a 15-day exposure duration, and no data was 
reported for the standard 3-4 day time period commonly used in regulatory testing. 
Tsvetnenko and Evans (2002) conducted their tests in a manner more in line of standard 
regulatory guidelines (e.g., OECD, ASTM). They tested three crude oils having °API 
gravities of 21, 34, and 48. The crude oil having the greatest specific gravity (°API 21) 
resulted in the lowest EC50 values when based on cell biomass or growth rate (0.94 and 
6.16 mg/L, respectively). Toxicity was somewhat less with the crude oils having higher 
°API gravities, but the endpoint values for the 34 and 48 °API crudes were not 
substantially different from each other.  
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Table 9. Acute Toxicity of Crude Oil to Algae 

Crude Oil 

Type 

Algal 

Species 

Test/Exp

osure 

Type 

Endpoint 

Basis 

Endpoint 

Value, mg/L Reference 

Assam crude Anabaena 

doliolum 

 Dilutions 

of 1:20 

oil/water 

WSF 

 

 

Direct 

Addition 

Dissolved 

hydrocarbons by 

spectrofluoromet

ry 

15-d EC50 =  

 

9.06 (rate) 

10.45 (cell yield) 

 

 

5.73 (rate) 

7.47 (cell yield) 

Gaur and Singh, 

1989 

Western Australia 

crude 

 °API=21 

Isochrysis 

sp. 

Dilutions 

of 1:10 

oil/water 

WSF 

GC-MS 

purge/trap 

(C6-C9) + 

solvent 

extraction and 

GC-FID 

(C10-C36) 

96-h EC50 = 

 

0.94 (biomass) 

6.16 (rate) 

Tsvetnenko and 

Evans, 2002 

 °API =34    5.51 (biomass) 

8.38 (rate) 

 

 °API=48    3.6 (biomass) 

7.38 (rate) 

 

 

None of the cited studies were run using sealed test vessels to prevent the loss of volatile 
components, and Tsvetnenko and Evans (2002) measured a 50 – 70% drop in the 
dissolved hydrocarbons between the beginning and end of their tests. Gaur and Singh 
(1989) did not indicate the frequency of their hydrocarbon measurements, but the 15-d 
duration of their test suggests that loss of volatile fractions may have occurred. 
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6.1.3  Summary of Acute Aquatic Toxicity 
The studies cited above and described more fully in the robust summaries show a wide 
range of organisms‟ responses to oil exposures. Some of this variability is due to using 
different methodologies, such as independent WAFs, dilutions of a WAF or WSF, spiked 
exposures, oil:water dispersions, and the use of open versus sealed test vessels. The 
choice of the analytical method also is important when the toxicity endpoints are based on 
measured concentrations of dissolved hydrocarbons.  Analytical instruments used in the 
reviewed studies include GC-MS, GC-FID, and spectrofluorometry. These instruments 
together with the different sample preparation methods (e.g., solvent extraction, purge and 
trap, headspace analysis) may capture a wide range of molecular weight hydrocarbons or 
focus on a narrow range of carbon chain lengths. All these techniques were used in some 
of the cited reports, and this too presents a source of variability in the calculated endpoints.  
 
Because crude oils are of such compositional complexity, to fully characterize all 
components that potentially might contribute to aquatic toxicity is not possible.  However, 
crude oils and their refined products cause acute toxicity via nonpolar narcosis mode of 
action (van Wezel and Opperhuizen, 1995). Therefore, an understanding of the acute 
aquatic toxicity of crude oil relative to fractions of crude oil can be obtained from the 
ranges in ecotoxicity endpoint values for different distillation fractions. Presenting the acute 
toxicity of the different distillation fractions of crude oil provides an aquatic hazard of each 
fraction and collectively forms a set of ecotoxicity values within which crude oil falls. This is 
illustrated in Table 10, which shows the ranges of effect values (e.g. LL/EL50) for selected 
data cited in the crude oil robust summaries and the robust summaries of other petroleum 
HPV categories. Reports were selected based on similar testing methodology. 
 

Table 10.  Ranges for Ecotoxicity Endpoints for Crude Oil and Different 
Distillation Fractions of Crude Oil Based on WAF Studies 
  

Range of Effect Levels, LL/EL50 (mg/L) 
 

Petroleum HPV 

Category 

Typical 

Carbon 

Range Fish Invertebrate Algae Source 

Crude Oil C4 –C60+ 1641 – 4965 12.48 - 160 No WAF 

Data 

Rhoton (1999) 

Rhoton et al. (2001) 

Gasoline 4 – 12 8.2 – 46 4.5 - 32 1.1 - 64 CONCAWE (1996b) 

Stonybrook Laboratories 

(1995a-d) 

Kerosene 9 – 16 10 – 100 1.4 - 89 5 - 30 EBSI (1995a,b) 

Shell (1995a-c) 

Gas Oil 9 – 30 3.2 – 65 2 - 300 1.9 - 78 Clark, et al. (2003) 

EBSI (1998a,b) 

EBSI (2001) 

Shell (1995d) 

Heavy Fuel Oil 7 – 50 100 - 10,000 220 - 10,000 3 - 5,000 Mobil (1987a-c) 

Shell (1997a-c) 

Lube Oils 15 - 50 >100 - 

>1,000 

>1000 - 

>10,000 

>50%
1
 BP International (1990a,b) 

EBSI (1995c) 
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Shell (1988) 

Aromatic 

Extracts 

15 – 50 >1,000 >1,000 >1,000 BP Oil Europe (1994a-c) 

Note: For the purpose of comparison, the above data are from summarized referenced sources that employed 

water-accommodated fractions (WAFs) as exposure solutions.  Other ecotoxicity data in the public domain may 

be from oil-water dispersions (CONCAWE 2001) or water-soluble fractions as with some studies cited in the 

discussion herein and hence may not be directly comparable to studies using WAF solutions. 
1
 The endpoint value for algae represents a 50% dilution of a 1000 mg/L WAF, and was the highest level used in 

the test. 

 

The world‟s supplies of crude oils are represented by hydrocarbons covering a wide range 
of molecular weights. The point illustrated in Table 10 is that streams that are derived from 
crude oil that contain primarily relatively low molecular weight hydrocarbons such as 
gasoline (C4-C12), kerosene (C9-C16), and gas oil (C9-C30), typically show greater 
toxicity than those streams having predominantly higher molecular weight hydrocarbons 
(heavy fuels, lube oils, and aromatic extracts). Such a trend may be explained by the 
greater bioavailability of the low molecular weight and higher levels of more water soluble 
constituents. As petroleum streams become composed of higher molecular weight 
hydrocarbons, their limited water solubilities limit bioavailability, and hence toxicity. 
Regardless of the source of the crude oil, aquatic toxicity is not likely to be any greater 
than that represented by the most toxic distillation fraction. Thus, while the lowest acute 
toxicity endpoint for a crude oil was 12.48 mg/L, acute toxicity could potentially fall within 
the range of 1 – 10 mg/L, depending on the proportion of low molecular weight 
hydrocarbons in the crude‟s composition. This may be expected when testing is conducted 
using WAF loading rates using standard methods for difficult substances (OECD, 2000). 
 
6.2 Aquatic Chronic Toxicity 
Chronic toxicity to aquatic organisms would be expected based on the wide range of 
partition coefficients, i.e. log Kow 2 to >6, of constituents in crude oils. Because thousands 
of hydrocarbon components in crude oils could potentially affect chronic toxicity, no reliable 
correlation exists between crude oil composition and chronic aquatic toxicity as determined 
by current, standardized test methods. However, chronic toxicity of crude oil fractions to 
the early life stages of fish is an area of ongoing research (Rhodes, et al., 2005). A review 
of data published in the scientific literature and summarized in the robust summaries 
indicates that chronic adverse effects to aquatic organisms are caused by exposure to 
crude oil, and the effects cover a range of chronic toxicity endpoints such as growth, 
embryo and larval survival, fecundity, gametophyte viability, developmental processes, 
cardiac arrhythmia, and osmoregulation (Pollino and Holdway, 2002; Perkins et al., 2003; 
Holdway, 2002; Din and Abu, 1992; Moffitt et al., 1992; Rhodes et al., 2005; Lockhart et 
al., 1996; Incardona et al., 2009). Chronic toxicity values vary with species and type of 
exposure, e.g., WAF, WSF, etc., but adverse effects have been reported at WAF loading 
rates of <1 mg/L.   
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6.3 Assessment Summary for Environmental Effects 
 
Because crude oil is extracted from world-wide sources and composed of many different 
types and molecular weights of hydrocarbons, it may be impractical to assign specific 
acute aquatic toxicity values that cover the full domain of crude types.  However, a 
generalization of the acute aquatic toxicity based on the data cited above indicates that 
when based on total crude oil loadings in water, either as WAFs or OWD, aquatic 
invertebrates are more sensitive than fish to crude oil exposure, and the lowest EL50 
values may approach 10 mg/L. The lowest acute EL50 among the cited studies was 12.48 
mg/L (Rhoton, 1999).  When toxicity endpoints are based on measured concentrations of 
hydrocarbons in the dissolved phase of the exposure solutions, aquatic invertebrates still 
appeared to be more sensitive than fish or algae. The lowest EC50 value was 0.56 mg/L 
(Fuller and Bonner, 2001). All acute endpoints for fish were >1 mg/L when based on 
measured dissolved hydrocarbons. For algae, one test endpoint yielded an EC50 of 0.94 
mg/L, but other data all fell within the range of 6 to 11 mg/L. In general, aquatic toxicity of 
crude oil is not likely to be any greater than that represented by the most toxic fraction. For 
concentrations presented as loading rates, acute toxicity could potentially fall within the 
range of 1 – 10 mg/L.  
 

            7.0      HUMAN HEALTH EFFECTS  
 
Human health hazards associated with the exploration, production, and transportation of 
crude oil are most often from hydrogen sulfide, volatile organic compounds (VOCs) similar 
to gasoline, and polycyclic aromatic compounds (PAC).   The inhalation exposure hazards 
of hydrogen sulfide and VOCs are described in the Petroleum HPV Category Assessment 
Documents for Refinery Gases and Gasoline Blending Streams respectively (Petroleum 
HPV, 2008 and 2009).  The dermal exposure hazard of PAC is described in recent reports 
(API, 2008 and TERA, 2008) and also summarized in Appendix 3.  
 
The analytical data in Table 2 is related to a series of statistical models that were 
developed to predict the potential repeated-dose and developmental toxicity of high-boiling 
petroleum substances by the dermal route of exposure in rats. The development of these 
models began with the observation that the more significant effects of several types of 
petroleum refinery streams in both developmental and repeated-dose studies appeared to 
be related to the total amount of 3-7 ring PACs (Feuston et al, 1994). The relationship was 
only qualitative and not predictive for individual samples.  More recently statistical models 
were developed by API that quantitatively predict the doses at which potential effects occur 
on most sensitive endpoints in rats based on the profile of PACs in each sample. The 
models are empirically based on a number of toxicity studies on refinery streams for which 
analyses of PAC profile using a “PAC-2” method also existed. The PAC-2 analyses 
provided the percent of each aromatic ring class (ARC) that served as a basis for the 
models, i.e. ARC %, in Table 2. The endpoints used in the models were selected by an 
extensive analysis to determine the most sensitive endpoints among studies of 
developmental toxicity, repeated-dose toxicity, and optimized Ames tests. 
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These models have been applied to predict the potential toxicity of untested crude samples 
described later in this section.  
 
Three types of quantitative values are used in this document.  
1) Data from appropriate studies, such as No Observed Adverse Effect Level (NOAEL) on    

tested samples, 
2) BMD10 (Bench Mark Dose) which is the dose that produces a 10% response relative to 

the control group that is calculated from data on tested samples (Crump, 1984), 
3) PDR10 (Predicted Dose Response) which is the dose  that produces a 10% change in 

the response relative to the control group predicted by statistical modeling using the 
PAC profile of untested samples (Appendix 3). 

 
Appendix 5 contains summaries of several published studies that used unrealistic routes of 
administration and extremely high doses.  Because of those deficiencies, the Petroleum 
HPV Testing Group recommends that they not be used for hazard or risk evaluation of 
crude oil.  They are included in this document only for completeness.  
 

7.1 Acute Toxicity 
Crude oils have been tested for acute toxicity and were associated with low toxicity in all 
species via a variety of routes and endpoints. Data on the acute dermal toxicity and eye 
and skin irritation potential of five crude oils, i.e. four light crudes and one heavy crude, are 
summarized in Table 11. The results indicate that acute exposures to crude oils did not 
produce significant systemic toxicity by the dermal route and induced only minimal skin 
irritation. Only Lost Hills Light crude oil induced some conjunctival irritation at 24 hours.  
 

Table 11.  Acute Toxicity of Crude Oils1  

Sample 

Dermal LD50 

(Rabbit) 

g/kg 

    Skin Irritation 

(Rabbit)
2 

 

   Erythema         Edema 

Eye Irritation (Rabbit 24hr) 

Conjunctival  

Beryl  [36.5°API] >2.0 ND
c
 ND 1.7 

Arab Lt  [34.5
 
°API] >2.0 0.9 0.1 1.3 

Mid-Continent [40°API] >2.0 ND ND 0.3 

Lost Hills Light 

[>38°API] 

>2.0 1.6 1.3 3.7 

Belridge Heavy 

[14°API] 

>2.0 0.6 0.8 0.8 

1
Mobil, 1984a,b; 1985a,b; 1990a,b 

2 
Mean scores on a scale of 0-4 of reactions at 24, 48, and 72 hrs. (Mobil 1985b)  

ND = Not Determined 

 
Lost Hills Light and Belridge Heavy crudes did not cause dermal sensitization in the guinea 
pig when tested using the Buehler method  (Mobil, 1991a,b).  
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Exploration, production, and transport of crude oil can result in significant levels of 
hydrogen sulfide and/or VOCs in some situations (i.e., enclosed spaces).   The acute 
inhalation hazard is primarily from hydrogen sulfide.  When the inhalation acute toxicity of 
hydrogen sulfide was assessed in male and female Sprague-Dawley rats, the calculated 
LC50 was 444 ppm, with a confidence interval of 416 – 473 ppm (Tansy et al., 1981).   
VOCs from crude oil are expected to have low acute toxicity by the inhalation exposure 
route; e.g., Rat LC50 >5g/m3 for 6-hour exposures, based on testing of various naphtha 
blending streams and gasoline (Petroleum HPV, 2008). 
 
Conclusion: Crude oils have demonstrated little local irritation or systemic toxicity by 
dermal exposure.  Neither of the two tested crude oils was a skin sensitizer. The acute 
inhalation hazard of crude oil is likely from the presence of hydrogen sulfide gas in some 
crude oils under specific conditions, i.e., enclosed spaces. 
  
 7.2      Repeat -Dose Toxicity 
 
Inhalation Exposure:  
Hydrogen sulfide toxicity, including nasal and pulmonary effects, was characterized in 
adult male and female Fischer-344 and Sprague–Dawley rats and B6C3F1 mice (Dorman, 
2004).  Animals underwent whole-body exposure to 0, 10, 30, or 80 ppm H2S for 6 h/day 
for at least 90 days. Exposure to 80 ppm H2S was associated with reduced feed 
consumption during either the first exposure week (rats) or throughout the 90-day 
exposure (mice). Male Fischer-344 rats, female Sprague–Dawley rats, and female B6C3F1 
mice exposed to 80 ppm H2S had depressed terminal body weights when compared with 
air-exposed controls. Subchronic H2S inhalation did not result in toxicologically relevant 
alterations in hematological indices, serum chemistries, or gross pathology. Histologic 
evaluation of the nose showed an exposure-related increased incidence of olfactory 
neuronal loss (ONL) and rhinitis. ONL occurred following exposure to ≥30 ppm H2S in both 
sexes of all experimental groups, with one exception, male Sprague–Dawley rats 
demonstrated ONL following exposure to 80 ppm H2S only. A 100% incidence of rhinitis 
was found in the male and female B6C3F1 mice exposed to 80 ppm H2S. In the lung, 
exposure to H2S was associated with bronchiolar epithelial hypertrophy and hyperplasia in 
male and female Sprague–Dawley rats following exposure to ≥30 ppm H2S and in male 
Fischer-344 rats exposed to 80 ppm H2S.  10 ppm represented the NOAEC for hydrogen 
sulfide following subchronic inhalation. 
 
The VOCs from crude oil are similar to those from gasoline and gasoline blending streams.  
Gasoline and gasoline blending streams have been evaluated for repeat dose hazard 
potential by inhalation (Petroleum HPV, 2008).  Study details and references are found in 
Appendix 6.  Subchronic studies demonstrate that the inhalation NOAECs and LOAECs 
were similar between the different hydrocarbon classes in the streams and the formulated 
product, gasoline, in rats.  Since there were no appreciable differences between paraffinic, 
olefinic, naphthenic, and aromatic streams, a range of values derived from all of those 
repeated dose inhalation studies can be used to estimate the hazard of VOCs from crude 
oil.  These values are: 

JrPope
Text Box



Crude Oil Category                   14 January 2011  Consortium Registration # 1100997 
    

 

45 

 

 LOAEC: 6572 mg/m3 – 27,800 mg/m3    (1864 – 7885ppma) 
 NOAEC: 1507mg/m3 –  10,153 mg/m3   (427 – 2880ppma) 
[a - Total hydrocarbon determined as parts-per-million (ppm) hexane equivalents.] 
   
Dermal Exposure: 
Lost Hills Light (>38°API, 0.86 wt% S) and Belridge Heavy (14°API, 1.05 wt% S) crude oils 
were applied dermally, without occlusion, to the clipped backs of male and female Sprague 
Dawley rats at dose levels of 0, 30, 125, and 500 mg/kg/day, 5 days/week for 13 weeks 
with accumulated material wiped off once weekly, one day after the last daily dose (Table 
12). Following treatment, minimal skin irritation, i.e. flaking, was produced on the treated 
rats while hyperplasia and hyperkeratosis were evident in all the rats exposed to Lost Hills 
Light and almost all the rats treated with Belridge Heavy. 
 
The effects of dermal exposure at 500 mg/kg of Belridge Heavy included reduced mean 
body weight gain and decreased platelet counts in male rats only and decreased 
hemoglobin, hematocrit and red blood cell counts in both sexes. Absolute liver weights and 
liver to body weight ratios, i.e. relative liver weights, were increased and absolute and 
relative thymus weights were decreased in both sexes at 500 mg/kg.  Microscopically, the 
incidence of thymic atrophy was substantially increased in both sexes for most of the rats 
treated with 500 mg/kg of Belridge Heavy. Also, the incidence of hypertrophy and 
hyperplasia of the thyroid follicular epithelium was very apparent in males at the 500 mg/kg 
dose level of Belridge Heavy while a lower but still elevated incidence was observed at the 
two lower doses with no related thyroid effects observed in the female rats.     
 
Dermal exposure to Lost Hills Light at 500 mg/kg did not affect body weight or body weight 
gain but did decrease hemoglobin, hematocrit and red blood cell counts in male rats only. 
Increased absolute and relative liver weights were found in both sexes at 500 mg/kg of 
Lost Hills Light but no significant thymus weight changes were seen at any dose. 
Microscopically, hyperplasia of treated skin was observed at all doses for Lost Hills Light 
and Belridge Heavy but was slightly more severe with Lost Hills Light than Belridge Heavy 
as would be expected with lower viscosity petroleum-related materials because of their 
greater potential to cause drying of the skin. With 500 mg/kg of Lost Hills Light treatment, 
thymic atrophy was observed in only ~16% of the rats while 500 mg/kg of Belridge Heavy 
produced this same effect in 65%. Hypertrophy and hyperplasia of the thyroid was 
observed in almost all of the Lost Hills Light treated males and a few of the females in the 
30 mg/kg group were also affected while higher doses did not increase the incidence of the 
thyroid effects over control levels. No adverse effects were reported in other organ 
systems in either sex at any dose.   
 
This study‟s Lowest Observable Adverse Effect Level (LOAEL) for all effects, without a 
NOAEL being established, for both crude oils was determined to be the lowest dose used, 
i.e. 30 mg/kg, which was based on the occurrence of skin irritation and marginal thyroid 
effects.  Also, Belridge Heavy was richer in 3-5 ring polycyclic aromatic compounds (PAC) 
than Lost Hills Light demonstrated more severe toxicity as indicated by decreases in body 
weight gain, aberrant hematology, thymus atrophy and bone marrow histopathology 
(Feuston et al.,1997b). The refinery streams tested by Feuston et al, 1994 produced 
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similar toxicity with these endpoints, e.g. reduced body weight gain, aberrant hematology 
and thymus atrophy as well as also being associated with elevated PAC content.  
 
 
Table 12. Dermal Repeat-Dose Toxicity Endpoints 
Crude oil 

type 

 

Study type 

 

Doses Results Refer. 

Lost Hills 

Light  

Animal  Rat 

Sex  Male  

Route  Skin 

Freq.  Daily 

Duration               90 d.  

30, 125 & 

500 mg/kg 

Body wt gain Reduced (500
2
 mg/kg) 

Hematology         Changes (500
1
- 125

2
 mg/kg) 

Liver  Enlargement (500
1
- 125

2
mg/kg) 

Thymus Wt Reduction (500
2
 mg/kg) 

 

Histopathology Incidence: 

Skin - Inflammation (<30
1
 mg/kg) 

Thyroid – Hypertrophy/Hyperplasia of  

       Follicular Epithelium (<30
1
 mg/kg) 

Thymus – Atrophy (500
1
 – 125

2
 mg/kg)  

 

Feuston, 

1997b & 

Mobil 1992a 

Belridge 

Heavy  

Animal  Rat 

Sex  Male  

Route  Skin 

Freq.  Daily 

Duration               90 d.  

30, 125 & 

500 mg/kg 

Body wt gain Reduced (500
1
-125

2
  mg/kg) 

Hematology Changes (500
1
- 125

2
 mg/kg) 

Liver                   Enlargement (125
1
- 30

2
 mg/kg) 

Thymus wt. Reduction (500
1
- 125

2
 mg/kg) 

 

Histopathology Incidence:  

Skin - Inflammation (<30
1
 mg/kg) 

Thyroid – Hypertrophy/Hyperplasia of   

       Follicular Epithelium (500
1
 – 125

2
 mg/kg) 

Thymus – Atrophy (500
1
 – 125

2
 mg/kg) 

Bone Marow – Increased Cellularity & Focal  

       Necrosis (500
1
 – 125

2
 mg/kg) 

Feuston, 

1997b & 

Mobil 1992b 

1
LOAEL that is < the lowest adverse effects dose when a NOAEL is not established. 

2
NOAEL 

 
BMD10 values, as described by Crump (1984) and derived from the actual Feuston, et al 
1997b studies are given in Table 13 for reductions in the following endpoints: absolute 
thymus weight, liver/body weight ratio, hemoglobin concentration and platelet count 
following dermal Lost Hills Light or Belridge Heavy treatment of rats. These calculated 
BMD10 values indicated that Belridge Heavy crude caused effects at lower doses for 
thymus weight, liver/body weight ratio and platelet counts.  Exposure to Lost Hills Light had 
the most pronounced effect on hemoglobin concentrations.   
 
 

Table 13.  BMD10 Values for Sensitive Endpoints in Repeat Dose Studies 
Repeat-dose endpoint BMD10 (mg/kg/d) 

 LOST HILLS LIGHT BELRIDGE HEAVY 

Absolute Thymus weight   

Male 146 65 

Female 491 287 

Liver/body weight ratio   

Male 236 62 

Female 449 82 
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Hemoglobin concentration   

Male 195 467 

Female 307 631 

Platelet count   

Male 855 619 

Female >2000 614 

 
 

Using the statistical models described in Appendix 3, the PDR10 values,  for 46 crude oil 
samples were calculated for the most sensitive endpoints that were previously selected for 
this type of study (Table 14). The lowest sample PDR10s ranged from 55 to 544 mg/kg and 
the effects associated with the lowest endpoint PDR10s were either a depression in platelet 
count or a reduced absolute thymus weight. 
 
Table 14.  PDR10 Values1  for Sensitive Endpoints in Repeat Dose Studies  

Sample 

Number 

API 

Gravity 

Thymus 

Weight
2
 

Platelet 

Count
2
 

Hemoglobin 

 Concentration
2
 Liver/body weight ratio

2
 

Lowest 

PDR10 

Male Female Male Female Male Female Male Female  

   Degree PDR10 PDR10 PDR10 PDR10 PDR10 PDR10 PDR10 PDR10  

70920 13.9 63 55 194 197 669 669 255 254 55 

50905 19.4 599 529 2000 2000 2000 2000 840 834 529 

10953 19.6 268 236 233 236 >1000 >1000 >1000 >1000 233 

70918 20.8 408 360 534 542 >1000 >1000 >1000 >1000 360 

30903 21.2 246 217 353 358 983 983 367 365 217 

30913 21.4 388 342 394 399 2000 2000 636 632 342 

70912 21.9 143 126 266 270 551 551 229 228 126 

70917 23.3 106 93 123 125 485 485 228 227 93 

30905 23.4 876 772 202 205 2000 2000 1638 1638 202 

70916 23.4 147 130 177 179 739 739 352 350 130 

70910 25.4 346 305 733 744 2000 2000 633 630 305 

50910 26.6 250 221 453 460 1108 1107 416 410 221 

10956 28.6 617 544 545 553 >1000 >1000 >1000 >1000 544 

50907 28.9 196 173 441 447 1003 1002 422 420 173 

70911 28.9 327 289 305 309 1630 1629 637 633 289 

50908 29.3 864 762 337 342 2000 2000 1350 1342 337 

10959 29.6 907 800 341 347 >1000 >1000 >1000 >1000 341 

30965 29.6 407 359 204 207 >1000 >1000 >1000 >1000 204 

10952 29.8 367 324 213 216 2000 2000 2000 2000 213 

10954 30.4 363 320 275 280 >1000 >1000 >1000 >1000 275 

50906 30.5 443 391 391 397 2000 2000 925 920 391 

70913 30.5 288 254 224 227 2000 2000 943 937 224 

50909 30.6 599 529 2000 2000 2000 2000 840 834 529 

30902 30.7 410 364 203 205 2000 2000 1125 1118 203 

70919 31.1 176 156 201 204 1267 1267 603 599 156 

30906 31.5 333 294 205 208 2000 2000 2000 2000 205 

30907 31.5 552 487 218 221 2000 2000 2000 2000 218 

30909 32.4 >1000 >1000 221 225 2000 2000 2000 2000 221 
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30910 32.4 525 463 205 209 2000 2000 2000 2000 205 

50904 32.4 408 360 558 567 2000 2000 1273 1266 360 

10960 32.7 358 316 193 196 2000 2000 >1000 >1000 193 

30904 33.1 393 347 299 303 2000 2000 1266 1258 299 

10957 33.3 649 572 282 286 >1000 >1000 >1000 >1000 282 

30908 33.3 439 387 131 133 2000 2000 >1000 >1000 131 

30964 33.3 476 420 212 215 2000 2000 1605 1595 212 

10951 33.4 255 225 177 179 >1000 >1000 >1000 >1000 177 

50902 33.6 565 498 816 828 1985 1984 642 638 498 

70914 36.5 813 717 418 424 2000 2000 2000 2000 418 

10958 36.9 1034 912 287 292 2000 2000 2000 2000 287 

50901 38 842 743 396 401 2000 2000 847 842 396 

30911 38.3 378 334 429 435 2000 2000 1638 1638 334 

10955 39.1 877 774 265 269 2000 2000 2000 2000 265 

30914 39.1 429 379 239 243 2000 2000 2000 2000 239 

50903 39.4 377 332 343 348 2000 2000 2000 2000 332 

30912 41.8 601 530 187 190 >1000 >1000 >1000 >1000 187 

70915 46.2 1137 1003 207 210 2000 2000 2000 2000 207 
1mg/kg/day dose 
2reduction 
 
Conclusions: Repeat dose inhalation studies have not been done with crude oil but 
numerous studies on gasoline and gasoline blending streams (similar to the VOCs from 
crude oil) in rats have determined a range of NOAECs that can be use for read-across to 
crude oil; NOAEC: 1507mg/m3 to 10,153mg/m3   (427 – 2880ppma)  [a - Total hydrocarbon 
determined as parts-per-million (ppm) hexane equivalents.]  Repeat dose studies with 
hydrogen sulfide have established a NOAEC of 10 ppm in rats and mice based on injury to 
the nasal olfactory epithelium. 
  
Studies of repeated exposure by the dermal route have demonstrated toxicity that was 
indicated by changes in hematology values, liver enlargement and thymic atrophy.  
Measured and modeled toxicity endpoints show a wide range of responses from different 
samples of crude oil.  The benchmark dose (BMD10) for measured data on two crude oils 
and the predicted dose response (PDR10) for modeled data on 46 samples of crude oil 
were between 55 and 544 mg/kg/day.   
 
 

7.3 Genetic Toxicity: In Vitro 
 
Standard gene mutation assays performed with S. typhimurium, with and without metabolic 
activation from rodent liver homogenate, did not produce mutagenic activity with the crude 
oils, Arab Light, 34.5°API, light crude (Petrilli et al., 1980) or Wilmington, 18°API, heavy 
crude (Lockard et al., 1982). This lack of response in the in vitro systems is thought to be 
due to limited solubility of the oils in aqueous medium and possible competition of non-
biologically active components for available metabolic sites (Hermann et al., 1980; Cragg 
et al., 1985; Vandermeulen et al., 1985).   
 

JrPope
Text Box



Crude Oil Category                   14 January 2011  Consortium Registration # 1100997 
    

 

49 

 

Testing of Kuwait, 31°API a medium crude, and Saran Gachs crude oil and their water-
soluble fractions (WSF) with 5 strains of S. typhimurium also gave no significant indication 
of mutagenicity in spot tests or plate tests, i.e. top agar + test material with or without 
metabolic activation mixture poured on agar plate (Vandermeulen et al., 1985).  Four 
chromatographic fractions of Kuwait crude and its water soluble fraction were obtained by 
elution with 2 bed volumes each of hexane, followed by 10% benzene/hexane, 50% 
benzene-hexane and acetone. Significant mutagenic activity was obtained in the F4 
fraction which contained unresolved peaks of presumably polar DMSO-soluble high 
molecular weight components of Kuwait crude oil. Mutagenic activity was not enhanced by 
metabolic activation.  Less mutagenic activity was also seen in F2 which contained 3-4 ring 
material. Testing of fractionated Kuwait-WSF produced variable results not clearly 
indicative of mutagenesis. The higher mutagenic response seen by F4 compared to F2 
indicated that considerable mutagenic activity resides in the DMSO-soluble large 
molecular weight components of 4 rings or higher identified by HPLC/UV analysis.   
 
The optimized Ames test, which employs DMSO extraction, hamster liver S-9 and 
increased metabolic activation mixture (see Appendix 2 for details) identifies mutagenic 
potential and predicts potential dermal  carcinogenicity of petroleum-based complex 
mixtures and is correlated with the level of 3-7 ring PAC (ASTM, 2002; Mackerer et al., 
2003). In 1995, the optimized Ames test was standardized as an ASTM method [ASTM 
E1687-95].  When several crude oils were tested in the optimized Ames test, Arab Light 
(Mobil, 1984), Beryl (Mobil, 1984), Mid-Continent (Mobil 1984) and Belridge Heavy (Mobil, 
1990c) all showed significant mutagenic activity.  However, Lost Hills Light crude oil did not 
produce a mutagenic response when tested with the optimized Ames test (Mobil, 1984; 
1990c).     
 
Studies by Roy et al. (1985; 1988) have demonstrated a strong correlation between PAC 
content and mutagenicity index in the optimized Ames test for petroleum-derived 
substances which produce dermal tumors when tested in mice.  The utility of this 
relationship for read-across to untested substances has been expanded by statistical 
modeling (see Appendix 2 for details).  The outcome of optimized Salmonella tests can be 
predicted from PAC compositional information with an accuracy that seems comparable to 
that associated with variability inherent with either the experimental methods or the 
methods used to calculate mutagenicity index from the experimental data.  The 
mutagenicity index (MI) results for 46 samples of crude oil were predicted using the 
statistical model.  The MI is the slope of the initial portion of the dose response curve 
expressed in units of revertants per microliter.  The mutagenicity index was highly 
correlated with dermal carcinogenic potential, suggesting that oils with MI values < 1 were 
unlikely to be dermally carcinogenic, oils with MI values > 1 but < 2 were indeterminate, 
and oils with MI values > 2 would likely produce skin tumors if tested in mice.   
 
When predictive modeling was done on 46 samples of crude oil for MI, only 2 of the 46 
samples gave predicted MIs of less than 1(samples 10960 and 10956 in Table 2).  These 
results demonstrate that most crude oils are expected to be in vitro mutagens and potential 
dermal carcinogens. 
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When tested in In vitro studies crude oils did not induce cytotoxicity or chromosome 
damage in Chinese Hamster ovary cells (Mobil, 1991c,d).  Wilmington crude did not induce 
sister chromatid exchange in human lymphocytes in vitro (Lockard et al., 1982).   
 
Conclusions:  In vitro gene mutation has been demonstrated in bacterial assays for 
extracts of a variety of crude oils.  Predictive modeling based on analytical determination of 
their PAC profile also demonstrates that crude oil is typically expected to be an in vitro 
mutagen and potential dermal carcinogen.  Generally, standard in vitro tests performed 
without extraction or optimization of test conditions with crude oils in bacterial or 
mammalian cells did not demonstrate genetic toxicity.  
  
 7.4   Genetic Toxicology: In Vivo 
 
Results of micronucleus assays in Sprague Dawley rats treated dermally for 13-weeks with 
Lost Hills Light or Belridge Heavy crude oils at doses of 0, 30, 125 or 500 mg/kg for 13 
weeks demonstrated that these crude oils did not induce cytogenetic damage in the bone 
marrow of the treated rats after repeated exposures (Mobil, 1990c; 1991e). Also, a single 
intraperitoneal (ip) injection of Wilmington heavy crude oil at a dose of 6.1 g/kg to ICR mice 
did not induce an increase in micronuclei (Lockard et al., 1982). However, intraperitoneal 
injection of 7.2 g/kg did induce a slight statistically significant increase in sister chromatid 
exchanges (Lockard et al., 1982). Sister chromatid exchange is indicative of DNA 
perturbation expressed as a direct transfer of similar labeled genetic material between 
chromatids with no loss or gain of chromatin. The biological significance is unknown. 
 
Conclusions:  The "in vivo" micronucleus assay does not demonstrate cytogenetic activity 
from crude oil exposure either by the dermal route, the most relevant to man, or by the 
more extreme intraperitoneal route.  The results of micronucleus tests on a range of 
petroleum HPV category substances in addition to crude oil support the conclusion that 
clastogenic effects are unlikely to be induced by crude oils. (McKee et al, 2010). 
 
 

7.5 Developmental Toxicity 
Inhalation Exposure:   
Hydrogen sulfide has been studied to determine if it had an adverse impact on pregnancy 
outcomes, offspring prenatal and postnatal development, or offspring behavior (Dorman et. 
al., 2000). Virgin male and female Sprague–Dawley rats (12 rats/sex/concentration) were 
exposed (0, 10, 30, or 80 ppm H2S; 6 h/day, 7 days/week) for 2 weeks prior to breeding. 
Exposures continued during a 2-week mating period (evidence of copulation = gestation 
day 0 = GD 0) and then from GD 0 through GD 19. Exposure of dams and their pups (eight 
rats/litter after culling) resumed between postnatal day (PND) 5 and 18. Adult male rats 
were exposed for 70 consecutive days. Offspring were evaluated using motor activity 
(PND 13, 17, 21, and 60 ± 2), passive avoidance (PND 22 ± 1 and 62 ± 3), functional 
observation battery (PND 60 ± 2), acoustic startle response (PND 21 and 62 ± 3), and 
neuropathology (PND 23 ± 2 and 61 ± 2). There were no deaths and no adverse physical 
signs observed in F0 male or female rats during the study. A statistically significant 
decrease in feed consumption was observed in F0 male rats from the 80-ppm hydrogen 
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sulfide exposure group during the first week of exposure. There were no statistically 
significant effects on the reproductive performance of the F0 rats as assessed by the 
number of females with live pups, litter size, average length of gestation, and the average 
number of implants per pregnant female. Exposure to hydrogen sulfide did not affect pup 
growth, development, or performance on any of the behavioral tests.  
 
The VOCs from crude oil are similar to those from gasoline and gasoline blending streams.  
Numerous developmental toxicity studies have been done on gasoline and gasoline 
blending streams (Petroleum HPV, 2008).  Study details and references can be found in 
Appendix 6.   Developmental toxicity has not observed in inhalation in rats for samples in 
any gasoline blending stream with the exception of one 40% olefinic sample [chamber 
vapor content 41% olefins] developmental study in which increased resorptions were 
reported at the highest dose [2128ppm; (7660mg/m3)].  Of note is that the authors were 
not sure of the biological significance of this occurrence.  Another sample of the same 
substance with higher olefin content [chamber vapor content 61% olefins] run at higher 
exposure concentrations did not show any developmental toxicity. In addition, no 
developmental effects were seen with wholly vaporized gasoline [NOAEC = 1600ppm 
(5970mg/m3], a 10% distillate sample of unleaded gasoline [NOAEC = 8993ppm 
(23881mg/m3)], or a gasoline vapor condensate [NOAEC = 20,638 mg/m3].  No increases 
in resorptions were reported in any of these studies.  NOAEC values for developmental 
effects reflect the maximum doses tested.  Parental systemic LOAEC and NOAEC values 
over all studies reflect primarily decreases in body weights at maximum doses.  The read-
across ranges that can be used for VOCs from crude oil are: 
Developmental NOAEL = 5970mg/m3 to 27750mg/m3, 
Parental systemic toxicity LOAEL = 13650 mg/m3 to 27750 mg/m3:  

NOAEL =  2275 mg/m3 to 25000 mg/m3 
 

Dermal Exposure: 
Lost Hills Light and Belridge Heavy crude oils were evaluated for pre- and post-natal 
developmental toxicity by the dermal route (Feuston et al., 1997a; Mobil, 1991f,g). 
“Prenatal rats” were sacrificed on GD20; “postnatal rats” delivered naturally and remained, 
untreated, with their litters until sacrifice at 3-4 weeks postpartum. Lost Hills Light was 
applied to clipped backs of pregnant rats at doses of 0, 125, 500 and 1000 for the 
postnatal group and 2000 for the prenatal group mg/kg/day on GD 0-19.  Belridge Heavy 
was applied with the same regimen at doses of 0, 30, 125, and 500 mg/kg/day.  
Application sites were not occluded but rats were fitted with Elizabethan collars to inhibit 
possible oral ingestion of test material.  The studies are summarized in Table 15.   
 
Both crude oils produced maternal and developmental toxicity. Maternal effects included 
slight (Lost Hills Light) to moderate (Belridge Heavy) skin irritation. For prenatal treatment 
with Lost Hills Light or Belridge Heavy the NOAEL for maternal toxicity was 125 mg/kg 
while the LOAEL was 500 mg/kg for decreases in body weight gains and increases in 
relative liver weights. Also, maternal treatment with 2000 mg/kg of Lost Hills Light 
produced decreases in absolute and relative thymus weights. For postnatal treatment the 
NOAEL for maternal toxicity was 500 mg/kg for Lost Hills Light and 125 mg/kg for Belridge 

JrPope
Text Box



Crude Oil Category                   14 January 2011  Consortium Registration # 1100997 
    

 

52 

 

Heavy. The LOAEL for Lost Hills Light was 1000 mg/kg and for Belridge Heavy was 500 
mg/kg for decreases in body weight gains during gestation.  
 
In the prenatal rats treated with Lost Hills Light, the NOAEL was not established but the 
LOAEL for developmental toxicity was <125 mg/kg for delayed ossifications. Delayed 
ossifications occurred with all doses of Lost Hills Light while decreases in fetal body 
weights and live fetuses and increases in resorptions with concomitant decrease in litter 
size occurred at 2000 mg/kg. Further, a visceral malformation described as a “right-sided 
esophagus” was found at a low (4.1%) incidence with a 2000 mg/kg Lost Hills Light dose. 
For Belridge Heavy, the NOAEL for developmental toxicity was 125 mg/kg and the LOAEL 
was 500 mg/kg for decreases in fetal body weights and live fetuses, increases in 
resorptions and delayed ossifications.  
 
In the postnatal rats treated with Lost Hills Light, the NOAEL for developmental toxicity 
was 500 mg/kg and the LOAEL was 1000 mg/kg for decreases in pup weights on Days 21 
and 28. The NOAEL for developmental toxicity with Belridge Heavy was not established 
but the LOAEL was <30 mg/kg for the reduction in the “day four pup viability index”. The 
pup viability index was reduced with all doses of Belridge Heavy while parturition delays 
occurred at 500 mg/kg. (Feuston et al., 1997a; Mobil, 1991f,g).  In addition, although Lost 
Hills Light treatment induced delayed ossification at 125 mg/kg and the higher doses, 
Belridge Heavy produced much more serious toxicity at doses lower than those where Lost 
Hills Light produced the same adverse effects, e.g. increased resorptions and decreased 
fetal weights or produced adverse effects that did not occur even with the highest Lost Hills 
Light dose, e.g. decreased pup viability index and delayed parturition. Generally, the 
greater severity of effects was seen in animals from groups exposed to Belridge Heavy.  
 
The developmental toxicity results with crude oil are consistent with results of studies 
performed with petroleum refinery streams and products that have significant 
concentrations of PACs. Feuston et al,. 1994 demonstrated following the dermal 
application of a series of refinery steams, a correlation between the incidence of 
resorptions as well as a decrease in fetal weights and increasing 3-5 ring PAHs content 
with a LOAEL range for an increased incidence of resorptions of 8 to 1000 mg/kg( See 
Appendix 3). 
 
Table 15.   Developmental Toxicity Studies with Crude Oil 

 

CRUDE OIL 

STUDY 

ANIMAL/ 

ROUTE/EXPOSURE  

DAY (s)   

 

DOSE 

RANGE 

 

RESULTS 

{Exposure Day(s)} 

REFER. 

LOST HILLS 

LIGHT 

 

Rat/Dermal / GD 0-19/  

(GD 20 Necropsy) 

 

125, 500 or 

2000 mg/kg/ 

day 

(Prenatal) 

Maternal 

 

NOAEL= 125 mg/kg  

LOAEL= 500 mg/kg Body Wt. Gain 

Decreases & Increases Relative Liver Wts. 

 

Offspring 

LOAEL <125 mg/kg for Delayed 

Ossifications  

 

Feuston, 

1997a & 

Mobil 1991f  
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LOST HILLS 

LIGHT 

 

Rat/Dermal / 

GD 0-19/ (Parturition Day: 21 

for Maternal & 28 for Pup 

Necropsy) 

 

125,500 or 

1000mg/kg/ 

day 

(Postnatal-Not 

dosed) 

Maternal 

 

NOAEL= 500 mg/Kg 

LOAEL= 1000 mg/kg for Body Wt. Gain 

Decreases on GD 20 

 

PUPS 

NOAEL= 500 mg/kg 

LOAEL= 1000 mg/kg for Decreases in Body 

Wts. on Parturition Day 21 & 28.  

 

Feuston, 

1997a & 

Mobil 1991f 

BELRIDGE 

HEAVY 

 

Rat/Dermal / GD 0-19/  

(GD 20 Necropsy) 

 

30,125 or 500 

mg/kg/ 

day 

(Prenatal) 

Maternal 

 

NOAEL= 125 mg/kg  

LOAEL= 500 mg/Kg for Body Wt. Gain 

Decreases & Increase Relative Liver Wts.  

 

Offspring 

 

NOAEL=  125 mg/kg 

LOAEL =  500 mg/kg for Increased 

Resorptions, and Decreased Fetal Wts., Live 

Fetuses & Delayed Ossifications   

 

Feuston, 

1997a & 

Mobil 1991g 

BELRIDGE 

HEAVY 

 

Rat/Dermal / GD 0-19/  

(Parturition Day: 21 for 

Maternal & 28 for Pup 

Necropsy) 

 

30,125 or 500 

mg/kg/ 

day 

(Postnatal-Not 

dosed) 

Maternal 

 

NOAEL= 125 mg/kg  

LOAEL= 500 mg/Kg for Body Wt. Gain 

Decreases 

 

Offspring 

 

LOAEL <30 mg/kg for Decreased Viability 

Indices 

 

Feuston, 

1997a & 

Mobil 1991g 

GD = Gestation Day(s) 

 
 
BMD10 values, as described by Crump (1984) and derived from the actual Feuston, et al 
1997a studies are given in Table 16 for reductions in the following endpoints: fetal body 
weight, live fetuses per litter, and percent resorptions following dermal treatment of rats 
with Lost Hills Light or Belridge Heavy crude oil.  For BMD10 values the Percent 
Resorptions were the most sensitive indicator of developmental toxicity. 
 
 
Table 16. BMD10 Values for Sensitive Endpoints in Pre-Natal Developmental Toxicity 

Studies 
Developmental endpoint BMD10  (mg/kg/d) 

 LOST HILLS LIGHT BELRIDGE HEAVY 

   

Fetal Body Weight 1870 370 

   

Live Fetuses per Litter 424 122 
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Percent Resorptions 91 106 

   

 
 
Using the statistical models described in Appendix 3, the predicted dose response (PDR10) 
values for 46 crude oil samples with PAC analytical data were calculated (Table 17). The 
statistical models generate estimates for sensitive pre-natal developmental toxicity 
endpoints.  The lowest sample PDR10s ranged from 53 to 2000 mg/kg and the consistent 
indicator of the lowest endpoint PDR10s was the number of live fetuses per liter.  
 
Table 17. PDR10  Values1 for Pre-Natal Developmental Toxicity Endpoints2 
Sample 
No. 

API 
Gravity Fetal Body 

weight3 
Live 

Fetuses/Litter3 
% 

Resorption4 
Lowest 
PDR10 

   Degree PDR10 PDR10 PDR10  
70920 13.9 202 61 100 61 
50905 19.4 2000 666 1494 666 
10953 19.6         
70918 20.8 >1000     >1000 
30903 21.2 431 89 157 89 
30913 21.4 1036 221 399 221 
70912 21.9 282 68 119 68 
70917 23.3 214 53 90 53 
30905 23.4 1504 431 672 431 
70916 23.4 346 96 160 96 
70910 25.4 1037 233 426 233 
50910 26.6 679 169 304 169 
10956 28.6         
50907 28.9 515 151 258 151 
70911 28.9 653 138 237 138 
50908 29.3 1507 381 634 381 
10959 29.6         
30965 29.6 2000 >1000 2000 >1000 
10952 29.8 2000     2000 
10954 30.4 2000     2000 
50906 30.5 1528 517 942 517 
70913 30.5 819 227 371 227 
50909 30.6 2000 666 1494 666 
30902 30.7 926 224 364 224 
70919 31.1 478 129 213 129 
30906 31.5 1581 1151 1391 1391 
30907 31.5 1571 662 938 662 
30909 32.4         
30910 32.4 1525 698 947 698 
50904 32.4 2000 1115 2000 1115 
10960 32.7 2000     2000 
30904 33.1 1403 588 967 588 
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10957 33.3 2000     2000 
30908 33.3         
30964 33.3 1722 840 1289 840 
10951 33.4 2000     2000 
50902 33.6 1467 349 679 349 
70914 36.5 2000 913 1336 913 
10958 36.9 2000 >1000 >1000 >1000 
50901 38 1703 390 716 390 
30911 38.3 2000 2000 2000 2000 
10955 39.1 2000 >1000   >1000 
30914 39.1 2000 2000 2000 2000 
50903 39.4 >1000     >1000 
30912 41.8 2000       
70915 46.2 1409 387 579 387 

1 
mg/kg/day dose 

2 
blank cells indicate the model results were considered unreliable 

3
reduction 

4
increase 

 
Conclusions:  Inhalation exposure to the volatile constituents of crude oil, e.g., hydrogen 
sulfide or gasoline-like VOCs, are not expected to be a significant developmental toxicity 
hazard.  A developmental neurotoxicity study on inhaled hydrogen sulfide determined a 
NOAEC of 80 ppm.  VOCs from crude oil can be evaluated by using read-across data from 
studies on gasoline and gasoline blending streams.  The developmental NOAEC values 
from various gasoline and  gasoline blending streams studies are 5970mg/m3 to 
27750mg/m3 (1694 – 7873ppma ). [a - Total hydrocarbon determined as parts-per-million 
(ppm) hexane equivalents.] 

Studies of a “light” and a “heavy” crude oil by the dermal route have demonstrated 
developmental toxicity that was indicated by changes including , (1) decreases in fetal 
body weights, (2) decreases in the Pup Viability Indices, (3) increases in resorption 
incidences.   Measured and modeled developmental toxicity endpoints show a wide range 
of responses from different samples of crude oil via dermal exposure.  The benchmark 
dose (BMD10) for measured data on two crude oils and the predicted dose response 
(PDR10) for modeled data on 46 crude oil samples were between 53 and 2000 mg/kg/day.   
Adverse developmental effects have been observed in animals treated dermally with 
individual PAC or petroleum-related materials with substantial concentrations of PAC.  The 
results with crude oil are consistent with data from similar studies conducted with 
petroleum refinery streams that revealed a relationship between endpoints of 
developmental toxicity and increasing levels of 3-7 ring PAC (Feuston et al., 1994).   
 
 7.6   Reproductive Toxicity  
 
Inhalation Exposure: 
Hydrogen sulfide has been studied to determine if it had an adverse impact on pregnancy 
outcomes, offspring prenatal and postnatal development, or offspring behavior (Dorman et. 
al., 2000). Virgin male and female Sprague–Dawley rats (12 rats/sex/concentration) were 

JrPope
Text Box



Crude Oil Category                   14 January 2011  Consortium Registration # 1100997 
    

 

56 

 

exposed (0, 10, 30, or 80 ppm H2S; 6 h/day, 7 days/week) for 2 weeks prior to breeding. 
Exposures continued during a 2-week mating period (evidence of copulation = gestation 
day 0 = GD 0) and then from GD 0 through GD 19. Adult male rats were exposed for 70 
consecutive days. There were no deaths and no adverse physical signs observed in F0 
male or female rats during the study. A statistically significant decrease in feed 
consumption was observed in F0 male rats from the 80-ppm hydrogen sulfide exposure 
group during the first week of exposure. There were no statistically significant effects on 
the reproductive performance of the F0 rats as assessed by the number of females with 
live pups, litter size, average length of gestation, and the average number of implants per 
pregnant female.  In this study, as well as the repeat dose inhalation studies with hydrogen 
sulfide (Dorman et al., 2004), there were no specific adverse effects on male or female 
reproductive organs.   
 
The VOCs from crude oil are similar to those from gasoline and gasoline blending streams.  
Several developmental/ reproduction screening studies have been done in rats with 
gasoline blending streams and two multi-generation reproductions studies have been done 
in rats with gasoline vapor (Petroleum HPV, 2008).   Study details and references can be 
found in Appendix 6.  The range of NOAEC for reproductive effects from all the available 
studies was 13650 mg/m3 to 27750 mg/m3.  These results can be used to read-across to 
the reproductive toxicity of crude oils.  In addition, in the repeat dose inhalation studies 
with gasoline and gasoline blending streams, there were no specific adverse effect on 
reproductive organs.   
 
Dermal Exposure: 
Guideline compliant reproductive toxicity studies were not found for crude oils. However, 
no changes in weight or histopathological effects were found in the reproductive organs of 
male and female rats exposed dermally for thirteen-weeks to two crude oils, i.e. Lost Hills 
Light and Belridge Heavy, at doses up to 500 mg/kg (Feuston et al., 1997b; Mobil, 
1992a,b).The same studies reported no effects on epididymal spermatozoa morphology 
and count or testicular spermatid counts but a significant decrease in sperm motility was 
observed at 500 mg/kg/day with one crude oil, but not the other.  Data from the repeat 
dose and developmental studies on Lost Hills Light and Belridge Heavy crudes oils are 
sufficient for evaluating reproductive toxicity under the EPA guidance for the HPV 
Challenge Program.    
 
Reproductive toxicity screening studies in male and female rats of clarified slurry oil (CSO), 
a product of refinery processing of crude oil, utilizing dermal administration has been 
reported (Hoberman et al., 1995a). CSO typically contains very high levels of PAC 
constituents and is considered to be the most mutagenic and carcinogenic substances 
produced by petroleum refining with a high degree of developmental toxicity, i.e. dermal 
developmental toxicity LOAEL of 1 mg/kg (Hoberman, et al., 1995b). Reproductive 
endpoints, e.g., sperm production and male and female fertility, were unaffected at 250 
mg/kg/day of CSO, a dose at which fetal survival was severely compromised in a 
developmental toxicity study that extended to postnatal day (PND) 4.  Assuming that the 
reproductive toxicity of clarified slurry oil is representative of other PAC-containing 
petroleum substances, a reasonably assumption could be made that reproductive effects, 
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such as fertility and sperm production, would not be sensitive effects of PAC-containing 
materials compared to developmental toxicity effects.   
 
In addition, the potential for a variety of PAC-containing petroleum substances, including 
crude oils, to affect reproductive organs was assessed via a series of 13-week repeat-dose 
studies in which the testes, accessory sex organs, and epididymides were weighed in 
males, and the potential for pathological changes was evaluated with microscopic 
examinations.  Little evidence of reproductive organ effects was found in the repeated-
dose studies of crude oil or the other petroleum streams evaluated. Accordingly, a 
conclusion could be reached that effects on reproductive organs are not a likely 
consequence of exposure to PAC-containing petroleum substances. 
 
Across a number of developmental toxicity studies that examined embryonic and fetal 
development, the effects most commonly observed, and statistically significant at the 
LOAELs, were related to fetal/pup survival and body weight (Feuston et al, 1994; API, 
2008).  Little evidence of teratogenicity, i.e. malformations, was found in any of the 
conventional developmental toxicity studies.  As expected, increased incidences of skeletal 
variations, i.e., delayed ossification, were often observed at dose levels producing 
decreased fetal/pup body weight.  Based on the results of a large number of repeat-dose 
studies and developmental toxicity studies, as well as the two reproductive toxicity 
screening studies of CSO, the most sensitive endpoints related to reproductive and 
developmental toxicity appear to be those associated with the survival and growth of 
fetuses and offspring; effects on fertility, sperm production and reproductive organ effects 
do not appear to be sensitive endpoints for assessment of the potential hazards of PAC-
containing petroleum substances.  
 
Conclusions:  
Inhalation exposure to volatile constituents of crude oils are not expected to produce 
reproductive toxicity since they did not produced adverse effects in the reproductive 
organs of male and female rats exposed for 13 weeks. In those studies with hydrogen 
sulfide or gasoline blending streams, no changes in weight or histopathological effects 
were found in the reproductive organs.  Developmental studies on hydrogen sulfide or 
gasoline blending streams show they are also unlikely to produce reproductive toxicity at 
relevant exposure concentrations.  In addition, two multi-generation reproductions studies 
have been done in rats with gasoline vapor (see Appendix 6).   The NOAECs for 
reproductive effects in both those studies were greater than 20,000 mg/m3.   
 
Dermal exposure to crude oils are not expected to produce reproductive toxicity since they 
did not produce adverse effects in the reproductive organs of male and female rats 
exposed for 13 weeks to light and heavy crude oils. In those studies, no changes in weight 
or histopathological effects were found in the reproductive organs and epididymal 
spermatozoa morphology and count and testicular spermatid counts were unaffected. 
(Feuston et al., 1997b; Mobil, 1992a,b). Although a definite number cannot be provided for 
a NOAEL for reproductive effects, available data from three sources provide sufficient 
information to conclude that the NOAEL for reproductive effects would be greater than the 
NOAEL for developmental toxicity. First, little evidence of changes in weight or histological 
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appearance of reproductive organs of male and female rats via the dermal routes of 
exposure in the 13-week subchronic studies of crude oils. Second, developmental toxicity 
endpoints in studies of crude oils, including both in utero and postnatal development, were 
more sensitive than effects on the reproductive organs and semen in 90-day repeat-dose 
toxicity studies. Third, the published NOAEL in a pair of screening-level fertility studies with 
a refinery stream containing high amounts of PACs, was >250 mg/kg (Hoberman et al., 
1995a). Given the hypothesis that reproductive toxicity would also be correlated with PAC 
profile, it can be concluded that the NOAEL for reproductive toxicity is expected to be 
greater than the NOAEL for developmental toxicity. 
 
 

7.7  Other Health Effects 
 
A number of crude oil samples, representing a range of compositions, have been 
investigated for their potential to cause skin cancer in mouse skin-painting studies of 104-
110 week duration. All four crude oils including some distillation fractions of API Crude C 
and D (See below), produced skin tumors in 33-100% of mice with latency periods of 40-
76 weeks, and were considered dermal carcinogens.  Tumor incidence and latency 
depended on crude oil source and dose (Table 18).  Numerous studies have shown that 
the mutagenic and carcinogenic potential of complex petroleum-related substances, all of 
which are derived from crude oil, correlates with the presence of 3-7 ring PAC (Roy et al, 
1988; Blackburn et al., 1984; Cruzan et al., 1986; Blackburn et al., 1986). Further studies 
have shown these PAC can be absorbed through the skin and enter the general circulation 
(Roy et al., 1996; Roy et al., 1998)  
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Table 18.   Summary of Mouse Skin Carcinogenesis Studies with Crude Oil 
Crude Oil  Dosing Regimen % of Animals with 

Tumors 

Mean 

Latency 

Reference 

Naphthenic (Gulf Coast).  

API Crude C 

50mg, 2x/week for 110 

weeks 

33% 76 weeks Lewis et al, 

1984 

Paraffinic (high Sulfur) API 

Crude D 

50mg, 2x/week for 110 

weeks 

56% 64 weeks Lewis et al, 

1984 

San Joaquin Valley,     21
0
 

API gravity 

17mg, 3x/week for 105 

weeks 

84% 62 weeks Clark et al, 

1988 

Wilmington,  

18
0
 API gravity 

0.17mg, 3x/week for 

104 weeks 

 

1.7mg, 3x/week for 104 

weeks 

 

16.8mg, 3x/week for 

104 weeks 

0 

 

46% 

 

 

100% 

- 

 

40 weeks 

 

 

67 weeks 

Renne et al, 

1981 

 
Conclusions:   Crude oil applied to mice has caused statistically significant increases in 
skin tumors.    
 
 

7.8  Assessment Summary for Health Effects 
 

Crude oils have demonstrated little local irritation or acute systemic toxicity (LD50 >2.0 g/kg 
dermal).  However, transport and storage of crude oil can result in significant levels of 
hydrogen sulfide and/or volatile organic compounds (VOCs) in some situation (i.e., 
enclosed spaces).   The acute inhalation hazard is primarily from hydrogen sulfide.  When 
the acute toxicity of hydrogen sulfide was assessed in rats, the calculated LC50 for a 4-
hour inhalation exposure was 444 ppm.  VOCs from crude oil are similar to the 
hydrocarbons found in gasoline and gasoline blending streams.   The results of acute 
toxicity testing indicate that these materials are not acutely toxic by the inhalation exposure 
route, e.g., Rat LC50 >5g/m3.  
 
Repeat dose and developmental studies on inhaled hydrogen sulfide have determined 
NOAECs of 10 ppm and 80 ppm, respectively.  The inhalation NOAECs for repeat dose 
and developmental effects of VOCs from crude oil are read-across data from studies on 
gasoline and gasoline blending streams.  These values are: 
Repeat Dose NOAEC:1507mg/m3 to 10,153mg/m3   (427 – 2880ppma) 
Developmental NOAEC: 5970mg/m3 to 27750mg/m3 (1694 – 7873ppma ) 
[a - Total hydrocarbon determined as parts-per-million (ppm) hexane equivalents.] 
 
In the repeat dose inhalation studies with hydrogen sulfide and gasoline blending streams, 
there were no specific adverse effect on reproductive organs.  In addition, two multi-
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generation reproduction studies on gasoline vapor in rats have determined NOAECs of 
over 20,000 mg/m3.  This data supports the conclusion that hydrogen sulfide and VOCs 
from crude oil have limited potential to be reproductive toxicants.  
 
In situations involving repeated dermal exposure, the constituents with the greatest 
potential for toxicity are the polycyclic aromatic compounds (PACs).  Solvent extracts of 
crude oils which concentrate the PAC constituents have induced gene mutations in 
bacteria. In contrast, the injection of mice with crude oil did not produce activity in 
micronucleus assays but did induce an increase in sister chromatid exchanges. Several 
samples of crude oil have produced skin-tumors in mice following long-term skin 
application.   
 
Studies of repeated exposure by the dermal route have demonstrated toxicity that was 
indicated by changes in  hematology values, liver enlargement and thymic atrophy.  
Measured and modeled toxicity endpoints show a wide range of responses from different 
samples of crude oil.  The benchmark dose (BMD10) for measured data on two crude oils 
and the predicted dose response (PDR10) for modeled data on 46 crude oil samples were 
between 55 and 544 mg/kg/day.    
 
In developmental toxicity studies in rats, crude oils, primarily at maternally toxic doses, 
caused fetal death, decreased fetal weight, delayed skeletal ossification and parturition.   
Measured and modeled developmental toxicity endpoints show a wide range of responses 
from different samples of crude oil.   The benchmark dose (BMD10) for measured data on 
two crude oils and the predicted dose response (PDR10) for modeled data on 46 crude oil 
samples were between 53 and 2000 mg/kg/day.  Crude oil is not expected to be a 
reproductive toxicant since repeated dermal exposures to crude oil for 13- weeks have not 
produced adverse effects in the reproductive organs of either male or female rats.  
 
The Testing Group believes that the potential for mutagenicity and systemic toxicity, 
developmental toxicity and/or carcinogenic effects from repeated dermal exposure is 
related to the PAC profile of the specific crude oil. 
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8.0       HUMAN EXPOSURE SUMMARY 
  
Crude oil is not a consumer product and general population exposure including children is 
not expected.  However, inhalation and dermal exposure of workers to crude oil may take 
place during the drilling and completion of a well (exploration and production), and the 
transport, storage, and refining of crude oil.  
8.1 Occupational Exposure 
The individual constituents of crude oil volatilize accordance with their own individual 
physical-chemical properties.  The two primary inhalation hazards are from hydrogen 
sulfide and from the VOCs similar to gasoline which can readily volatilize from crude oil.  
There are enforceable (OSHA Permissible Exposure Limits) and recommended (ACGIH 
Threshold Limit Values) occupational exposure standards for numerous volatile 
constituents typically found in crude oil.  Examples of these standards are shown in Table 
19.   These standards are one means by which human exposures to individual crude oil 
constituents are controlled.   
 
 
Table 19.  OSHA and ACGIH Occupational Exposure Standards for Some Volatile 
Constituents of Crude Oil  (8-hour Time Weighted Averages) 
Category Crude Oil 

        

Carbon 

Number 

C4 C5 C6 C7 

 

C8 C9 Others 

Component 

 

OSHA and/or 

ACGIH 

Occupational 

Exposure 

Standard 

Butane 

 

ACGIH 

1000 ppm 

(C1-C4 

alkanes) 

Pentane  

 

OSHA 

500 ppm 

(n-pentane) 

 

ACGIH 

600 ppm 

(all 

isomers) 

Benzene 

 

OSHA 

1 ppm 

 

ACGIH 
1 ppm 

Toluene 

 

OSHA 

200 ppm 

 

ACGIH 

20 ppm 

Ethyl 

Benzene 

 

OSHA  

100 ppm  

 

ACGIH 

100 ppm 

Cumene 

 

OSHA 

50 ppm 

 

ACGIH 

50 ppm 

Hydrogen 

sulfide  

 

OSHA 

2 mg/m
3
 

 

ACGIH 

1  ppm 

 Propane, 

2-methyl 

 

ACGIH 

1000 ppm 

(C1-C4 

alkanes) 

 Hexane 

 

OSHA 

500 ppm 

 

ACGIH 

50 ppm 

 

 Xylenes 

 

OSHA 

100 ppm  

 

ACGIH 
100 ppm 

Trimethyl 

Benzene 

 

ACGIH  

25 ppm 

(all 

isomers) 

Methyl 

mercaptan 

 

ACGIH 

0.5 ppm 

   Cyclohexane 

 

OSHA 

300 ppm 

 

ACGIH 

100 ppm 

   Gasoline  

 

ACGIH 

300 ppm  
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Specific laws and regulations are in place to limit occupational exposure during exploration 
and production activities and transportation of crude oil.  These include; 

1. Occupational Safety and Health Act 
a. 29 CFR 1910.106 Flammable and combustible liquids 
b. 29 CFR 1910.110 Storage and handling of liquefied petroleum gases 
c. 29 CFR 1910.119 Process safety management of highly hazardous chemicals 
d. 29 CFR 1910.132-1910.138  Personal protective equipment 
e. 29 CFR 1910.146 Permit-required confined spaces 
f. 29 CFR 1910.147 The control of hazardous energy (lockout/tagout) 
g. 29 CFR 1910.307 Hazardous (classified) locations 
h. 29 CFR 1910.1000 Air contaminants 
i. 29 CFR 1910.1003 Access to employee exposure and medical records.  
j. 29 CFR 1910.1028 Benzene 
k. 29 CFR 1910.1051 1,3-Butadiene.  
l. 29 CFR 1910.1200 Hazard communication 
m. 29 CFR 1910.1201 Retention of DOT markings, placards and labels.  
n. 29 CFR 1910.1450 Occupational exposure to hazardous chemicals in laboratories 

2. Marine Occupational Safety and Health Standards 
a. 46 CFR 197.501 Applicability 
b. 46 CFR 197.505 Definitions 
c. 46 CFR 197.510 Incorporation by reference 
d. 46 CFR 197.515 Permissible exposure limits 
e. 46 CFR 197.520 Performance standard 
f. 46 CFR 197.525 Responsibility of the person in charge 
g. 46 CFR 197.530 Persons other than employees 
h. 46 CFR 197.535 Regulated areas 
i. 46 CFR 197.540 Determination of personal exposure 
j. 46 CFR 197.545 Program to reduce personal exposure 
k. 46 CFR 197.550 Respiratory protection 
l. 46 CFR 197.555 Personal protective clothing and equipment 
m. 46 CFR 197.560 Medical surveillance 
n. 46 CFR 197.565 Notifying personnel of benzene hazards 
o. 46 CFR 197.570 Recordkeeping 
p. 46 CFR 197.575 Observation of monitoring 
q. 46 CFR 197.580 Appendices 

3. International Convention for the Safety of Life at Sea 
a. 74 Fed. Reg. 30,612 (June 26, 2009) 

4. Hazardous Materials Transportation Act 
a. 49 CFR 105 Hazardous Materials Program Definitions and General Procedures 
b. 49 CFR 106 Rulemaking Procedures 
c. 49 CFR 107 Hazardous Materials Program Procedures 
d. 49 CFR 110 Hazardous Materials Public Sector Training and Planning Grants 
e. 49 CFR 130 Oil Spill Prevention and Response Plans 
f. 49 CFR 171 General Information, Regulations, and Definitions 
g. 49 CFR 172 Hazardous Materials Table, Special Provisions, Hazardous Materials 

Communications, Emergency Response Information, Training Requirements, and Security 
Plans 

h. 49 CFR 173 Shippers General Requirements for Shipments and Packaging 
i. 49 CFR 176 Carriage by Vessel 
j. 49 CFR 178 Specifications for Packaging 
k. 49 CFR 180 Continuing Qualifications and Maintenance of Packaging 

 
8.2 Environmental Releases 
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Exploration and production activities and transportation of crude oil are controlled under a 
number of laws and regulations to limit release of crude oil into the environment.  These 
include:  

1. Clean Water Act 
a. National Pollutant Discharge Elimination System: Onshore Wells, Stripper Wells, Stormwater 

Discharges* 
i. Exemption.  The 1987 Water Quality Act (WQA) amended the CWA to specify that 

EPA and states shall not require NPDES permits for uncontaminated storm water 
discharges from oil and gas exploration, production, processing or treatment 
operations, or transmission facilities. 

ii. 40 CFR Part 122, Subpart A   Definitions and General Program 
Requirements 

iii. 40 CFR 122.21 Application for A Permit 
iv. 40 CFR 122.22 Signatories to Permit Application 
v. 40 CFR 122.26 Storm Water Discharges 
vi. 40 CFR 122.28 General Permits 
vii. 40 CFR 122.29 New Sources and New Dischargers 
viii. 40 CFR Part 122, Subpart C    Permit Conditions 
ix. 40 CFR Part 122, Subpart D   Transfer, Modification, Revocation and 

Reissuance, and Termination of Permits 
x. 40 CFR Part 125, Subpart A   Criteria and Standards for Imposing 

Technology-Based Treatment Requirements under Sections 301(b) and 402 of the 
[CWA] 

xi. 40 CFR Part 125, Subpart D    Criteria and Standards for Determining 
Fundamentally Different Factors under Sections 301(b)(1)(A), 301(b)(2)(A) and (E) 
of the [CWA] 

xii. 40 CFR Part 125, Subpart G   Criteria for Modifying the Secondary 
Treatment Requirements under Sections 301(h) of the [CWA] 

xiii. 40 CFR Part 125, Subpart H   Criteria for Determining Alternative Effluent 
Limitations under Section 316(a) of the [CWA] 

xiv. 40 CFR Part 125, Subpart I  Requirements Applicable to Cooling Water 
Intake Structures for New Facilities under Sections 316(b) of the [CWA] 

xv. 40 CFR Part 403 General Pretreatment Regulations for Existing and New 
Sources of Pollution 

xvi. 40 CFR Part 435 Oil and Gas Extraction Point Source Category 
b. Oil Spill Prevention, Notification and Cleanup 

i. 30 CFR 250.203, 250.204, 254 Oil Spill Contingency Plan 
ii. 33 CFR 133  Oil Spill Liability Trust Fund; State Access 
iii. 33 CFR 135  Offshore Oil Pollution Compensation Fund 
iv. 33 CFR 136  Oil Spill Liability Trust Fund; Claims Procedures; 

Designation of Source; and Advertisement 
v. 33 CFR 137  Oil Spill Liability: Standards for Conducting All Appropriate 

Inquiries under the Innocent Land-Owner Defense 
vi. 33 CFR Part 153 Control of Pollution by Oil and Hazardous Substances, 

Discharge Removal 
vii. 33 CFR Part 154  Facilities Transferring Oil or Hazardous Material in Bulk 
viii. 33 CFR Part 156 Oil and Hazardous Material Transfer Operations 
ix. 40 CFR 110  Discharge of Oil 
x. 40 CFR 112   Oil Pollution Prevention 
xi. 40 CFR 116  Designation of Hazardous Substances 
xii. 40 CFR 117    Determination of Reportable Quantities for Hazardous 

Substances 
c. Wetlands 

i. 33 CFR Part 320-330 Procedures and Criteria for the Issuance of Permits 
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ii. 40 CFR Part 230 Guidelines for Specification of Disposal Sites 
iii. 40 CFR Part 231 Discharge of Dredged or Fill Material 
iv. 40 CFR Part 232 Program Definitions and Exemptions 

2. Safe Drinking Water Act* 
a. Exemption.  The SDWA, under 42 U.S.C. § 300h, currently requires states to regulate, and 

imposes minimum regulatory requirements on, “subsurface emplacement of fluids by well 
injection” in order to protect drinking water supplies.  The Act currently exempts from such 
requirements the underground injection of fluids or propping agents (other than diesel fuels) 
pursuant to hydraulic fracturing operations related to oil, gas, or geothermal production 
activities. 

b. 40 CFR 144-148  Underground Injection Control (UIC) program 
3. Outer Continental Shelf Lands Act 

a. 30 CFR 250 Oil and Gas and Sulphur Operations in the Outer Continental Shelf 
b. 30 CFR 251 Geological and Geophysical (G&G) Explorations of the Outer Continental 

Shelf 
c. 30 CFR 252 Outer Continental Shelf (OCS) Oil and Gas Information Program 
d. 30 CFR 253 Oil Spill Financial Responsibility for Offshore Facilities 
e. 30 CFR 254 Oil Spill Response Requirements for Facilities Located Seaward of the 

Coastline 
f. 30 CFR 256 Leasing of Sulphur or Oil and Gas in the Outer Continental Shelf 
g. 30 CFR 259 Mineral Leasing Definitions 
h. 30 CFR 260 Outer Continental Shelf Oil and Gas Leasing 
i. 30 CFR 270 Nondiscrimination in the Outer Continental Shelf 

4. Clean Air Act 
a. National Emission Standards for Hazardous Air Pollutants 

i. 40 CFR Part 63, Subpart Y National Emission Standards for Marine Tank 
Vessel Loading Operations 

 
  
9.0 CATEGORY ANALYSIS CONCLUSIONS 
 
Only one substance, Petroleum (CAS # 8002-05-9), is in the Crude Oil Category.  Crude 
oils are a naturally-occurring substance that formed over millions  of years, Crude oil is a 
complex combination of hydrocarbons consisting predominantly of paraffinic (straight and 
branched-chain alkanes), naphthenic (cycloalkanes) and aromatic hydrocarbons covering 
the carbon number range from C4 to C60+. Also included are low concentrations of 
heterocyclics, e.g. sulfur, nitrogen, oxygen-containing hydrocarbon analogs and metals, 
e.g. nickel and vanadium.  An “average” crude contains 84% carbon, 14% hydrogen, 1-3% 
sulfur, and approximately 1.0% nitrogen, 1.0% oxygen and 0.1% minerals and salts.   
 
Analytical studies indicate that similar hydrocarbons, heterocyclics, metals and other 
constituents, e.g. hydrogen sulfide, are present in all crude oils with the diversity of crude 
oils originating from the proportional variability in these components that depends on the 
source of the oil. This means certain generalities in the physicochemical and 
environmental fate attributes can be inferred given the predominant types of structures 
making up the crude oil. First, regardless of the structure type, low molecular weight 
constituents tend to have higher vapor pressures, lower partition coefficients and higher 
water solubilities than higher molecular weight components and second, given similar 
molecular weights, saturated hydrocarbons tend to have greater vapor pressures, higher 
partition coefficients, and lower water solubilities than aromatic constituents.   
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From an environmental fate perspective, constituent hydrocarbons in crude oil follow 
specific pathways. Overall, members of this category with relatively lower molecular 
weights and higher volatilities will partition to the air more than higher molecular weight 
components. Once in air, these more volatile constituents will not persist, but will be 
removed by reaction with hydroxyl radicals or direct photolytic reactions. Less volatile 
constituents will partition to soils and/or sediments. Hydrocarbons dissolved in water are 
resistant to hydrolytic reactions, but the dissolved fraction may partition to suspended 
matter, volatilize, or biodegrade. 
 
Because crude oil is extracted from world-wide sources and composed of many different 
types and molecular weights of hydrocarbons, it may be impractical to assign specific 
acute aquatic toxicity values that cover the full domain of crude types.  However, a 
generalization of the acute aquatic toxicity based on the data cited above indicates that 
when based on total crude oil loadings in water, either as WAFs or OWD, aquatic 
invertebrates are more sensitive than fish to crude oil exposure, and the lowest EL50 
values may approach 10 mg/L.  When toxicity endpoints are based on measured 
concentrations of hydrocarbons in the dissolved phase of the exposure solutions, aquatic 
invertebrates still appeared to be more sensitive than fish or algae. All acute endpoints for 
fish were >1 mg/L when based on measured dissolved hydrocarbons. For algae, one test 
endpoint yielded an EC50 of 0.94 mg/L, but other data all fell within the range of 6 to 11 
mg/L. In general, aquatic toxicity of crude oil is not likely to be any greater than that 
represented by the most toxic fraction. For concentrations presented as loading rates, 
acute toxicity could potentially fall within the range of 1 – 10 mg/L.  
 
There are numerous existing regulations on the exploration, production, and transportation 
of crude oil to limit release into the environment.  These include the Clean Water Act, the 
Outer Continental Shelf Lands Act, and the Clean Air Act.  
 
The human health effects of crude oil can be from both inhalation and/or dermal exposure.  
Because crude oils vary in their composition, the worst case hazard is assumed until 
sufficient data is available on a specific crude oil or situation (like enclosed spaces) to 
make an informed judgment about the presence or severity of the hazard.    
The dermal hazard of crude oil from a single exposure is low (LC50 >2g/kg).  The acute 
inhalation hazard of crude oil is most likely from hydrogen sulfide.  When the acute toxicity 
of hydrogen sulfide was assessed in rats, the calculated LC50 for a 4-hour inhalation 
exposure was 444 ppm.  VOCs from crude oil are similar to the hydrocarbons found in 
gasoline and gasoline blending streams.   The results of acute toxicity testing indicate that 
these materials are not acutely toxic by the inhalation exposure route with the rat LC50 
>5g/m3.  Repeat dose and developmental studies on inhaled hydrogen sulfide have 
determined NOAECs of 10 ppm and 80 ppm, respectively.  The inhalation NOAECs for 
repeat dose and developmental effects of VOCs from crude oil are read-across data from 
studies on gasoline and gasoline blending streams.  These values are: Repeat Dose 
NOAEC:1507mg/m3 to 10,153mg/m3   (427 – 2880ppma) and Developmental NOAEC: 
5970mg/m3 to 27750mg/m3 (1694 – 7873ppma ) [a - Total hydrocarbon determined as 
parts-per-million (ppm) hexane equivalents.] 
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In the repeat dose inhalation studies with hydrogen sulfide and gasoline blending streams, 
there were no specific adverse effect on reproductive organs.  In addition, two multi-
generation reproduction studies on gasoline vapor in rats have determined NOAECs of 
over 20,000 mg/m3.  This data supports the conclusion that hydrogen sulfide and VOCs 
from crude oil have limited potential to be reproductive toxicants.  
 
There are occupational exposure standards established for many volatile crude oil 
constituents that limit worker exposure to acceptable concentrations.  These standards 
include the Marine Occupational Safety & Health Standards, the ACGIH® TLVs, and the 
International Convention for the Safety of Life at Sea. 
 
In situations involving dermal exposure, the constituents with the greatest potential for 
toxicity are the polycyclic aromatic compounds (PACs).  Data on 46 crude oils show that 
the PAC profile (the 1 to 7 aromatic ring classes) is highly variable from sample to sample.  
Solvent extracts of crude oils which concentrate the PAC constituents have induced gene 
mutations in bacteria.  The injection of mice with whole crude oil did not produce activity in 
micronucleus assays but did induce an increase in sister chromatid exchanges. Several 
samples of crude oil have produced skin-tumors in mice following long-term skin 
application.   
 
Studies of repeated exposure by the dermal route have demonstrated toxicity that was 
indicated by changes in  hematology values, liver enlargement and thymic atrophy.  
Measured and modeled toxicity endpoints show a wide range of responses from different 
samples of crude oil.  The benchmark dose (BMD10) for measured data on two crude oils 
and the predicted dose response (PDR10) for modeled data on 46 crude oil samples were 
between 55 and 544 mg/kg/day.    
 
In developmental toxicity studies in rats, crude oils, primarily at maternally toxic doses, 
caused fetal death, decreased fetal weight, delayed skeletal ossification and parturition.   
Measured and modeled toxicity endpoints show a wide range of responses from different 
samples of crude oil.   The benchmark dose (BMD10) for measured data on two crude oils 
and the predicted dose response (PDR10) for modeled data on 46 crude oil samples were 
between 53 and 2000 mg/kg/day.  Crude oil is not expected to be a reproductive toxicant 
since repeated dermal exposures to crude oil for 13-weeks have not produced adverse 
effects in the reproductive organs of either male or female rats.  
The Testing Group believes that the potential for mutagenicity, systemic toxicity, 
developmental toxicity and/or carcinogenic effects from repeated dermal exposure is 
related to the PAC profile of the specific crude oil.  The data described above for crude oil 
are sufficient to fully characterize the HPV Program screening level endpoints for 
Physical/Chemical Properties, Environmental Fate, Environmental Effects, and Human 
Health Effects. 
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10.0 Data Matrix for Crude Oil 
 

Endpoint 

 

Hydrogen 

Sulfide 

VOCs 

(Gasoline and 

Gasoline 

Blending 

Streams) 

Measured Data on 

Crude Oil 

Predicted Results 

for Crude Oil 

Read-Across to 

Untested 

Crude Oils  

Pour Point   -30°C to 30°C  -30°C to 30°C 

Boiling Range   -1°C to over 720°C  -1°C to over 

720°C 

Vapor Pressure   6 kPa to 45 kPa.  6 kPa to 45 kPa. 

Partition 

Coefficient 

   2 to > 6  2 to >6 

Water Solubility   10.42 to 58 mg/L in 

distilled water and from 

7.75 to 25.5 mg/L in 

saltwater 

 7.75 to 58 mg/L  

Photodegradation    Atmospheric half-

lives of 0.37 to 6.5 

days have been 

calculated for 

representative 

components of 

crude oil. 

0.37 to 6.5 days 

Stability in Water    Stable. No 

hydrolysis expected 

Stable 

Environ. 

Transport 

   Because crude oil 

consists of a wide 

range of molecular 

weight and 

hydrocarbon types, 

fractions will 

partition mainly to 

air and soil.  

Mainly to air 

and soil 

Biodegradation    Whole crude oil 

would not be 

classified as readily 

biodegradable.  

However, the 

constituent 

hydrocarbons in 

crude oils are 

considered 

inherently 

biodegradable. 

Not readily 

biodegradable 

Acute Fish 

 

   The acute toxicity 

could potentially 

fall within the range 

of 1 – 10 mg/L 

WAF, depending 

on the proportion of 

low molecular 

weight 

hydrocarbons in the 

crude’s 

1 – 10 mg/L 

WAF 
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composition. 

Acute Daphnia 

 

   The acute toxicity 

could potentially 

fall within the range 

of 1 – 10 mg/L 

WAF, depending 

on the proportion of 

low molecular 

weight 

hydrocarbons in the 

crude’s 

composition. 

1 – 10 mg/L 

WAF 

Algae 

                                                       

   The acute toxicity 

could potentially 

fall within the range 

of 1 – 10 mg/L 

WAF, depending 

on the proportion of 

low molecular 

weight 

hydrocarbons in the 

crude’s 

composition. 

1 – 10 mg/L 

WAF 

LD50 Dermal 

 

  >2 g/kg  >2 g/kg 

LC50  444 ppm 

(4-hr) 

>5 mg/m
3  

(6-hr) 

 

  In the absence 

of H2S, >5 

mg/m
3
 

Repeat Dose 

(inhalation) 

NOAEC = 

10 ppm 

NOAECs = 

1507 mg/m
3
 to 

10,153 mg/m
3 
  

(427 – 2880 

ppm) 

  In the absence 

of H2S, 

NOAEC >1507 

mg/m3 (427 

ppm) 

Repeat Dose 

(dermal) 

  Benchmark Dose 

(BMD10)  = 62 to 146 

mg/kg/d 

Predictive Dose 

Response (PDR10) 

= 55 to 544 

mg/kg/day 

55 to 544 

mg/kg/day 

In vitro 

Mutagenicity 

  Optimized Ames test 

positive for several crude 

oils 

Mutagenicity Index 

(MI) predicted to be 

>1 for most crude 

oils 

Positive 

In vivo 

Mutagencity 

  Negative in micronuclei 

assay 

 Negative 

Developmental  

Toxicity 

(inhalation) 

NOAEC = 

80 ppm 

NOAEC = 

5970 mg/m
3
 to 

27750 mg/m
3
 

  In the absence 

of H2S, 

NOAEC >5970 

mg/m
3
 

Developmental 

Toxicity (dermal) 

  Benchmark Dose 

(BMD10) = 91 to 106 

mg/kg/d 

Predictive Dose 

Response (PDR10) 

= 53 to 2000 

mg/kg/day 

53 to 2000 

mg/kg/day 

Reproductive 

Toxicity 

(inhalation) 

NOAEC = 

80 ppm 

The range of 

NOAECs for 

reproductive 

effects from 

  In the absence 

of H2S, 

NOAEC 

>13650 mg/m3 
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all available 

studies was 

13650 mg/m
3
 

to 27750 

mg/m
3
 

Reproductive 

Toxicity (dermal) 

  >91 mg/kg/d 

(Developmental 

BMD10) 

> 53 to mg/kg/day 

(Developmental 

PDR10 ) 

Greater than the 

metrics for 

Developmental 

Toxicity  
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12. LIST OF APPREVIATIONS AND ACRONYMS   
 
API – American Petroleum Institute   
°API – API gravity  
ARC – Aromatic Ring Class 
ASTM – American Society for Testing and Materials. 
ATSDR–  Agency for Toxic Substances and Disease Registry. 
AUGC – Area Under the Growth Curve 
BMD10 – Benchmark Dose for estimated dose that produces a 10% response relative to 
the control group.  
BMDPAC10 – Benchmark Dose for the estimated PAC dose that produces a 10% response 
relative to the control group.  
BOD – Biological Oxygen Demand 
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CAD – Category Assessment Document 
CAS RN/CAS #/CAS No. - Chemical Abstract Service Registry Number 
oC – Degrees Celsius 
CIR – Cosmetics Ingredients Review Panel 
CONCAWE –  CONservation of Clean Air and Water in Europe. 
d – Day(s) 
DMSO – Dimethyl Sulfoxide 
EINECS – European Inventory of Existing Commercial Chemical Substances 
EL50 – Effective loading rate lethal to 50% of the test population 
EbL50 – Effective loading rate that causes 50% reduction in algal cell biomass 
ErL50 – Effective loading rate that causes 50% reduction in algal growth rate 
EMBSI  –  ExxonMobil Biomedical Sciences Inc. 
EPA/US EPA – United States Environmental Protection Agency 
FWPCA  –  Federal Water Pollution Control Act. 
g/cm3 – Grams per cubic centimeter 
h - Hour 
HLS – Huntingdon Life Sciences 
hPa – Hectopascal  or 102 pascals; standard metric system unit for pressure 
HPV – High Production Volume Challenge Program (EPA) 
HSDB – Hazardous Substances Data Bank 
IARC –  International Agency for Research on Cancer (WHO) 
ip – intraperitoneal route of administration 
IP –  Institute of Petroleum. 
IPCS –  International Programme on Chemical Safety (WHO) 
IRDC – International Research and Development Corporation 
°K – Degrees Kelvin 
Kow – Octanol-Water Partition Coefficient 
kPa – Kilopascal or 103 pascals; standard metric system unit for pressure 
LC50 – Lethal concentration for 50% of the test population 
LC50 – Lethal dose level for 50% of the test population 
LL50 – Lethal loading rate for 50% of the test population 
LOAEL – Lowest observable adverse effect level 
MCHC – Mean Corpuscular Hemoglobin Concentration 
mg/kg – Milligrams per kilogram 
mg/L – Milligrams per liter 
mg/m3 – Milligrams per cubic meter 
mL – Milliliter 
mm – Millimeter 
ND – Not Determined or None Detected 
nm – Nanometer 
NOAEL – No Observable Adverse Effect Level 
NOEC – No Observable Effect Concentration  
NOEL – No Observable Effect Level 
NOELR – No Observable Effect Loading Rate 
NTP – National Toxicology Program 
OECD – Organization for Economic Cooperation and Development 
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OPPTS – US EPA Office of Prevention, Pesticides and Toxic Substances 
OSHA –  Occupational Safety and Health Administration. 
PAC – Polycyclic Aromatic Compound 
PAH – Polycyclic Aromatic Hydrocarbon 
PDR10 – Predicted Dose Response estimate developed from the regression model for the 
dose of  
              PCA that produces a 10% change in the response relative to the control group.  
PERF –  Petroleum Environmental Research Forum. 
PNA – Polynuclear Aromatic 
Pow – n-Octanol/water Partition coefficient 
ppm – Part per million 
S – Sulfur 
SETAC –  Society of Environmental Toxicology and Chemistry. 
SIDS – Screening Information Data Set 
TSCA –  Toxic Substances Control Act. 
UNEP – United Nations Environment Program 
U.S. DOE –  U.S. Dept. of Energy. 
US EPA – United States Environmental Protection Agency 
UV - Ultraviolet 
UVCB – Chemical Substance of Unknown or Variable Composition  
WAF – Water Accommodated Fraction 
wt% - Weight percent 

g - Microgram 
g/L – Microgram/Liter 

> Greater than 
 
 
13.0  GLOSSARY  
 
NOTE:  The following terms are used in this document.  To the extent possible definitions 
were taken from relevant authoritative sources such as EPA, OECD, ASTM and IUPAC. 
 
Alicyclic: A class of organic compounds containing only carbon and hydrogen atoms 
joined to form one or more rings but is not aromatic. 
 
Aliphatic: A group of organic chemical compounds in which the carbon atoms are linked 
in open chains. 
 
°API: API gravity is a measure of density, not an indicator of paraffinic or aromatic content 
of crude oil and is calculated as °API = 141.5/Sp. Gr. – 131.5. The currently accepted API 
gravity values to differentiate between light and heavy crude oils are ≥33°API equals “light” 
and ≤28°API equals “heavy” (Platt‟s, 2003). 
 
 
Asphalt: A very complex combination of high molecular weight organic compounds 
containing a relatively high proportion of hydrocarbons having carbon numbers 
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predominantly greater than C25 with high carbon-to-hydrogen ratios. It also contains small 
amounts of various metals such as nickel, iron, or vanadium. It is obtained as the non-
volatile residue from distillation of crude oil or by separation as the raffinate from a residual 
oil in a deasphalting or decarbonization process. (US EPA; 
http://iaspub.epa.gov/sor_internet/registry/substreg/home/overview/home.do) 
 
Asphaltenes: A group of complex aromatic hydrocarbons that are found in the heavier 
fractions of crude oil, e.g. asphalt (bitumen) and are soluble in carbon disulfide and 
insoluble in petroleum naphthas. 
 
Atmospheric oxidation potential (AOP) program ( AOPWIN™): Estimates the gas-
phase reaction rate for the reaction between the most prevalent atmospheric oxidant, 
hydroxyl radicals, and a chemical. (http://www.epa.gov/oppt/exposure/pubs/episuite.htm) 
 
Atrophy: A wasting of tissues, organs or the entire body. 
 
Bioavailability: The state of being capable of being absorbed and available to interact 
with the metabolic processes of an organism. Typically a function of chemical properties, 
physical state of the material to which an organism is exposed, and the ability of the 
individual organism to physiologically take up the chemical. Also, the term used for the 
fraction of the total chemical in the environment which is available for uptake by 
organisms.   
 
Bitumen: Asphalt 
 
Category Member:  The individual chemical or substance entities that constitute a 
chemical category. 
 
Category:  A chemical category, for the purposes of the HPV Challenge Program, is a 
group of chemicals whose physicochemical and toxicological properties are likely to be 
similar or follow a regular pattern as a result of structural similarity. These structural 
similarities may create a predictable pattern in any or all of the following parameters: 
physicochemical properties, environmental fate and environmental effects, and/or human 
health effects.  
 
Corpora lutea: A temporary endocrine structure in mammals formed in the ovary at the 
site of a ruptured ovarian follicle. 
 
Cracking: The breaking up of heavy molecular weight hydrocarbons into lighter 
hydrocarbon molecules by the application of heat and pressure, with or without the use of 
catalysts. (US OSHA  
Technical Manual  SECTION IV: CHAPTER 2 PETROLEUM REFINING PROCESSES 
http://www.osha.gov/dts/osta/otm/otm_iv/otm_iv_2.html) 
 
Crude Oil (Petroleum):  A complex combination of hydrocarbons. It consists 
predominantly of aliphatic, alicyclic and aromatic hydrocarbons. It may also contain small 

JrPope
Text Box



Crude Oil Category                   14 January 2011  Consortium Registration # 1100997 
    

 

88 

 

amounts of nitrogen, oxygen and sulfur compounds. (US EPA; 
http://iaspub.epa.gov/sor_internet/registry/substreg/home/overview/home.do) 
 
Dose:  The amount of a substance available for interactions with metabolic processes or 
biologically significant receptors after crossing the outer boundary of an organism.  The 
potential dose is the amount ingested, inhaled, or applied to the skin.  The applied dose 
is the amount presented to an absorption barrier and available for absorption (although not 
necessarily having yet crossed the outer boundary of the organism).  The absorbed dose 
is the amount crossing a specific absorption barrier (e.g., the exchange boundaries of the 
skin, lung, and digestive tract) through uptake processes.  Internal dose is a more general 
term denoting the amount absorbed without respect to specific absorption barriers or 
exchange boundaries.  The amount of the chemical available for interaction by an 
particular organ or cell is termed the delivered or biologically effective dose for that 
organ or cell (US EPA, 2002). 
 
Dose-Response Relationship:  The relationship between a quantified exposure (dose) 
and the proportion of subjects demonstrating specific biological changes in incidence or in 
degree of change (response) (US EPA, 2002). 
 
Dystocia: Difficult childbirth. 
 
Ecological Effects – All endpoints (OECD definitions)  

Fish, Acute Toxicity Test:  In a four-day exposure, acute toxicity is defined by the 
LC50, the concentration of test substance in water which kills 50% of the test population 
of fish.  Test methodology is described in OECD Guideline 203, in OECD Guidelines for 
the Testing of Chemicals.   
Daphnia sp., Acute Immobilization Test:  In a one or two-day exposure, acute 
toxicity is defined by the EC50, the concentration of test substance in water which 
causes immobilization to 50% of the test population of invertebrates. Test methodology 
is described in OECD Guideline 202, Part 1, in OECD Guidelines for the Testing of 
Chemicals.  
Alga, Growth Inhibition Test:  In a three-day exposure, growth inhibition is defined by 
the EC50, the concentration of test substance in growth medium which results in a 50% 
reduction in either alga cell growth or growth rate relative to a control group.  Test 
methodology is described in OECD Guideline 201, in OECD Guidelines for the Testing 
of Chemicals. 
 

Endpoint:  In the context of the EPA High Production Volume Challenge Program, an 
endpoint is a physical-chemical, environmental fate, ecotoxicity, and human health 
attribute measurable by following an approved test methodology (e.g., OECD Guidelines 
for Testing of Chemicals).  Melting point, biodegradation, fish acute toxicity, and genetic 
toxicity are examples of endpoints that are measured by an approved test method.   
 
Environmental Fate Effects – All endpoints (OECD definitions)  

Photodegradation:  The photochemical transformation of a molecule into lower 
molecular weight fragments, usually in an oxidation process. This process may be 
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measured by Draft OECD Guideline, “Phototransformation of Chemicals in Water – 
Direct and Indirect Photolysis”. This process also may be estimated using a variety of 
computer models.  
Stability in Water:  This environmental fate endpoint is achieved by measuring the 
hydrolysis of the test substance.  Hydrolysis is defined as a reaction of a chemical RX 
with water, with the net exchange of the group X with OH at the reaction center.  Test 
methodology for hydrolysis is described in OECD Guideline 111, in OECD Guidelines 
for the Testing of Chemicals.  
Transport Between Environmental Compartments:  This endpoint describes the 
distribution of a chemical between environmental compartments using fugacity-based 
computer models.  The results of the model algorithms provide an estimate of the 
amount of the chemical within a specific compartment.  The environmental 
compartments included in many models are air, water, soil, sediment, suspended 
sediment, and aquatic biota.  
Biodegradation:  Breakdown of a substance catalyzed by enzymes in vitro or in vivo.  
As an endpoint in EPA‟s HPV program, biodegradation is measured by one of six 
methodologies described in OECD Guidelines 301A-F, in OECD Guidelines for the 
Testing of Chemicals.  

 
Exposure:  Contact made between a chemical, physical, or biological agent and the outer 
boundary of an organism.  Exposure is quantified as the amount of an agent available at 
the exchange boundaries of the organism (e.g., skin, lungs, gut). (US EPA, 2002). 
 
Feedstock:  A refinery product that is used as the raw material for another process; the 
term is also generally applied to raw materials used in other industrial processes. 
(Speight, 2007). 
 
Female Mating Index: Number of females with confirmed mating (sperm and/or vaginal 
plug)/number of females placed with males. (OECD) 
 
Fugacity: Estimate of the “escaping” tendency of a chemical species from a particular 
environmental compartment. 
 
Gas Oil: Middle-distillate petroleum fraction with a boiling range of about 350°-750° F, 
usually includes diesel fuel, kerosene, heating oil, and light fuel oil. (US OSHA  
Technical Manual SECTION IV: CHAPTER 2 PETROLEUM REFINING PROCESSES 
http://www.osha.gov/dts/osta/otm/otm_iv/otm_iv_2.html) 
 
Hazard Assessment:  The process of determining whether exposure to an agent can 
cause an increase in the incidence of a particular adverse health effect (e.g., cancer, birth 
defect) and whether the adverse health effect is likely to occur in humans (US EPA, 2002). 
 
Hazard Characterization:  A description of the potential adverse health effects 
attributable to a specific environmental agent, the mechanisms by which agents exert their 
toxic effects, and the associated dose, route, duration, and timing of exposure (US EPA, 
2002). 
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Hazard:  A potential source of harm (US EPA, 2002). 
 
Health Effects – All endpoints (OECD definitions, unless otherwise specified)  

Acute Toxicity:  The adverse effects occurring within a short time-frame of 
administration of a single dose of a substance, multiple doses given within 24 hours, or 
uninterrupted exposure over a period of 24 hours or less. Exposure may be via oral, 
dermal or inhalation routes as described in OECD Guidelines 401, 402, 403, and 420 in 
OECD Guidelines for the Testing of Chemicals. 
Developmental Toxicity:  Adverse effects on the developing organism that may result 
from exposure prior to conception (either parent), during prenatal development, or 
postnatally until the time of sexual maturation. The major manifestations of 
developmental toxicity include death of the developing organism, structural abnormality, 
altered growth, and functional deficiency.   
Genetic Toxicity in vivo (Chromosomal Aberrations):  The assessment of the 
potential of a chemical to exert adverse effects through interaction with the genetic 
material of cells in the whole animal. Genotoxicity may be studies in the whole animal 
using methods described in OECD Guideline 475, in OECD Guidelines for the Testing 
of Chemicals. 
Genetic Toxicity in vitro (Gene Mutations):  The assessment of the potential of a 
chemical to exert adverse effects through interaction with the genetic material of cells in 
cultured mammalian cells. Genotoxicity may be studies in cultured cells using methods 
described in OECD Guideline 476, in OECD Guidelines for the Testing of Chemicals.  
Repeated Dose Toxicity:  The adverse effects occurring due to repeated doses that 
may not produce immediate toxic effects, but due to accumulation of the chemical in 
tissues or other mechanisms, produces delayed effects.  Repeated dose toxicity may be 
studied following methods described in OECD Guidelines 407, 410, or 412 in OECD 
Guidelines for the Testing of Chemicals. 
Reproductive Toxicity:  The occurrence of biologically adverse effects on the 
reproductive systems of females or males that may result from exposure to 
environmental agents. The toxicity may be expressed as alterations to the female or 
male reproductive organs, the related endocrine system, or pregnancy outcomes. The 
manifestation of such toxicity may include, but not be limited to, adverse effects on 
onset of puberty, gamete production and transport, reproductive cycle normality, sexual 
behavior, fertility, gestation, parturition, lactation, developmental toxicity, premature 
reproductive senescence, or modifications in other functions that are dependent on the 
integrity of the reproductive systems.  

 
Hematocrit: The proportion of the blood that consists of packed red blood cells and is 
expressed as a percentage by volume. 
 
Hyperkeratosis: Hypertrophy of the horny layer of the epidermis. 
 
Hyperplasia: A condition in which an increase in the number of normal cells exists in a 
tissue or organ. 
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Hypertrophy: Enlargement or overgrowth of an organ or tissue due to the increased size 
of its constituent cells 
 
Loading Rate: The amount of the test material that is equilibrated with the aqueous test 
medium or the total amount of test substance added to dilution water to prepare water 
accommodated fractions (WAFs) for ecotoxicity testing (OECD, 2000).   
 
Lowest-Observed-Adverse-Effect Level (LOAEL):  The lowest exposure level at which a 
statistically or biologically significant increase exists in the frequency or severity of adverse 
effects between the exposed population and its appropriate control group (US EPA 2002). 
Note: In studies with an absence of a NOAEL the LOAEL is considered < the lowest 
adverse effects dose 
 
Maltenes: The fraction of asphalt which is soluble in n-alkane solvent; such as, pentane or 
heptane.   
 
Mean corpuscular hemoglobin concentration (MCHC): The average concentration of 
hemoglobin in a given volume of packed red blood cells. 
 
Naphtha: A general term used for low boiling hydrocarbon fractions that are a major 
component of gasoline. Aliphatic naphtha refers to those naphthas containing less than 
0.1% benzene and with carbon numbers from C3 through C16. Aromatic naphthas have 
carbon numbers from C6 through C16 and contain significant quantities of aromatic 
hydrocarbons such as benzene (>0.1%), toluene, and xylene. (US OSHA Technical 
Manual SECTION IV: CHAPTER 2 PETROLEUM REFINING PROCESSES 
http://www.osha.gov/dts/osta/otm/otm_iv/otm_iv_2.html) 
 
No-Observed-Adverse-Effect Level (NOAEL):  The highest exposure level at which no 
biologically significant increase exists in the frequency or severity of adverse effects 
between the exposed population and its appropriate control group; some effects may be 
produced at this level, but these effects are not considered adverse or precursors to 
adverse effects (US EPA 2002). 
 
Pathosis: A state of disease. 
 
Portal-of- Entry Effect:  A local effect produced at the tissue or organ of first contact 
between the biological system and the toxicant 
 
Pour point: The lowest temperature in °F at which an oil will flow (ASTM D97)  
 
Resin (petroleum): A complex combination of organic compounds, predominantly 
hydrocarbons, obtained as a fraction of the extract from solvent extraction of residuum. It 
consists predominantly of high molecular weight compounds with high carbon-to-hydrogen 
ratios. 
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Read Across:  Read-across can be regarded as using data available for some members 
of a category to estimate values (qualitatively or quantitatively) for category members for 
which no such data exist.   
 
Systemic Effects or Systemic Toxicity:  Toxic effects as a result of absorption and 
distribution of a toxicant to a site distant from its entry point (US EPA 2002). 
 
Target Organ:  The biological organ(s) most adversely affected by exposure to a chemical 
or physical agent (US EPA 2002). 
 
Tar: Viscous, dark-brown to black substances obtained by the destructive distillation of 
coal. 
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APPENDIX 1;  Crude Oil Chemistry and Composition 
 
The hydrocarbons in crude oil – paraffins, naphthenes (cycloparaffins) and aromatics – 
share some structural features but differ in the ratio of hydrogen to carbon atoms and how 
those atoms are arranged. Olefins are not present in crude oils and are formed from 
rearrangement of atoms during the cracking process to produce gasoline-blending 
streams. Paraffins occur in higher concentrations in lower boiling fractions of crude oil 
while the concentration of naphthenes (cycloparaffins) and aromatics increase in the 
higher boiling range fractions (Figure A1-1) 

 
           Mobil, 1997 
 

Hydrocarbon molecules in crude oil may include from 1 to more than 50 carbon atoms at 
room temperature. When isolated, hydrocarbons with 1-4 carbon atoms are gases, those 
with 5-19 carbon atoms are usually liquid, and those with 40 or more carbon atoms are 
solids. 

 
Paraffins:  CnH2n+2 where n= number of carbon atoms. 

Carbons are joined by single bonds (e.g. butane, CH3CH2CH2CH3). Paraffins with 4 or 
more C atoms may have 2 or more structural arrangements or structural isomers, for 
example:  

 
normal octane, CH3CH2CH2CH2CH2CH2CH2CH3 or isooctane     

JrPope
Text Box



Crude Oil Category                   14 January 2011  Consortium Registration # 1100997 
    

 

94 

 

          
Normal paraffins occur in most crude oils but vary in total concentration (King, 1983).  As a 
rule, crude oils of older geological age contain higher quantities of n-paraffins. 
Occurrences of paraffins relative to other hydrocarbon classes decreases as the boiling 
point range of fractions distilled from crude oil increases 
 
Branched or isoparaffins are found throughout the crude oil boiling range but do diminish 
with increasing boiling point. Certain lower molecular weight branched paraffins are 
capable of producing kidney damage, i.e. light hydrocarbon nephropathy through a 
mechanism that is specific to male rats and not relevant to humans (EPA, 1991).   
 
Naphthenes:  Cycloparaffins in gasoline have 5 or 6 carbon atoms arranged in a ring and 
belong to either a cyclopentane or cyclohexane series, for example: 

                 
 
Cycloparaffins constitute a substantial proportion of petroleum with 5- to 6-membered ring 
structure being the predominant type.  Most individual cycloparaffins that have been 
isolated are in the boiling range of gasoline and jet fuel.  The cycloparaffin portion of the 
lubricant oil fractions of crude oil are a complex mixture of non-condensed and condensed 
5- and 6-member rings. Polycycloparaffins may act as inhibitors in skin carcinogenesis 
(King, 1988) 
 
Aromatics:  Some carbon atoms are arranged in a ring joined by aromatic bonds, e.g. 

benzene, C6H6   .  
 
In polycyclic aromatic hydrocarbons (PAHs), some carbons are shared by 2 or more rings, 
e.g. indane, C9H10          

  
 
Aromatic hydrocarbon types are typically present in the same relative proportion in 
different crude oils. Where several possibilities for alkyl substitution exist, the predominant 
isomers are generally those containing substituents with the lowest number of carbon 
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atoms. In heavier, lubricant-type fractions, mixed aromatic-cycloparaffin hydrocarbons 
predominate, as mono-, di-, or tricyclic aromatic-cycloparaffin hydrocarbons. Certain 
polycyclic aromatics (PACs) are associated with mutagenicity, systemic toxicity and skin 
cancer. Heterocycles are closely related compounds in which an atom of nitrogen, oxygen 
or sulfur replaces one of the carbon atoms in the ring and are commonly found with PAHs 
(API, 2002). 
 
Resins and asphaltenes are high molecular wt fractions (500-10,000) containing N, S, and 
oxygen found in the residuum/bottoms of crude oils.  These classes of hydrocarbons have 
high polarity, low solubility and limited bioavailability and toxicity and typically constitute 
10% of light paraffinic oils and up to 60% of heavy crude oils. 
Much of the compositional information described above was derived from the extensive 
analysis of a Ponca Oklahoma crude, performed under the sponsorship of the American 
Petroleum Institute and is summarized in Table 1.1 (King, 1983). 
 
TABLE 1.1:  Types of Hydrocarbons Isolated from Ponca Crude 

JrPope
Text Box



Crude Oil Category                   14 January 2011  Consortium Registration # 1100997 
    

 

96 

 

 
 
 
 
 
 
  

JrPope
Text Box



Crude Oil Category                   14 January 2011  Consortium Registration # 1100997 
    

 

97 

 

 
APPENDIX 2:  Crude Product Potential 
 
Crude oils are classified by viscosity, density and API gravity.  API gravity was developed 
as a means to identify the gasoline production potential of a crude oil; the higher the API 
gravity, the more valuable the crude. Figure A2-1 illustrated classification of crude oil by 
this density-gravity method. 
 
Figure A2-1: Classification of crude oil by density-gravity method. 

 
 
Type of Crude Characteristics 
 
1. Conventional or “light” crude 

 
Density-gravity range less that 934kg/m3 
(>330API) 

 
2. “Heavy” crude oil 

 
Density-gravity range from 1000kg/m3 to 
more than 934kg/m3 (100API to <280API) 
Maximum viscosity of 10,000mPa.s(cp) 

 
3. “Extra-heavy” crude oil; may also include 
atmospheric residua. (b.p.>3400C; >6500F) 

 
Density-gravity greater than 1000kg/m3 
(<100API) 
Maximum viscosity of 10,000mPa.s(cp)  

 
4. Tar sand bitumen [before upgrade] or 
natural asphalt; may also include vacuum 
residua.  
(b.p.>5100C; >9500F) 

 
Density-gravity greater than 1000kg/m3 
(<100API) 
Viscosity greater than 10,000mPa.s(cp) 

     Mackerer and Biggs, AIHCE, 1996; Platts, 2003 
 
Heavier crude oils have higher density-gravity values and higher viscosity, with lower API 
gravity, making them less suitable for gasoline stocks but better candidates for lubricant 
and heavy fuel production. Figure A2-2 shows yield comparisons for 4 typical crude oils. 
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Figure A2-2:  Yield comparison of crude oils 
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Table A2-1 summarizes the history of petroleum refining. Since the first refinery was 
established in 1862, processes have been developed and continually improved to 
maximize the yield and efficiency of production of high quality fuels, lubricants and 
petrochemicals from petroleum crude, and concomitantly to minimize or eliminate 
undesirable components. 
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APPENDIX 3: Correlation between PAC Profile and Selected Endpoints of 
Mammalian Toxicity 
 
As indicated in the Crude Oil Test Plan submitted to the EPA in 2003, the mammalian 
toxicity of crude oils is expected to be related to their PAC profiles; particularly the toxicity 
measured in repeat-dose, developmental, and in vitro mutagenicity studies. The PAC1 
profile is the weight percent of DMSO-extractable, aromatic compounds contained in the 1 
to 7 aromatic ring classes.   
 
The initial indication that PAC content could be used to predict the toxicity of untested 
petroleum-related materials including crude oils was based on the publication by Feuston 
et al. (1994).  Their research, based on thirteen petroleum-derived refinery streams, 
examined the correlations between the weight percentage of several chemical classes of 
compounds and the magnitude of various effects produced in rats treated dermally with 
these substances in repeat-dose and developmental toxicity studies. In general, Feuston 
et al. found that the toxicity of the streams was correlated with the concentrations of the 3 
to 7 ring PACs. The analyses were based on the ranks of several measures of toxicity and 
the individual PAC concentrations. 
 
In 2004, the API Testing Group recognized the need to further evaluate the observations 
made by Feuston et al. (1994) and commissioned a Task Group (PAC Analysis Task 
Group, or TG) comprised of experts in the fields of petroleum chemistry, toxicology, and 
biostatistics.  The TG issued a report describing the relationships between PAC profile and 
the repeat-dose and developmental toxicities of high-boiling petroleum-related substances, 
i.e. those with initial boiling points greater than approximately 300 °F (API, 2008).  
Predictive models for seven selected repeat-dose and developmental dermal toxicity 
endpoints in the rat were reported (API, 2008). The report was reviewed in a peer 
consultation process and/are publicly available (TERA, 2008). Reports are in preparation 
on the relationship between PACs and reproductive and genetic toxicities of high-boiling 
petroleum substances. 
 
Four potential sources of information were reviewed for the project: the publication by 
Feuston et al (1994); other published literature on the toxicity of individual PAH and PAC 
containing materials; studies sponsored by the American Petroleum Institute (API); and 
unpublished company laboratory reports.  The unpublished laboratory reports consisted of: 
(1) reports of repeat-dose toxicity studies, (2) reports of developmental toxicity studies, (3) 
two reproductive toxicity screening studies, one each with treated males and females, on a 
single substance containing a high concentration of PAC, (4) an exploratory dose range-
finding study in non-pregnant female rats, (5) reports of mutagenesis tests, primarily 
results of optimized Ames tests, and (6) reports of compositional data on the tested 
substances.  All unpublished company laboratory reports (repeat-dose, developmental 

                                                 
1
  Note that “polycyclic aromatic hydrocarbons” (PAH) refers to compounds of two or more fused-aromatic rings 

consisting of carbon and hydrogen only.  Polycyclic aromatic compounds (PAC) is a more inclusive term than PAH 

since, in addition to the PAHs, PAC also includes compounds in which one or more atoms of nitrogen, oxygen or sulfur 

(a heteroatom) replaces one or more of the carbon atoms in a fused ring system and perhaps more importantly includes 

alkylated (methyl, ethyl, etc.) rings (API, 2008).   
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toxicity, and analytical) were judged to be either “reliable without restrictions” or “reliable 
with restrictions, i.e. reliability scores of 1 or 2 (Klimsch, et al. 1997).   
 
The relationship between acute toxicity and PAC was not investigated statistically since 
the reported oral LD50 values for high-boiling petroleum substances are generally greater 
than the maximum doses tested, typically 5 g/kg and 2 g/kg for oral and dermal exposures, 
respectively (API 2001, 2002, 2003a, b, c & d, 2004).  These data demonstrate that the 
respective petroleum-derived streams are not toxic, at least within the operational 
definitions of the regulatory testing guidelines. 
 
To model the outcomes of repeat-dose and developmental studies, sets of matched data 
of PAC composition and biological effects were selected. Each biological endpoint had an 
average of about 80 data points. The seven biological endpoints that were selected for 
final statistical characterization were four repeat-dose measures, i.e. thymus weight, liver 
to body weight ratio, platelet count and, hemoglobin concentration, and three 
developmental measures, i.e. fetal weight, live fetal count, and percent resorptions.  The 
endpoints selected for modeling are consistent with effects reported for both individual 
PACs and PAC containing substances (SCF, 2002, ATSDR, 1995; IPCS, 1998; IRIS 2007; 
RAIS, 2007).  The endpoints selected are also supported by other studies on PAC-
containing petroleum-related substances submitted by the Petroleum HPV Testing Group 
as robust study summaries to satisfy the USEPA HPV Challenge Program requirements 
for the Aromatic Extracts, Crude Oil, Gas Oils, Heavy Fuel Oils, Lubricating Oil 
Basestocks, and Waxes and Related Materials.   
 
The PAC compositional data was developed using an analytical technique referred to as 
the “PAC-2 Method,” or „Mobil Oil PAC Method” or, simply “Method II” (Feuston et al., 
1994; Roy et al., 1985; Roy et al., 1988), a variation of the Institute of Petroleum IP 346 
method (IP, 1980). In the PAC-2 Method, the percent of sample mass is determined for 
each PAC ring class (1 through 7) contained in PAC-concentrated dimethyl sulfoxide 
(DMSO) extracts of the test material. The analysis was performed by gas chromatography 
with flame ionization detection (GC/FID) or mass spectrometry (GC/MS).  
 
The dose-response relationships between the “PAC profile” and specific biologic effects 
were successfully predicted using linear regression models. The correlations between 
observed and model-predicted data were very high (r > 0.90).  The predictive ability of the 
models was rigorously tested and the models were found to be accurate predictors when 
used with interpolated data.  A test material that has its PAC profile and dose within the 
range of the PAC profiles and doses used to develop the model gives rise to an 
interpolated model prediction.  Predictions from samples that do not meet this requirement 
are considered extrapolated predictions.  Extrapolated predictions might not be accurate 
and are considered unreliable by the Testing Group.   
 
Interpolated model results can be used to estimate the dose that would cause a 10% 
change in the response relative to the control group (PDR10).  The concept is similar to the 
Benchmark Dose (BMD) for continuous endpoints (Crump, 1984).   Comparison of the 
PDR10 and BMD10 from a series of samples has shown a close agreement indicating the 

JrPope
Text Box



Crude Oil Category                   14 January 2011  Consortium Registration # 1100997 
    

 

103 

 

usefulness of the PDR10 when no biological endpoint testing data exists and only the PAC 
profile is available to assess toxicity.  
 
While similar to the BMD, the PDR10 has several advantages: 

 The PDR10 is based on one validated model, whereas the BMD can be developed 
from several competing models, making the BMD strongly dependent on the 
selected model (Gephart et al, 2001). 

 The PDR10 can be applied to untested materials for which there are compositional 
data (ie, PAC profiles) but no response data, whereas the BMD cannot be used for 
untested materials. 

 The PDR10 is based on the large amount of data accumulated over multiple studies, 
whereas the BMD is based on a single study, usually with only 3 to 5 data points. 

 
A copy of the full report detailing the development and testing of the predictive models 
developed by the Testing Group can be obtained through either API or TERA (API, 2008; 
TERA, 2008). 
 
The genetic toxicity endpoints, in vitro gene mutation and in vivo chromosomal aberrations, 
assessed principally in micronucleus tests, are addressed in Appendix 4.   
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APPENDIX 4: Optimized AmesTest and Statistical Modeling 
 
The optimized Ames test was developed to improve the performance of the reverse 
mutation Salmonella assay for detecting mutagenic and potentially carcinogenic lubricant 
base stocks and related refinery streams (ASTM, 2002).  The method involves 
concentration of polycyclic aromatic compounds (PAC) by extraction, employing the most 
consistently PAC- sensitive strain of Salmonella [TA98] and increasing the metabolic 
activation system to maximize metabolism of the streams being evaluated.  These 
modifications allowed detection of positive bacterial gene mutation response identified as 
an increase of mutant colonies in treated groups at least 2-fold that of negative controls as 
in the Standard Ames Assay and allowed prediction of potential dermal carcinogenesis by 
calculation of a mutagenicity index (MI).   
 
The mutagenicity index (MI) is the slope of the initial portion of the dose response curve 
expressed in units of revertants per microliter.  The mutagenicity index was highly 
correlated with dermal carcinogenic potential, suggesting that oils with MI values < 1 were 
unlikely to be dermally carcinogenic, oils with MI values > 1 but < 2 were indeterminate, 
and oils with MI values > 2 would likely produce skin tumors if tested in mice.  The test 
method was refined to provide the greatest predictive value of gene mutagenicity and 
potential carcinogenicity for the widest range of high boiling [>3000C] PAC-containing 
streams and thus provides a more sensitive general Salmonella protocol for this class of 
petroleum substances.  In 1995, the optimized Ames test was standardized as an ASTM 
method [ASTM E1687-95]. 
 
Correlation of Mutagenic Activity with PAC Profile 
The relationship of the MI with the PAC profile of refinery streams with known dermal 
carcinogenic potential has been established.  The method of quantifying PAC constituents 
in which the condensed ring aromatics are removed by DMSO extraction and analyzed for 
3-7 ring PAC by gas chromatography (GC) was developed by Roy et al. (1985; 1988).  
Having demonstrated a strong correlation between analytical distribution of PAC and 
mutagenicity in the optimized Ames test for petroleum-derived substances which produce 
dermal tumors when tested in mice, the utility of this relationship for read-across to 
untested substances has been expanded by statistical modeling.   
 
Statistical Modeling of Analytical Data with the Optimized Salmonella Assay  (Ames Test) 
A statistical model has been developed to predict MI scores for untested substances 
encompassing precision in the critical 0-2 range (McKee, et al., 2010).  This model 
employs the 1-7 ring PAC profile for each sample to predict MI scores.  This model 
separated the data from 193 samples of a range of PAC-rich petroleum streams into those 
with mutagenicity index values equal to or greater than 1.0 and those with MI values less 
than 1.0.  This model was not designed to quantify mutagenic potency but to identify 
whether or not a substance had an MI value less than 1 or not; this result can be used as 
an indication of whether the material has the potential to induce gene mutations in the 
optimized Salmonella assay and thus, to potentially be active in dermal carcinogenesis 
assays as well. 
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The statistical model is based on a series of three steps each predicting if the test 
substance was above or below an MI cut-point using a binary logistic general additive 
model.  Step 1 predictes the probability that the substance has an MI of 5 or larger.  The 
second step used only the substances predicted to have an MI below 5 and tested for a 
split at an MI of 2 or larger (the samples from the first step that are predicted to be above 5 
were set at 5 and were no longer in the model process).  The third step uses only the 
substances predicted to have an MI below 2 and tested for a split at an MI of 1 or larger 
(again with the substances from the second step that were predicted to be greater than 2 
were set to 2 and were no longer in the modeling process).  At each step the probability for 
a decision is based on a value of 0.50.  For example, in the first step, if the probability of 
the substance having an MI less then 5 was greater than 0.50 the substance was assigned 
a predicted MI of „less than 5.‟  The final result was the combination of the results from the 
3 steps with each substance predicted as being either < 1 or ≥ 1.   
 
The model predictions agreed with the experimentally determined results 98% of the time, 
with the majority of the incorrect predictions being at MI values that were close to 1.0.  
When the model was tested with 49 hold out samples, 94% of the predictions were in 
agreement with the experimentally determined values.   
 
From this information it is apparent that the outcome of optimized Ames tests can be 
predicted from compositional information with an accuracy that seems comparable to that 
associated with variability inherent with either the experimental methods or the methods 
used to calculate mutagenicity index from the experimental data.   
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APPENDIX 5. Other Routes of Exposure 
 
This Appendix contains summaries of several published studies that used unrealistic 
routes of administration and extremely high doses.  Because of those deficiencies, the 
Petroleum HPV Testing Group recommends that they not be used for hazard or risk 
evaluation of crude oil.  They are included in this document only for completeness.  
 
Acute Toxicity 

Data on the acute oral toxicity of five crude oils, i.e. four light crudes and one heavy crude 
oil, are summarized in the Table below. 
 

Sample
1
 

 Oral LD50 (Rat) 

g/kg 

Beryl  [36.5°API] >5.0 

Arab Lt  [34.5
 
°API] >5.0 

Mid-Continent [40°API] >5.0 

Lost Hills Light [>38°API] >5.0 

Belridge Heavy [14°API] >5.0 

1
Mobil, 1984a,b; 1985a,b; 1990a,b 

 
In a study of three crude oil samples, Smith (1981) reported acute oral LD50 values in the 
mouse ranging from  >10.0g/kg for mixed crude oils to >16.0g/kg for Wilmington heavy 
crude (18°API) and Recluse crude. 
 
Repeat Dose 
Three crude oils (Arab Light, 34.5°API, light; Prudhoe Bay, 28°API, heavy; and South 
Louisiana, 35°API, light) were administered orally to male CD-1 mice once daily for five 
days.  Prudhoe Bay crude oil was administered at doses of 0, 2, 4, 8, 10, 12, or 16 
ml/kg/day; Arab Light and South Louisiana crude oils were given at 10 ml/kg/day only. All 
three crude oils induced small hematologic changes, i.e. decreases in packed cell volume 
and mean corpuscular hemoglobin concentration (MCHC) that was consistent with 
hemolysis. At all doses tested these oils also produced liver enlargement and thymic and 
splenic atrophy without concurrent pathological effects on tissue structure. However, liver 
enlargement was considered likely an adaptive, physiological response and thymic 
atrophy, a non-specific, stress-related secondary effect (Leighton, 1990).  
 

Developmental  
Prudhoe Bay heavy crude oil (PBO) (28°API) was administered orally to pregnant Sprague 
Dawley rats either as a single dose of 5 ml/kg on selected days of gestation, i.e. 3, 6, 11, 
15 or 17 , as a single dose at levels up to 10 ml/kg on Day 6 of gestation or as repeated 
daily doses of 1 or 2 ml/kg/day on gestation days (GD) 6-17 (Khan et al., 1987). With all 
three treatment regimes, at maternally toxic doses, increased rates of resorptions, 
increased fetal deaths and decreased fetal weights were observed. Administration of 5 
ml/kg PBO, on Day 6 of gestation vs. the other gestation days, produced the maximum 
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effect on the increase in resorption rates and decrease in fetal weights as well as the 
decrease in maternal weight gains. When a series of doses of PBO were administered on 
Day 6 of gestation, even the lowest dose of 2 ml/kg was able to produce a significant 
increase in resorption rates and a decrease in maternal body weight gains. A NOAEL was 
not established, but a Lowest Observable Adverse Effect Level (LOAEL) for maternal and 
developmental toxicity was determined to be <1 ml/kg when PBO was administered daily 
on days 6-17 of gestation.  
 

Reproduction 
Sperm morphology in mice was also examined after five days of daily intraperitoneal 
injections of 18°API Wilmington heavy crude at levels up to 2.1 g/kg/day. Evaluation of 
tissue samples did not indicate any significant increase in the incidence of abnormal sperm 
(Lockard et al., 1982).  
 
A Nigerian Bonny Light crude oil (NBL) dissolved in a nonionic surfactant (Tween 80) and 
water mixture and administered orally by gavage to male rats at doses of 200, 400, and 
800 mg/kg daily for 7 days provided suggestive evidence of dose-dependent testicular and 
epididymal toxicity (Orisakwe et al., 2004). Histopathological changes occurred at all doses 
in the testes and included thickening of the connective tissue lining, distortion of the 
basement membrane at 200 mg/kg of NBL and degeneration of seminiferous tubules, 
coagulation of spermatocytes and cellular necrosis at the higher doses. However, testes 
weights both absolute and relative to body weight were significantly lower only in the 800 
mg/kg group, i.e. 36% and 26% relative to the control animals, respectively. In contrast, 
relative testes weight was significantly increased compared to controls at 200 mg/kg. 
 
Also, at all doses, final body weights were significantly lower relative to the control group 
but a dose-response relationship was not apparent. Epididymal sperm number was 
reduced in the 400 and 800 mg/kg groups, i.e. by 64% and 81%, relative to the control 
group, respectively. A NOAEL was not established in this study, but a LOAEL of <200 
mg/kg existed  for a decrease in body weight gain and the histopathological changes in the 
testes (Orisakwe et al., 2004).  
 
The Orisakwe et al (2004) study had a number of significant limitations.  First, the group 
size was small, consisting of only 5 rats per group.  Second, the results were poorly 
reported.  For example, entirely different dose levels of the test material were reported in 
Tables 1 and 2 of this publication.  Third, the rats weighed 80%, 92%, and 85% of the 
control value at the low, middle, and high dose level, respectively, after only one week of 
exposure.  Weight changes of this magnitude suggest that dose levels were selected 
without regard for the maximum tolerated dose.  In fact, in another publication, the same 
authors reported that Nigerian Bonny light crude oil produced hematologic effects at the 
low dose and liver toxicity and “severe pathologic changes” at all doses (Orisakwe et al., 
2005). The possibility that testicular changes may be secondary effects of severe systemic 
toxicity was not discussed.  And fourth, in this study, the presence of the surfactant 
changed the physical characteristics of the crude oil through emulsification and may have 
altered the absorption of the PACs or other crude oil components in the gastrointestinal 
tract in the test animals and may thereby have affected the toxicity and the potency of this 
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crude oil relative to treatment with this same crude oil without surfactant or other tested oils 
(Orisakwe   et al., 2004).  
 
In another study, Obidike et al. (2007) reported changes in testicular morphology and 
cauda epididymal sperm reserves of male rats exposed to Nigerian Qua Iboe Brent (NQIB) 
light crude oil (36°API).  In this study, male rats were administered 0.1, 0.2 or 0.4 ml/rat of 
NQIB crude oil orally by gavage every other day for 4 weeks. Treatment with NQIB 
produced a dose-dependent reduction in the cauda epididymal sperm reserves and 
histopathological changes including interstitial exudates, degeneration, and necrosis of 
spermatogenic and interstitial (Leydig) cells. These adverse changes led to a marked 
reduction in the number of spermatocytes, spermatids and spermatozoa but with a relative 
increase in the number of spermatogonia suggesting that crude oil exposure disrupts the 
maturation process of spermatogonia (Obidike et al., 2007).  
 
This study had a number of serious deficiencies.  First, there was no appropriate control 
group.  The authors reported that the control animals “received no crude oil;” apparently, 
the controls received no gavage treatment of any sort.  Second, the doses of NQIB were 
given as absolute amounts and not relative to body weights that could result in a change in 
the dosage with each dose. Third, the authors reported a statistically significant increase in 
relative testes weight at the low and high dose levels.  However, the data are inconsistent 
with a statistically significant increase at any dose.  For example, the control and high dose 
values were 1.25±0.06 and 1.26±0.02, respectively.  Fourth, since final body weights were 
not reported, a determination of whether the maximum tolerated dose was exceeded could 
not be made. Food or water consumption, clinical symptoms, or histological changes in 
any organ other than the testes were not reported. The selected dose levels in this study 
may have been chosen without regard for the maximum tolerated dose. Whether the 
induced testicular changes may be secondary effects of severe systemic toxicity was not 
discussed.  
 
In a follow-up study by the same authors, male rats were allowed to recover for 8 weeks 
after exposure to 165, 330, or 660 mg/kg of NQIB crude oil given orally by gavage every 
other day for 4 weeks (Igwebuike et al., 2010). All the treated rats had similar testicular 
pathology and a dose-related reduced spermatogenic activity in the seminiferous tubules, 
oligospermia in the cauda epididymides as well as hyperemia and edema in the interstices. 
The authors reported that there was “evidence of recovery and the restoration of active 
spermatogenesis.”  Unfortunately, this study suffered from many of the same limitations as 
the initial study (Obidike et al., 2007).  Further, there were significant discrepancies 
between the results of the two studies.  Since final body weights were not reported for the 
two studies of NQIB mentioned above a determination of whether the maximum tolerated 
dose was exceeded could not be made. Food or water consumption, clinical symptoms, or 
histological changes in any organ other than the testes were not reported. The selected 
dose levels in these studies may have been chosen without regard for the maximum 
tolerated dose. Whether the induced testicular changes may be secondary effects of 
severe systemic toxicity was not discussed. Consequently, the studies are of limited value 
and need to be replicated 
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Oil spills are a byproduct of human activity in which oil is leaked “from ships, shore facilities, pipelines and offshore platforms” (1). Despite popular belief, the 
largest contributors to oil spills are not tankers, ships that carry large amounts of oil, but rather automobiles, boats, industrial plants, and machinery. This oil 
eventually reaches the ocean where it harms marine ecosystems. The severity of oil spills, however, is influenced by many factors, including the type of spillage, 
the quantity of oil, and the effects of tidal waves (2).

Categories of Oil and Associated Severities

According to the U.S. Fish and Wildlife Service, oil spills can be classified into five categories: very light oils, light oils, medium oils, heavy oils and very heavy 
oils. 

Very light oils, such as gasoline and jet fuel, are extremely toxic to marine organisms, but evaporate rapidly in water so cleaning spills of this type is 
unnecessary. 

Light oils, such as diesel, leave a residue in water and have long–term consequences on ocean life. Although light oils have fewer toxins than very light oils, they 
are still damaging. Nevertheless, light oil spills can be effectively cleaned. 

Medium oils, including crude oils like petroleum, do not evaporate quickly. As such, these oils can devastate marine communities residing in intertidal areas, or 
areas between high and low waters. Medium oils are especially threatening to birds and mammals as they can adhere to their feathers, hair, or fur. Cleaning up 
medium oils is most successful if done immediately following the spill. 

Heavy oils, on the other hand, are less likely to evaporate in water and can be exceptionally detrimental to aquatic life. Heavy oils are known to injure birds and 
mammals that come in contact with the contaminated site. Decontaminating areas in which heavy oils have been spilt is also very challenging. 

Very heavy oils, also known as Group V oils, are capable of hovering and diffusing into water, affecting animals like lobster, which subsist on ocean floors. 
While Group V oils are not as toxic as the lighter oils, finding and pinpointing these oils is a difficult task (3).

Detrimental Outcomes of Oil Spills

Because oil does not dissolve in water, it undergoes a “biological, physical and chemical process called weathering” (1). Weathering degrades oil through natural 
mechanisms produced by sunlight, tidal waves, water temperature, and bacteria. As a result, some oil spills have short-term consequences, persisting for only 
weeks. If oil contaminates shallow water, however, the results can be much more dire. In these cases, the oil mixes with mud and other substances and 
accumulates on the bottom. As a result, the oil can last for decades causing a number of problems for marine life that comes in contact with the contaminated 
materials. 

In the British Petroleum (BP) oil spill of 2010, 4.9 million barrels of crude oil were spilt in the Gulf of Mexico (4). According to Time, thousands of dead 
invertebrates like starfish and coral were found. Unfortunately, these species play an essential role in the ecosystems to which they belong, thereby impacting 
many other marine populations. Similarly, many dolphin offspring were found dead along the Gulf Coast. Oyster beds were also devastated by the oil spill; in 
fact, it could take ten years for the population to reach its former size (4). 

The 1989 Exxon Valdez oil spill was equally catastrophic. According to BBC News, the oil killed over 250,000 seabirds, 2,800 sea otters, 250 bald eagles, 300 
harbor seals, and 22 killer whales, as well as countless herring and salmon (5). 

In addition to killing many sea dwellers, oil spills can also impact the health of those that survive. Oil can modify invertebrate feeding habitats, disrupt their shell 
development, and cause slow suffocation. Bottom-dwelling invertebrates are especially at risk when oil accumulates at the shoreline (2). Many bottom-dwellers 
can survive oil contamination; however, they transmit these toxins to their predators, leading to increased concentration of the toxins in higher species. From oil 
spills, fish can experience impeded growth, respiratory and cardiac malfunction, and stunted larval development. As a result, survival rates for offspring are low.

Oil spills can similarly thwart plant development. They can also spur growth of certain algae populations. When oil directly contacts birds, it can get in their 
feathers, which impedes their abilities to fly. As a result, many birds drown while others die of hypothermia. If oil is ingested, kidney, liver and lung damage 
often results, usually followed by death. Other side effects include an inability to reproduce, abnormal behaviors, a debilitated immune system, and skin 
irritability (2). 

Humans can also be affected by oil spills. In Ogoniland, Nigeria, for example, the people have dealt with nearly 50 years of oil production and water 
contamination. Many communities are faced with dangerous levels of carcinogens, cancer causing agents. In one such community, families are drinking water 
polluted with benzene, a type of carcinogen, at a concentration 900 times that considered to be safe. In other areas of Ogoniland, nearly eight centimeters of oil 
were found on top of the water. This horrific spill has so far killed tens of thousands of people, as well as livestock, and is predicted to take up to 30 years to 
reach its former clean state (7, 8). Altogether, it will cost approximately $1 billion to rebuild the area. The Shell Oil Company, which was responsible for the 
spill, has neglected the impact this spill has had on the Nigerians. They have, however, taken responsibility for the recent 2008 and 2009 oil spills. 
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Cleaning Up

There are many natural processes that degrade oil, but human efforts are often required to prevent long-term damage to the environment from oil spills. There are 
four main methods by which an oil spill can be cleaned up: booms, skimmers, chemicals, or burning. Booms are floating devices used to trap, collect, and absorb 
the oil surrounding it. Skimmers are boats that can remove the oil from the surface of the water. Certain chemicals can be used to break down the oil into its less 
dangerous components. Lastly burning the oil is also possible, but this is often avoided because it can produce unwanted air pollutants. The effectiveness of the 
cleanup depends on a number of factors, including tidal waves and weather conditions. 

Although it is debated whether humans could live without oil, we are heavily dependent on it in the modern world. Nevertheless, companies must follow safe 
protocols. Unlike the Shell Oil Company’s failure to comply with this ordinance in Nigeria, companies must be prepared in advance to minimize the negative 
effects of oil spills on the environment. After the BP oil spill, BP proceeded to strengthen blowout preventers, install emergency systems, have pressure 
examinations, and increase personnel training. Although programs like these will not eliminate oil spills and leaks, they can at least help reduce the problem 
(10). The government also requires tankers to be double-hulled, which decreases the incidence of oil spills (11). Inspections and maintenance of the tanks can 
also be performed to reduce oil leaks.

Looking Forward

If we continue to use oil in our everyday lives, we must make sure to use it efficiently. Individuals can make a significant difference with relatively simple 
efforts. The California Coastal Commission suggests learning how to correctly change and remove motor oil from vehicles, getting a vehicle tuned, taking public 
transportation, biking, and becoming an oil spill volunteer as possible ways to help improve marine life (11). The challenge now is taking the steps to ensure this 
is what happens. 
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Pipelines and Salmon in 
Northern British Columbia 

The health and abundance of salmon is critical 
to the well being of Northern British 
Columbia. There are currently four pipeline 
projects proposed to traverse northern B.C. 
that could threaten the health of the Fraser, 
Skeena, and Kitimat watersheds and the 
salmon they are home to.  

Of these four proposals, Enbridge’s Northern 
Gateway pipeline project has generated the 
most interest and concern for a number of 
reasons. Communities and First Nations along 
the proposed route have expressed concern 
about the risks posed to northern watersheds 
by the more than 700,000 barrels per day of 
highly toxic petroleum products that would be 
transported in the proposed twin pipelines. 
Looking more broadly, additional concerns 
have been raised because of project’s role in 
expanding Alberta’s oil sands and bringing 
supertankers to B.C.’s coast. Questions about 
this project are also timely, because it will be 
subjected to environmental review in the near 
future. 

All of these proposed pipelines would cross 
and at times run parallel to the critically 
productive salmon habitats of the Upper 
Fraser, Skeena and Kitimat Watersheds. If all 
five proposed pipelines were built, they would 
extend over 4,000 km stretched end to end. 
They would cross more than one thousand 
rivers and streams in some of Canada’s most 
productive salmon habitat. If the Enbridge 
pipeline is built, the salmon and their 
ecosystems may be negatively impacted by its 
construction, operation, and potential failures.  

Salmon habitats in the vicinity of the pipelines 
are vulnerable to numerous construction 
effects, particularly at stream crossings. The 
primary construction impacts of the proposed 
pipelines would be increased sedimentation 
and higher water temperatures from 
diminished riparian habitat; salmon and trout 
are highly sensitive to increases in each of 
these parameters.  

The greatest concerns are the risks to salmon 
and freshwater habitat from pipeline failures 
that cannot be entirely prevented. Two types 
of pipeline failure exist: leaks and ruptures. 
Ruptures can result from third party damage, 
natural events (e.g. landslides) or general 
pipeline degradation. Failures that occur 
adjacent to stream crossings or where 
pipelines run parallel to streams are the 
greatest risk to salmon. As evidenced by 
industry performance, pipeline ruptures are an 
ongoing hazard of pipeline operations.  

In Canada, there have been two recent major 
oil spills into freshwater habitats: the Pine 
River spill and the Lake Wabamun spill. The 
Pine River spill of 1 million litres of 
petroleum severely affected the freshwater 
habitat and caused a massive fish kill that 
extended for over 20 km downstream from the 
spill site. Spill responses were inadequate and 
eventually cost the operator $30 million in 
clean-up costs — though the affected area has 
not yet fully recovered. The Wabamum Lake 
event demonstrated that the behavior of 
diluted heavy oil in freshwater environments 
is poorly understood.  
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The terrain where the proposed Enbridge 
pipelines would cross, particularly the Coast 
Range, does nothing to ease these concerns. 
This project would be constructed and 
operated in areas of steep, unforgiving and 
dangerous terrain. Heavy precipitation events 
and significant avalanche and landslide 
dangers are the norm. Indeed, major landslides 
in northern B.C. have occurred along existing 
and proposed pipeline routes. These events 
have resulted in pipeline ruptures, knocked out 
roads and various infrastructure including 
major highways, and resulted in several deaths 
in the last few years alone.  

The impacts from proposed pipelines would 
add to numerous stressors on salmon 
ecosystems — some existing and some 
expected in the future. These include forestry, 
hydro developments and climate change. 
Within northern B.C., current and historic 
land-use practices have detrimentally affected 
salmon habitats. There have been widespread 
environmental impacts that will likely persist 
into the future. These must be taken into 
consideration when evaluating the merits of 
pipeline proposals. 

In summary, approving, constructing, and 
operating pipelines in Northern B.C. will 
expose salmon habitat in the Upper Fraser, 
Skeena, and Kitimat watersheds to increased 
impacts. Even the best pipeline construction 
and operating practices are insufficient to 
eliminate all risks. Approving a pipeline 
proposal such as Enbridge’s Gateway project 
would expose salmon to those risks and the 
potential impacts. Any such decision should 
obviously not be taken lightly. 
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1. Introduction 
The health and abundance of salmon is critical to the well-being of Northern British Columbia. 
First Nations have always depended on salmon for food, social and ceremonial purposes. Wild 
salmon support recreational tourism, sport, commercial fishing and value-added processing. 
Their health is also an indicator of the overall health of the ecosystems they support. 

In Northern B.C., the Upper Fraser, Skeena and Kitimat provide some of Canada’s best salmon 
habitat. There are currently four proposed pipeline projects that would traverse these watersheds 
and potentially threaten the salmon they are home to. Of these four proposals, Enbridge’s 
Northern Gateway pipeline project has generated the most interest and concern for a number of 
reasons. Of note are the sheer volume of highly toxic petroleum products that would be 
transported in the proposal’s twin pipelines (more than 700,000 barrels per day1), as well as the 
role of the project in expanding production in Alberta’s oil sands and bringing supertankers to 
B.C.’s coast. Questions about the project are also timely, because the proponent is planning to 
submit the project to regulatory review in the near future. 

 
Figure 1. Proposed Enbridge Northern Gateway pipeline route in relation to the Upper Fraser, 
Skeena and Kitimat Watersheds. 
Map: Eliana Macdonald 

Some of the questions being asked include: How would construction of the project impact 
salmon and their habitat? What is the likelihood of minor or catastrophic spills? What would the 
impacts of an oil sands petroleum and condensate spill be for salmon and their habitat? Could the 
salmon and their habitat be protected when those pipeline failures happen?  

These questions are especially relevant because the ecosystems in question have already been 
stressed, and will be further stressed by impacts such as mining, forestry, and climate change. 
                                                
1 The proposed 36-inch diameter westward line would export an average of 525,000 barrels a day of petroleum 
product. The proposed 20-inch diameter eastward line would import an average of 193,000 barrels a day of 
condensate.  
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This report was prepared to begin evaluating those questions. Having robust answers will help 
communities understand the potential impacts of Enbridge’s proposed pipeline on the five 
species of salmon (sockeye, pink, chum, Chinook and coho) and steelhead. The report is 
structured as follows: 

• Section 2 describes the salmon resources in the three affected watersheds, to identify the 
salmon populations that could be potentially affected by pipelines.  

• Section 3 provides summary descriptions of the proposed Enbridge pipeline and other 
pipeline projects proposed for similar routes.  

• Section 4 presents the impacts that pipeline construction and operation would have on 
salmon and other fish species using freshwater habitat.  

• Section 5 discusses the impacts that pipeline failure would have on salmon and other fish 
species using the same freshwater habitat. 

• Section 6 considers potential pipeline failure mechanisms and presents some examples of 
failures that affected aquatic resources in Northern B.C. and Alberta.  

• Section 7 analyzes the combined risks to salmon from pipelines and other human 
activities in Northern B.C. and provides a preliminary cumulative impact evaluation.  

• Section 8 summarizes the key conclusions. 



 

The Pembina Institute 5 Pipelines and Salmon in Northern British Columbia 

2. Salmon Resources in 
Affected Watersheds 

For thousands of years, the culture and well-being of the peoples of the Pacific Northwest have 
been inextricably linked to Pacific salmon. These fish return annually from the ocean bringing 
their gift of food, as well as enormous quantities of marine nutrients. Salmon define human and 
natural history in the northeast Pacific Ocean. B.C. salmon form part of the North Eastern Pacific 
salmon ecosystem, which is one of Earth’s most productive biological communities, sustaining 
diverse terrestrial and aquatic life. The major salmon-bearing watersheds of the upper Fraser 
(including the Salmon, Takla-Stuart, and Nechako), the Skeena (including the Morice and 
Zymoetz), and the Kitimat are no exceptions. By any measure, salmon are a vital component of 
B.C.’s ecology, culture, economy and social fabric. 

Figure 2 shows a map of the freshwater salmon habitats in B.C., while Figures 3, 4 and 5 show 
the Upper Fraser, Skeena, and Kitimat watersheds in relation to the proposed Enbridge pipeline. 
In total, the project would need to cross more than 780 waterways in these three watersheds. 
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Figure 2. Salmon habitats in B.C. 
Map: Eliana Macdonald 
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Figure 3. Upper Fraser River Watershed in relation to proposed pipelines. 
Map: Eliana Macdonald 
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Figure 4. Skeena River Watershed in relation to proposed pipelines. 
Map: Eliana Macdonald 
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Figure 5. Kitimat River Watershed in relation to proposed pipelines. 
Map: Eliana Macdonald 

2.1 Salmon and First Nations 
The remarkable salmon and steelhead which annually return from the sea serve as a cultural and 
economic foundation of many B.C. First Nations. In the Upper Fraser River, the Carrier fishery 
has taken place for millennia. Tl’az’ten, Nak’azdli and Takla Lake First Nations as well as other 
Carrier Sekani communities are highly dependent on the Stuart sockeye runs to meet their needs. 
The Kitamat river watershed has long been part of the ancestral homeland of the Haisla peoples. 
In the past, salmon, eulachon, and other species of fish were abundant and played a central and 
integral role in the Haisla’s well-being.  

In the Skeena River, the Gitxsan and Wet’suwet’en extensively relied upon the upper Zymoetz 
River watershed. The aboriginal fishery relied on a weir at the outlet of McDonell Lake, as well 
as spearing sites in the lower river. The Wet’suwet’en have also fished Morice-Nanika sockeye 
at Hagwilget and Moricetown Canyons for at least 6,000 years. The sockeye are critically 
important for food, social and ceremonial needs. Stock restoration is a high priority for the 
Wet’suwet’en, as Morice-Nanika sockeye are the last significant anadromous sockeye salmon 
population remaining on their traditional territory.  
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2.2 Salmon and B.C.’s Economy 
In an average year, the commercial sector harvests around 28 million salmon, of which 75% are 
pink and sockeye.2 The total landed value of the commercial catch is approximately $250 
million. There are 350,000 recreational tidal water licenses issued in B.C. and a portion of the 
300,000 non-tidal license holders also fish for salmon; collectively, fishers generate 
approximately $550 million in direct expenditures.3 Nature tourism activities based on salmon 
are estimated to contribute hundreds of millions of dollars to the B.C. economy.4  

The Zymoetz is considered one of the top ten steelhead rivers in B.C. for recreational fishing. 
The estimated annual steelhead catch, including guided angling, is 1,700 fish. The Morice is one 
of B.C.’s most significant streams for Chinook and is also considered to be a world-class 
summer steelhead stream. Coho are also fished in the Morice. Salmon and steelhead populations 
in both rivers are already stressed and various bans have been implemented to protect those 
populations.5 A study of the Skeena Wild Salmon economy reported that it contributed $110 
million to the regional economy6. 

The Kitimat River also provides some of B.C.’s finest recreational fishing for salmon, steelhead, 
and trout. The fishery is characterized by its ease of access for short-duration angling, as well as 
the large number of fish (augmented with hatchery releases).  

2.3 Salmon Diversity and Abundance 
Pacific salmon habitat extends from the freshwater rivers and streams in which they are born all 
the way to the Pacific Ocean, and back again where they spawn and die. The duration and timing 
of the migrations depend on the species and stock. Degradation in any part of that habitat will be 
detrimental to salmon health. In B.C., the five species of salmon are all present in the watersheds 
affected by the proposed Enbridge pipeline, as are steelhead (rainbow trout that migrate between 
freshwater and ocean habitats).  

                                                
2 Fisheries and Oceans Canada, “Underwater World: Pacific Salmon,” 2002, http://www.dfo-
mpo.gc.ca/zone/underwater_sous-marin/salmon/salmon-saumon-eng.htm 
3 Fisheries and Oceans Canada, Fisheries Renewal, A Vision for Recreational Fisheries in British Columbia 2008-
2012: Draft Document for Discussion, May 2008, http://www-ops2.pac.dfo-
mpo.gc.ca/xnet/content/consultations/sfab/rec_fish_vision-
documents/Recreational_Fisheries_Vision_Document_2008.pdf 
4 Wilderness Tourism Association of BC, The Value of Wild Salmon to BC’s Nature Based Tourism Industry and the 
Impacts of Open Net Cage Salmon Farming, April 30, 2008,  http://www.wilderness-
tourism.bc.ca/docs/WTApositionpaper-salmon_farms-wild.pdf 
5 For the past several years, a kill ban has been instituted for the entire Skeena River watershed to protect steelhead 
runs from harvest. Throughout Morice River there is no angling from boats between August 15 and December 31 
and a bait ban year-round. 
6 Northwest Institute for Bioregional Research Valuation of the Wild Salmon Economy of the Skeena River 
Watershed, prepared by IBM Business Consulting (2006), 
http://northwestinstitute.ca/downloads/IBM_skeena_report_06.pdf 
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Under the Wild Salmon Policy, the Department of Fisheries and Oceans (DFO) has grouped B.C. 
salmon into 423 “conservation units”.7 Conservation units are “groups of wild salmon 
sufficiently isolated from other groups that, if lost, would be unlikely to re-colonize naturally 
within an acceptable time frame.” The areas of the Skeena, Kitimat, and upper Fraser that would 
be crossed by the Enbridge pipeline are home to at least 76 conservation units. This represents a 
huge range of unique and irreplaceable salmon biodiversity and some of Canada’s most 
important salmon habitat (Table 1).  

Table 1. Conservation units in contact with proposed B.C. pipelines 

The Skeena Watershed shows the greatest biodiversity, providing habitat for 55 conservation 
units. 

 Conservation Units 

Watershed Pink Chinook Sockeye Coho Chum Steelhead Total 

Upper Fraser 1 1 9 2 0 0 13 

Skeena 5 8 32 4 4 2 55 

Kitimat 2 1 1 1 1 2 8 

Total 8 10 42 7 5 4 76 

While the number of unique salmon populations within these watersheds is significant, their 
resiliency varies from population to population. In general, the combination of a 150-year legacy 
of high fishing rates, increased industrial activity and human settlement in the watersheds, and 
reduced marine survival has led to diminished salmon abundance and lower-productivity 
habitats. 

Table 2 summarizes the average runs by species and watershed, including some historical 
information where available. Some of the runs have variable returns, some reporting highs in the 
hundreds of thousands of fish in some years (e.g. Kitimat River pink and chum salmon). Other 
runs have experienced significant declines from historical numbers, including the sockeye run of 
the Morice River and the sockeye runs of the Stuart River.  

Appendix 1 provides more detailed information on the salmon population in each of these 
watersheds. 

                                                
7 Fisheries and Oceans Canada, Canada's Policy for Conservation of Wild Pacific Salmon, June 2005, 
http://www.pac.dfo-mpo.gc.ca/publications/pdfs/wsp-eng.pdf  
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3. Pipelines in Northern 
British Columbia 

Northern British Columbia currently has one major natural gas pipeline (operated by Pacific 
Northern Gas between Summit Lake and Prince Rupert) and no major liquid petroleum pipelines. 
Proposals exist for a total of four liquid fuel pipelines and one additional natural gas pipeline.  

3.1 Proposed Northern Gateway Pipeline 
As discussed, Enbridge’s Northern Gateway pipeline has recently attracted considerable 
attention because of the profound scope of its environmental impacts.  

Enbridge’s proposed project would transport petroleum products across Northern B.C. between 
Alberta’s oil sands and the B.C. coast. To accomplish this, Enbridge proposes to build twin 
pipelines that would cross the Upper Fraser, Skeena, and Kitimat watersheds. The pipelines 
would connect an inland terminal near Edmonton and a marine terminal near Kitimat to transfer 
petroleum products and condensate into and out of large oil tankers. 8 The proposed route is 
shown in Figure 6. 

 

Figure 6. Approximate route of the proposed Northern Gateway pipeline 
Source: http://www.northerngateway.ca/project-info/route-map 

The east-flowing pipeline would most likely carry condensate, which is used as a thinning agent 
that permits high density petroleum products, such as bitumen, to flow in a pipeline. Condensate 
is a relatively light hydrocarbon that is acutely toxic to aquatic and terrestrial environments and 
is highly flammable in high concentrations. Despite the fact that condensate volatizes quickly in 
comparison to bitumen, it can cause substantial damage in the immediate spill location and 

                                                
8 Details of the project come from Enbridge Northern Gateway Pipelines, "Project Info: Northern Gateway at a 
Glance," http://www.northerngateway.ca/project-info/northern-gateway-at-a-glance 
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adjacent areas. Approximately 193,000 barrels of condensate per day would be carried in a 20-
inch pipeline.  

The most probable contents of the west-flowing pipeline are oil products from the oil sands, 
including diluted bitumen. Bitumen is the raw product from tar sands extraction that has not been 
upgraded to synthetic crude oil or further refined into petroleum products. Bitumen is an 
extremely toxic mixture of organic liquids that is highly viscous, black, sticky and composed 
primarily of highly condensed polycyclic aromatic hydrocarbons. Bitumen needs to be diluted 
with a lighter petroleum product (condensate or naphtha) in order to reduce its viscosity so that it 
can flow in a pipeline. Approximately 525,000 barrels of oil sands oil per day would travel 
through a 36-inch pipe. In comparison, the Exxon Valdez spill leaked 240,000 barrels of crude 
into Prince William Sound.  

The right-of-way for the dual pipelines would be about 1170 km long and 30 m wide. It would 
cross at least 785 watercourses in British Columbia of which around 80 have high fisheries 
sensitivities or constructability issues. Large stream and river crossings, from east to west, 
include Kinuseo Creek, Murray River, Parsnip River, Wicheedo River, Crooked River, Muskeg 
River, Salmon River, Stuart River, Endako River, Morice River and Thautil River. 

The project has generated concerns from First Nations and communities in Northern B.C. and 
beyond.9 There are concerns that pipeline ruptures would affect fish abundance and habitat, and 
that oil tanker spills on the north or central B.C. coast will adversely affect marine life including 
B.C. salmon production in coastal waters. As well, the pipeline’s link to Alberta’s oil sands will 
hasten the land, water, and climate impacts already being caused by that development.10  

3.2 Other Proposed Pipelines 
The one new natural gas pipeline being proposed is the Pacific Trails Pipeline, which would 
carry gas west from Summit Lake to Kitimat. The pipeline would share the same right-of-way as 
the Pacific Northern Gas (PNG) pipeline between Endako (west of Fraser Lake) and Summit 
Lake, and require a new right-of-way between Endako and Kitimat.  

All four proposed liquid pipelines (the twin Enbridge pipelines, and individual pipelines under 
evaluation by Kinder Morgan and Pembina Pipelines) are connected to the expansion of 
Athabasca oil sands in northern Alberta. Two would export oil sands products (most likely 
diluted bitumen), and two would import condensate (Table 3). Appendix 2 provides more 
information on the specific pipelines. 

 

 

 

                                                
9 Some of these concerns have been documented at http://landkeepers.ca/pipelines. 
10 Additional information can be found at http://www.oilsandswatch.org. 
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Table 3. Existing and proposed pipelines in northern B.C. 

Pipeline 
Project 

Number of 
Pipelines 

Product and Volume 
(per day)  

Length 
of Right 
of Way 

Linked 
to Oil 
Sands 

Additional 
Tankers 
Required 

Project Status 

Enbridge 
Northern 
Gateway 

2 525,000 barrels of oil 
products including 
diluted bitumen  

193,000 barrels of 
condensate 

1,170 km 
per 
pipeline 

Yes Yes Proposed – Joint 
Review Panel 
process by the NEB 
and CEAA 

Pembina 
Pipeline 
Corporation 

1 100,000 barrels of 
condensate 

465 km Yes Yes Filed with the B.C. 
Environmental 
Assessment Office. 
Currently on hold. 

Kinder Morgan 
Canada 

1 400,000 barrels of oil 
products including 
diluted bitumen 

760 km 

 

Yes Yes Internal planning 
stages. 

Pacific Trail 
Pipelines 

1 885 million cubic feet 
of natural gas 

470 km No Yes Approved by CEAA 
and BCEAO. 

Pacific 
Northern Gas 

1 115 million cubic feet 
of natural gas  

? No No In operation 

If all five proposed pipelines were built, they would extend over 4,000 km stretched end to end. 
They would cross more than one thousand rivers and streams in some of Canada’s most 
productive salmon habitat. These watersheds are national assets that provide food and shelter for 
aquatic and terrestrial wildlife and water for human consumption and other uses. If built, the 
salmon and their ecosystems may be negatively impacted by the construction and operation of 
the pipelines and from their possible failures. The remainder of this report further analyzes these 
impacts. 



 

The Pembina Institute 16 Pipelines and Salmon in Northern British Columbia 

4. Impacts on Fish from 
Pipeline Construction 
and Operations 

The construction and operation of pipelines is well understood and based on a large body of 
experience. While the steep and mountainous terrain of Northern British Columbia is a 
complicating factor, best practices and anticipated impacts are relatively well known. This 
section maps out those anticipated impacts for the construction and operation of pipelines. The 
most significant impacts would occur during construction at stream crossings, where increased 
sedimentation can cause adverse impacts ranging from increased mortality to changes in salmon 
behavior.  

4.1 Construction Effects 
Pipeline construction effects occur primarily at stream crossings11. They are characterized by 
acute physical and water quality impacts of relatively short duration. The main physical impacts 
are related to sedimentation and increases in total suspended solids (TSS) due to trench 
excavation, disposal of fill, erosion and run-off from adjacent upland worksites. Additionally, 
water discharge from hydrostatic pipe testing and trench dewatering also contributes sediment. 
Salmon are highly sensitive to sedimentation increases.  

Fish responses to sedimentation are related both to the duration of exposure and the suspended 
sediment concentration12. The higher the sediment concentration and the longer the exposure, the 
more detrimental the impacts will be to fish populations. Analysis of the severity of sediment-
related effects on six groups of fish (including salmonids) were rated in order of increased 
sediment loading as shown in Table 4.  

                                                
11 Lucie M. Lévesque and Monique G. Dubé, “Review of the Effects of In-Stream Pipeline Crossing Construction 
on Aquatic Ecosystems and Examination of Canadian Methodologies for Impacts Assessment,” Environmental 
Monitoring and Assessment 132 (2007): 395-409, http://www.ncbi.nlm.nih.gov/pubmed/17674136 
12 C.P. Newcombe and J.O.T. Jensen, “Channel Suspended Sediment and Fisheries: A Synthesis for Quantitative 
Assessment of Risk and Impact,” North American Journal of Fisheries Management 16 (1996): 693-727. 
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Table 4. Analysis of the severity of sediment-related effects on fish13 

Ranking of 
Sedimentation Effects 

Fish Response 

1. behavioral effects alarm, abandonment of cover, avoidance 

2. sublethal effects short term reduction in feeding success, moderate physiological stress, cough and increased 
respiration rate, habitat degradation, impaired homing, long term reduction in feeding success, 
poor condition 

3. lethal and paralethal 
effects 

reduced growth, delayed hatching, reduced density, increased predation and moderate to severe 
habitat degradation, with mortality increasing incrementally from > 20 to 100% 

The Canadian water quality guidelines define the safe level of TSS for the protection of aquatic 
life. The guidelines were developed using toxicity measurements from a suite of freshwater fish, 
including salmonids. The guideline is a maximum 25 mg/l increase over background levels 
during low flow over a period up to 24 hours, and a maximum 5 mg/l above background levels 
over a period between 24 hours and 30 days14. During pipeline construction, TSS can exceed 
2500 mg/l15.  

The effects of high TSS from pipeline crossing construction on rainbow trout physiology were 
determined in cage experiments16. Measured effects of high TSS included increased respiration 
time and shorter times until loss of equilibrium. Differences in blood cell concentrations were 
attributed to sediment concentration and particle size.  

Sedimentation effects on adult spawners may be very different than effects on fry. Behavioral 
impacts during migration or spawning may be more important for the former, and prey 
availability or physiological limitations may be more important for the latter. 

Benthic invertebrates are also very susceptible to TSS increases. Drift invertebrate biomass was 
altered by winter pipeline crossing construction in Hodgson Creek, Northwest Territories in 
response to a pulse of sedimentation17. Elevated TSS caused an increase in invertebrate drift 
density from 2.6 to 37.6 per 100 m3 

downstream, and an increase in standing crop that lasted 
over 5 weeks. The increase was likely a reflection of sediment plume avoidance by the drift 
invertebrates.  

                                                
13 Ibid. 
14 Canadian Council of Ministers of the Environment, Canadian Environmental Quality Guidelines (Winnipeg, MB: 
1999). 
15 Scott M. Reid and Paul G. Anderson, “Suspended Sediment and Turbidity Restrictions Associated With Instream 
Construction Activities in The United States: An Assessment of Biological Relevance,” International Pipeline 
Conference 1998: 1031–1035. http://aplwww.alliance-pipeline.com/contentfiles/30____TSS_Criteria.pdf 
16 Scott M. Reid, G. Isaac, S. Metikosh and J.I.M. Evans, “Physiological response of rainbow trout to sediment 
released during open-cut pipeline water crossing construction,” Water Quality Research Journal of Canada 38 
(2003): 473-481, http://cat.inist.fr/?aModele=afficheN&cpsidt=15025864 
17 Lucie M. Lévesque, Method and Design for Assessment of Aquatic Impacts Associated with Pipeline Crossing 
Construction, unpublished report prepared for Dr. Monique Dubé, National Water Research Institute, 2005. 
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One week after pipeline construction, the downstream benthic invertebrate community in Findlay 
Creek, Ontario was generally limited to only sediment-tolerant  species of oligochaetes (aquatic 
earthworms)18. In contrast, at upstream control sites, the benthic invertebrate fauna was 
characterized as very diverse with over 26 species comprised of chironomids, caddisflies, 
stoneflies, mayflies, and dragonflies. Changes in observed benthic invertebrate communities tend 
to be transient. Full recovery of benthic invertebrate communities generally occurs within six 
months to a year after construction. 

The amount of increased sedimentation and its duration depends largely on the method of stream 
crossing construction, and whether the crossing is below-ground or above-ground (i.e. a 
bridge)19. Construction impacts on salmon can also be partially mitigated by scheduling 
construction activities in specified timing windows. These windows are designed to avoid 
sensitive life history stages thereby minimizing salmon exposure to impacts. However, some 
stream-dwelling salmonids such as coho, Chinook and steelhead are present throughout the year, 
making these exposed fish vulnerable to short-term construction impacts all year round. Even 
following best practices, pipeline construction regularly results in TSS levels exceeding the 
Canadian water quality guidelines. While these guidelines provide a defensible biological basis 
for protecting salmon, they have no current legal status. 

An Enbridge Case Study in Construction Impacts20 

In early 2009, Enbridge Energy Limited Partnership was found liable for environmental damages 
incurred during the construction of two parallel pipelines in Wisconsin known as the Southern Access 
Expansion. The state lawsuit was settled after Enbridge paid $1.1 million in damages over violations of 
the conditions of their wetland and waterway protection permit. The Civil Complaint was filed by the 
Wisconsin Department of Justice and documented over 500 violations, including 282 wetland 
violations (soil mixing, rutting, unauthorized clearing, improper restoration), and 176 land disturbance 
and erosion control violations near navigable waters and wetlands. All of the violations were 
documented by independent environmental monitors hired by the Wisconsin Department of Natural 
Resources.  

4.2 Operational Effects 
After a pipeline has been installed and its associated road network has been developed, human 
access to streams is greatly enhanced at pipeline stream crossings in remote areas. This can 
promote activities, including fishing, that affect resident and migratory fish populations. In 
                                                
18 Scott M. Reid and Paul G. Anderson, “Effects of Sediment Released During Open-Cut Pipeline Water Crossings,” 
Canadian Water Resources Journal 24 (1999): 235-251. http://aplwww.alliance-
pipeline.com/contentfiles/45____EffectsofSediment.pdf 
19 Canadian Association of Petroleum Producers, Canadian Energy Pipeline Association and Canadian Gas 
Association, Pipeline Associated Watercourse Crossings, prepared by TERA Environmental Consultants and Salmo 
Consulting Inc. (Calgary, AB: 2005), http://www.neb.gc.ca/clf-
nsi/rsftyndthnvrnmnt/nvrnmnt/rfrncmtrl/pplnwtrcrssngs2005-eng.pdf. This paper discusses watercourse crossing 
construction techniques and evaluates the environmental advantages and disadvantages of different pipeline 
crossings. A total of 43 pipeline construction methods were evaluated. 
20 Wisconsin Department of Justice, “Enbridge Energy Settles State Lawsuit Over Environmental Violations For 
$1,100,000,” media release, January 2, 2009, http://www.doj.state.wi.us/absolutenm/anmviewer.asp?a=24&z=3 
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effect, the pipeline becomes a conduit for human contact at stream locations which were 
formerly difficult to access. Pipeline operations can thereby indirectly increase fish mortality via 
fishing or other human-induced secondary impacts.  

In addition to concerns related to increased access, the clearing of trees around streams for 
pipelines and service roads can also affect salmon habitats. Deforestation frequently leads to 
decreased stream shading, which results in increased stream temperatures. 
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5. Impacts on Fish from 
Pipeline Failures 

Pipeline failures and the resulting impact of spilled petroleum products are one of the main 
concerns associated with pipeline operations. A failure can be classified as a leak (where a 
pipeline may be losing product but continues to operate), or a rupture (where a pipeline has been 
compromised to the point where it cannot continue to operate). The Alberta Energy and Utilities 
Board (EUB) lists the following potential causes of pipeline failure: construction damage, 
damage by others, earth movement, external corrosion, internal corrosion, joint failure, excess 
pressure, pipe failures, valve failures, and weld failures21. 

The volume of a spill will depend on the volume of petroleum product being shipped in the 
pipeline, the size of the failure relative to the pipeline’s capacity, and the time that passes until 
the pipeline is turned off. For example, in the Pine River spill near Chetwynd, B.C. (see Section 
6), it took 55 minutes before a ruptured pipeline was shut down. The anticipated flow rate for the 
proposed Enbridge pipeline would be approximately 20,833 barrels per hour or roughly 350 
barrels per minute. 

Regardless of the cause, the end result of a pipeline failure is the same — petroleum products 
being spilled into the surrounding environment. The consequences to salmon are most severe if 
the pipeline failures occur in proximity to stream crossing locations and associated habitat. It is 
important to understand how spills will impact fresh water aquatic environments and salmon 
health. The remainder of this section assesses these consequences. 

5.1 Behaviors of Different Petroleum Products in Fresh 
Water 

The chemical properties of different petroleum products vary significantly in fresh water 
environments. Heavier oils may become associated with sediments and structures such as woody 
debris and boulders. After sticking to a substrate, the oil can become immobile, releasing 
contaminants slowly over a prolonged period.  

Lighter materials (such as condensate) float along the surface and, depending on conditions such 
as wind speed and temperature, can persist for one to three days before breaking down or 
evaporating. However, during this period, the effects of condensate on salmon, aquatic biota, and 
other freshwater users can be acutely toxic.  

                                                
21 Alberta Energy and Utilities Board, Pipeline Performance in Alberta, 1990-2005, (Alberta EUB, 2007), 
http://www.ercb.ca/docs/documents/reports/r2007-a.pdf 
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If a spill of diluted bitumen occurs, its properties change rapidly as the light condensate 
evaporates22. If the diluted bitumen enters into water, it partitions and releases the condensate 
fraction. The physical behaviors of heavier materials, such as bitumen, are less well understood 
than crude oil under spill conditions. They tend to sink in fresh water, are slower to dissolve in 
the water column, and will not evaporate. 

Failures in natural gas pipelines would result in only minor aquatic impacts because the gas itself 
is non-toxic and would likely dissipate quickly. Gas from a submerged rupture would quickly 
bubble to the surface. 

5.2 Hydrocarbon Toxicity 
There is a large literature on the chronic and acute toxicity of petroleum compounds on fish, 
including salmonids. Condensate and diluted bitumen are highly toxic to all species of salmon, 
and particularly for the egg and alevin stages. There can be little doubt that exposure to these 
contaminants would have a severely detrimental impact on salmon populations in northern B.C. 
In the three watersheds of concern, Kitimat, Skeena and Upper Fraser, stream rearing juvenile 
steelhead, coho and Chinook are present all year round and are therefore susceptible to spilled 
petroleum products and condensate.  

A range of impacts has been measured in salmon and other fish species from exposure to oil and 
other petroleum products. These include lethal as well as sublethal effects on growth23, gene 
expression24 and defects in cardiac function, edema, spinal curvature and reduction in the size of 
the jaw and other craniofacial structures25.  

Polycyclic aromatic hydrocarbons (PAHs) that are dissolved in water from either floating or 
submerged petrochemicals are the most toxic components for fish and invertebrates. Chronic 
toxicity increases with higher concentrations of alkyl PAHs. These compounds are found in trace 
concentrations in condensates, about 0.1% to 2.0% in crude oils and light refined oils (eg. 
diesel), and up to 6–10% in heavier oils (i.e. heavy bunker oils). Typically, early life stages and 
developing embryos (Figure 7) are the most sensitive to the toxic effects of petroleum products.  

                                                
22 H.M. Brown and P. Nicholson, “The Physical-Chemical Properties of Bitumen in Relation to Oil Spill Response,” 
Proceedings, Fourteenth Arctic and Marine Oilspill Program (1991). 
23 R.A. Heintz, S.D. Rice, A.C. Wertheimer, R.F. Bradshaw, F.P. Thrower, J.E. Joyce and J.W. Short, “Delayed 
Effects on Growth and Marine Survival of Pink Salmon Oncorhynchus gorbuscha After Exposure to Crude Oil 
During Embryonic Development,” Marine Ecology Progress Series 208 (2000): 205–216. 
24 R.M. Stagg, J. Rusin, M.E. McPhail, and A.D. McIntosh, “Effects of Polycyclic Aromatic Hydrocarbons on 
Expression of CYP1A on Salmon (Salmo salar) Following Experimental Exposure and After the Braer Oil Spill,” 
Environmental Toxicology and Chemistry, 19 (2000): 2797–2805. 
25 J.P. Incardona, T.K. Collier and N.L. Scholz, “Defects in Cardiac Function Precede Morphological Abnormalities 
in Fish Embryos Exposed to Polycyclic Aromatic Hydrocarbons,” Toxicology and Applied Pharmacology 196 
(2004): 191–205. 
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Figure 7. Salmon embryos after oil exposure 

Deformed pink salmon embryo (lower) exposed to oil compared to an unexposed fry (upper). 
Source: Dr. Mark Carls, NOAA, Alaska Fisheries Science Center, http://www.afsc.noaa.gov/  

Chronic toxicity is usually the result of prolonged exposure to contaminants and depends on the 
persistence of the spilled material. In streams and rivers, oil entrained in bottom sediments can 
destroy spawning habitat. If spilled material contaminates sediments of a spawning bed, salmon 
embryos in the spawning gravel would be highly vulnerable. Chronic toxicity to embryos will 
reduce the number of fish that survive to the adult population.  
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The chronic toxicity of petroleum contaminants for fish and aquatic life has been clearly 
demonstrated. In separate studies, exposure to toxic fractions of Alaska North Slope Crude26  and 
contaminated wastewaters from the Athabaska oil sands area27 had detrimental impacts on fish 
health. Compared to control fish populations, the contaminated fish showed higher mortality, 
malformations, growth reductions and enzyme induction that could cause deleterious 
reproductive effects.  

Acute lethality effects are due primarily to the components that readily dissolve in water like 
benzene, toluene, ethylbenzene and xylene. Toxic effects vary with the degree of evaporation 
and dilution which in turn depend largely on temperature and wind velocity. Acute lethality 
usually occurs within 24 hours and can be manifested as a fish kill. 

                                                
26 P.V. Hodson et al., “Alkyl PAH in Crude Oil Cause Chronic Toxicity to Early Life Stages of Fish” in: 28th Arctic 
and Marine Oilspill Program (AMOP) Technical Seminar, Environmental Science and Technology Division, 
Environment Canada, Proceedings of the 2007 AMOP Symposium, Edmonton, AB, June 4–7 (2007): 291–300. 
27 M.V. Colavecchia, P.V. Hodson and J.L. Parrott, “CYP1A Induction and Blue Sac Disease in Early Life Stages of 
White Suckers (Catostomus commersoni) Exposed to Oil Sands,” Journal of Toxicology and Environmental Health 
Part A, 69 (2006): 267–994. 
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6. History of Pipeline 
Failures  

The previous section demonstrated the significant adverse impacts on salmon health that can be 
precipitated by pipeline failures that occur near stream crossings. Two obvious questions stem 
from this conclusion. What is the likelihood of significant pipeline failures? What can be done to 
limit the damages if such a spill occurs? 

An analysis of pipeline failures suggests there is a significant probability that proposed pipeline 
projects in Northern B.C. will ultimately fail. In Alberta, the oil and gas industry had 377,000 
kilometres of pipeline in 2005, and averaged 762 pipeline failures per year between 1990 and 
2005 for a total of 12,191 failures. Six percent of these (758) were ruptures and 94% (11,433) 
were leaks28. The 1990–2005 data for pipelines in Alberta indicate the following release 
volumes: 96.0% of the pipeline failures resulted in releases of less than 100 m3 of liquid, 3.5% 
were between 100 m3 and 1000 m3, and 0.5% were greater than 1000 m3.  

Along the 43,000 km of pipelines regulated by the National Energy Board (NEB), there were 46 
ruptures over a 20-year period, or 2.3 ruptures per year29. A 1,000 km section of liquid pipeline 
would be expected to experience a rupture every 16 years. No ruptures were recorded in 
pipelines that had operated for less than 12 years, which was attributed to a number of factors, 
including the quality of materials, construction methods and effective pressure testing. 
According to the same study, large diameter oil pipelines — such as the ones proposed by 
Enbridge — experience failures from corrosion and stress after 28 years on average. 

Oil products from these types of failures persist in freshwater, contaminating aquatic ecosystems 
for an indefinite period of time. Planning for spill emergency responses can help limit the 
damages, however there is an inevitable time lag before responses can be mobilized and 
adequate responses in dynamic river ecosystems will be challenging. Based on the likelihood of 
failure, coupled with the highly toxic nature of pipeline contents and unresolved questions about 
spill responses, failures represent the most serious threat from pipelines on Northern B.C. salmon 
populations. 

6.1 Sabotage and Natural Disasters 
While steps can be taken to minimize the risk of pipeline failure, there is little that an operator 
can do to avoid damage from outside forces such as sabotage and natural disasters. Indeed, 
pipelines in northern B.C. may fail more frequently than the pipelines regulated by the National 

                                                
28 Alberta EUB, Pipeline Performance in Alberta. 
29 Franci Jeglic, “Analysis of Ruptures and Trends on Major Canadian Pipeline Systems,” Global Pipeline Monthly 
1 (2005), http://www.neb-one.gc.ca/clf-nsi/rsftyndthnvrnmnt/sfty/pplnrptrs/nlssrptrtrndmjrcndnppln-eng.pdf 
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Energy Board30 because of the mountainous terrain and frequency of heavy precipitation events, 
landslides and avalanches.  

Figure 8 shows a small portion of landslides that have occurred in areas adjacent to the proposed 
pipeline routes31. Within northern B.C., at least 38 catastrophic landslides larger than 500,000 m3 
of rock or with runouts longer than 1 km have occurred since 197332. Adding to these risks, 
climate change is predicted to induce hydrological changes and potential flooding (i.e. rain on 
snow events) that could increase the frequency and severity of landslides33.  

 
Figure 8. Landslides and linear infrastructure in northern B.C. 

The landslides (shown in boxes on the map) represent a small proportion of actual landslides in 
the area. The solid purple line is the PNG pipeline and the dashed purple line is the proposed 
Enbridge Northern Gateway right-of-way.  
Source: Geertsema et al., “Landslides and Linear Infrastructure.”  

Landslides ruptured natural gas pipelines in northern B.C. in 1978, 1999, 2002 and 2003. Two 
examples include the Howson rock avalanche and the Zymoetz landslide. The Howson rock 

                                                
30 Ibid. 
31 M. Geertsema, J.W. Schwab and A. Blais-Stevens, “Landslides and Linear Infrastructure in West-Central British 
Columbia,” Natural Hazards 48 (2009): 59–72. 
32 M. Geertsema, J.J. Clague, J.W. Schwab and S.G. Evans, “An Overview of Recent Large Catastrophic Landslides 
in Northern British Columbia, Canada,” Engineering Geology 83 (2006): 120–143. 
33 Ibid. 
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avalanche34 (Figure 9) travelled a distance of 2.7 km and dropped 1,300 metres in elevation. The 
avalanche tore through mature forest covering an area 1,200 metres long and up to 400 metres 
wide. Trees were blown over by the air blast, and large boulders, some the size of a small house, 
were strewn along the landslide path. In total, the avalanche displaced up to 5 million cubic 
metres of rock. 

 
Figure 9. Howson rock avalanche.  

Left: The path of the avalanche showing cliffs (1), pipeline (2), powerline (3) and new lake (4). 
Source: Geertsema et al., “Recent Large Catastrophic Landslides.” 

Upper right: View toward the ice valley showing rock avalanche width, forest removed, and gully 
on the left of photograph. Lower right: Helicopter next to a house-sized boulder carried down in 
the avalanche. 
Source: B.C. Forest Service, “Catastrophic Rock Avalanche.” 

The Zymoetz landslide35 (1.6 million m3) travelled a distance of 4.3 km and dropped 1,255 m in 
elevation over this distance. This landslide ruptured a gas pipeline interrupting service to 
Kitimat, Terrace and Prince Rupert and also blocked access to a 3,000 km2 basin for more than a 
year due to the flooding of the road adjacent to the river. Similar types of barriers to access could 
seriously hinder the ability to respond to a pipeline failure, especially if exacerbated by severe 
winter conditions.  

                                                
34 British Columbia Forest Service, Forest Sciences Prince Rupert Forest Region, “Catastrophic Rock Avalanche: 
Howson Range, Telkwa Pass,” Extension Note #46, March 2002,  
http://www.for.gov.bc.ca/rni/research/Extension_Notes/Enote46.pdf 
35 Geertsema et al., “Recent Large Catastrophic Landslides.” 
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Intentional human-caused damage is a further potential cause of failure. Figure 10 provides a 
graphic example of a pipeline failure that created significant environmental impacts. This 2001 
incident adjacent to the Copper River in Alaska occurred when a bullet fired from a high-
powered rifle put a 1/3-inch hole through the half-inch steel, 48-inch diameter pipe. Over 1.1 
million litres of oil discharged into the environment before the hole could be plugged. 

 
Figure 10. An intentional breach of an Alaskan pipeline. 
Source: Joint Pipeline Office36  

6.2 Canadian Case Studies: Freshwater Oil Spills 
The two largest oil spills in Canada this century have occurred in freshwater environments37: the 
Pine River spill and the Wabamun Lake spill. Both spills offer important lessons in terms of the 
potential damages that could be expected from similar spills and the difficulties that would be 
encountered in attempting to mitigate the damage. 

6.2.1 The Pine River Spill 

A pipeline owned by Pembina Pipeline Corporation that transports light crude oil from Taylor to 
Kamloops ruptured on August 1, 2000 near the Pine River, 120 km upstream of Chetwynd. 
Operators of the pipeline detected a loss of pressure at 1:20 a.m., but both valves weren’t  
manually shut off until 2:15 a.m. In that time 1 million litres of oil spilled into the Pine River, 
producing the largest inland oil pipeline spill in Canadian history.  

The environmental impact included mortality to fish, benthic invertebrates and some wildlife.38 
Fish populations in the first 20 km were heavily impacted. A rough estimate by the B.C. Ministry 
                                                
36 Joint Pipeline Office, 2001/2002 Annual Report, http://www.jpo.doi.gov/Publications/Annual/2001-
2002%20Report.pdf 
37 Ron Goodman, “Wabamun: a Major Inland Spill” (paper presented at Freshwater Spills Symposium, Portland, 
OR, May 1–4, 2006), http://www.epa.gov/OEM/docs/oil/fss/fss06/goodman.pdf 
38 Carrier Sekani Tribal Council, Aboriginal Interests and Use Study on the Enbridge Gateway Pipeline: an 
assessment of the impacts of the proposed Enbridge Gateway Pipeline on the Carrier Sekani First Nations (Prince 
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of Environment indicated tens of thousands of mountain whitefish and sculpins killed in the spill 
affected zone. The river water supply to the District of Chetwynd was also shut off and the use of 
many groundwater wells near the river was discontinued.  

Clean-up costs for the spill were over $30,000,000 making it the most expensive inland oil spill 
clean-up in Canadian history. Clean-up efforts recovered 450,000 litres from the river and 
415,000 litres from contaminated soil39, leaving about 80,000 litres that spread through the 
environment. In 2002 Environment Canada laid charges against the corporation for depositing a 
deleterious substance into the Pine River.  

The impacts on the river sediment included increased hydrocarbon concentrations over the first 
25 km downstream. Physical cleanup of the river bottom was not possible due to the impact it 
would create, so the residual oil was left to be physically broken down over time. A survey 
undertaken in 2005, five years after the spill event, showed that residual oil has persisted in some 
bottom substrates of the Pine River40. 

The Saulteau and West Moberly First Nations expressed major concerns about the spill and its 
biophysical impacts, the environmental monitoring and evaluation of environmental damage, the 
impacts on their Treaty and Aboriginal rights, and the lack of a meaningful consultation process 
in regards to the potential infringements on their Treaty and Aboriginal rights.  

6.2.2 The Wabamun Lake Spill  

On August 3, 2005, a Canadian National Railway freight train derailed on the shore of Lake 
Wabamun, west of Edmonton, spilling about 750 m3 of Bunker C fuel oil and 75 m3 of a pole-
treating agent on the lakeshore. The spilled materials covered about 12 km of shoreline, and 
demonstrated complex behaviors over time such as submergence, neutral buoyancy, resurfacing 
and formation of several types of oil aggregates41,42. These varied and unpredicted spill behaviors 
(shown in Figure 11) were influenced by sediment uptake or loss, temperature change, photo-
oxidation and weathering.  

                                                                                                                                                       
George, B.C., 2006) 59,  
http://www.cstc.bc.ca/downloads/Oil%20&%20Gas/AIUS%20COMPLETE%20FINAL%20inc.%20maps.pdf 
39 B.C. Ministry of the Environment, Environmental Emergency Management Program, “Pine River Oil Spill,” 
http://www.env.gov.bc.ca/eemp/incidents/pembina_00.htm 
40 H. Goldberg, “Pine River: 2005 Assessment — Residual Oil Survey and Snorkel Survey,” Arc Environmental 
Ltd. Kamloops, B.C., 2006. 
41 Merv Fingas, Bruce Hollebone and B. Fieldhouse, “The Density Behavior of Heavy Oils in Freshwater: the 
Example of the Lake Wabamun Spill” (paper presented at Freshwater Spills Symposium, Portland, OR, May 1–4, 
2006) http://www.epa.gov/oem/docs/oil/fss/fss06/fingas_1.pdf 
42 Ron Goodman, “Wabamun: a Major Inland Spill.” 



History of Pipeline Failures 

The Pembina Institute 29 Pipelines and Salmon in Northern British Columbia 

 

Figure 11. Oil spill behavior in Lake Wabamun.  

Left: Oil seeping along shoreline. Middle: Floating tar ball releasing sheen. Right: Tar log about 
2 x 0.08 m.  
Source: Fingas et al, “Density Behavior of Heavy Oils.” 

In general, the spill’s behavior in a freshwater environment was more complex than anticipated. 
As a result, the spill response and contingency planning was largely inadequate, and 
governments were not prepared to provide response assistance. The spill demonstrated the low 
level of understanding of oil spill behavior in freshwater environments. In particular, little was 
known about the dynamics of neutral density oil, the spillage and flow of hot product, the 
interaction of oil and fine sediments, and appropriate clean-up procedures43. Heavy oils still 
persist at the bottom of the lake. 

6.3 Enbridge Accidents 
While Enbridge has indicated that it will follow best practices, the company is not immune to 
pipeline failures, having experienced a number of pipeline ruptures during their operations 
including:  

• on January 24, 2003, a leak released at least 380,000 litres of oil into the Nemadji River, 
a tributary of Lake Superior.44  

• in February 2007, when workers ruptured a Wisconsin pipeline, releasing 300,000 litres 
of oil.45 

• on April 15, 2007, a pipeline rupture near Glenavon Saskatchewan released 990,000 
litres of oil.46  

A study undertaken by the Carrier Sekani Tribal Council relating to aboriginal interests on the 
Enbridge Gateway pipeline documented eight pipeline ruptures that have occurred on Enbridge 

                                                
43 Ibid. 
44 United States Environmental Protection Agency, “Oil Spill Program Update”, July 2003, 
http://www.docstoc.com/docs/593974/EPA-Oil-Program-Update 
45 Enbridge, “2007 Corporate Responsibility Report,” http://www.enbridge.com/csr2007/environmental-
performance/spills-and-releases/ 
46 National Energy Board, “Departmental Performance Report,” March 31, 2008, http://www.tbs-sct.gc.ca/dpr-
rmr/2007-2008/inst/ENR/ENR02-eng.asp 
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pipelines since 1992.47 Data were obtained from records collected by the National Energy Board. 
The failures resulted in spills ranging from 50,000 to 4,000,000 litres of petroleum products, with 
an average of 1.8 million litres per rupture. An updated list of Enbridge failures to 2007 is 
documented in Table 5. 

Table 5. Enbridge pipeline ruptures since 1992 

Date Nearest Centre Year 
Installed 

Product Immediate Cause Volume 
Released 
(Litres) 

Note 

Jan 2007 Clark County, WN Not Specified  Crude Oil Not Specified  200,000 Note 1  

Feb 2007 Rusk County, WN Not specified Crude Oil 3rd Party Damage 475,000 Note 1 

15 Apr 2007 Glenavon, SK 1968 Crude Oil Corrosion 990,000 Note 2 

22 Dec 2006 Sheridan County, MT Not Specified Crude Oil Failure at Pump 
Station 

300,000 Note 1 

2006 Cromer, MB Not specified Crude Oil Not Specified 126,000 Note 3 

24 Jan 2003 Nemadji River, WN Not specified Crude Oil Not Specified 375,000 Note 4 

4 July 2002 Cohasset, MN 1967 Crude Oil Cracking/Fatique 950,000 Note 5 

29 Sep 2001 Binbrook, ON 1972 Crude Oil Metal Loss/ 
External Metal 
Loss 

50,000 Note 6 

17 Jan 2001 Hardisty, AB 1968 Crude Oil Cracking/Fatigue 3,800,000 Note 6 

20 May 1999 Regina, SK  1968 Crude Oil Cracking/Fatigue 3,123,000 Note 6 

27 Feb 1996 Glenavon, SK 1968 Crude Oil Metal Loss/ 
External Metal 
Loss 

800,000 Note 6 

13 Nov 1995 Langbank, SK 1965 Crude Oil Cracking/Fatigue 768,000 Note 6 

16 Jun 1995 Widthorst, SK 1968 Condensate Metal Loss/ 
External Metal 
Loss 

Not 
specified 

Note 6 

03 Oct 1994 St. Leon, MB 1963 Oil & 
products 

Improper Operation 4,000,000 Note 6 

02 Jan 1992 Cromer, MB Not specified Low Vapour 
Pressure 
Hydrocarbon 

Metal Loss/ 
External Metal 
Loss 

125,000 Note 6 

                                                
47 Carrier Sekani, Aboriginal Interests and Use Study. 
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Note 1: Source: Enbridge48 

Note 2: Source: National Energy Board49 

Note 3: Source: National Energy Board50 

Note 4: Source: U.S. EPA51 

Note 5: Source: U.S. National Transportation Safety Board52 

Note 6: Carrier Sekani, Aboriginal Interests and Use Study.

                                                
48 Enbridge, “2007 Corporate Responsibility Report”. 
49 National Energy Board, “Departmental Performance Report,” March 31, 2008.  
50 National Energy Board, “Departmental Performance Report,” March 31, 2007, http://www.tbs-sct.gc.ca/dpr-
rmr/2006-2007/inst/ENR/ENR02-eng.asp 
51 United States Environmental Protection Agency, “Oil Spill Program Update”, July 2003. 
52 United States National Transportation Safety Board, Rupture of Enbridge Pipeline and Release of Crude Oil Near 
Cohasset, Minnesota, July 4, 2002, Pipeline Accident Report NTSB/PAR-04/01, 
http://www.ntsb.gov/publictn/2004/PAR0401.pdf. 
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7. Cumulative 
Environmental Impacts 
on Salmon 

The health of Skeena, Kitimat, and Upper Fraser watersheds have already been compromised to 
varying degrees by past impacts, and the proposed pipelines pose an additional threat. Forestry, 
hydro-electricity, transportation, agriculture, mining, mountain pine beetle, climate change and 
coalbed methane illustrate the breadth of stresses that salmon are already experiencing or could 
be faced with in the future. Their combined (or cumulative) impact will dictate the long-term 
health and viability of salmon.  

If allowed to proceed, the proposed Enbridge pipeline and the anticipated impacts from its 
construction, operation, and eventual failures would be incremental to these existing and 
proposed stressors. As a result, the anticipated impacts from the proposed Enbridge pipeline need 
to be understood and assessed on a cumulative basis. The combined effect of multiple impacts 
won’t necessarily be additive. Interactions between environmental stressors can result in a total 
impact greater than the sum of the parts.  

Providing a detailed cumulative impact assessment is beyond the scope of this report, but this 
needs to be a critical element of any process considering whether or not to approve future 
pipeline projects. The following sub-sections provide a high-level overview of the other 
important impacts in the Skeena, Kitimat, and Upper Fraser watersheds. 

7.1 Forestry 
Historically, past forest practices greatly impacted salmon populations and degraded habitat. 
Logging directly affects stream habitats in a number of ways. Stream volumes, flow rates and 
turbidity are altered because snow melt and rainfall runoff flow faster across logged areas. 
Stream channels can be changed because of road construction. Stream temperatures can also 
increase because of reduced riparian vegetation. Each of these factors influences salmon 
populations and habitats, and many have strong parallels to the construction practices needed for 
a pipeline project. Though practices have been improved, logging remains the predominant 
industrial activity in the Upper Fraser, Skeena and Kitimat watersheds.  

7.2 Hydro Electricity 
Large storage reservoirs and flow controls frequently create adverse impacts on salmon. In 
British Columbia and the Pacific Northwest, large scale hydro developments have left a lasting 
and profound legacy of decimated salmon populations e.g. Columbia River Watershed. Of note 
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in the Upper Fraser watershed is the Kemano Reservoir in the Nechako drainage. The project 
was developed by Alcan in the early 1950s to convey water into the Kemano watershed to 
generate electricity on the coast. Since 1987 there has been a Settlement Agreement between 
B.C., Alcan, and DFO that established the Nechako Fisheries Conservation Program to manage 
the impacts of the project on Chinook and sockeye salmon.  

Within the Skeena and Kitimat watersheds there are also a number of proposals for smaller scale 
run-of-river hydro development. Run-of-river projects in B.C. have been controversial in part 
due to their potential impacts on salmon populations. Considerable scientific research is required 
to accurately assess the merits and impacts of these projects; such a detailed review is beyond the 
scope of this report. However, based on projects that have been approved elsewhere in B.C., it is 
reasonable to assume that some of these proposed run-of-the-river hydro projects could pose 
additional risks for Skeena and Kitimat salmon. 

7.3 Transportation 
Both rail and road alignments can block salmon access and alter fish habitats. These effects are 
prevalent in the lower Skeena watershed and the upper Bulkley floodplains because of poor 
design and construction of culverts and other drainage structures53. The most common problems 
are barriers to salmon migration, such as culverts with large outfall drops or culverts installed 
with excessive slope. These barriers create problems for returning adult spawners and also 
alienate the habitats for juvenile freshwater rearing. An example of alienated habitat is the 70% 
loss of the floodplain downstream of the Highway 16 Bridge crossing the Zymoetz River.54  

7.4 Agriculture 
The majority of agricultural impacts are associated with cattle grazing and the runoff of animal 
effluent as well as fertilizers and pesticides. Agricultural activity is significant in the Upper 
Fraser and there is also notable activity in the upper Bulkley of the Skeena. Agriculture is largely 
absent in the Kitimat watershed. Freshwater environmental impacts from grazing can be 
extensive. Unrestricted livestock access can negatively affect water quality, quantity, hydrology, 
riparian zone soils, instream and streambank vegetation, and aquatic and riparian wildlife.55 In 
many cases, there can be reductions in fish production and biomass.  

7.5 Mining 
The reaches of the mid and upper Skeena plus the upper Fraser are dotted with various mineral 
deposits that have attracted mining exploration and development for the past century. Examples 
include three large open pit mines previously operated adjacent to Babine Lake in the Skeena 
watershed, the Duthie Mine in the Zymoetz drainage, the Silver Queen mining property east of 

                                                
53 Allen Gottesfeld and Ken Rabnett, Skeena River Fish and Their Habitat (Skeena Fisheries Commission, 2008). 
54 Ibid. 
55 Belsky, A.J., A. Matzke and S. Uselman, “Survey of Livestock Influences on Stream and Riparian Ecosystems in 
the Western United States,” Journal of Soil and Water Conservation 54 (1999): 419–431. 
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Owen Lake in the Skeena drainage, and the Equity Silver Mine in the Bulkley drainage. In some 
of these mines, inadequate controls on mining effluent have resulted in historical degradation of 
salmon habitat. While current mining operations do not present significant risks to salmon 
habitat, the development of large-scale mines in the future could change those risks depending 
on the nature of the project.  

7.6 Climate Change and Warming Temperatures 
Regardless of how successful efforts are to reduce greenhouse gas emissions, some degree of 
human-induced climate change is now inevitable. For these reasons, climate change is seen as a 
major threat to salmon survival. Small increases in water temperature can negatively affect 
salmon on their migratory spawning journey, as well as the viability of incubating eggs and 
juvenile salmon during the freshwater stages of their life cycle. Scientific studies have shown 
that prolonged exposure of several days in temperatures between 22–24°C can be fatal, and that 
at above 24°C death is almost certain within hours.56 Of the five species of Pacific salmon, 
sockeye are the most sensitive and vulnerable to higher water temperatures.57 

In recent years, temperatures in excess of 20°C have already being recorded on the Fraser River. 
Climate models predict temperature increases of 1.5–3.2°C by 2050. These higher temperatures 
will increase water temperatures to dangerously high levels for salmon.58   

In addition to the direct impacts on salmon from increased water temperatures, changing weather 
patterns will impact salmon in several other ways: 

• Higher temperatures can also increase the amount of organic materials present in 
freshwater ecosystems, raising the possibility for toxic algae blooms and leading to 
higher rates of bacterial infection.59   

• Climate change will cause snow packs to melt earlier, resulting in stronger, more frequent 
spring flooding and reduced summer run-off. In the spring, increased volume, higher 
velocity and the mixed debris associated with heavy flooding and variable stream flows 
could scour existing redds and destroy incubating eggs.60 Low summer flows could also 
isolate and destroy the rearing habitats of juvenile salmon.61   

7.7 Mountain Pine Beetle  
As shown on the distribution map of mountain pine beetle (Figure 12), Upper Fraser and Skeena 
areas along the proposed pipeline route have been subject to the beetle infestation. Infested 
                                                
56 M. Ferrari, et al., “Modeling Changes in Summer Temperature of the Fraser River During the Next Century,” 
Journal of Hydrology 342 (2007): 337. 
57 Ibid. 
58 James Battin et al.,  “Projected Impacts of Climate Change on Salmon Habitat Restoration,” Proceedings of the 
National Academy of Science 104, no.16 (2007): 6722, www.pnas.org/cgi/doi/10.1073/pnas.0701685104 
59 Ibid., 6729 
60 Ibid., 6720 
61 Ibid., 6721 
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forests have higher water tables and faster snowmelt, resulting in higher spring floods and more 
flash flooding and erosion. Each of these changes in stream flow can stress salmon habitat. 

The salvage logging associated with mountain pine beetle also introduces an additional layer of 
forestry impacts, with road building and stream crossing activities that can significantly impact 
salmon habitats. 

 
Figure 12. Distribution of mountain pine beetle 
Source: Natural Resources Canada62 

7.8 Coalbed Methane 
Commercial coalbed methane has never been attempted in a salmon-bearing watershed and 
initial analysis suggests that it could have significant impacts on salmon habitat.63  Coalbed 
methane requires a much higher density of wells, roads and pipelines than conventional gas. 
Each of these terrestrial impacts can influence stream volumes, flow rates and turbidity, which in 
turn can degrade salmon habitat. In addition, groundwater must often be removed before coalbed 
methane can be produced. Consequently, water tables could drop and ground water flow into 
streams could be reduced or stopped. The reduced groundwater inflow would alter overall stream 
flow and temperature, which could potentially reduce the stream’s suitability for salmon. There 
are two areas in the Skeena that have been considered for coalbed methane development: one in 
the headwaters of the Skeena, Stikine and Nass rivers, and one area near Telkwa in the Bulkley 
watershed. 

                                                
62 Natural Resources Canada, “Total Area Affected by Mountain Pine Beetle in Western Canada,” 
http://mpb.cfs.nrcan.gc.ca/map_e.html 
63  The Pembina Institute, Coalbed Methane and Salmon: Assessing the Risk, prepared by GW Solutions, (Calgary, 
AB: The Pembina Institute, 2008), http://pubs.pembina.org/reports/cbmandsalmon-rpt.pdf 
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8. Conclusions 
Each of the five proposed pipelines that could potentially traverse northern B.C. could threaten 
the health of the Fraser, Skeena, and Kitimat watersheds and the salmon they are home to. If all 
five proposed pipelines were built, they would extend over 4,000 km stretched end to end. They 
would cross more than one thousand rivers and streams in some of Canada’s most productive 
salmon habitat. Any of the proposed pipeline projects in Northern B.C. will expose salmon to 
risks on a number of fronts.  

During construction, pipeline stream crossings in particular are vulnerable to increased 
sedimentation, which can degrade salmon habitat. While many construction impacts can be 
minimized by adopting proven mitigation methods and environmental management plans, the 
best intentions do not always translate to the best practices as evidenced by Enbridge’s 2009 
pipeline construction violations in Wisconsin.  

Of greater concern is the threat of pipeline failures in liquid pipelines and the resulting spills. 
The condensate and oil sands products that would be carried in the pipelines are highly toxic to 
salmon and if spilled into stream habitats, they have acute and chronic effects. Northern B.C. is 
mountainous and remote terrain, and whether failure is the result of normal pipeline decay over 
time or more sudden events like landslides or sabotage, the risk cannot be fully eliminated.  

The experience of the Pine River and the Wabamun Lake spills also show that the complexity of 
oil spills in freshwater environments can be easily underestimated and emergency responses to 
those spills can be inadequate. Over the proposed life of these pipelines, the scenario of a failure 
that spills into the Upper Fraser, Skeena or Kitimat watersheds is real. Depending on the 
contaminant discharge volume and the spill location relative to stream crossings, serious and 
lasting adverse impacts on salmon habitats could occur. Any decision to approve such a pipeline 
should be made in recognition of these risks. 

The risk of impacts from pipeline construction and failures should not be assessed and managed 
in isolation of other environmental impacts. If approved and constructed, the risks from pipelines 
would be in addition to existing and other new impacts such as forestry, mining, hydro-electric 
projects and climate change. The cumulative impacts of potential pipeline development must be 
evaluated to understand the contribution of numerous direct and indirect effects that over time 
combine to pose a serious and multi-tiered threat to salmon habitat and freshwater ecosystems. 
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Appendix 1 – Description 
of Salmon Resources 
Upper Fraser River 
The proposed pipeline routes would cross a number of important salmon-producing watersheds 
in the Upper Fraser (Figure 3) including the Salmon River and Stuart River systems. The Stuart 
River is a tributary that drains a network of large lakes (Stuart, Trembleur, and Takla) and flows 
into the Nechako River. The Salmon River joins the Fraser River northeast of Prince George. 
These two watersheds provide important salmon spawning, rearing and migratory habitats. The 
conservation units64 in the Upper Fraser watersheds potentially affected by future pipelines 
include one pink, one Chinook, nine sockeye (eight lake-type and one river-type), and two coho.  

Numbers of pink and coho salmon in the Upper Fraser are very low although both species are 
expanding their ranges into Upper Fraser habitats. 

Chinook 

Stuart River Chinook are summer-run. Spawning usually occurs in September. While some 
juveniles take up residency in the Stuart River for one year, others out-migrate for juvenile 
rearing into the Fraser mainstem and downstream tributaries for juvenile rearing. Age of 
returning adults is 3–6 years, with the majority returning at age five. The mean Chinook 
escapement in the Stuart River over the period 1995-2001 was 4200, with a range of 1900–7400.  

Most of the Salmon River serves as rearing habitat for juvenile Chinook. Salmon River Chinook 
are spring-run: they enter the lower Fraser from February to early July, and show peak spawning 
activity around the third week of August. Over the period 1995–2008, mean Chinook 
escapement to the Salmon River was 920, with a range of 430–2400.  

Sockeye 

Two major Upper Fraser sockeye stocks are supported in the Stuart River watershed. These 
include the Early Stuart and Late Stuart populations. Adults migrate to spawning grounds in the 
summer (Early Stuart) and fall (Late Stuart) and spawn in tributaries adjacent to Stuart, 
Trembleur and Takla Lakes. Both of these populations are presently depressed due to adult 
migration difficulties and warm water temperatures encountered during migration.  

                                                
64 Salmon Conservation Units in this Appendix were identified from maps developed by DFO.  
http://www.pac.dfo-mpo.gc.ca/consultation/wsp-pss/2008/docs-eng/CUsummlist.pdf 
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Fisheries  

The Carrier fishery has taken place for millennia. Salmon has long been the most important food 
staple. Tl’az’ten, Nak’azdli and Takla Lake First Nations are highly dependent on the Stuart 
sockeye runs to meet their needs.  

Skeena River  
The Skeena watershed (Figure 4) provides extensive spawning and rearing habitat for all five 
salmon species, steelhead, and at least 22 other fish species65,66 . The list of conservation units 
for Skeena salmon includes 32 sockeye CUs (30 lake-type and two river-type), eight CUs for 
Chinook, four for coho, four for chum, and five for pink salmon. There are two steelhead CUs 
for the Skeena watershed that are distinguished based on adult run-timing (summer-run and 
winter-run). There are important enhancement facilities in the Skeena Watershed including two 
major sockeye spawning channels adjacent to Babine Lake. The Zymoetz (Copper) and Morice 
Rivers, major Skeena tributaries with high fisheries values that would be crossed by future 
pipelines, are described below. 67 

Zymoetz River 

Chinook 

The annual Chinook escapement to the Zymoetz River has ranged between 300–1000 spawners. 
Chinook enter the Zymoetz River in late June, and spawning occurs from the end of August to 
the end of September. Critical spawning habitat occurs in patches throughout the mainstem and 
in the lower reaches of two tributaries: Limonite Creek and the Clore River.  

Chum 

The average annual chum escapement to the Zymoetz River has ranged between 50 and 350 
spawners. Chum enter the river in August and spawn in September and October in an unconfined 
reach in the lower river. Habitat loss in the Zymoetz due to repositioning of the Highway 16 
bridge and channelization efforts below the bridge may have contributed to recent low chum 
returns.  

Sockeye 

The average annual sockeye escapement to the Zymoetz River has fluctuated between 1500 to 
4000 spawners. Sockeye enter the river in July and spawn in the upper watershed during August 
and September. McDonnell, Dennis and Aldrich Lakes serve as rearing areas for sockeye fry. 

                                                
65 Gottesfeld and Rabnett, Skeena River Fish. 
66 C.J. Walters, J.A. Lichatowich, R.M. Peterman, and J.D. Reynolds, Report of the Skeena Independent Science 
Review Panel, report to the Canadian Department of Fisheries and Oceans and the British Columbia Ministry of the 
Environment, 2008, http://www.psf.ca/sisrp.pdf 
67 Fisheries information for these two watersheds was summarized from Gottesfeld and Rabnett, Skeena River Fish. 
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Pink 

Over the past two decades there have been escapements of approximately 2000 pinks annually. 
Adults enter the river in August and spawn in September/October within the largely unconfined 
lower reaches. Pink fry migrate to the ocean directly following emergence. 

Steelhead 

Adult steelhead enter the Zymoetz River between July and November and spawn the following 
May to June. Zymoetz River steelhead are believed to include both summer-run and winter-run 
fish, though summer-run predominates. Repeat spawners comprise 16% of the steelhead 
population. Steelhead spawn primarily in the upper watershed particularly at the outlet of 
McDonell Lake. Steelhead overwinter in McDonell Lake and in mainstem areas upstream of the 
Clore River confluence.  

Fisheries  

Traditional use of the upper Zymoetz River watershed by Gitxsan and Wet’suwet’en was 
extensive and there is a network of trails, village sites and fish houses in the watershed. The 
aboriginal fishery relied on a weir at the outlet of McDonell Lake, as well as spearing sites in the 
lower river.  

The Zymoetz is considered one of the top-ten steelhead rivers in B.C. for recreational fishing. 
Estimated annual steelhead catch is 1,700 fish which includes guided angling effort. For the past 
several years, a kill ban has been instituted for the entire Skeena River watershed to protect 
steelhead runs from harvest.  

Morice River 

Chinook 

Morice River Chinook are the single most important Chinook population in the Skeena 
watershed, constituting as much as 40% of the Skeena escapement in recent years. Escapements 
have ranged between 5,000 and 15,000 spawners. Peak spawning takes place in mid-September. 
Spawning occurs primarily in the 2 km downstream of the Morice Lake outlet in large gravel 
dunes that are constructed during redd excavation. Chinook fry are displaced downstream upon 
emergence and then rear throughout the Morice river mainstem and its side channels. 
Downstream migration of one-year-old smolts peaks in early June.  

Sockeye  

The Morice-Nanika sockeye population is the largest in the Bulkley basin. Historically, Morice 
sockeye have comprised as much as 10% of the total Skeena River escapement. There are two 
run components: Nanika River spawners and Morice Lake and Atna Lake beach spawners. 
Historic levels in the 1940s and mid-1950s averaged around 40,000 spawners. Between the mid-
1950s and the early-1990s the run collapsed to around 2,500 spawners. After 2000, the run has 
averaged around 5,000 fish (range: 3,000–10,000). Morice Lake serves as the juvenile rearing 
lake. Due to the very low productivity of Morice Lake, over 85% of the sockeye spend two years 
in the lake.  
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Coho 

Morice River system coho comprise approximately 4% of the total Skeena coho escapement; 
however, absolute and relative abundance is declining. Escapements have fluctuated between 
500–11,000 fish. Present escapement level is in the low thousands. Coho enter the Morice 
system in mid-August through mid-September and then hold in the mainstem or in Morice Lake. 
They spawn in the tributaries in late October and November during fall freshet periods. Juvenile 
coho are widely distributed throughout the Morice River mainstem as well as in its tributaries 
and lakes. Pipeline proposals in the Gosnell are in the heart of the coho spawning and rearing 
habitats. 

Pink 

There is not much information available for pink salmon. Colonization of the Morice system by 
pink salmon was facilitated by rock blasting in the Hagwilget Canyon in 1959.  

These fish occur in the mainstem Morice and Gosnell in the vicinity of proposed pipeline activity 
and in some years the escapements can be large. Pink salmon are particularly vulnerable in the 
mid-reaches of the Morice, since much of their spawning is in extensive sidechannels of the main 
river downstream  from the Thautil. This is below potential pipeline stream crossings of Morice 
tributaries which could be impacted by a rupture of a petroleum or condensate pipeline.  

Steelhead 

The Bulkley-Morice accounts for 30–40% of the total Skeena escapement, making it the single 
largest component of the population. Morice are summer-run steelhead that begin to move into 
the river in mid-August. Overwintering occurs throughout the mainstem, Morice Lake and in 
Gosnell Creek. Spawning occurs in May to June throughout the mainstem and its tributaries. 
Steelhead fry emergence occurs between August and September. Most steelhead remain in the 
river for three or four winters prior to downstream migration.  

Fisheries  

The Wet’suwet’en have fished Morice-Nanika sockeye at Hagwilget and Moricetown Canyons 
for at least 6,000 years. The sockeye are critically important for food, social and ceremonial 
needs. Stock restoration is a high priority for the Wet’suwet’en as Morice-Nanika sockeye are 
the last significant anadromous sockeye salmon population remaining on their traditional 
territory.  

The Morice is one of the most significant streams, provincially, for Chinook and steelhead 
angling. The river is considered to be a world class summer steelhead stream. Coho are also 
fished. Throughout Morice River there is no angling from boats between August 15 and 
December 31 and a bait ban year-round. 

Kitimat River 
The Kitimat watershed (Figure 5) supports a relatively low-diversity complement of CUs 
including one (each) CU of river sockeye, Chinook, chum, coho, odd-year pink and even-year 
pink. There are two steelhead CUs: summer-run and winter-run.  
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Chinook 

Chinook salmon concentrate in the Kitimat River mainstem, as well as in most of the larger 
tributaries including Wedeene River, Little Wedeene River, Chist Creek, and Hirsch Creek. 
Escapement has fluctuated between 50,000 in the 1930s to a low of 1,000 Chinook in some 
years. The mean annual escapement for the 1990s was 13,400 spawners. Upstream migration 
occurs from May to September with the heaviest spawning in July and August.  

Chum 

Most chum spawn in the Kitimat River with lesser numbers in the tributaries. The escapement is 
highly variable and has ranged from a high of 250,000 in 2003 to a low of 22,230 in 1990. A 
major component of the escapement is enhanced chum produced from the Kitimat Hatchery. 
Spawning begins in July, peaks in August, and is usually over by the end of September.  

Sockeye 

Sockeye in the Kitimat system are a river-type population. Sockeye spawn mainly in mainstem 
groundwater channels downstream of Hunter Creek. Sockeye escapement peaked at 15,000 in 
1938. Since 1980, the mean annual escapement has been 3,000 spawners. After emerging from 
the gravel, sockeye fry migrate to the estuary where they rear for the summer.  

Pink 

The Kitimat River pink run is predominantly an even-year run. Most adult pink distribute in the 
Kitimat mainstem with additional spawning in the tributaries. By the first week of September 
most spawning is completed. Escapement has varied from 750 in 1971 to a high of 300,000 in 
2003. Juveniles emerge from the gravel in late March and early April and spend their first 
summer in the Kitimat Estuary. 

Coho 

Coho salmon are distributed throughout the watershed. Tributaries are also important producers. 
A major portion of the escapement spawns in or adjacent to the Kitimat River. Cecil Creek 
provides the largest amount of high quality spawning habitat. The Kitimat River is especially 
important for rearing due to the relatively large amount of high-quality coho habitat. Coho 
escapement has varied from around 4,000 in the mid-1970s to a high of 75,000 in 1999. The 
mean annual escapement post-1980 has been 22,400 spawners. Most coho fry enter the estuary 
during spring of their second year and remain there until the end of August. 

Steelhead 

Kitimat winter-run steelhead are found throughout the watershed, migrating into the river 
between late March and early May. The peak spawning occurs in the first week of May. A small 
summer-run is believed to spawn in the upper reaches of the mainstem and its tributaries. The 
mainstem absorbs the majority of spawners and a number of tributaries are also important. 
Steelhead juvenile age at outmigration is variable, ranging from age two to age four.  
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Fisheries  

The Kitimat river watershed has long been part of the ancestral homeland of the Haisla peoples. 
In the past, salmon, eulachon, and other species of fish were abundant and played a central and 
integral role in the Haisla’s well-being.  

Kitimat River provides some of B.C.’s finest recreational fishing for salmon, steelhead, and 
trout. The fishery is characterized by the ease of access for short-duration angling, as well as the 
large number of fish, which are augmented with hatchery releases. Angler effort is primarily by 
shoreline fishing and drift boats. The majority of anglers fish the lower mainstem in April 
through October. Principal species fished are Chinook, steelhead, coho, chum, and sea run 
cutthroat trout. 
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Appendix 2 – Detailed 
Pipeline Routes 
Liquid Petroleum Pipelines 

Enbridge Northern Gateway68 

Enbridge proposes to build an export petroleum pipeline and an import condensate pipeline 
between an inland terminal near Edmonton and a marine terminal near Kitimat (Figure 6). 
Enbridge also proposes to construct and operate marine infrastructure at Kitimat to transfer 
petroleum products and condensate into and out of large oil tankers. The marine infrastructure 
would be an integral component of the pipeline terminal near Kitimat, all of which, together with 
the pipelines, are collectively referred to as the Enbridge Northern Gateway Project.  

Bitumen (diluted, most likely with condensate) is the most probable petroleum product to be 
transferred via the pipeline to Kitimat. A right-of-way, about 1170 km in length and 30 m wide, 
would be constructed between the Edmonton area and the Gateway marine terminal near 
Kitimat. Both the petroleum (525,000 barrels per day, 36-inch pipe) and condensate (193,000 
barrels per day, 20-inch pipe) pipelines will be located in this right-of-way. 

The project will cross at least 785 watercourses in British Columbia of which around 80 have 
high fisheries sensitivities or constructability issues. Large stream and river crossings include, 
from east to west, Kinuseo Creek, Murray River, Parsnip River, Wicheedo River, Crooked River, 
Muskeg River, Salmon River, Stuart River, Endako River, Morice River and Thautil River. The 
latter five systems are salmon bearing, as are many hundred smaller streams that would need to 
be traversed by the pipeline. 

The Enbridge Gateway project has initiated a Joint Review Panel process through the National 
Energy Board and the Canadian Environmental Assessment Agency. CEAA is currently 
reviewing the terms of reference for the review, after the 60 day public comment period. It is 
anticipated that Enbridge will file their application some time in 2009.  

Additional pipeline capacity is due to planned expansion of the Alberta tar sands. If allowed to 
proceed, the pipeline will further facilitate the destruction of the Boreal forest and pollution of 

                                                
68 The description of the Enbridge Northern Gateway Project comes from the Preliminary Information Package (PIP) 
that was filed with the National Energy Board in November, 2005, and from Enbridge Northern Gateway Pipelines, 
"Project Info: Northern Gateway at a Glance," http://www.northerngateway.ca/project-info/northern-gateway-at-a-
glance 
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the Athabasca River and will lead to greater expansion of highly toxic tailing ponds and 
increased GHG emissions.69 

Kinder Morgan Canada 

Kinder Morgan Canada has initiated internal planning on the northern leg of their Trans 
Mountain Pipeline.70 The company is examining the viability of connecting Canadian producers 
and refining customers in Asia. In B.C., the proposed northern leg would connect to the existing 
Trans Mountain Pipeline at Valemont and extend 760 km to a deep-water port at Kitimat, 
passing north of Prince George. The pipeline would carry 400,000 barrels per day, transporting 
petroleum products including diluted bitumen. Although there is limited information available on 
the routing, it is assumed that the routing would follow the Pacific Trails Pipeline right-of-way. 
The existing Trans Mountain Pipeline connects Edmonton to Burnaby and Washington State and 
has a capacity of 300,000 barrels per day. 

Pembina Pipeline Corporation 

Pembina Pipeline Corporation has proposed to transport about 100,000 barrels per day of 
condensate from Kitimat to Pembina’s existing Western System at Summit Lake via a 16-inch 
pipeline71. The condensate would be used in the development of the Alberta oil sands as a 
thinner for heavy oil, such as bitumen. The Canadian Environmental Assessment Act requires a 
federal screening environmental assessment. Preliminary routing information (Figure 13) 
indicates that the routing would follow the Pacific Trails Pipeline right-of-way. 

 

Figure 13. Kitimat to Summit Lake corridor proposed by Pembina Pipeline Corporation. 
Source: Pembina Pipeline Corporation, Project Description 

                                                
69 Dan Woynillowicz, Chris Severson-Baker, Marlo Reynolds, Oil Sands Fever: The Environmental Implications of 
Canada’s Oil Sands Rush (Drayton Valley, AB: The Pembina Institute, 2005).  
70 Kinder Morgan Canada, Trans Mountain Expansion (TMX) Proposal, 2008, 
www.kindermorgan.com/business/canada/TMX_Documentation/brochure_single_page.pdf 
71 Pembina Pipeline Corporation, Proposed Kitimat to Summit Lake Condensate Pipeline Project: Project 
Description, filed June 14, 2006, at the B.C. Environmental Assessment Office: 
http://a100.gov.bc.ca/appsdata/epic/html/deploy/epic_project_home_280.html 
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Natural Gas Pipelines

Pacific Northern Gas

Pacific Northern Gas Ltd. (PNG) currently owns and operates a gas transmission and distribution 
system that delivers natural gas in a westerly direction from the Spectra Energy Transmission 
(formerly Duke Energy) gas pipeline system near Summit Lake to Kitimat and Prince Rupert on 
the west coast of British Columbia (Figure 14). The gas transmission line was constructed in 
1968, with service commencing in 1969 for large industrial customers. Service was later 
provided to communities adjacent to the transmission line.

Figure 14. Location of Pacific Northern Gas pipeline system in Northern B.C.
Source: Pacific Northern Gas72

Pacific Trail Pipelines

Pacific Trail Pipelines, a 50/50 partnership between Galveston LNG Inc. and Pacific Northern 
Gas Ltd. (PNG) plans to construct the Kitimat to Summit Lake Pipeline Looping Project (KSL 
Project) a new 470 km, 30-inch natural gas pipeline between Summit Lake and Kitimat B.C. 
along current and new rights-of-way73 (Figure 15). The eastern portion of the pipeline is 
proposed for construction primarily within, or adjacent to, the right-of-way of the existing PNG 

72 Pacific Northern Gas, “Company: Systems Map,” http://www.png.ca/company_map.cfm

73 Pacific Trail Pipelines, Kitimat-Summit Lake (KSL) Pipeline Looping Project: Project Description (Revised 
February 2006), filed February 24, 2006, at the B.C. Environmental Assessment Office: 

http://a100.gov.bc.ca/appsdata/epic/html/deploy/epic_project_home_270.html
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pipeline system between Summit Lake and Endako (west of Fraser Lake). The western half of 
the project would be constructed primarily within a new right-of-way between Endako and 
Kitimat. The divergence, in the western section, from the existing PNG right-of-way has been 
proposed to avoid difficult terrain through the Telkwa Pass, as well as environmentally sensitive 
areas in the Zymoetz (Copper) River valley. The project may also include one or more new 
compressor stations along the pipeline. Recently, the company announced that they would use 
Kitimat LNG Inc.’s liquified natural gas terminal near Kitimat as a component of an export 
operation.  

 

Figure 15. Kitimat to Summit Lake Pipeline Looping Project (KSL Project) under development by 
Pacific Trail Pipelines. 
Source: Pacific Trail Pipelines, Project Description 
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Greenhouse Gas Emissions 

We commend the Department of State's efforts to estimate the lifecycle 
greenhouse gas (GHG) emissions associated with oil sands development and the 
proposed Project, to analyze the effect of the Project on Canadian oil sands production 
and to ,consider measures to reduce GHG emissions. As recognized by the DSEIS, oil 
sands erude is significantly more GHG intensive than other crudes, and therefore has 
potentially large climate impacts. The DSEIS reports that lifecycle GHG emissions from 
oil sands crude could be 81% greater than emissions from the average crude refmed in 
the U.S. in 2005 on a well-to-tank basis, and 17% greater on a well-to-wheels basis. 1 This 
difference may be even greater depending on the assumptions made? The incremental 
emissions from oil sands crude transported by the Project would therefore be 18.7 million 
metric tons C02-e (carbon dioxide equivalent) per year when compared to an equal 
amounlt ofU.S. average crudes, based on the Project's full capacity of 830,000 barrels of 
oil sands crude per day.3 To place this difference in context, we recommend using 
monetized estimates of the social cost of the GHG emissions from a barrel of oil sands 
crude compared to average U.S. crude. If GHG intensity of oil sands crude is not 
reduced, over a 50 year period the additional C02-e from oil sands crude transported by 
the pip•eline could be as much as 935 million metric tons. It is this difference in GHG 
intensity - between oil sands and other crudes - that is a major focus of the public debate 
about tlhe climate impacts of oil sands crude. 

Although the DSEIS describes the GHG intensity ofoil sands crude, the DSEIS 
nevertheless concludes that regardless of whether the Project permit is approved, 
project•!d oil sands production will remain substantially unchanged. This conclusion is 
based on an analysis of crude oil markets and projections of oil sands crude development, 
including the potential for other means of transport to bring oil sands crude to market. 
One of the alternative transport possibilities discussed in the DSEIS is the potential 
construction ofother pipelines. As part of this discussion, the DSEIS appropriately 
recognizes that there is uncertainty about when, if ever, additional pipelines will be built. 
In light ofthese uncertainties, the DSEIS examines options for transporting oil sands 
crude by rail, and concludes that scaling up transport by rail js logistically and 
economically feasible, and that market forces will result in additional rail transport ofoil 
sands crude if the Project is not built. It is this finding that supports the DSEIS' overall 
conclusion that approval of the permit will not by itself substantially affect GHG 
emissions or contribute to climate change. 

1 DSETS, Table 4.15-22 "GHG Emissions for Producing Gasoline from Different Crude Sources from 
NETL 2009 and Estimates ofthe Impact ofKey Assumptions on the Oil Sands- U.S. Average 
Differential." In addition to lifecycle emissions estimates from the Department of Energy's National 
Energy Technology Laboratory (NETL) study, the DSEIS also provides estimates from other analyses. See 
discussion in DSEIS section 4.15. 
2 

DSEIS. p. 4. 15-106, "Adjusting the NEIL results to include other product emissions could increase the 
differential in incremental emissions from WCSB oil sands compared to the 2005 U.S. average crude oils 
by roughly 30 percent." 
3 DSEIS p. 4.15-105 
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The market analysis and the conclusion that oil sands crude will find a way to 
market: with or without the Project is the central finding that supports the DSEIS's 
conclusions regarding the Project's potential GHG emissions impacts. Because the 
market analysis is so central to this key conclusion, we think it is important that it be as 
complete and accurate as possible. We note that the discussion in the DSEIS regarding 
energy markets, while informative, is not based on an updated energy-economic 
modeling effort. The DSEIS includes a discussion ofrail logistics and the potential 
growth of rail as a transport option, however we recommend that the Final EIS provide a 
more careful review of the market analysis and rail transport options. This analysis 
should include further investigation ofrail capacity and costs, recognizing the potential 
for mu,ch higher per barrel rail shipment costs than presented in the DSEIS. This analysis 
should consider how the level and pace ofoil sands crude production might be affected 
by higher transportation costs and the potential for congestion impacts to slow rail 
transport ofcrude. 

In its discussion of practicable options for mitigating GHG emissions, the DSEIS 
outlines ongoing efforts by the government of Alberta to reduce the GHG emissions 
associated with development ofoil sands crude in Alberta. EPA recommends that the 
Final EIS complement this discussion with an exploration ofspecific ways that the U.S. 
might work with Canada to promote further efforts to reduce GHG emissions associated 
with the production ofoil sands crude, including a joint focus on carbon capture and 
storage projects and research, as well as ways to improve energy efficiency associated 
with extraction technologies. With regard to the estimated GHG emissions from 
construction and operation of the proposed Project - primarily emissions associated with 
electrical generation for the pumping stations - we recommend that the Department of 
State explore specific commitments that TransCanada might make to implement the 
mitigation measures recommended in the DSEIS. This would complement the significant 
efforts already made to reduce the risk of spills and ensure community safety. 
Specifi,cally, we recommend a focus on pumping station energy efficiency and use of 
renewable energy, as well as investment in other carbon mitigation options. 

Pipeline Safety 

We have learned from the 2010 En bridge spill ofoil sands crude in Michigan that 
spills ofdiluted bitumen (dilbit)4 may require different response actions or equipment 
from response actions for conventional oil spills. These spills can also have different 
impacts than spills of conventional oil. We recommend that these differences be more 
fully adldressed in the Final EIS, especially as they relate to the fate and transport of the 
oil and the remediation that will be required. The Enbridge spill involved a 30-inch 
diameter pipeline, smaller than the 36-inch diameter pipeline for proposed Project, and 
20,000 barrels of oil sands crude were released. In that spill, oil sands crude sank to the 
bottom of the Kalamazoo River, mixing with the river bottom's sediment and organic 
matter, making the oil difficult to find and recover. After almost three years ofrecovery 

4 As noted in tbe DSEIS, transporting oil sands crude via pipeline requires that it be mixed with a 
petroleum-based product (called a diluent), such as benzene, naphtha or natural gas condensate, to make a 
less viscous liquid called dilbit (diluted bitumen). 
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efforts, EPA recently determined that dredging of bottom sediments will be required to 
protect public health and welfare and the environment. This determination was based in 
large part on demonstrations that the oil sands crude associated with the Enbridge spill 
will not appreciably biodegrade.5 We recommend that the Final EIS more clearly 
acknowledge that in the event of a spill to water, it is possible that large portions of dilbit 
will sink and that submerged oil significantly changes spill response and impacts. We 
also re·commend that the Final EIS include means to address the additional risks of 
releases that may be greater for spills ofdilbit than other crudes. For example, in the 
Enbridge spill, the local health department issued voluntary evacuation notices based on 
the level of benzene measured in the air. Given these concerns, it is important to ensure 
that the future response and remediation plans will protect communities from impacts due 
to spills. 

The DSEIS also outlines specific measures that the Department of State would 
require: TransCanada to undertake to prevent and detect oil discharges. The measures 
include~ commissioning an independent engineering analysis to review TransCanada' s 
risk assessment of the potential impacts from oil discharges to surface and groundwater 
resources, as well as TransCanada's current proposals for placing mainline valves along 
the pipeline route and installing leak detection equipment. The DSEIS also notes that the 
Department of State will obtain concurrence from both EPA and PHMSA on both the 
scope of the engineering analysis and decisions regarding the need for any additional 
mitigation measures. We recommend that the Department of State provide an 
opportunity for public review and comment on the scope of the analysis, and an 
opportunity for public comment on a draft of the analysis when it is completed. We also 
recommend that the Final ElS consider requiring TransCanada to establish a network of 
sentinel or monitoring wells along the length of the pipeline, especially in sensitive or 
ecologically important areas, as well as where water supply wells are located and at 
stream crossings to provide a practical means for early detection of leaks that are below 
the proposed detection limit {1 .5 - 2%) of the pipeline flow rate. 

In addition to prevention measures, we agree with the DSEIS's suggestion that 
additio1nal mitigation measures regarding preparedness to reduce the impacts of a spill 
may be appropriate (DSEIS, p. 4.13-79). For example, we recommend including the 
fo llowing measures as permit conditions: 

• 	 Requiring that the emergency response plan, as well as contingency plans address 
submerged oil, as well as floating oil, including in a cold weather response; 

• 	 Requiring pre-positioned response assets, including equipment that can address 
submerged oil ; 

• 	 Requiring spill drills and exercises that include strategies and equipment 

deployment to address floating and submerged oil; and 


5 Order for Removal under Section 31 J(c) of the Clean Water Act, March 14,2013 
(http://www.epa.gov/enbridgespi1Var/enbridge-AR-1 720.pdt) 
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• 	 Requiring that emergency response and oil spill response plans be reviewed by 
EPA. 

The DSEIS also recognizes that dissolved components of the dilbit that may be 
transp.:>rted through the pipeline, such as benzene, polycyclic aromatic hydrocarbons 
(P AHs), and heavy metals, could be slowly released back to the water column for many 
years after a release and could cause long-term chronic toxicological impacts to 
organisms in both the benthic and pelagic portions of the aquatic environment. We 
recommend that the Final EIS more clearly recognize that this characteristic of dilbit is 
different from the fate and transport ofoil contaminants associated with conventional 
crude oil and refined product spills from pipelines. For that reason we recommend that as 
a permit condition TransCanada be required to develop a plan for long tenn 
sampling/monitoring in the event of an oil discharge to assess and monitor these impacts 
as part of the spill response plan. In addition, we recommend that the permit require 
TransCanada to provide detailed Material Safety Data Sheets and information about the 
diluent: and the source crude oil to support response preparations and address safety 
concerns in advance ofany spills. 

Alternative Pipeline Routes 

CEQ regulations implementing NEPA require the consideration of project · 
alternatives in an EIS, and characterize the alternatives analysis as the "heart" ofan EIS.6 

The DSEIS has been significantly improved by considering more alternative routes, 
including an alternative that would avoid crossing the Sand Hills Region in Nebraska, 
reducing impacts to this fragile ecosystem. Another significant issue in the consideration 
of alternative routes for this Project has been the potential for impacts to the Ogallala 
Aquifer in the event of a spill. The alternative route in Nebraska has avoided most of the 
impacts to the Sand Hi lls Region, but still crosses the Ogallala Aquifer. The alternative 
laid out in the DSEIS that would avoid the Ogallala Aquifer is the I-90 Corridor 
Alternative, which largely follows the path of existing pipelines. The I-90 Corridor 
Alternative would significantly reduce the length of pipeline crossing the Northern High 
Plains Aquifer system, which includes the Ogallala formation, and would further reduce 
the pot1ential for adverse impacts to critical groundwater resources. 

We are concerned, however, that the DSE1S does not provide a detailed analysis 
of the Keystone Corridor Alternative routes, which would parallel the existing Keystone 
Pipeline and likely further reduce potential environmental impacts to groundwater 
resources. By determining that these routes are not reasonable, the DSEIS does not 
provide an analysis of their potential impacts sufficient to enable a meaningful 
comparison to the proposed route and other alternatives. The Keystone Corridor 
Alternatives were determined not to be reasonable alternatives primarily on the basis that 
these routes are longer than the proposed Project's route, and that additional pipeline 
miles would be needed to connect to Bakken MarketLink project, which would allow the 
proposed Project to also transport crude from North Dakota and Montana. As we have 
indicated in the past, we believe these alternative routes could further reduce risks to 

40 C.F.R. 1502.14 6 
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groundwater resources. We recommend that the Final EIS either provide more detailed 
information as to why these alternatives were not considered reasonable or analyze these 
alternatives in more detail. 

Community and Environmental Justice Impacts 

The DSEIS provides a comprehensive analysis of community demographics, 
including minority, low-income, and tribal populations, along TransCanada' s proposed 
pipeline route. We are especially appreciative of the effort to identify and contact each of 
the Local Emergency Planning Committees regarding the status of their emergency 
response plans, and to provide that information in the OSEIS. We also commend your 
recognition that environmental justice communities may be more vulnerable to health 
impacts from a spill, and appreciate your efforts to consider communities' access to 
health care, including consideration of "Health Professional Shortage Areas and 
Medically Underserved Areas" located along the proposed pipeline route. 

EPA appreciates TransCanada's commitment to conduct cleanup and restoration 
and to provide alternative water supplies to affected communities in the event of an oil 
discharge affecting not only surface waters, but also groundwater. We recommend that 
these commitments be clearly documented as proposed permit conditions. We believe 
this would give important assurances to potentially affected communities of 
TransCanada's responsibilities in the event of an oil discharge that affects either surface 
or groundwater resources. 

Conclusion 

Based on our review, we have rated the DSEIS as E0-2 ("Environmental 
Objections - Insufficient Information") (see enclosed "Summary of Rating Defmitions 
and Follow-up Actions"). 

We look forward to continuing to work with you and to provide assistance as you 
prepare the Final EIS. We also look forward to working with you as you determine 
whether approving the proposed project serves the national interest under Executive 
Order 13337 "Issuance ofPermits With Respect to Certain Energy-Related Facilities and 
Land Transportation Crossings on the International Boundaries of the United States". 

Please feel free to contact me or have your staffcontact Susan Bromm, Director, 
Office ofFederal Activities, at (202) 564-5400 if you have any questions or would like to 
discuss our comments. 

Enclosme 
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Summary of Rating Definitions and Follow-up Action 

Environme:ntal Impact ofthe Action 

LO--Lack of Objections 
The EPA r.eview has not identified any potential environmental impacts requiring substantive changes to the 
proposal. The review may have disclosed opportunities for application of mitigation measures that could be 
accomplished with no more than minor changes to the proposal. 

EC~Environmental Conc.erns 
The EPA review has identified environmental impacts that should be avoided in order to fully protect the 
environment. Corrective measures may require changes to the preferred alternative or application of mitigation 
measures tlhat can reduce the environmental impact. EPA would like to work with the lead agency to reduce these 
impacts. 

EO--Envil'onmental Objections 
The EPA r.eyiew has identified significant environmental impacts that must be avoided in order to provide adequate 
protection for the environment. Corrective measures may require substantial changes to the preferred alternative or 
consideration of some other project alternative ( including the no action alternative or a new alternative). EPA 
intends to work with the lead agency to reduce these impacts. 

EU--Envir'onmentally Unsatisfactory 
The EPA r·eview has identified adverse environmental impacts that are of sufficient magnirude that they are 
unsatisfact•Oi)' from the standpoint of public health or welfare or environmental quality. EPA intends to work with 
the lead agency to reduce these impacts. If the potentially unsatisfactory impacts are not corrected at the fi n11l EIS 
stage, this !Proposal will be recommended for referral to the CEQ. 

Adequacy of the Impact Statement 

Category 1--Adequate 

EPA believes the draft ETS adequately sets forth the environmental impact(s) ofthe preferred alternative and those 

of the alternatives reasonably available to the project or action. No further analysis or data collection is necessary, 

but the reviewer may suggest the addition of clarifying language or information. 


Category 2--lnsufficient Information 

The draft E IS does not contain sufficient information for EPA to fully assess environmental impacts that should be 

avoided in order to fully protect the environment, or the EPA reviewer has identified new reasonably available 

alternative:;; that are within tbe spectrum of alternatives analyzed in the draft EIS, which could reduce the 

environmental impacts of the action. The identified additional information, data, analyses, or discussion should be 

included in1 the final EIS, 


Category ;~-Inadequate 


EPA does mot believe that the draft EIS adequately assesses potentially significant environmental impacts of the 

action, or the EPA reviewer has identified new, reasonably available alternatives that are outside of the spectrum of 

alternatives analyzed in the draft ElS, which should be analyzed in order to reduce the potentially significant 

environmental impacts. EPA believes that the identified additional information, data, analyses, or discussions are of 

such a magnitude that they should have full public review at a draft stage. EPA does not believe that the draft EfS is 

adequate fN the purposes of the NEPA and/or Section 309 review, and thus should be formally revised and made 

available fi:H public comment in a supplemental or revised draft E1S. On the basis of the potential significant impacts 

involved, this proposal could be a candidate for referral to the CEQ. 
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Volume Estimate for Submerged Line 6B Oil in the Kalamazoo River 

 

Subject: Enbridge Energy, Limited Partnership (Enbridge) Line 6B, Mile Post (MP) 608, Marshall, MI, 
Pipeline Release 

Date: May 1, 2013 
Authors:  Thomas P. Graan, Ph.D., Weston Solutions, Inc. (WESTON) 
 Ronald B. Zelt, Professional Hydrologist (Water Quality), U.S. Geological Survey (USGS) 

EXECUTIVE SUMMARY 

To better understand the effects of the Enbridge Line 6B oil discharge and guide long-term response and 

remediation activities, the U.S. Environmental Protection Agency (U.S. EPA) requested that its Scientific 

Support Coordination Group (SSCG) assist in planning a study to quantify the amount of submerged Line 

6B oil remaining in the Kalamazoo River.  The SSCG is a project-specific assembly of internationally 

known experts in oil spill science and technology.  In response to U.S. EPA’s request, the SSCG provided 

state-of-the-art recommendations covering the following two specific areas for quantification of the Line 

6B oil: 

1.   Oil fingerprinting analytical methods: The SSCG identified the latest developments in 
analytical methods that would enable the identification of Line 6B oil in sediments. 

2.   Sediment sample collection: The SSCG identified improved sampling schemes that would allow 
an efficient selection of sampling locations and also potentially minimize uncertainty in the 
overall estimate of the submerged Line 6B oil volume. 

Under the direction and oversight of the U.S. EPA, Enbridge implemented these recommendations in 

conducting its ongoing Submerged Oil Quantification Study.  In July and August 2012, Enbridge 

collected sediment cores from 102 locations along the stretch of the Kalamazoo River affected by the 

Line 6B oil discharge.  Enbridge’s laboratory analyzed approximately 400 sediment samples extracted 

from these cores using U.S. EPA’s recommended oil fingerprinting methods.  Dr. Gregory Douglas, an 

expert forensic oil chemist retained by U.S. EPA, interpreted the analytical results and determined 

concentrations of Line 6B oil in sediment.  

Line 6B oil was positively detected in approximately 75 percent of the approximately 400 sediment 

samples analyzed.  The total submerged Line 6B oil volume remaining in the Kalamazoo River as of July 

and August 2012 was estimated at 180,000 gallons1.  Overall results for the three impoundment areas 

(Ceresco Impoundment, Mill Ponds Impoundment, and Morrow Lake Delta) indicate that approximately 

12,000 gallons of submerged Line 6B oil was present in the areas with heavy to moderate (H/M) oil 

                                                            
1 The statistical approach used to estimate submerged Line 6B oil volume also allows for calculation of the 
uncertainty in the volume estimate.  Uncertainty could be reduced through the collection and analysis of additional 
sediment cores in certain areas of the Line 6B discharge.   
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sheening based upon poling2 observations, with approximately 22,000 gallons present in the Light/None 

(L/N) areas.  The three impoundments contain approximately 80 percent of the Line 6B oil in H/M areas 

across the entire discharge site.3 

In summary, the calculated estimate of submerged Line 6B oil quantified in sediment supports other 

assessment and monitoring results.  These multiple lines of evidence indicate that submerged Line 6B oil 

is present and has migrated into depositional areas along the entire 38-mile-long reach of the Kalamazoo 

River affected by the July 2010 Line 6B oil discharge.   

1.0 INTRODUCTION 

This technical memorandum documents the approach developed and methods used to estimate the volume 

of submerged Line 6B oil remaining in Kalamazoo River sediment as of July and August 2012.  For the 

purposes of this technical memorandum, the Line 6B oil discharge site is defined as the 38-mile-long  

stretch of the Kalamazoo River with the upstream end at the confluence with Talmadge Creek at Mile 

Post MP 2.0 and the downstream end at Morrow Dam (MP 39.75).    

1.1  Project Background 

Enbridge was required to quantify submerged oil remaining in sediment in the Kalamazoo River at the 

Line 6B oil discharge site as part of the U.S. EPA-approved “Consolidated Work Plan from Fall 2011 to 

Fall 2012” (2012 CWP).  Previous efforts to estimate the remaining quantity of Line 6B oil were 

hampered by the lack of analytical procedures capable of specifically identifying Line 6B oil.  In addition, 

previous efforts to quantify Line 6B oil did not provide an estimate of the uncertainty associated with the 

quantification estimate.  

To address these concerns, the Federal On-Scene Coordinator (FOSC) requested the SSCG to make 

recommendations regarding the analytical sampling program, statistical approach to sediment sample 

location, and sample processing.  The SSCG-recommended approach (Appendix 1) included the 

following: 

 Sediment core collection procedure 

 Laboratory analytical procedure for oil fingerprinting analysis of sediment core samples 

                                                            
2 Poling is a field technique used to determine whether oil is observable on the water surface after agitation of 
submerged sediment using a hand-held pole with a 6-inch disc attached to the submerged end. 
3The Submerged Oil Quantification Study data can only provide very general oil volume estimates for specific areas 
of the Line 6B discharge site.  The Study was not designed to provide detailed maps of oiled sediments in the 
discharge site area or any portion thereof (such as impoundments).  Site poling data for Line 6B oil would be a more 
appropriate database for detailed mapping of oiled sediments.  
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 Generalized Random Tessellation Survey (GRTS) approach for stratified random sampling 
locations of cores 

 Sample processing of core interval samples using Incremental Sampling Methodology (ISM) 

Sediment cores were collected in July and August 2012.  Shortly after core collection began, U.S. EPA 

field oversight personnel observed that sediment in the cores exhibited little visual evidence (either under 

natural or ultraviolet [UV] illumination) of oil sheens, oil droplets, or oil-stained sediments.  This 

observation was problematic because the core processing and core sample interval selection plan was 

based on visual evidence of oil.  Core processing and subsampling activities were halted until a Pilot Test 

could be conducted to determine if oil was (1) present but undetectable using current visual observation 

techniques or (2) not present.  Core collection continued through August 2012, but the cores were 

immediately frozen and held in Marshall, MI, to await processing following the findings from the Pilot 

Test.  On November 15, 2012, U.S. EPA reported that the Pilot Test findings demonstrated that visual 

identification of Line 6B oil in Kalamazoo River sediment cores was not reliable as a method for 

selecting sampling intervals for laboratory analysis. 

On November 20, 2012, U.S. EPA issued a directive to Enbridge to complete the Submerged Oil 

Quantification Study (Directive).  The Directive provided explicit direction regarding the resumption of 

subsampling and laboratory analysis of the July and August 2012 sediment cores that had been on hold 

since the start of the Pilot Test, including the following activities: 

 Sediment core logging 

 Sediment core subsampling 

 Sediment sample laboratory oil fingerprinting analysis 

The Directive also stipulated that U.S. EPA would provide Enbridge with a methodology for calculating 

Line 6B oil concentrations in sediment samples based on the oil fingerprinting analysis performed.  This 

methodology subsequently was provided to Enbridge in a letter dated March 1, 2013 (Appendix 2). 

1.2  2012 CWP Task Summary 

As part of the Submerged Oil Characterization task identified in the 2012 CWP, submerged oil 

quantification was required using information obtained from sediment cores collected after 2011 

submerged oil recovery activities were complete.  The purpose of the quantification was to assess the 

volume of oil remaining in sediment in the Kalamazoo River at the Line 6B oil discharge site.  Prior 

submerged oil quantification efforts relied on the measurement of total petroleum hydrocarbons (TPH) as 

the analytical method to estimate Line 6B oil concentrations in sediment samples.  It became apparent 

that TPH measurements were unsuitable for this task because of (1) the substantial and varying levels of 
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interfering organic substances present in Kalamazoo River sediment before the discharge and (2) the 

inadequate range of hydrocarbons captured by standard TPH analytical methods.  An alternative 

analytical approach was necessary but had not yet been identified. 

The 2012 CWP identifies the following basic quantification model to estimate the amount of submerged 

Line 6B oil: 

	 	 	 	 	  (Equation 1) 

where  

  = Volume of oil for sampling stratum j 

	  = Representative concentration of oil (TPH) in sediment from stratum j 

   = Dry bulk density of sediment 

   = Lateral extent of sampling stratum j 

   = Depth of oil-impacted layer 

    = Constant used for unit conversion 

  = Bulk density of weathered Line 6B oil 

This model is essentially unchanged for the current quantification efforts described in more detail in 

Section 3.6. 

2.0 APPROACH AND METHODS USED TO ESTIMATE VOLUME OF SUBMERGED 

LINE 6B OIL AS OF JULY AND AUGUST 2012 

One major advancement in the methodology provided to Enbridge (Appendix 1) for the design of the 

submerged Line 6B oil quantification effort was the consideration of stratification of the Line 6B oil 

discharge site into areas of similar sediment type and oiling categories as discussed in Sections 2.1 and 

2.2 below.  This stratification enabled the efficient selection of sediment core locations (Section 2.3) that 

allowed site knowledge to be used to generate a statistical characterization of the submerged Line 6B oil 

volume and that provided for consideration of statistical uncertainty in the volume estimate.  Consistent 

with previous efforts to determine the submerged Line 6B oil volume, sediment coring was selected as the 

method to provide vertical sediment profiles for the oil fingerprinting samples (Section 2.3).  Sediment 

sample results then underwent oil fingerprinting analysis (Sections 2.4 and 2.5).   

2.1 Sediment Types - Geomorphic Framework 

The first stratification performed was based on sediment depositional behavior as defined by river 
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geomorphology4.  Tetra Tech, Inc. (Tetra Tech), an Enbridge contractor, first mapped in-channel 

geomorphic settings in the Kalamazoo River in 2011 for interpreting and predicting areas of sediment and 

submerged oil deposition (Tetra Tech 2012).  The Tetra Tech approach was similar to that used 

previously for mapping contaminated sediment deposits in other rivers.  Geomorphic surface units (GSU) 

were delineated using a geographic information system (GIS) to facilitate the synthesis of several data 

sources.  In the summer and fall of 2010, Tetra Tech collected channel longitudinal profile and slope data 

for the Kalamazoo River (Tetra Tech 2011).  Fluvial landforms, anthropogenic5 features, and channel 

widths were interpreted from aerial orthophotography6 produced from overflights during leaf-off 

conditions in April 2011.  Streambed sediment type was visually assessed during the Spring 2011 

Reassessment poling activities, and observations were classified into eight categories – gravel and larger, 

sand and gravel, sand, sand and silt, sand over silt, silt over sand, soft sediment, and organic.  Water 

depths measured during the Spring 2011 Reassessment poling were used to guide final refinement of the 

GSUs. The resultant system of 28 geomorphology-based categories (Table 1) was used to delineate areas 

of the river channel prone to erosion and deposition.  Submerged oil occurrence was most frequently 

associated with depositional GSUs in slower moving areas of the river with soft sediment. 

  

                                                            
4 River, or fluvial, geomorphology is the science dealing with the nature of flowing water, sediments, and other 
products of watersheds in relation to various land forms. 
5 Anthropogenic features have been caused or influenced by humans. 
6 Orthophotography, or orthophotos, have been geometrically corrected to remove distortions caused by terrain, one-
point perspective, and to make the scale uniform. 
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TABLE 1: GSUs MAPPED BY TETRA TECH IN 2011 

Fluvial Setting Delta and Lake Anthropogenic Surfaces 
Backwater Delta Bar Anthropogenic Deposit 
Channel Deposit Delta Island Deposit Anthropogenic Thalweg 
Cut Bank Distributary Channel Dam Deposit 
Cutoff Channel Distributary Fan Engineered Channel 
Island Former Channel Near bank dam deposit 
Island Deposit Former Floodplain  
Mid-Channel Bar Former Oxbow  
Near Bank High Energy Lake Fan  
Near Bank Low Energy Low Energy Deposit  
Near Bank Moderate Energy Remnant Terrace  
Oxbow   
Point Bar   
Thalweg   
Tributary   

 

Tetra Tech mapped approximately 1,200 GSUs along the 38-mile-long stretch of the Line 6B oil 

discharge site in the Kalamazoo River, from its confluence with Talmadge Creek to the Morrow Lake 

Dam.  The areas of the mapped GSUs ranged from 0.05 to 113 acres, with most areas being less than 0.5 

acre.  

In 2012, the 28 GSU categories were grouped into nine geomorphic settings for specific application in the 

submerged oil volume quantification efforts by the USGS and WESTON (U.S. EPA Superfund Technical 

Assessment & Response Team [START] contractor) (Table 2).  A smaller number of geomorphic 

settings was needed for use in a stratified random sampling design for targeting sediment core locations 

associated with the quantification effort.  A simple crosswalk by category was preferred, whereby all 

mapped GSUs of each category were assigned to a single new setting type, but this approach was not 

feasible because of the targeted design.  (The new delta setting retained spatial collocation with its 

namesake GSU but was more inclusive geomorphically, being composed from a variety of depositional 

GSUs that occurred near the original delta GSU.)  In the process of the re-grouping, the streambed 

sediment types were reexamined along with aerial photographs reviewed in a GIS overlay of both data 

types.  This reexamination raised the possibility of some GSUs fitting into more than one geomorphic 

setting.  For example, if a cutoff channel GSU had a gravelly substrate and was connected to the main 

channel, it was put in the channel deposit setting and not cutoff channel.  Regardless of the assigned class 

in the new grouping, the original line work delineated for mapping the GSUs remained the same and the 

original GSU category assignments were retained in the GIS attribute table.  The nine geomorphic 

settings used for the submerged oil quantification effort are listed in Table 2 below.  Seven of the settings 
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had soft sediment designations as their dominant sediment type: Backwater, Channel Deposit, 

Cutoff/Oxbow, Delta, Depositional Bar, Impoundment, and Morrow Lake.   

TABLE 2: CROSS-WALK BETWEEN GSUs AND GEOMORPHIC SETTINGS 

Geomorphic Setting GSUs Included in Setting 
Anthropogenic Channel Anthropogenic Deposit 
Backwater Backwater, Near Bank Low Energy (Anthropogenic Deposit, Oxbow) 
Channel Deposit Channel deposit, Cut Bank, Cut Off Channel, Delta Island Deposit, Distributary 

Channel, Near Bank High Energy, Thalweg (Anthropogenic Deposit, 
Anthropogenic Thalweg, Island Deposit, Mid-Channel Bar,  Oxbow, Point Bar)  

Cutoff/Oxbow Cutoff Channel, Oxbow 
Delta Delta Bar, Distributary Fan, Island Deposit, Low Energy Deposit (Backwater, 

Delta Island Deposit, Distributary Channel, Mid-Channel Bar, Near Bank Low 
Energy, Near Bank Moderate Energy, Remnant Terrace) 

Depositional Bar Island Deposit, Mid-Channel Bar, Point Bar (Anthropogenic Deposit, Channel 
Deposit, Cut Bank, Near Bank Low Energy, Near Bank Moderate Energy) 

Impoundment Dam Deposit, Near Bank Dam Deposit (Anthropogenic Deposit) 
Morrow Lake  Former Channel, Former Floodplain, Former Oxbow, Remnant Terrace 

(Anthropogenic Deposit, Island Deposit) 
Morrow Lake Fan Delta (Backwater,  Former Channel, Lake Fan, Remnant Terrace, Thalweg) 
Note: GSUs listed in parentheses were secondarily grouped in additional strata. 

Appendix 3 includes maps of the Line 6B oil discharge site illustrating the distribution of geomorphic 

settings used in the submerged Line 6B oil volume quantification. 

2.2 Oiling Categories - Spring 2012 Reassessment Poling Summary 

The second stratification performed was based on field-determined patterns of submerged Line 6B oil 

released from sediment after agitation.  A survey of the relative amount of submerged Line 6B oil sheen 

and/or globules appearing at the water’s surface after agitation had been performed during late Spring 

2012 at approximately 7,700 locations using a pole with a 6-inch-diameter disk to agitate sediment.  After 

agitation, observations of oil droplets and sheen released to the water surface were described using 

previously defined oiling categories of Heavy (H), Moderate (M), Light (L), and None (N).  The decision 

tree diagram for classifying poling observations into these four oiling categories is reported in Enbridge 

(2011).  This poling process included documentation of location coordinates using global positioning 

system (GPS) units so that the poling information could be accurately mapped.  

Poling information from the Spring 2012 Reassessment was compiled, and polygons representing H, M, 

L, and N areas were identified.  Appendix 3 includes maps of the Line 6B oil discharge site illustrating 

oiling categories based on the Spring 2012 Reassessment poling information. 
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Two further steps were taken.  First, the oiling category polygons were overlain on the geomorphic 

settings to create sampling stratum polygons for the unique combinations of oiling level and geomorphic 

setting.  Second, to provide a larger sample size for descriptive statistics calculations that were later 

determined to be necessary for handling non-detect results in the oil-concentration data for each sampling 

stratum, the four oiling categories later were combined into two categories: H/M and L/N.  Appendix 3 

includes maps illustrating the final sampling strata based on the overlays of the two oiling categories for 

each geomorphic setting.  

2.3 Sediment Coring 

Locations for sediment core samples collected in July and August 2012 were determined using a GRTS 

design.  Prior to field work, core locations were determined randomly within each geomorphic/oiling 

category or sampling stratum.  A total of 102 investigative cores from locations within the Line 6B oil 

discharge site were collected for oil fingerprinting analysis.  Appendix 3 includes maps showing the 

locations of the sediment cores collected for the submerged Line 6B oil quantification effort. 

At a subset of 32 of the 102 core locations, a paired side-by-side core was collected for bulk density 

analyses.  

Sediment cores for core logging were split and photographed under both visible and UV illumination.  

Cores were logged for color, texture, and stratigraphic features.  At all stages of core logging, the 

geologist noted any evidence of oil or petroleum in the split core (including globules, sheen, staining, and 

odors).  The top 1 inch of each core was collected for laboratory analysis.  Additional vertical core 

intervals were collected for laboratory analysis, with a preference given to upper stratigraphic layers of 

soft sediment and also any layer or portion of a layer that exhibited any indication of oil impact.  

Appendix 4 provides additional details regarding core locations, subsampling, and processing. 

As indicated in Section 1.1, shortly after the start of sediment core logging, U.S. EPA oversight personnel 

observed little to no visual evidence of oil in the logged sediment cores, which were collected in areas 

where poling results indicated the presence of submerged Line 6B oil.  After completion of a Pilot Test to 

evaluate visual observation techniques, U.S. EPA concluded that visual observation was unreliable as a 

guide to select core intervals for laboratory analysis.  U.S. EPA’s Directive to complete the submerged 

Line 6B oil quantification included specific instructions for analyzing samples from all upper depositional 

layers, regardless of the presence or absence of visual evidence of oil.  U.S. EPA also selected additional 

core intervals from previously logged cores for laboratory analysis.  These core intervals had been 

collected and stored frozen at the laboratory pending the results of the Pilot Test.  Appendix 5 includes 



 

Page 9 of 31 
 

logs for the sediment cores collected for the oil quantification effort.  The logs also identify the core 

intervals collected and submitted for laboratory analysis or for laboratory storage. 

2.4 Laboratory Analytical Program 

Sediment samples designated for oil fingerprinting analysis were analyzed in accordance with the 

Analytical Quality Assurance Plan (Enbridge Line 6B MP 608 Marshall, MI, Pipeline Release, Version 

2.2, February 28, 2012).  Samples were analyzed using the following methods: 

 Polycyclic aromatic hydrocarbons (PAH) and sulfur heterocyclic compounds, including 
alkyl homologues: Gas chromatography (GC) with low-resolution mass spectrometry (MS) 
using selected ion monitoring (SIM) 

 Saturate hydrocarbons: GC with flame ionization detection (FID) 

 Total extractable hydrocarbons (TEH) representing the total aromatic and aliphatic 
hydrocarbon content of sample extracts after silica gel clean-up and analysis: GC/FID 

 Petroleum biomarkers: GC/MS-SIM 

Under contract to Enbridge, Alpha Analytical of Mansfield, MA, performed the laboratory analyses for 

hydrocarbons and petroleum biomarkers. 

2.5 Oil Fingerprinting Data Interpretation 

The oil fingerprinting analytical data do not provide a direct measurement of Line 6B oil in sediment.  Dr. 

Gregory Douglas of NewFields, an expert forensic oil chemist, examined the oil fingerprinting data for 

unique chemical features that would allow Line 6B oil to be distinguished from residual background 

hydrocarbons in Kalamazoo River sediment (Appendix 2).  Many potential sources contribute to residual 

background hydrocarbons in river sediment, including sediment from coal tar sources, runoff containing 

coal-tar-based road and parking lot sealants and road oils, atmospheric deposition of combustion PAHs, 

and contributions from non-Line 6B oils.  Dr. Douglas determined that the Line 6B oil is enriched in a 

group of biomarker compounds called triaromatic steroids (TAS).  He was able to compare the enriched 

Line 6B oil to other stable but less discriminating biomarker compounds.  Sample-specific biomarker 

ratios were identified with high stability and resolving power and used to distinguish residual background 

hydrocarbons from Line 6B oil.  This methodology is described in detail in Appendix 2. 

3.0 QUANTIFICATION VARIABLES  

At the foundation of the Line 6B oil volume quantification method are (1) a set of five factors identified 

as affecting the volumetric quantity of submerged Line 6B oil in a volume of bottom material or bed 

sediment (Sections 3.1 through 3.5) and (2) the mathematical relationship between these factors and the 
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resulting oil volume (Section 3.6).  These factors and the mathematical relationship remain conceptually 

very similar to those reported in Enbridge (2012).    

3.1 Line 6B Oil Concentrations in Sediment 

An important distinction in the 2012 quantification of oil volume relative to earlier attempts is the 

availability of a state-of-the-science data set for oil concentrations in sediment samples that distinguishes 

the Line 6B oil from other types (undifferentiated) of hydrocarbon residues collocated in the sampled bed 

sediment.  Discussion of the various other hydrocarbon compounds and their distinguishing features in 

the geochemical suite of analytical results or gas chromatographs is beyond the scope of this technical 

memorandum.  “Other residual background hydrocarbons” are defined to include pyrogenic7 

hydrocarbons, plant-derived organics, naturally occurring hydrocarbons from geologic sources in the 

watershed, and residues from other discharges of hydrocarbon products (whether recent or historical). 

The input variable, concentration of Line 6B oil in sediment, refers to the forensic-chemistry determined 

concentration of Line 6B oil only, as distinguished from other residual background hydrocarbons present 

in the sediment and expressed as mass of oil per mass of sediment (milligrams [mg] of Line 6B oil per 

kilogram [kg] of dry sediment).  Appendix 2 provides more details of the forensic and analytical 

chemistry methods. 

Pre-processing of the Line 6B oil concentration data involved two steps.  First, the mean value among 

replicate analyses (usually field duplicates) was computed and retained for further analysis, while 

replicate records were removed to retain only one concentration per sampled interval of a core. Where the 

set of duplicates included one censored value (nondetect) and one quantifiable detection, the value of the 

quantifiable detection was selected; this approach is justified as erring on the side of including all 

detections. Where all of the replicates were censored values, the value selected was the average of their 

Line 6B limits of detectability and coded as a nondetection.  Second, all censored values were temporarily 

marked by arbitrarily adding 0.01 to the concentration at the Line 6B limit of detectability.  (Uncertainty 

estimation and subsequent processing of the censored values are discussed in subsequent sections of this 

technical memorandum.) 

Appendix 6 provides the Line 6B oil concentrations for sediment samples collected during this study. 

3.2  Sediment Dry Bulk Density 

                                                            
7 Generated by heat or combustion 
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An estimate of the bulk density of the discharged oil at the time of sediment coring is required to convert 

the estimated quantity of Line 6B oil from mass units to volumetric units.  The unit of measure for the 

input variable, dry bulk density of sediment, is mass per unit volume.  The mass unit was converted, if 

necessary, to correspond to the unit of the denominator in oil concentrations discussed in Section 3.1 

resulting from forensic-chemistry analysis of Line 6B oil in sediment sample results, expressed in unit 

mass of oil per unit mass of dry sediment.  Sampled volume can be readily determined from a core 

interval’s physical dimensions.  Similarly, if the depth of investigation is known and the areal extent of a 

sampling stratum is known or calculated, then the sediment volume to which a stratum-mean 

concentration might be applied also is a straightforward calculation. 

The sources of data for dry bulk density estimation were geotechnical laboratory results for cores 

collected by Enbridge specifically for this purpose in 2011 and 2012.  In 2011, there were 110 coring 

locations, and a paired core was collected at each boring location for bulk density determined by the core 

method (Colo. State Univ. Soil, Water and Plant Testing Lab., Fort Collins, CO; Grossman and Reinsch, 

2002) and for particle-size analyses.  In 2012, the paired cores analyzed for bulk density (Driesenga and 

Assoc., Holland, MI; ASTM D7263) and particle-size determinations were collected at only 32 coring 

sites.  The result for one core from 2011 was considered spurious and was excluded from the data set.  

Different laboratories analyzed the samples from each year’s streambed sediment sampling, so the results 

were compared between years to verify there was no significant difference between laboratories or 

between years (Figure 1).  

FIGURE 1: BOX PLOT DIAGRAMS OF SAMPLING DISTRIBUTION OF DRY BULK 

DENSITY FOR SHALLOW CORES COLLECTED IN 2011(N = 109) AND 2012 (N = 32) 
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Enbridge’s previous oil-quantification calculators had applied a single average dry bulk density of 

sediment for the entire discharge site, but as expected, there are substantial differences among the 

geomorphic settings (Figure 2).  

FIGURE 2: BOX PLOT DIAGRAMS OF FREQUENCY DISTRIBUTIONS WITHIN EACH 

GEOMORPHIC SETTING (USED FOR 2012 OIL VOLUME QUANTIFICATION STUDY) 

 

Note: Total number of values is 141; see Table 3 for distribution 
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TABLE 3: SUMMARY OF DRY BULK DENSITY OF SEDIMENT 
FOR NINE GEOMORPHIC SETTINGS 

 

Geomorphic setting 

No. of 
Values 
(Cores) 

Bulk Density, Dry, 
Mean (MVUE) 

(g/cm3) 

Bulk Density, Dry, 
Std. Dev. (MVUE) 

(g/cm3) 

Bulk Density, Dry, 
(predictMVUE fit) 

(g/cm3) 
Anthropogenic Channel 4 1.153 0.734 1.105 
Backwater 14 0.583 0.289 0.603 
Channel Deposit 33 0.937 0.795 0.895 
Cutoff/Oxbow 10 0.710 0.465 0.680 
Delta 20 0.667 0.499 0.615 
Depositional Bar 11 0.767 0.465 0.755 
Impoundment 16 0.350 0.131 0.379 
Morrow Lake 13 0.296 0.052 0.336 
Morrow Lake Fan 20 0.537 0.308 0.538 
Notes:  
g/cm3  Gram per cubic centimeter 
MVUE  Minimum-variance unbiased estimation 
Std. Dev. Standard Deviation 

Thus, for the 2012 oil-volume quantification, data analysts calculated a representative bulk density for 

each geomorphic setting.  There were no censored values, and the overall sampling distribution was a log-

normal frequency distribution, so subsets for each geomorphic setting were analyzed as log-transformed 

values and descriptive statistics were retransformed using a minimum-variance unbiased estimation 

(MVUE) algorithm (Quantitative Decisions 2001).  Results from the ln_mvue.xls calculator were 

compared with those obtained using an S-Plus function (predictMVUE; TIBCO 2008) that fits an analysis 

of variance (ANOVA) model with variance pooled across all geomorphic strata (Table 3). 

Although the group mean values obtained by the two methods (ln_mvue.xls and predictMVUE) could be 

averaged to produce a possibly more robust estimate, the two methods use different procedures to 

estimate the uncertainty interval for the group mean.  These uncertainties cannot be averaged as 

comparable (one is a parametric estimate [ln_mvue.xls] and the other is a non-parametric estimate).  

Therefore, the decision was made to stay with one method for both group mean and uncertainty, and the 

parametric estimates were used to maintain consistency between means and uncertainty estimates.  

Differences in particle size, organic matter and moisture content generally account for differences in bulk 

density among sampling strata.  No field duplicates were analyzed for bulk density for either the 2011 or 

2012 oil-volume quantification investigations. 

3.3  Line 6B Oil Density 

An estimate of the bulk density of the discharged oil at the time of sediment coring (the weathered oil 

density) is required to convert the estimated quantity of Line 6B oil from mass units to volumetric units.  
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Based on laboratory tests (American Society for Testing and Materials [ASTM] D4052–91, Standard Test 

Method for Density and Relative Density of Liquids by Digital Density Meter) of Cold Lake blend at 1 

°C and 15 °C after 17 percent of initial volume had evaporated (SL Ross Environmental Research 2010; 

Table 3-3), the average of bulk densities was 0.985 g/cm3.  Enbridge previously reported that about 77 

percent of the crude oil released from Line 6B in July 2010 was Cold Lake blend. Diluted bitumen crude 

oils typically contain more than 17% diluent8, however, so these laboratory results do not reflect the 

weathered state of the discharged Line 6B oil.   

Oil density varies based on temperature, and the range in density related to a temperature range from 1 °C 

to 15 °C is 0.008 g/cm3 for Cold Lake blend (SL Ross Environmental Research  2010).   

For the 2012 oil-volume quantification effort, U.S. EPA used 0.985 ± 0.004 g/cm3 as estimates of the 

mean and uncertainty of bulk density of Line 6B oil at the time of core collection in Summer 2012. This 

value is 5.7% larger than the mean oil density value for fresh products discharged from Line 6B (Cold 

Lake blend [0.9283 g/cm3] and Western Canadian Select crude [0.9290 g/cm3]) that was used in previous 

submerged Line 6B oil volume quantification studies (Enbridge Energy, 2011, 2012). 

3.4 Lateral Extent of Sampling Stratum 

Oil concentration (mass per mass unit) must be applied to a corresponding sediment mass and volume to 

produce an oil-volume estimate.  The sediment volume is defined by a vertical and lateral extent for each 

sampling stratum in the stratified study design.  The lateral extent of a sampling stratum is a function of 

the geometric intersection of a geomorphic setting and a submerged-oil category.  For the 2011 oil-

volume quantification effort, the lateral extent was limited to areas with oil observable on the water 

surface after agitation of sediment using a hand-held pole (poling); other areas were presumed to contain 

no (zero) Line 6B oil.  In the absence of laboratory analytical data to validate poling results, the Summer 

2012 study design included all areas of the Kalamazoo River between its confluence with Talmadge 

Creek and the Morrow Lake dam (the Line 6B oil discharge site) except the concrete-lined channel reach 

within Battle Creek, MI.   

A stratified-random sampling design produced target coring locations distributed among 34 sampling 

strata, each of which represented the geometric intersection of a single geomorphic setting (nine types) 

and a single submerged oiling category (four poling-based classes).  Therefore, the lateral extent of a 

sampling stratum was the summation of the GIS-calculated area of each instance of a unique combination 

of geomorphic setting and submerged oiling category.  The sampling strata generally consisted of 
                                                            
8 Diluent is a light petroleum (typically natural gas condensate) that is mixed with crude bitumen in order to 
decrease the viscosity and allow transportation by pipeline. 
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multiple, discrete, areal units (having more than one polygon feature).  Sampling strata formed as 

combinations with either the “Morrow Lake” or “Morrow Lake Fan” geomorphic setting were confined to 

a single, contiguous region of the study area, whereas other sampling strata generally were scattered or 

located at widely separate locales. 

The sources of data for lateral extent were geospatial (digital maps) and included digital maps of 

geomorphic settings and of submerged oiling category map units (polygons).  The two sources for the 

map of geomorphic settings were (1) the bank lines of the Kalamazoo River digitized by Enbridge 

contractors from high-resolution, low-altitude aerial orthophotography and (2) the map of geomorphic 

surfaces also compiled and digitized by Enbridge contractors (Section 2.1, e.g. Appendix 3).  Use of the 

map of geomorphic surfaces as is would have resulted in too many categories (that is, would have 

required too many cores and samples), especially after application of the geospatial intersection analysis 

with the submerged oiling category map.  Therefore, the geomorphic surfaces classification was 

encompassed by a higher-level stratification of the study area that ultimately produced a map of nine 

geomorphic settings for use in the sampling design (see Section 2.1).  Eleven strata initially resulted but 

were further collapsed to eliminate two strata (tributary mouth and engineered/concrete-lined channel) 

that were not areally extensive in order to focus all sampling points within the nine strata having greater 

extent and importance to the task of submerged Line 6B oil quantification.  The mapping accuracy of the 

geomorphic surfaces is unknown. 

The map of submerged oiling categories was obtained as range-classed results from an interpolated 

surface fit to a numerical recoding of the submerged-oil qualitative observations at poling points.  The 

poling observations were recoded under a scheme where “heavy submerged oil” equals 7, “moderate” 

equals 5, “light” equals 3, and “none” equals 1.  After recoding the points as numeric values, the inverse-

distance weighting (IDW) interpolation algorithm was applied using a parameter value, k = 5, as the 

exponent applied to distance. The desktop help reference for the IDW spatial analysis function gives 

guidance on selection of the exponent value as follows: “An optimal value for the power can be 

considered to be where the minimum mean absolute error is at its lowest” (ESRI 2011).  This guidance 

suggests two analyses that could yet be undertaken (now that results for 102 cores are available) that 

could be paired with interpolated estimates to measure the a posteriori error rates of the IDW 

interpolations.  In addition, if a subset of the poling observations was reserved as validation data, it could 

be applied to estimate the root mean squared error (RMSE) or other error measures for IDW-interpolated 

surfaces constructed for varying values of the distance exponent.  

In the absence of data on the mapping accuracy of the geomorphic surfaces and the resulting sampling 

strata, U.S. EPA selected a method to estimate uncertainty of the lateral extent values based on the 
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uncertainty of their linear boundaries inferred based on the scale, density, and quality of source 

observations.  For submerged Line 6B oil category boundaries, sources of uncertainty considered 

included (1) surveyed point coordinates and (2) field-survey method points (step-out poling points 

surveyed).  The horizontal uncertainty of points surveyed using real time kinetic (RTK) GPS (typically 1 

to 2 cm) was considered negligible relative to the other sources affecting lateral extent estimates.  The 

increment used for the step-out poling method was estimated for two areas with a large number of poling 

observations spread across the river channel: Ceresco Impoundment and the Morrow Lake Delta.  GIS 

spatial analysis (“Near” function in ArcGIS-10) results yielded an estimated “Range-epsilon band width” 

(as defined by Dunn et al. 1990), or 2 times epsilon, of 38 feet (ft), where epsilon is assumed to equal 

one-half of typical spacing between points upon which the actual position of the boundary between 

“included” in versus “outside” of a given submerged oil class was based.  It was assumed that a similar 

ratio of the Range-epsilon to interquartile range (IQR)-epsilon band widths applied to this application as 

for the Dunn et al. (1990) study, and an IQR-epsilon band width of 5.9 ft (uncertainty ± 2.95 ft) was used.  

To apply linear uncertainty to polygon area (two dimensions, x and y), Dunn et al. (1990) multiplied the 

sum of the perimeters of the polygons composing the particular class by the IQR-epsilon band width.  

For geomorphic boundaries located at channel bank lines, it was assumed that at the page scale, aerial 

photomap resolution supported “national map accuracy standards” (an accuracy of 0.02 inch).  Then, 

assuming that channel bank lines were digitized at a scale of 1:600, the linear offset accuracy was 

calculated to be ± 1.0 ft RMSE.  For a theoretical normal distribution, this value corresponds to an IQR of 

1.348 ft (± 0.674 ft).  By analogy, Dunn et al. (1990) refer to this error, when extended along a full length 

of bank line, to be the IQR-epsilon band width.  For polygon areas between two bank lines, Dunn et al. 

(1990) indicate that the areal uncertainty equals the bank-formed perimeter times its epsilon band width. 

(But this does not include additional uncertainty from perimeter segments not formed by channel banks.)  

To apply these IQR-epsilon band widths to submerged-oil map units and sampling stratum boundaries, 

the GIS-measured lengths of all perimeters bounding the set of polygons forming each sampling stratum 

(34 strata originally; later collapsed to 17 strata) were used.  Each line segment also was coded to indicate 

if it represented a bank line so that the corresponding epsilon band width could be applied to estimate the 

total areal uncertainty for each sampling stratum.   

Table 4 summarizes the results from the analyses and methods discussed above for determining the 

lateral extent of sampling strata.   
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TABLE 4: LATERAL EXTENT OF SAMPLING STRATA USED FOR SUMMER 2012 STUDY 

Sampling Stratum 

Area of 
Reporting 
Stratum 
(acres) 

Area of 
Sampling 
Stratum 

(hectares)

Uncertainty 
of Area 

(% of area)

Sum of 
Perimeters, 

Channel 
banks (ft) 

Sum of 
Perimeters, 
Other (ft) 

Uncertainty 
of Area 

(hectares) 

Anthropogenic Channel – H/M 0.66 0.27 20.7 638.5 1,890.9 0.06 
Anthropogenic Channel – L/N 77.31 31.3 1.1 27,224.1 6,541.9 0.35 
Backwater - H/M 18.49 7.5 10.2 15,036.8 24,498.5 0.76 
Backwater - L/N 77.65 31.4 4.7 67,798.9 38,896.3 1.49 
Channel Deposit - H/M 22.59 9.1 18.8 9,990.9 60,556.6 1.72 
Channel Deposit - L/N 525.61 212.7 3.3 229,010.9 204,132.4 7.02 
Cutoff/Oxbow - H/M 5.62 2.3 9.7 5,376.2 6,835.4 0.22 
Cutoff/Oxbow - L/N 19.15 7.8 6.2 20,686.7 12,787.1 0.48 
Delta - H/M 34.57 14.0 9.1 9,379.4 44,260.4 1.27 
Delta - L/N 43.77 17.7 9.1 16,134.5 55,268.1 1.61 
Depositional Bar - H/M 7.95 3.2 16.4 6,461.4 17,751.0 0.53 
Depositional Bar - L/N 110.98 44.9 9.1 93,771.5 127,889.4 4.09 
Impoundment - H/M 16.36 6.6 7.7 6,059.3 17,191.2 0.51 
Impoundment - L/N 43.69 17.7 4.1 11,985.5 23,875.1 0.73 
Morrow Lake - L/N 592.67 239.8 0.2 18,600.5 10,449.6 0.40 
Morrow Lake Fan - H/M 2.45 0.99 11.5 656.5 4,015.5 0.11 
Morrow Lake Fan - L/N 180.20 72.9 0.7 11,537.9 15,109.8 0.49 

 

3.5  Vertical Extent of Investigation 

During the 2011 attempt to calculate submerged-oil volume, the depth of investigation was the visually 

determined depth of oil indications (sheen or globules) observed within the split core examined in the 

field.  For the Summer 2012 study, it was determined that visual indications were not sufficient or reliable 

for such a determination (K. Lee 2012).  Consequently, the vertical extent of investigation was defined for 

the purposes of the 2012 quantification of submerged Line 6B oil and associated submerged Line 6B oil 

volume quantification (SOVQ) spreadsheet development to extend to a depth equal to the bottom of the 

deepest interval where Line 6B oil was detected at a concentration above the Line 6B oil limit of 

detectability.  In tandem with this operational definition, samples from successively greater depths along 

each collected core were to be analyzed geochemically and forensically until a depth level with an 

undetectable concentration of Line 6B oil was reached. At the time of preparation of this report, the 

deepest samples analyzed from numerous cores showed detectable and quantifiable concentrations of 

Line 6B oil.  Across all sampling strata, the mean depth investigated thus far was 1.2 ft; the range among 

sampling strata mean depths was 0.45 to 1.90 ft. 
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The uncertainty of the vertical extent of investigation was estimated using the variance among the several 

cores collected from within the area of each sampling stratum.  That is, if the depths of investigation 

indicated for the individual cores for a sampling stratum were 1.10, 0.90, 1.30, 1.50, and 0.90 ft, then the 

mean and standard deviation of the vertical extent of investigation for this stratum would be 1.14 ft and 

0.261 ft, respectively. 

3.6   Equation for Submerged Line 6B Oil Volume Quantification 

As discussed in Section 1.2, the mathematical relation for computing submerged oil volume from the 

input variables described in this section was consistent with the equation developed for the 2011 

submerged-oil volume estimates (Enbridge 2012) as follows: 

	 	 	 	 	  (Equation 1) 

where  

  = Volume of oil for sampling stratum j 

	  = Representative concentration of oil (TPH) in sediment from stratum j 

   = Dry bulk density of sediment 

   = Lateral extent of sampling stratum j 

Dj   = Depth of oil-impacted layer 

K   = Constant used for unit conversion 

  = Bulk density of weathered Line 6B oil 

In the 2011 application, Equation 1 was evaluated for the individual vertical increments of uniform 

thickness (0.1 ft), at least for calculating the representative concentration for each stratum.  For the 

Summer 2012 oil volume quantification study, the following equation was used to estimate the 

submerged Line 6B oil volume: 

∑ 	 	 	 	 	 			 (Equation 2) 

where  

  = Volume of submerged Line 6B oil for the jth sampling stratum		

∑  = Summation over the vertical increments, i, from i = 0 to i = Dj; both oil 
concentration and increment thickness may vary by vertical increment   

C  = Concentration of oil identified to be from the Line 6B release as distinguished 

from residual background hydrocarbons for the jth sampling stratum 
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  = Dry bulk density of sediment for the jth sampling stratum 

A   = Lateral extent of sampling stratum j 

 = Thickness of a single vertical increment, i, of the cores, which does vary (at least 
at the top of the core) 

K   = Constant used for unit conversion 

  = Bulk density of weathered Line 6B oil 

There is explicit summation of the right side of the equation across all vertical increments within Dj , the 

depth of investigation for sampling stratum j.  An additional change in the equation involves the use of 

forensic chemistry methods beforehand to provide a concentration, CL6B , that is the oil identified to be 

from the Line 6B release as distinguished from residual background hydrocarbons.  The measurement 

units were (1) for oil concentration, mg of oil per kg of sediment as dry sediment; (2) for bulk density, 

g/cm3; (3) for area, hectares; and (4) for thickness or depth, ft. For these measurement units, and with oil 

density in grams per cubic centimeter, the value of K (constant for unit conversion) is 3.048. 

4.0 SUBMERGED OIL VOLUME CALCULATOR SPREADSHEET 

An Excel™ spreadsheet tool (the SOVQ spreadsheet) was developed to support attainment of the project 

objective: a technically sound estimate of the residual volume of spilled, submerged Line 6B crude oil in 

the Kalamazoo River.  The previously existing oil-quantification calculator tool developed for sampling 

completed in 2011 was not adequate for either the more finely stratified design or the more rigorous 

analysis of uncertainty in the 2012 study design.  Therefore, a new SOVQ spreadsheet calculator was 

developed specifically for the 2012 study.  The scope of SOVQ spreadsheet development was as follows: 

(1) to retain, to the extent practicable, the concepts embodied in Enbridge’s previous oil-quantification 

spreadsheet (that is, general factors included in the equation for oil volume, the form of the equation, 

spatially stratified analysis, and use of discrete vertical intervals to standardize treatment of samples 

across cores within a sampling stratum); (2) to use Line 6B oil concentrations from Dr. Douglas of 

NewFields that distinguish Line 6B oil from residual background hydrocarbons; (3) to estimate a 

representative concentration for each sampling stratum by discrete vertical interval; and (4) to estimate a 

95-percent confidence interval for the Line 6B oil volume estimates at the sampling-stratum level that 

takes into account the combined uncertainties for the factors in the equation used for volume estimation.   

The SOVQ spreadsheet tool does not calculate the specialized statistics recommended when a data set 

includes left-censored values (non-detects) among the oil concentrations.  Rather, it was presumed that 

users will apply external statistical analysis software to develop such values, where needed, to refine the 

required inputs. For the Line 6B volume estimate provided in this technical memorandum, the Kaplan-
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Meier Method was used to address non-detects as implemented in U.S. EPA’s ProUCL software (version 

4.1, U.S. EPA 2013).  See Appendix 7 for a more detailed discussion.   

Procedures embodied in the newly developed SOVQ calculator spreadsheet tool include estimation at the 

sampling-stratum level of a representative value (and uncertainty) for each of the five factors or terms in 

the oil volume equation discussed in Section 3.0.  In the 2011 calculator, the depth of investigation was 

the visually determined depth of crude oil indications (sheen or globules) within examined split cores, 

whereas for the Summer 2012 study, the depth of investigation extends to a depth equal to the bottom of 

the deepest interval where Line 6B oil was detectable.  As was the case in the earlier 2011 calculator 

spreadsheet, the SOVQ spreadsheet uses multiple vertical intervals (“calculation volumes”) as a sampled-

depth standardization approach because sediment samples from the various cores for a sampling stratum 

seldom came from an identical series of depth intervals. 

Appendix 7 provides an overview of the various sheets composing the SOVQ spreadsheet calculator 

workbook.  Note that the first section of the workbook is composed of overall summaries of the 

submerged Line 6B oil volume, and the largest section of the workbook comprises the calculation tables 

for submerged oil volume and for estimated uncertainty of the oil volume quantities.  The latter section 

contains multiple sheets, one per individual sampling stratum, and (or) one per collapsed stratum in case 

the user desires a larger sample size per stratum.  

The stratum-specific calculation spreadsheets implement Equation 2.  Appendix 7 gives details of the oil 

volume calculation methods.  The concept that both oil concentration and thickness of discrete vertical 

increment may vary with depth (subscript i in Equation 2) is embodied in the spreadsheet by an array of 

concentrations and a corresponding vector of interval thicknesses.  The summation over vertical 

increments, for i equal 1 to Dj (depth of investigation for stratum j), is represented in the spreadsheet by a 

vector of weights applied to the calculated oil volumes vector.  The weights restrict the summation to the 

mean depth of investigation among the cores composing the stratum sample of bottom material. 

A combined uncertainty estimate for the submerged-oil volume also was calculated for each discrete 

vertical interval and for the depth of investigation as a lower and upper 95-percent confidence limit for 

the estimated Line 6B oil volume.  The approach to estimate combined uncertainty for each discrete 

vertical interval used a modification of the simplified general formula for error propagation, which is a 

linear combination of the relative variance (that is, the square of the coefficient of variation [CV]).  The 

general formula is as follows (Kirchner 2001):  

	 	 ⋯	  (Equation 3) 
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Thus, the relative variance in x is the sum of the relative variances in each factor, u, v, etc.  A 

modification of this general approach is needed when covariance between the errors is not negligible.  In 

the case of the 2012 study, results from 30 pairs of detectable concentrations of Line 6B oil and sediment 

dry bulk density indicated that a significant correlation exists (Spearman’s rho = -0.595, p = 0.0014).  In 

this case, the propagation of uncertainty for x will include an additional term, to become as follows: 

	 	 2
∙

⋯	  (Equation 4) 

where  

 = Correlation coefficient for the relation between u and v  

To summarize, the combined uncertainty across the multiple discrete vertical intervals and the relative 

variance results (from Equation 4) for each vertical interval were combined as a weighted-mean relative 

variance, where the discrete-interval thicknesses were the weights. 

5.0  RESULTS 

This section discusses the submerged oil volume estimates and uncertainties (Section 5.1), H/M versus 

L/M oiling categories (Section 5.2), impoundments (Section 5.3), and uncertainty reduction (Section 5.4). 

5.1  Submerged Oil Volume Estimates and Uncertainties 

Table 5 summarizes the results for submerged Line 6B oil volume estimates for Summer 2012.  The total 

submerged Line 6B oil volume for the discharge site is estimated to have been 180,000 gallons ± 100,000 

gallons when summed over all sampling strata.  Major contributors to the total volume come from the 

following strata: 

 Channel Deposit – L/N (81,000 gallons) 

 Morrow Lake – L/N (46,000 gallons) 

 Depositional Bar – L/N (11,500 gallons) 

 Morrow Lake Fan – L/N (11,000 gallons) 

These four strata are also the four largest strata (on an areal basis) in the discharge site, accounting for 

approximately 79 percent of the total area.  

Depth-averaged, submerged Line 6B oil concentrations in bottom sediment ranged from 76 mg/kg in the 

Anthropogenic Channel –(L/N stratum) to 1,140 mg/kg in the Depositional Bar –(H/M stratum). 
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When standardized for differences in areal extent, the average submerged Line 6B oil volume per acre 

ranged from 14.7 gallons/acre in the Anthropogenic Channel ( L/N stratum) to 218 gallons/acre in the 

Depositional Bar (H/M stratum). 



 

Page 23 of 31 
 

TABLE 5: LINE 6B OIL VOLUME ESTIMATES  

Stratum Name 
No. of 
Cores 

Mean 
Concentration 
of Line 6B Oil 

(mg/kg) 

Volume of 
Line 6B 

Oil 
(gallons) 

Uncertainty of 
Volume 

Estimate, 
Lower-bound 

(gallons) 

Uncertainty 
of Volume 
Estimate, 
Upper- 
bound 

(gallons) 

Volume 
of Line 
6B Oil 

(gallons/ 
acre) 

Mean depth 
of 

Investigation 
(ft) 

Areal 
extent 
(acres) 

Anthropogenic Channel – H/M 3 822 110 -51 271 165.6 1.17 0.7 
Anthropogenic Channel – L/N 6 76 1,140 -58 2,338 14.7 0.45 77.3 
Backwater – H/M 6 249 1,357 175 2,540 73.4 1.12 18.5 
Backwater – L/N 6 127 2,400 -1,054 5,853 30.9 1.07 77.7 
Channel Deposit - H/M 6 108 1,034 -3,898 5,966 45.8 0.98 22.6 
Channel Deposit - L/N 6 279 81,274 -47,193 209,741 154.6 1.30 525.6 
Cutoff/Oxbow - H/M 6 200 282 -187 752 50.2 0.77 5.6 
Cutoff/Oxbow - L/N 6 173 697 -412 1,805 36.4 0.55 19.2 
Delta - H/M 8 428 6,871 -7,319 21,062 198.8 1.36 34.6 
Delta - L/N 6 386 6,219 -1,582 14,020 142.1 1.42 43.8 
Depositional Bar - H/M 6 1,140 1,735 -1,423 4,893 218.3 0.75 8.0 
Depositional Bar - L/N 6 255 11,447 -7,977 30,871 103.1 1.50 111.0 
Impoundment - H/M 7 856 3,082 120 6,043 188.4 1.86 16.4 
Impoundment - L/N 7 379 4,792 -1,015 10,598 109.7 1.90 43.7 
Morrow Lake - L/N 6 957 46,213 9,991 82,436 78.0 1.23 592.7 
Morrow Lake  Fan - H/M 3 453 142 -24 308 58.1 0.63 2.4 
Morrow Lake Fan – L/N 8 710 11,297 -2,120 24,714 62.7 0.89 180.2 

Totals 102  180,092 77,360 282,825   1,780 
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The vertical extent, or depth of investigation, for which the Line 6B oil volume was calculated may not be 

finalized as of this writing. The deepest interval analyzed to date from many cores contained a detectable 

concentration of Line 6B oil, and U.S. EPA potentially could direct that samples from deeper intervals of 

such cores yet be investigated at the analytical chemistry laboratory. Thus there is potential that additional 

results for Line 6B oil concentrations in these samples could increase the total estimated volume of Line 

6B oil in the Kalamazoo River, but alternatively could decrease the average concentration of oil within a 

thicker depth of investigation, leading to a decrease in Line 6B oil volume. 

5.2  H/M versus L/N Oiling Categories 

Figure 3 shows the distribution of Line 6B oil between the two oiling categories (H/M and L/N) summed 

over all of the geomorphic settings.  Approximately 14,600 gallons (8 percent) of Line 6B oil was present 

in the areas mapped with the H/M oiling category, and approximately 165,500 gallons (92 percent) of 

Line 6B oil was present in the L/N oiling category areas.  

FIGURE 3: SUBMERGED LINE 6B OIL DISTRIBUTION 

 

5.3  Impoundments 

H/M,  
14,614 

L/N,  165,478 

Distribution of Line 6B Oil by Oiling 
Categories (gallons) 
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The Line 6B oil discharge site contains three impoundments: the Ceresco Impoundment, Mill Ponds 

Impoundment, and Morrow Lake Delta.  Estimating the submerged Line 6B oil volume for one or all 

three main-stem impoundments was not an objective of the Summer 2012 sampling design, and none of 

the sampling strata used for this study exactly corresponds to the extent of the impounded reaches.  A set 

of estimates was prepared based on the sampling stratum-level results as applied to the stratified 

composition of each impoundment reporting area of interest.  However, the estimated Line 6B oil 

volumes and uncertainty limits developed for the sampling strata could differ from corresponding results 

based on focused sampling designs and core samples collected from within each impoundment 

specifically to address these questions. 

The distribution of Line 6B oil among the three main-stem impoundments at the Line 6B oil discharge 

site was summed over all of the geomorphic settings located within the areal extent of each feature.  

Appendix 3 provides maps showing the location and extent of each impoundment as used for these 

summaries.  Overall results for the impoundments indicate that approximately 12,000 gallons of 

submerged Line 6B oil was present in the H/M areas of the impoundments and that approximately 22,000 

gallons was present in the L/N areas.  The 12,000 gallons represents 82 percent of the site-wide total for 

H/M areas and 35 percent of the impoundments’ overall total volume of submerged Line 6B oil (34,000 

gallons).  Areally standardized oil volumes in the areas mapped as H/M submerged Line 6B oil were 

fairly consistent among the three impoundment areas, averaging 155 gallons/acre and ranging from 152 

gallons/acre in the Morrow Lake Delta to 164 gallons/acre in the Ceresco impoundment. 

Ceresco Impoundment 

Within the 53-acre Ceresco Impoundment (Appendix 3, MP 4.75 to Ceresco Dam), an estimated 1,500 

gallons (28 percent) of Line 6B oil occurred in areas mapped as H/M and an estimated 3,900 gallons (72 

percent) occurred in areas mapped as L/N areas.  The 1,500 gallons corresponds to 10 percent of all the 

Line 6B oil in H/M areas across the Line 6B oil discharge site.  The “Impoundment” geomorphic setting 

contained about 94 percent of the Line 6B oil collocated with the H/M submerged Line 6B oil map units 

at the Ceresco Impoundment and about 62 percent of the Line 6B oil collocated with the L/N map units.  

With a total Line 6B oil volume of an estimated 5,400 gallons summed over all of the geomorphic 

settings located within its areal extent, the Ceresco Impoundment contained about 3 percent of the site-

wide estimated Line 6B oil volume.  
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Mill Ponds Impoundment 

Within the 39-acre Mill Ponds Impoundment (Appendix 3, MP 14.6 to Kalamazoo Dam), an estimated 

2,100 gallons (35 percent) of Line 6B oil occurred in areas mapped as H/M and an estimated 3,900 

gallons (65 percent) occurred in areas mapped as L/N.  The 2,100 gallons corresponds to 14 percent of all 

the Line 6B oil in H/M areas across the Line 6B oil discharge site.  The “Impoundment” geomorphic 

setting contained about 79 percent of the Line 6B oil collocated with the H/M submerged Line 6B oil map 

units at the Mill Ponds Impoundment and about 42 percent of the Line 6B oil collocated with the L/N 

map units.  With a total Line 6B oil volume of an estimated 6,000 gallons, the Mill Ponds Impoundment 

contained about 3.3 percent of the site-wide estimated Line 6B oil volume.  

Morrow Lake Delta 

Within the 150-acre Morrow Lake Delta (Appendix 3, 35th Street Bridge to Morrow Lake), an estimated 

8,300 gallons (39 percent) of Line 6B oil occurred in areas mapped as H/M and an estimated 13,200 

gallons (61 percent) occurred in areas mapped as L/N.  The 8,300 gallons corresponds to 57 percent of all 

the Line 6B oil in H/M areas across the Line 6B oil discharge site.  The “Delta” geomorphic setting 

contained about 83 percent of the Line 6B oil collocated with the H/M submerged Line 6B oil map units 

at the Morrow Lake Delta and about 47 percent of the oil collocated with the L/N map units.  With a total 

submerged Line 6B oil volume of about 21,500 gallons, the Morrow Lake Delta contained about 12 

percent of the site-wide estimated Line 6B oil volume.  

5.4  Uncertainty Reduction 

It is possible to reduce the uncertainty in the overall estimate of submerged Line 6B oil volume by 

collecting and analyzing additional sediment cores in selected sampling strata where both the magnitude 

and uncertainty of the estimate are high at present.  The uncertainty interval width is inversely 

proportional to the square root of the number of samples, so increasing the sample size from 4 to 9 

samples, for example, is expected to decrease the concentration-related uncertainty by about 33 percent.  

If some of those additional samples are paired with additional determinations of bulk density of the 

sediment, additional reduction of the overall combined uncertainty could be realized.  If the decision is 

made to collect and analyze additional cores, emphasis likely would be given also to specific sampling 

strata where, based on other, independent lines of evidence (such as February 2012 sampling results, 

sheen observations, site histories, etc.), Line 6B oil volumes were considered to be overestimated or 

underestimated.  
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Another uncertainty issue relates to the apparent presence of Line 6B oil in sediment samples from deeper 

intervals of cores collected near the downstream end of Morrow Lake. These samples show positive 

detections of Line 6B oil based on one of the two biomarker ratios used for the calculation of Line 6B oil 

concentration (ratio of TAS1 and T30).  Site information (poling results, absence of spontaneous sheen or 

globules, absence of oil recovery activities, sampling depth) suggests that samples from this area may be 

unlikely to contain Line 6B oil.  It may be useful to continue the forensic oil investigation of samples 

from this area to resolve this issue. 

6.0  SUMMARY  

Previous efforts to estimate the remaining quantity of submerged Line 6B oil were hampered by the lack 

of specific analytical procedures capable of specifically identifying Line 6B oil.  In addition, the previous 

efforts to quantify submerged Line 6B oil volume did not provide any estimate of the uncertainty 

associated with the volume estimate.  Based on recommendations from the SSCG regarding the analytical 

sampling program, statistical approach to sediment sampling location, and sample processing, and based 

on subsequent direction from U.S. EPA, Enbridge developed the 2012 CWP and during Summer 2012 

collected 102 sediment cores from the Line 6B oil discharge site to complete the submerged Line 6B oil 

quantification. 

Major advances in the revised approach included in the design of the submerged Line 6B oil 

quantification effort included (1) application of advanced, higher-resolution analytical chemistry methods 

and forensic chemical “fingerprinting” to distinguish Line 6B oil from other residual background 

hydrocarbons, (2) sediment coring locations determined using a model based on probability theory (the 

GRTS design), and (3) the stratification of the Line 6B oil discharge site into areas sharing similar 

geomorphic settings and submerged oil poling categories.   

The following nine geomorphic settings were used to stratify the discharge site for the submerged oil 

quantification: Anthropogenic Channel, Backwater, Channel Deposit, Cutoff/Oxbow, Delta, Depositional 

Bar, Impoundment, Morrow Lake, and Morrow Lake Fan. Seven of the settings had soft sediment 

designations as their dominant sediment type.  The second stratification performed was based on field-

measured patterns of submerged Line 6B oil released from discharge site sediments through the poling 

process.  An approximate determination of the relative amount of submerged Line 6B oil had been 

performed during late Spring 2012 by manually agitating (poling) bottom sediments at numerous 

locations.  After agitation, observations of oil droplets and sheen released to the water surface were 

described using previously defined oiling categories of Heavy (H), Moderate (M), Light (L), and None 
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(N).   Two further steps were taken with the stratification of site data.  First, Spring 2012 oiling category 

polygons (developed from poling results) were overlain on the geomorphic settings to create sampling 

strata polygons for unique combinations of oiling category and geomorphic setting.  Second, to support 

summary statistics calculations that were later determined to be necessary for handling non-detect results 

in the oil-concentration data for each sampling stratum, the four oiling categories were combined into two 

categories (H/M and L/N). 

Prior to field work, core locations were determined randomly within each geomorphic setting/oiling 

category or sampling stratum.  A total of 102 investigative core locations within the Line 6B discharge 

site were collected for oil fingerprinting analysis in July and August 2012.  Bulk density determinations 

were paired with 32 of the cores collected for oil fingerprinting determinations. The top 1 inch of each 

core was collected for oil fingerprinting analysis.  Additional core intervals were collected for laboratory 

analysis, with a preference given to upper stratigraphic layers of soft sediment and also any layer or 

portion of a layer that exhibited any indication of oil impact. 

Many potential sources contribute to residual background hydrocarbons in Kalamazoo River sediment, 

including nonpoint sources of coal tar, atmospheric deposition of combustion PAHs, road runoff, organic 

material from decomposed vegetation, and contributions from non-Line 6B petroleum-derived 

compounds.  Sample-specific petroleum biomarker ratios were identified with high stability and resolving 

power and used to distinguish residual background hydrocarbons from Line 6B oil.  

For the Summer 2012 oil volume quantification study, the following equation was used to estimate the 

submerged Line 6B oil volume: 

∑ 	 	 	 	 	 			 (Equation 2) 

where  

  = Volume of submerged Line 6B oil for the jth sampling stratum		

∑  = Summation over the vertical increments, i, from i = 0 to i = Dj; both oil 
concentration and increment thickness may vary by vertical increment   

C  = Concentration of oil identified to be from the Line 6B release as distinguished 

from residual background hydrocarbons for the jth sampling stratum 

  = Dry bulk density of sediment for the jth sampling stratum 

A   = Lateral extent of sampling stratum j 
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 = Thickness of a single vertical increment, i, of the cores, which does vary (at least 
at the top of the core) 

K   = Constant used for unit conversion 

  = Bulk density of weathered Line 6B oil 

To implement Equation 2 and supporting calculations, a new SOVQ spreadsheet tool was developed 

specifically for the Summer 2012 study. 

The total submerged Line 6B oil volume for the Line 6B discharge site in 2012 estimated to have been 

180,000 gallons ± 100,000 gallons, summed over all sampling strata.  Major contributions to the total 

volume come from the following strata: 

 Channel Deposit – L/N (81,000 gallons) 

 Morrow Lake – L/N (46,000 gallons) 

 Depositional Bar – L/N (11,500 gallons) 

 Morrow Lake Fan – L/N (11,000 gallons) 

These four strata are also the four largest strata (on an areal basis) in the discharge site, accounting for 

approximately 79 percent of the total area.  

Depth-averaged, submerged Line 6B oil concentrations in bottom sediment ranged from 76 mg/kg in the 

Anthropogenic Channel – L/N stratum to 1,140 mg/kg in the Depositional Bar – H/M stratum.   

Approximately 14,600 gallons (8 percent) of Line 6B oil was present in the areas mapped with the H/M 

oiling category, and approximately 165,500 gallons (92 percent) of Line 6B oil was present in the L/N 

oiling category areas.  

The Line 6B oil discharge site contains three impoundments: the Ceresco Impoundment, Mill Ponds 

Impoundment, and Morrow Lake Delta.  A set of additional estimates was prepared based on the 

sampling stratum-level results as applied to the stratified composition of each main-stem impoundment 

area of interest.  Overall results for the impoundments indicate that approximately 11,900 gallons of 

submerged Line 6B oil was present in the H/M areas of the impoundments.  The 11,900 gallons 

represents 82 percent of the site-wide total for H/M areas.  Areally standardized Line 6B oil volumes in 

the areas mapped as H/M submerged Line 6B oil were fairly consistent among the three impoundment 

areas, averaging 155 gallons/acre and ranging from 152 gallons/acre in the Morrow Lake Delta to 164 

gallons/acre in the Ceresco Impoundment. 
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Summary 
This report provides information regarding pollution from ships and port facilities; discusses 
some of the measures being implemented and considered by local, state, and federal regulatory 
agencies; discusses the efforts to strengthen Annex VI of the International Convention for the 
Prevention of Pollution from Ships (MARPOL); and describes legislation in Congress to control 
emissions from ships, as well as efforts in Congress to address the applicability of proposed EPA 
regulations to ships on the Great Lakes. 

As pollution from cars, trucks, and land-based stationary sources has been more tightly controlled 
over the last 40 years, the contribution of ships and port operations to air pollution in port cities 
has become more important. In the same period, foreign trade has grown dramatically; thus, 
pollution from shipping and port operations is growing as a percentage of total emissions. In 
many cities, ships are now among the largest sources of air pollution. As Congress and the 
Administration turn their attention to climate change, there is also a growing recognition that 
marine vessels are an important source of greenhouse gas (GHG) emissions. 

Controlling these sources of both conventional and greenhouse gas pollutants is complicated by 
the fact that most ocean-going ships are not registered in the United States and may not even 
purchase the fuel they are using here. Thus, controlling such pollution would seem to lend itself 
to an international approach. Such efforts have been slow to yield results: in 1997, the United 
States and most countries signed an international agreement known as MARPOL Annex VI, 
setting extremely modest controls on air pollution from ships, but the agreement did not enter into 
force until 2005, and the United States did not enact legislation to implement it until July 21, 
2008 (P.L. 110-280). Negotiations to strengthen Annex VI accelerated in 2008, however, and 
amendments that will strengthen its provisions have received preliminary approval. Discussions 
regarding GHG emissions have also begun, although without results to date. 

While awaiting congressional action and international agreement, the Environmental Protection 
Agency (EPA), port cities, and states have begun to act on their own. This report discusses a 
number of these efforts, including EPA measures that will require cleaner fuels and will greatly 
strengthen emission standards, and measures being implemented in California to reduce pollution 
from ships and ports. 

In the current Congress, greenhouse gas emissions from ships are addressed in H.R. 2454, the 
Waxman-Markey climate change bill. As passed by the House, the bill would direct EPA to 
establish emission standards for nonroad vehicles and engines (a category that includes ships), by 
December 31, 2012.  

In other action, Congress added a provision to the FY2010 EPA appropriation (P.L. 111-88) that 
prohibits FY2010 funds being used to implement cleaner fuel requirements as they apply to Great 
Lakes ships. Accompanying report language directs EPA to develop provisions to establish 
waivers of the low sulfur fuel requirements for Great Lakes ships if the fuel is not available or in 
cases of serious economic hardship.  
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Introduction 
Over the last 40 years, air quality in the United States has improved substantially. Since the 
passage of the Clean Air Act in 1970, annual emissions of the six most widespread (“criteria”) air 
pollutants have declined 180 million tons (59%), despite major increases in population, motor 
vehicle miles traveled, and economic activity.1 

Emissions from shipping are a major exception to these trends. Although emission controls have 
reduced pollution from new cars and trucks by more than 90%, most ocean-going ships operate 
without any pollution controls at all. New and remanufactured engines on tug boats, ferries, and 
other smaller ships are subject to emission controls beginning in 2008 and 2009, but most 
existing engines in vessels of these types remain uncontrolled. 

Pollution from ships is also affected by the fuel they use. Marine vessels other than oceangoing 
ships have been required to use cleaner fuels, but ocean-going ships generally use bunker fuel, a 
fuel that contains a high level of contaminants: the average fuel used by oceangoing ships 
contains 27,000 parts per million (ppm) sulfur, for example—almost 2,000 times as much as 
would be allowed in trucks operating on U.S. roads. 

In the Los Angeles-Long Beach area—which is both the nation’s busiest port2 and the nation’s 
most polluted area3—the problem is particularly acute. According to the South Coast [L.A.-Long 
Beach] Air Quality Management District (AQMD): 

• Oceangoing vessels are among the largest sources of nitrogen oxides (NOx) in 
the area, emitting more NOx than all power plants and refineries in the South 
Coast air basin combined. NOx reacts with volatile organic compounds in the 
atmosphere to produce ozone/smog. 

• 70% of the area’s emissions of sulfur dioxide (SO2) come from ships. These 
emissions need to be cut by over 90%, according to the AQMD, if the area is to 
attain the national air quality standard for particulates by the 2014 deadline. 

• Particulates from marine vessels also create significant cancer risks; more than 
700 premature deaths are caused in the Los Angeles area annually by these 
emissions, according to the AQMD.4  

                                                             
1 See U.S. EPA, “Air Emissions Summary Through 2005,” at http://www.epa.gov/air/airtrends/2006/
emissions_summary_2005.html, updated with data from 2008 in U.S. EPA, “Air Quality Trends,” at 
http://www.epa.gov/airtrends/aqtrends.html#comparison. The six criteria pollutants are ozone, particulate matter, 
carbon monoxide, sulfur dioxide, nitrogen oxides, and lead. 
2 According to the Wall Street Journal, Los Angeles and Long Beach ranked number 1 and number 2 in the value of 
cargo handled, with a combined total exceeding $248.5 billion in 2003-2004. The port of New York and New Jersey 
ranked third with $132.4 billion. See “The Busiest U.S. Ports,” March 9, 2006, at http://americanfuture.net/?p=1447. 
3 The Los Angeles South Coast Air Basin is the only area that EPA considers to be a “Severe 17” nonattainment area 
for ozone. The area also has the highest readings in the country for fine particulates (PM2.5), and is among only 8 areas 
classified as “Serious” nonattainment areas for larger particles (PM10). See U.S. EPA, “Green Book,” at 
http://www.epa.gov/oar/oaqps/greenbk/index.html. 
4 See testimony of Barry R. Wallerstein, Executive Officer, South Coast Air Quality Management District, at 
“Legislative Hearing on the Marine Vessel Emissions Reduction Act of 2007, S. 1499,” U.S. Senate, Committee on 
Environment and Public Works, February 14, 2008, p. 1. 



 

CRS-2 

Figure 1. U.S. Ports and Nonattainment Areas 

 
Source: U.S. EPA, March 2009. Nonattainment areas are areas are areas where concentrations of pollution exceed National Ambient Air Quality Standards. Ozone and 
PM2.5 are the pollutants that most commonly exceed the standards. PM2.5 refers to particulate matter with a diameter less than or equal to 2.5 micrometers, often referred 
to as “fine particles.” 
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While the Los Angeles-Long Beach area may be the most extreme example, the problem is not 
limited to L.A. or to California. According to the Environmental Protection Agency (EPA), more 
than 40 U.S. ports nationwide are located in “nonattainment” areas5 for ozone, fine particulates, 
or both (Figure 1).6 In addition, according to EPA, “... the problem is not limited to port areas 
alone. Santa Barbara County, which has no commercial ports, estimates that by 2020, 67 percent 
of its NOx inventory will come from shipping traffic transiting the California coast.... ”7 

Oceangoing ships are perhaps the largest source of port emissions, but they are not the only 
source. Ports make use of tug boats to guide ships entering and leaving the harbor. Ports make 
connections to land-based transportation networks, such as railroads, and they generally operate 
large truck terminals. Ships at rest in the port need a source of power, which often comes from 
running auxiliary engines. And, in many cases, a harbor is served by substantial local boat or 
barge traffic, sometimes including ferry service. Thus, addressing the sources of pollution in a 
port may require a multi-faceted approach. 

MARPOL Annex VI 
Pollution from ships (not only air pollution, but pollution of all kinds) is governed by the 
International Convention for the Prevention of Pollution from Ships, first negotiated through the 
International Maritime Organization (IMO) in 1973. The Convention, known as MARPOL (for 
“MARine POLlution”) 73/78 (the dates referring to the 1973 Convention and its 1978 
amendments), applies to all ships of the flag states that have ratified it. About 150 countries, 
representing over 98.7% of world shipping tonnage, have done so. The Convention also applies to 
ships of non-signatory states while they are operating in waters under the jurisdiction of parties to 
MARPOL. Six annexes to MARPOL 73/78 cover various sources of pollution from ships (oil, 
noxious liquids, sewage, garbage, etc.) and provide an overarching framework for 
implementation. 

Provisions of Annex VI 
Annex VI of the Convention, which was adopted in 1997 but did not enter into force until 2005, 
addresses the Prevention of Air Pollution from Ships. In its 1997 form, the annex represented a 
small first step toward controlling such pollution, particularly if one compares it to pollution 
controls that the United States and other developed countries impose on land-based sources. 
Annex VI: 

• limits the sulfur content of the fuel used in oceangoing ships (bunker fuel) to 
4.5% (45,000 parts per million (ppm)). By comparison, highway diesel fuel in the 
United States is limited to 15 ppm; 

                                                             
5 That is, areas where air quality is worse than the health-based standard for ozone, particulates, or both. 
6 Testimony of Bryan Wood-Thomas, U.S. EPA, Office of Transportation and Air Quality, at “Legislative Hearing on 
the Marine Vessel Emissions Reduction Act of 2007, S. 1499,” U.S. Senate, Committee on Environment and Public 
Works, February 14, 2008, p. 2. 
7 Ibid. 
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• allows special sulfur oxide (SOx) Emission Control Areas (currently the Baltic 
Sea, the North Sea, and the English Channel), where the sulfur content of fuel is 
limited to 1.5% (15,000 ppm) or SOx emissions are limited; 

• limits NOx emissions from new engines and engines that have undergone major 
conversions to a range of 9.8-17.0 grams per kilowatt-hour (g/kwh), depending 
on the rated engine speed. By comparison, power plants in the eastern United 
States are limited to 0.45-0.73 g/kwh; 

• allows the regulation of emissions of volatile organic compounds (VOCs) from 
tankers by parties to Annex VI in their ports and terminals; 

• prohibits emissions of ozone-depleting substances; 

• prohibits the incineration on ships of polychlorinated biphenyls (PCBs, a class of 
toxic chemicals widely used in electrical transformers until the 1970s). In the 
United States, PCB production and use were banned in 1976, and disposal has 
been strictly regulated since then; and 

• prohibits the incineration of garbage containing more than traces of heavy metals 
and of refined petroleum products containing halogen compounds. 

Implementing Legislation (P.L. 110-280) 
• The United States is a party to MARPOL 73/78 and most of its annexes, but did 

not enact legislation to implement Annex VI until the summer of 2008. The 
Senate gave its consent to ratification of Annex VI on April 7, 2006,8 but 
Congress needed to enact implementing legislation before the United States 
could submit the instrument of ratification. The House passed H.R. 802 to 
implement the annex on March 26, 2007. The Senate passed the bill, with an 
amendment, June 26, 2008, and the House agreed to the Senate amendment July 
8, 2008. The President signed the bill July 21, 2008 (P.L. 110-280). 

The Annex VI standards apply to: any oceangoing vessel that is registered in the United States; 
ships of any registry in ports, shipyards, terminals, or the internal waters of the United States; 
ships of any registry bound for or departing from the United States, while they are located in the 
navigable waters of the United States or designated emission control areas; and ships bearing the 
flag of any country that has ratified Annex VI traveling through U.S. waters or designated 
emission control areas, even if they are not bound for or departing from a U.S. destination. To the 
extent consistent with international law, the Annex also applies to any other ship in the U.S. 
exclusive economic zone. 

Amendments to Annex VI 
The United States has participated in negotiations to strengthen Annex VI, and more stringent 
limits on both fuels and emissions were approved by the IMO, October 10, 2008: 

                                                             
8 The Senate consented to ratification through Treaty Document 108-7. 
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• The new limits cut the allowable sulfur content of bunker fuel to 3.5% (35,000 
ppm) starting January 1, 2012, with a further drop to 0.5% (5,000 ppm) on 
January 1, 2020. This provision will have little effect prior to 2020, since bunker 
fuel currently averages 27,000 ppm sulfur, substantially cleaner than the 2012 
requirements.  

• New limits will also apply in Sulfur Emission Control Areas—currently the 
Baltic Sea, North Sea, and English Channel, but potentially including other areas. 
Sulfur content in those areas, currently capped at 1.5% (15,000 ppm), will be 
capped at 1.0% (10,000 ppm) effective July 1, 2010, and 0.10% (1,000 ppm) 
effective January 1, 2015. 

• IMO also agreed to reductions in nitrogen oxide (NOx) emissions from marine 
engines, with the new standards to be phased in. For engines installed on ships 
constructed after January 1, 2011, but before 2016, NOx limits would be reduced 
about 20% to a range of 7.7 to 14.4 grams per kilowatt-hour, depending on the 
rated engine speed. For engines installed on ships constructed after January 1, 
2016, the limits would be reduced about 80%, to a range of 2.0 to 3.4 g/kWh 
while ships are operating in designated emission control areas. Outside emission 
control areas, the prior limit (7.7 to 14.4 g/kWh) would apply.9 

EPA Regulations for Ocean-Going Ships 
Before Congress enacted the Annex VI implementing legislation in 2008, EPA had already 
promulgated regulations under the Clean Air Act that were as stringent as the 1997 Annex VI 
standards, and shipping companies were already generally meeting the standards. In addition, the 
agency has promulgated standards for smaller engines.  

EPA groups ship engines in three categories. The largest of these engines—the main engines on 
oceangoing ships—are diesel engines with a per-cylinder displacement at or above 30 liters. 
These are referred to as “Category 3” or “C3” engines. Category 1 and 2 engines (those smaller 
than 7 liters per cylinder, and those from 7 to 30 liters per cylinder, respectively), are used in 
boats or smaller ships—tugs, ferries, some Great Lakes freighters, fishing boats, and recreational 
boats, for example. 

Category 3 Engines and Fuels 

EPA began addressing emissions from Category 3 engines about a decade ago, and two steps the 
agency took in 2009 will significantly strengthen its regulations. But it is important to bear three 
factors in mind, as one considers the potential impact of the new regulations. First, the new EPA 
emission standards will only apply to engines installed on vessels flagged or registered in the 
United States. In 2007, only 6.7% of the world’s ocean-going ships (and only 1.2%, if measured 
by carrying capacity) were registered in the United States.10 Thus, EPA’s emission standards for 
                                                             
9 “International Maritime Panel Sets Limits on Ships’ Sulfur, Nitrogen Oxide Emissions,” Daily Environment Report, 
October 14, 2008, p. A-6. For a copy of Annex VI as revised by the October 10, 2008 agreement, see the IMO website 
at http://www.imo.org/includes/blastDataOnly.asp/data_id%3D23760/176%2858%29.pdf. 
10 United Nations Conference on Trade and Development, Review of Maritime Transport 2007, p. 36, at 
http://www.unctad.org/en/docs/rmt2007_en.pdf. 
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C3 engines by themselves (i.e., apart from the similar Annex VI rules) will have little effect on 
the overall level of pollution from ocean-going ships. Second, when the more stringent 
requirements do take effect, they will apply only to new and remanufactured engines, so 
improvements resulting from the standards will be gradual. Third, EPA will be able to achieve 
more substantial emission reductions through standards for marine fuel. These will affect 
emissions from both new and existing engines, and from both U.S.- and foreign-flagged ships. 
The new C3 standards will require substantially cleaner fuel, a point to which we will return after 
describing the existing and proposed rules in more detail. 

Current C3 engine standards were promulgated February 28, 2003, and went into effect in 2004.11 
These standards mirrored the relatively lenient requirements of Annex VI, adopted by the IMO in 
1997. In October 1999, EPA also established a voluntary certification program so that engine 
manufacturers could show that their new engines were compliant with Annex VI. EPA believes 
that all marine Category 3 diesel engines sold in the United States since January 1, 2000, have 
met Annex VI requirements.  

When the 2003 standards were promulgated, EPA set itself a deadline of April 2007 to 
promulgate stronger standards for C3 engines. EPA subsequently reset this deadline to December 
2009: the Administrator signed new regulations December 18. Thus, 2009 has seen several 
developments that will strengthen emission standards for ships and expand the use of cleaner 
fuels. The new standards are in line with the Annex VI amendments that were negotiated in 2008. 
EPA has also proposed to add U.S. waters to those areas designated as Emission Control Areas 
under the annex. Specifically: 

• On March 27, 2009, EPA proposed that the entire U.S. coastline except portions 
of Alaska be designated by the IMO as an Emission Control Area (ECA), subject 
to the lower sulfur limits in bunker fuel discussed above. As shown in Figure 2, 
the proposed ECA includes the entire coastline of the contiguous 48 states, 
Southeastern Alaska, and the main Hawaiian Islands, extending to a distance of 
200 nautical miles from shore. EPA anticipates that this amendment will be 
adopted at the next IMO Marine Environment Protection Committee meeting 
(MEPC 60) which is scheduled for March 2010. Adoption of the ECA will set 
sulfur limits of 10,000 ppm as early as August 2012, and 1,000 ppm effective 
January 1, 2015. 

• On July 1, 2009, EPA proposed regulations that will strengthen emission 
standards for new C3 marine engines and will implement the low sulfur fuel 
requirements that apply in ECAs starting in 2015. These regulations were 
finalized, with relatively minor changes on December 18, 2009.12 New marine 
engines will be required to meet these standards in two phases: Tier 2, which 
would apply to new engines beginning in 2011, would require “more efficient use 
of current engine technologies, including engine timing, engine cooling, and 
advanced computer controls,” resulting in a 15% to 25% reduction in NOx 
emissions, compared to Tier 1 standards; Tier 3, effective in 2016, would reduce 

                                                             
11 68 Federal Register 9746, February 28, 2003. 
12 The proposal appeared in the Federal Register August 28, 2009: “Control of Emissions from New Marine 
Compression-Ignition Engines at or Above 30 Liters per Cylinder,” 74 Federal Register 44442. The final regulations 
had not yet appeared in the Federal Register as of this writing, but a pre-publication copy, as signed by the 
Administrator on December 18, can be found at http://www.epa.gov/otaq/oceanvessels.htm#regs. 
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NOx emissions from new engines 80% below current standards through the 
application of aftertreatment technology such as selective catalytic reduction 
(SCR), a technology now widely used at electric power plants. 

Figure 2. Area Proposed for Emission Control Area (ECA) Designation 

 
Source: U.S. EPA 

Reaction to the New Standards 

In general, the Category 3 engine standards and the ECA proposal have been supported by the 
shipping industry and by environmental groups.13 The World Shipping Council (WSC), whose 
member companies carry over 90% of the United States’ international containerized ocean cargo, 
in its comments on the C3 standards, stated, “... the WSC and its members fully support the 
proposal to codify and adopt these standards as proposed in the current rulemaking,” although 
they went on to suggest a number of clarifications and technical improvements.14 Regarding the 
ECA proposal, a spokesman for the Pacific Marine Shipping Association was quoted as saying, 
“We've been waiting for this a long time. We're pleased to see everything moving forward as 
planned.”15  

                                                             
13 See “Industry, Environmental Groups Offer Praise for EPA Proposal to Limit Ship Emissions,” Daily Environment 
Report, August 5, 2009, p. A-5. Also see “U.S., Canada Propose Areas for Large Cuts in Emissions from Oceangoing 
Ships,” Daily Environment Report, March 31, 2009, p. A-5. 
14 See “Comments of the World Shipping Council Submitted on September 28, 2009 to the U.S. Environmental 
Protection Agency in the Matter of Proposed Rule, Control of Emissions from New Marine Compression-Ignition 
Engines at or Above 30 Liters per Cylinder,” Docket Number: EPA-HQ-OAR-2007-0121, at 
http://www.regulations.gov/search/Regs/home.html#docketDetail?R=EPA-HQ-OAR-2007-0121. 
15 T.L. Garrett, Vice President, Pacific Marine Shipping Association, as quoted in “U.S., Canada Propose Areas for 
Large Cuts in Emissions from Oceangoing Ships,” Daily Environment Report, March 31, 2009, p. A-5. 
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The Clean Air Task Force, and 34 other environmental organizations stated, “EPA’s proposed C3 
Marine Engine rule is a substantial step in the right direction.”16 They would have liked to see the 
proposed emission standards strengthened to cover all new ships travelling in U.S. waters, no 
matter where they are registered, and would have liked stronger standards for NOx and 
particulate matter from the existing fleet of ships. Environmental groups also support the 
ECA/fuel sulfur proposal, although they would like to see it expanded to include Alaska’s Arctic 
waters. 

Costs and Benefits of the Proposed Standards 

EPA estimates that the benefits of its new regulations for C3 engines and fuel will outweigh the 
costs by at least 30 to 1. The benefits include annually preventing between 12,000 and 31,000 
premature deaths, 1,500,000 work days lost, and 9,600,000 minor restricted activity days, which 
the agency values at between $99 billion and $270 billion annually.17 The reductions in pollution, 
shown in Figure 3, are greatest near the coasts, but more modest reductions would extend a 
substantial distance inland, according to EPA modeling. 

The agency’s estimated cost of the proposals is approximately $1.85 billion in 2020, increasing to 
$3.11 billion in 2030. Of the 2020 costs, nearly 89% are attributable to the use of lower-sulfur 
fuel in the proposed ECA. These costs are substantial, but they will be spread over such a huge 
volume of traded goods that they may be little noticed. According to the agency: 

These costs are expected to be completely passed on to the consumers of ocean 
transportation. The impacts of these costs on society are estimated to be minimal, resulting in 
a small increase in the goods transported. For example, EPA estimates it will result in an 
increase of about $0.01 for a pair of tennis shoes, and about $0.03 for a bushel of grain.18 

Great Lakes Ships 

Perhaps the most controversial aspect of the ECA and Category 3 rules was their proposed 
application to the large ships that ply the Great Lakes. The Great Lakes would be included in the 
proposed ECA and, therefore, ships operating on the lakes would be required to burn low sulfur 
fuels under the ECA proposal.  

More than 100 U.S.- and Canadian-flagged cargo ships operate on the Great Lakes. These ships 
generally carry bulk cargoes, including iron ore, coal, limestone, agricultural products, and rock 
salt. The associations that represent the U.S. and Canadian ship owners estimate that they carry as 
much as 150 million tons of cargo annually.19  

                                                             
16 Clean Air Task Force et al., “Comments on Proposed Large Marine Diesel Engine Rule,” September 28, 2009, p. 30, 
Docket Number: EPA-HQ-OAR-2007-0121at http://www.regulations.gov/search/Regs/home.html#documentDetail?R=
0900006480a3df87. 
17 U.S. EPA, “Regulatory Announcement: EPA Proposal for Control of Emissions from New Marine Compression-
Ignition Engines at or Above 30 Liters Per Cylinder,” June 2009, at http://www.epa.gov/otaq/regs/nonroad/marine/ci/
420f09029.htm#4. 
18 U.S. EPA, Office of Transportation and Air Quality, “EPA Proposal for Control of Emissions from New Marine 
Compression-Ignition Engines at or Above 30 Liters Per Cylinder,” Fact Sheet, p. 4, at http://www.epa.gov/otaq/regs/
nonroad/marine/ci/420f09029.pdf. 
19 The Lake Carriers’ Association represents 18 American companies that operate 55 vessels on the Great Lakes. These 
(continued...) 
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Figure 3. Potential Ambient Reductions of Fine Particulates (PM2.5) from Proposed 
U.S. ECA, in 2020 

 
Source: U.S. EPA 

Many of these ships are old. The Lake Carriers’ Association (LCA) identified one U.S.-flagged 
vessel built in 1906 and 17 others built between 1929 and 1960 that are still in operation. Thirteen 
of these ships have powerplants that were designed to burn heavy residual fuel. According to the 
LCA,  

It is theoretically possible to switch the fuel supply system for the boilers to distillate fuel. 
However, it would require modifications including new fuel pumps, bypass of the fuel 
heating systems, new burners and burner tips, and possibly new air diffusers. A number of 
upgrades to the automation system would also have to have been done to ensure the proper 
air to fuel ratio and that the fuel cut off valves are sufficient to ensure that absolutely no 
diesel fuel enters the boiler in the off position.20 

                                                             

(...continued) 

vessels can carry as much as 115 million tons of cargo in a given year, according to the association. The Canadian 
Shipowners Association represents the owners of 68 Canadian vessels with an annual volume of over 62 million metric 
tons in 2008, slightly more than half of which were carried between Canada and the United States. See their respective 
comments on the proposed Category 3 rule at http://www.regulations.gov, Docket Number: EPA-HQ-OAR-2007-0121. 
20 Comments of the Lake Carriers’ Association on the proposed Category 3 rule, September 28, 2009, p. 4, at 
http://www.regulations.gov/search/Regs/home.html#documentDetail?R=0900006480a3e004. 
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LCA estimated the cost of converting these 13 steamers’ powerplants to run on diesel fuel or of 
converting them to self-unloading barges powered by tugs to be $20 million to $27 million each. 
Another 13 vessels were identified by LCA as facing significant impacts because of higher fuel 
prices, even though they are able to safely burn low sulfur distillate fuel.  

The case made by the Lake Carriers Association and other industry commenters that older Great 
Lakes ships will face significant impacts appears not to have been considered by EPA when it 
proposed the ECA and C3 regulations. The Category 3 Regulatory Impact Analysis did indicate, 
however, that switching from residual fuel to lower sulfur distillate would increase costs borne by 
shipping companies $145 per tonne of fuel, or 44%.21 For ocean-going ships, this cost increase is 
not as great as it might seem, since they operate in an ECA only a small percentage of the time 
and can burn dirtier fuel outside of ECAs. Great Lakes ships, however, operate in the proposed 
ECA 100% of the time, and thus would face a greater increase in costs.22 

The Great Lakes shipping companies made a sufficiently persuasive case that Congress addressed 
their concerns. Section 442 of H.R. 2996, the FY2010 appropriations for Interior, Environment, 
and Related Agencies, signed by the President, October 30, 2009 (P.L. 111-88), provides that:  

None of the funds made available for the Environmental Protection Agency in this Act may 
be expended by the Administrator of the Environmental Protection Agency to issue a final 
rule that includes fuel sulfur standards applicable to existing steamships that operate 
exclusively within the Great Lakes, and their connecting and tributary waters. 

This prohibition applies only to the period covered by the appropriation, i.e., FY2010. But 
language in the accompanying Conference Report (H.Rept. 111-316), states that EPA has received 
comments detailing significant negative economic impacts for carriers that operate Category 3 
engine vessels exclusively within the Great Lakes, and the report adds: 

Because of these economic impacts, EPA should include waiver provisions similar to those 
in other EPA rules in the final rule—one to waive the 10,000 ppm sulfur standard for Great 
Lakes Category 3 diesel engine vessels that burn residual fuel if EPA determines that 10,000 
ppm residual fuel is not available; and one to waive fuel requirements for an owner/operator 
of a Great Lakes Category 3 diesel engine vessel based upon a showing of serious economic 
hardship. It is important that EPA structure such a waiver provision similar to the other fuels 
rules, where parties can apply for and receive a waiver in sufficient time prior to the 
implementation of the requirements. Finally, EPA should perform a study and issue a report 

                                                             
21 U.S. EPA, Office of Transportation and Air Quality, “Draft Regulatory Impact Analysis: Control of Emissions of Air 
Pollution from Category 3 Marine Diesel Engines,” June 2009, p. 5-58, available at http://www.epa.gov/otaq/regs/
nonroad/marine/ci/420d09002.pdf. The RIA found no substantial increase, however, for ships switching from distillate 
fuel to lower sulfur distillate fuel. For this group, the additional fuel cost was less than $1.00 per barrel, about 2 cents a 
gallon. 
22 How this cost increase would affect the shipping companies and their customers is a different question. The ships 
have a large cost advantage over other modes of transportation because they use significantly less fuel per ton-mile: 
according to the Army Corps of Engineers, Great Lakes carriers use 90% less fuel per ton-mile than trucks, and 66% 
less than trains. The Corps estimated that Great Lakes shipping annually saves its customers $3.6 billion in 
transportation costs compared to the next least expensive mode of transportation. Furthermore, the low sulfur fuel 
requirements for shipping companies are not happening in a vacuum. Both trucks and trains also face lower sulfur fuel 
requirements: in both cases, the sulfur limit will be 15 parts per million, as compared to the 1,000 ppm allowed on ships 
in the proposed ECA. Thus, although Great Lakes ships would undoubtedly incur costs to comply with the C3 and 
ECA proposals, higher costs would not necessarily eliminate the huge cost advantage they hold over competing modes 
of transportation. Rather, the impacts on them will depend on the degree to which they can pass on higher costs to their 
customers and the ability of those customers to do the same, a question that was not analyzed in EPA’s RIA. 
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within six months that evaluates the economic impact of the final rule on Great Lakes 
carriers.23 

The final C3 rule provides the two Great Lakes waivers discussed in the report language. 

Category 1 and 2 Engines 
Category 1 and 2 engines (those smaller than 7 liters per cylinder, and those from 7 to 30 liters 
per cylinder, respectively), are used in boats or ships that operate in U.S. waters—tugs, ferries, 
smaller Great Lakes freighters, fishing boats, and recreational boats, for example—virtually all of 
which are registered in the United States. While smaller than Category 3 engines, these engines 
are still rather large: they generate at least 800 horsepower.  

EPA is further along in regulating the emissions of these categories, as compared to Category 3. 
Regulations that will reduce emissions of NOx from new or remanufactured engines by 24% and 
emissions of particulates by 12% when fully implemented, were promulgated in 1999 and began 
taking effect between 2004 and 2007. More stringent standards were promulgated May 6, 2008, 
and will take effect between now and 2014.24 The final 2014 standards will require ultra low 
sulfur diesel fuel (15 ppm sulfur) and high efficiency catalytic emission controls capable of 
reducing particulate matter emissions by 90% and NOx emissions by 80%, along with “sizeable 
reductions” of hydrocarbon, carbon monoxide, and air toxic emissions, according to EPA.25 

As with the new Category 3 regulations, EPA estimates that benefits of the May 2008 rule will 
substantially exceed the costs of compliance – in this case, by a figure of at least 9 to 1. The 
principal benefits that the agency estimated are health benefits: a reduction of between 1,150 and 
1,400 premature deaths, 120,000 work days lost, and approximately 1,000,000 minor restricted-
activity days annually. The agency estimates that these benefits will be worth between $8.4 
billion and $11 billion in 2030, whereas the annual social costs will be approximately $740 
million in that year. The impact of these costs on society is expected to be manageable, with the 
price of marine transportation services estimated to increase by about 1.1%.26 

California Emission Reduction Measures 
California, being more adversely affected than most other areas, has also played a leadership role 
in identifying and implementing emission reduction measures applicable to shipping. The state 
has focused on port activities, in addition to fuel and emission standards for marine vessels. 
California’s measures fall into four categories: (1) requiring the use of lower sulfur fuel; (2) 
requiring emission controls on harbor vessels and shore-side equipment; (3) providing alternative 

                                                             
23 U.S. Congress, House, “Department of the Interior, Environment, and Related Agencies Appropriations Act, 2010,” 
Conference Report to Accompany H.R. 2996, October 28, 2009, pp. 109-110. 
24 73 Federal Register 25097, May 6, 2008. 
25 For information, see U.S. EPA, Office of Transportation and Air Quality, “Diesel Boats and Ships,” at 
http://www.epa.gov/oms/marine.htm. 
26 For additional information, see the EPA Regulatory Impact Analysis at http://www.epa.gov/otaq/regs/nonroad/
420r08001a.pdf. 
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(electric) power to ships while they are docked at marine terminals; and (4) providing grants for 
the re-powering of harbor craft and short-haul trucks with cleaner engines. 

Low Sulfur Fuels 

The California Air Resources Board (CARB), at a July 24, 2008, meeting, approved regulations 
that required both U.S.- and foreign-flagged vessels sailing within 24 miles of its coast to use low 
sulfur fuels in both main and auxiliary engines beginning July 1, 2009. Compliant fuels are 
marine diesel oil with 5,000 ppm or less sulfur or marine gas oil with 15,000 ppm or less sulfur. 
In January 2012, sulfur in both types of fuel will be limited to 1,000 ppm. The rules replace low 
sulfur fuel requirements that the state implemented in 2007, but which were overturned by the 
U.S. Court of Appeals for the Ninth Circuit in February 2008.27 The original rules would have set 
a 1,000 ppm limit two years earlier, in 2010. 

Emission Controls 

California has, in general, led the nation in imposing more stringent requirements on diesel 
engines. In addition, the ports of Los Angeles and Long Beach have developed procedures to 
require that trucks serving the ports will be replaced by newer, less-emitting models. According to 
a description of the ports’ plan: 

... all pre-1989 trucks will be barred from entering the ports’ terminals beginning Oct. 1 
[2008]. Effective Jan. 1, 2010, all 1989-1993 trucks and any 1994-2003 trucks without 
certified pollution control equipment will be banned. By Jan. 1, 2012, all trucks entering the 
port must meet the 2007 federal standard for heavy-duty diesel trucks.... 

A $35 gate fee for each 20-foot container unit that passes through the port will generate 
funds to help underwrite subsidies to upgrade and replace trucks.28 

The Port of Los Angeles estimates that truck emissions have been reduced about 70% since 
October 1, 2008, as a result of these requirements.29 

In addition, CARB has adopted regulations for harbor craft, including ferries, tugboats, and tow 
boats, which will require the replacement of unregulated engines beginning in 2009, and will 

                                                             
27 Pacific Merchant Marine Ass’n v. Goldstene, 517 F.3d 1108 (9th Cir. 2008). The court held that the state’s Marine 
Vessel Rules were preempted by the federal Clean Air Act because the regulations set emission standards for marine 
engines without California having received a waiver from EPA to do so. California has since asked EPA for a waiver to 
enforce the original rules, in addition to developing the rules applying only to fuels. If the waiver is granted, the 
original (2007) requirements would be enforced. See “California Air Board Seeks Federal Waiver to Enforce Ship 
Auxiliary Engine Rules,” Daily Environment Report, May 13, 2008, p. A-1. See also, CARB, “Advisory on Plans to 
Implement a Proposed ARB Regulation on Fuel Sulfur and Other Operational Requirements for Ocean-Going 
Vessels,” October 2008, at http://www.arb.ca.gov/ports/marinevess/documents/advisory1008.pdf. 
28 “Los Angeles Harbor Commission Approves Program to Replace Older Diesel Trucks,” Daily Environment Report, 
March 24, 2008, p. A-9. 
29 “January 1, 2010 Truck Restrictions Will Bring More Clean Trucks to Port of Los Angeles, Continue to Reduce 
Harmful Air Emissions,” Port of Los Angeles News Release, December 4, 2009, at http://www.portoflosangeles.org/
newsroom/2009_releases/news_120409_ctp_truck_ban.asp. 
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accelerate the adoption of EPA’s Category 1 and Category 2 marine engine pollution controls. 
These rules became effective November 19, 2008.30 

Alternative Power 

In June 2004, the Port of Los Angeles opened the world’s first Alternative Maritime Power 
(AMP) terminal for container ships, where cargo ships can plug in to power instead of operating 
auxiliary engines to generate electricity while at berth. The electrification project was the result of 
a lawsuit brought by the Natural Resources Defense Council and other groups, who sued the city 
claiming it failed to fully weigh air quality and other environmental impacts of a new container 
terminal. As a result of the suit, a state appeals court halted work on the terminal in October 2002, 
and Los Angeles subsequently agreed to electrify the terminal to cut diesel emissions while ships 
are at docks, among other measures.31 A second terminal was outfitted with AMP capability in 
2005. To encourage shippers to use the AMP facilities, in December 2004, the Los Angeles Board 
of Harbor Commissioners passed a policy resolution to help each existing Port customer 
underwrite the cost of building or retrofitting their first container or cruise ship to run on 
electrical power when docked, a cost estimated at $320,000-$830,000 per vessel.32 Cruise ship 
terminals in San Francisco and Seattle are also implementing AMP, and CARB obtained final 
approval of regulations to require the use of AMP at the state’s six largest ports, in December 
2008.33 

Grants 

CARB, the Ports of Los Angeles and Long Beach, and the South Coast Air Quality Management 
District also intend to provide substantial amounts of financial support for the replacement of 
older, high-emitting engines and the conversion to lower emitting power sources. CARB awarded 
$247 million in FY2007-FY2008 funds for “goods movement emission reduction” projects (about 
$137 million of which was designated for ports); another $250 million was appropriated in 
FY2008-FY2009, and a third cycle of $250 million was appropriated in the FY2009-FY2010 
state budget. According to CARB, most requests for the funds came from trucking companies, 
which would replace older engines or trucks with new models that reduce emissions as much as 
90%.34  

                                                             
30 Information on these regulations can be found at http://www.arb.ca.gov/regact/2007/chc07/chc07.htm. 
31 Natural Resources Defense Council v. City of Los Angeles, 126 Cal. Rptr. 2d 615 (Cal. App. 2002). 
32 See Port of Los Angeles, “Alternative Marine Power,” at http://www.portoflosangeles.org/environment/
alt_maritime_power.asp. Also see “Alternative Maritime Power “Off and Running,” presented by Eric Caris, at 
http://www.ffca2006.com/documents/presentations/marine/Eric%20Caris.pdf. 
33 See California Air Resources Board, “Rulemaking to Consider Adoption of Proposed Regulations to Reduce 
Emissions from Diesel Auxiliary Engines on Ocean-Going Vessels While at Berth at a California Port,” at 
http://www.arb.ca.gov/regact/2007/shorepwr07/shorepwr07.htm. The December 2008 regulation will require container 
vessels, passenger vessels, and reefers (refrigerated ships for perishable cargo) to reduce on-board power generation 
50% by 2014, 70% by 2017, and 80% by 2020. Tankers, vehicle carriers, and bulk and general cargo ships are not 
affected by the regulation. 
34 See CARB, “Emissions Reduction Plan for Ports and Goods Movement in California: Update on Implementation,” 
Staff Presentation, Air Resources Board Meeting , Oakland, CA, April 24, 2008 at ftp://ftp.arb.ca.gov/carbis/board/
books/2008/042408/08-4-7pres.pdf. 
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In February 2009, CARB noted that state funding for bond programs had been suspended, 
pending “effective resolution of the current fiscal year budget crisis and a restoration of the state’s 
ability to access the bond market.” This affected FY2007-FY2008 funds awarded to local 
agencies under the Goods Movement Program, as well as the FY2008-FY2009 funds that had not 
yet been awarded.35 Some funding has since been freed up, but a Department of Finance directive 
prohibited CARB from making allocations for the second and third installments ($250 million 
each) appropriated for this program.  

In addition to the CARB funding, the ports of Los Angeles and Long Beach, as noted earlier, will 
provide subsidies for truck and engine replacement from a fund generated by a $35 to $70 per 
container fee. The grants will provide $20,000 for the cost of each truck compliant with EPA’s 
2007 emission standards used by port concessionaires. The ports began distributing $44 million in 
incentive checks in December 2008, for the first 2,200 low-emission trucks purchased under the 
program.36  

These grants have also experienced funding problems. The per-container fees that are to fund the 
system were to have been collected beginning in November 2008, but implementation was 
delayed by the Federal Maritime Commission (FMC), which maintained that the ports’ program 
(referred to as the PortCheck Agreement) is anti-competitive and interferes with interstate 
commerce. FMC delayed implementation of the fees by requiring two 45-day review periods. 
These actions delayed the start of fee collection until February 18, 2009.37 

The Port of Los Angeles is also collaborating with the South Coast Air Quality Management 
District to provide up to $100,000 for each natural gas (LNG or CNG) truck purchased by port 
concessionaires and up to 80% of the cost of electric trucks. This has led to the purchase of more 
than 400 alternate fuel trucks. About 8.5% of the cargo moves at the port were being made by 
these alternative fuel trucks as of October 2009.38 

Besides state and local funding, U.S. EPA has become a source of funds for diesel emission 
reductions at ports. The stimulus package (the American Recovery and Reinvestment Act of 
2009, P.L. 111-5) contained $300 million for diesel emission reduction grants. This money may 
be used for purposes authorized under Title VII, Subtitle G of the Energy Policy Act of 2005 (P.L. 
109-58), including retrofit of diesel trucks, marine engines, and cargo handling equipment, not 
only in California, but in other states as well. Of the first $156 million awarded, at least $29 

                                                             
35 Although funds are appropriated to ARB as part of the state’s budget process, ARB must obtain the cash through the 
Pooled Money Investment Board. See CARB, “Prop 1B/Goods Movement Update” (e-mail to listserve on February 4, 
2009), at http://www.arb.ca.gov/bonds/gmbond/docs/2_4_2009_email_update_to_listserv.pdf. Additional information 
was provided on July 1 at http://www.arb.ca.gov/bonds/gmbond/docs/july_2009_semi_annual_report_to_dof.pdf. 
36 “Port of Los Angeles Begins Estimated $44 Million Pay-Out Process to Clean Truck Program Concessionaires that 
Applied for Port’s 2007-Compliant Incentive Program,” Press Release, December 23, 2008, at 
http://www.portoflosangeles.org/environment/ctp.asp. 
37 Trucking interests also sued the ports to prevent implementation of PortCheck, focusing on the mechanism it uses 
(i.e., its requirement that truckers be concessionaires of the ports and submit to numerous administrative, financial, 
training, maintenance, and insurance requirements, in addition to using cleaner trucks). See American Trucking Ass'ns 
Inc. v. City of Los Angeles, C.D. Cal., No. 08-4920. In April 2009, the U.S. District Court for the Central District of 
California blocked the ports of Los Angeles and Long Beach from enforcing the concessionaire requirements of the 
PortCheck program on the grounds that they interfered with interstate commerce. The Port of Long Beach subsequently 
settled with the trucking associations. See “Port of Long Beach, Calif., Settles Lawsuit Over Clean-Truck Program,” 
Daily Environment Report, October 22, 2009, p. A-3. 
38 http://www.portoflosangeles.org/CTP/CTP_Cargo_Move_Analysis.pdf 
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million went for diesel reduction activities at ports, including $8 million to California ports. There 
is an additional $60 million in diesel emission reduction grant money in P.L. 111-88, the Fiscal 
Year 2010 Interior, Environment, and Related Agencies Appropriation, signed by the President 
October 30, 2009. 

Greenhouse Gases 
Ships are also an important source of greenhouse gas (GHG) pollutants. Although there is a wide 
range of estimates, the International Maritime Organization’s consensus is that international 
shipping emitted 843 million metric tonnes of carbon dioxide, 2.7% of global CO2 emissions in 
2007. Including domestic shipping and fishing vessels larger than 100 gross tonnes, the amount 
would increase to 1.019 billion tonnes, 3.3% of global emissions.39 At these levels, only five 
countries (the United States, China, Russia, India, and Japan) account for a higher percentage of 
the world total of CO2 emissions.40  

In addition to the CO2 emissions, the low quality fuel (bunker fuel) that ships use and the absence 
of pollution controls result in significant emissions of black carbon and nitrogen oxides, which 
also contribute to climate change. The refrigerants used on ships (hydrofluorcarbons and 
perfluorocarbons—HFCs and PFCs) are also potent greenhouse gases when released to the 
atmosphere. Thus, the total impact of ships on climate may be somewhat greater than 3%.  

International Efforts to Address GHGs 

For the most part, these emissions occur in international waters, and the sources are vessels not 
registered in the United States. Addressing the emissions, therefore, is likely to require 
international agreement. On the international level, however, there has been disagreement over 
who should take responsibility to abate GHG emissions. Rather than cover these emissions under 
the Kyoto Protocol, nations agreed to look to the IMO for sector-specific provisions to reduce 
GHG emissions from shipping.41 The IMO’s Marine Environment Protection Committee has 
begun negotiations on the issue, and has stated that the issue is “high on the Committee’s 
agenda.” Thus far, however, it has agreed only on voluntary guidelines on ship design and 
operational efficiency, while continuing to discuss market-based instruments to reduce GHG 
emissions.42 Some in the industry, including shipping industry associations from several European 
countries, have suggested applying a cap-and-trade scheme to shipping’s GHG emissions. At 
U.N.-sponsored climate negotiations, on the other hand, there has been talk of imposing a tax on 
bunker fuel.43 

                                                             
39 International Maritime Organization, Updated Study on Greenhouse Gas Emissions from Ships, Executive Summary 
of Phase 1 Report, 1st September 2008, p. 5 at regserver.unfccc.int/seors/attachment/file_storage/6ep77qqvcujba7k.doc. 
Both estimates exclude emissions from naval vessels. Cited below as “IMO 2008 Update.” 
40 Oceana, Shipping Impacts on Climate: A Source with Solutions, p. 2, at http://www.oceana.org/fileadmin/oceana/
uploads/Climate_Change/Oceana_Shipping_Report.pdf. 
41 Under the UN Framework Convention on Climate Change, emissions from internationally used fuels (both ships and 
aviation) are calculated by countries but reported separately from national emissions, such as those subject to the 
United Nations Kyoto Protocol. 
42 For information on IMO discussions, see http://www.imo.org/Environment/mainframe.asp?topic_id=1737. 
43 “U.N. Climate Talks Consider Carbon Tax on Air, Sea Transport; Progress on Draft Text,” Daily Environment 
Report, October 7, 2009, p. A-14. 
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As with many other sectors, the European Union has been a driving force in getting international 
consideration of controlling the shipping sector’s GHG emissions. The EU has considered adding 
the shipping industry to its cap-and-trade system, the EU Emissions Trading Scheme (ETS), but 
for now is deferring to the IMO. Approving a broad package of climate measures on December 
17, 2008, the European Parliament left shipping out of the package, pending the outcome of the 
IMO discussions. Satu Hassi, a Finnish lawmaker from the Parliament’s Green Group, who 
oversaw negotiations on emission reduction targets for non-ETS sectors, was quoted as saying the 
“EU will act unilaterally” should IMO discussions not produce sufficient results.44 

Shipping vs. Other Transport Modes 

Ocean-going ships are already by far the most efficient means of goods movement. As noted by 
the United Nations Conference on Trade and Development (UNCTAD): 

While in absolute terms GHG emissions from international shipping are significant, in 
relative terms maritime transport – in particular where larger ships are used – surpasses other 
modes of transport in terms of fuel efficiency and climate friendliness. On a per ton 
kilometre (km) basis and depending on ship sizes, CO2 emissions from shipping are lower 
than emissions from other modes. For example, emissions from rail could be 3 to 4 times 
higher than emissions from tankers, while emissions from road and air transport could, 
respectively, be 5 to 150 times and 54 to 150 times higher. Equally, in terms of fuel 
consumption (kilowatt (kW)/ton/km), a container ship (3,700 twenty-foot equivalent units 
(TEUs)), for instance, is estimated to consume on average 77 times less energy than a freight 
aircraft (Boeing 747-400), about 7 times less than a heavy truck and about 3 times less than 
rail.45 

But, in general, shipping does not compete with other modes of transport. Only in a small number 
of cases involving high value or perishable commodities, or relatively short distances between 
countries that also have land links, are mode shifts between shipping and air, truck, or rail 
transport possible. Ships move more than 80% of the volume of international trade, and are likely 
to continue doing so. As the overall volume of trade grows, GHG emissions from shipping are 
projected to be 2.4 to 3 times the current level by 2050 unless control measures are adopted.46 

Measures to Reduce Ships’ GHG Emissions 

A number of measures might be taken to reduce the shipping sector’s GHG emissions. One of the 
more common suggestions is that ships operate at lower speeds. The IMO’s 2000 study of GHG 
emissions from ships concluded that a 10% reduction in speed would result in a 23.3% reduction 
in emissions.47 Slowing speeds is not without problems. According to the 2000 IMO report: 

                                                             
44 “European Parliament Gives Final Approval to Far-Reaching Climate Protection Strategy,” Daily Environment 
Report, December 18, 2008, p. A-1. 
45 “Maritime Transport and the Climate Change Challenge,” Note by the UNCTAD Secretariat, 9 December 2008, 
prepared for the Multi-Year Expert Meeting on Transport and Trade Facilitation, Geneva, Switzerland, 16-18 February 
2009, at http://www.unctad.org/en/docs/cimem1d2_en.pdf. 
46 IMO 2008 Update, op. cit., p. 5. 
47 Norwegian Marine Technology Research Institute – MARINTEK et al., for the International Maritime Organization 
(IMO), Study of Greenhouse Gas Emissions from Ships, March 2000, p. 17, at http://unfccc.int/files/
methods_and_science/emissions_from_intl_transport/application/pdf/imoghgmain.pdf. This one measure (slow 
steaming) dwarfed the potential of any of the other technical and operational measures examined in the IMO study: in 
(continued...) 
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For most ship engines, running at reduced speed / slow steaming may ... cause problems. 
Such problems may be vibrations (critical RPM of engine / shaft) and accelerating sooting in 
the exhausted gas channel. Sooting problems are normally coincident with incomplete 
combustion and increasing GHG emission per fuel unit consumed. For ships permanently 
operating at slow speed, however, engine modifications / de-rating may be a solution.48 

In addition, of course, cargo owners may consider the lost time in reaching the ship’s destination 
to be more valuable than the fuel and GHG savings. Thus, in a competitive market with low fuel 
costs, ship owners will tend to offer as swift a service as they can safely provide.  

Nevertheless, it is possible without changes in technology or fuels to achieve significant GHG 
emission reductions, and shipping companies have begun to implement slow steaming policies to 
reduce their emissions. A.P. Moller – Maersk Group, the world’s largest container shipper, for 
example, reports that it reduced fuel consumption in its transport group 6% in 2008 compared to 
the fuel used for the same level of business activity in 2007. In addition to slow steaming, the 
company has implemented waste heat recovery systems on 32 ships, has installed software in 
containers to reduce energy consumption for cooling, and has developed a voyage planning 
program to identify the most fuel-efficient routes, and a “just in time” steady running strategy that 
minimizes engine loads.49 

Cleaner fuels and emission controls could also lower emissions, particularly if one focuses on 
emissions of black carbon and nitrogen oxides. Like slow steaming, these could be implemented 
without the need to replace ship engines or the ships themselves. 

The use of alternative power in ports may also reduce GHG emissions, if the shore power is 
derived from low-carbon sources such as natural gas, or no-carbon sources (hydropower, wind, 
solar, or nuclear). 

New ships may be able to reduce emissions further through better hull design, more efficient 
propulsion, and propeller coatings, among other options. A detailed discussion of options (in the 
context of Navy ships) is provided in CRS Report RL33360, Navy Ship Propulsion Technologies: 
Options for Reducing Oil Use—Background for Congress, by Ronald O'Rourke  

Conclusion 
As pollution from cars, trucks, and land-based stationary sources has been more tightly controlled 
over the last 40 years, the contribution of ships and port operations to air pollution in port cities 
has become more important. Simultaneously, foreign trade has grown dramatically, adding to the 
burden of pollution from these sources. Thus, pollution from ships and the port operations that 
serve them is now among the most important sources of sulfur oxides, nitrogen oxides, 
particulates, and other pollutants in numerous U.S. cities. 

                                                             

(...continued) 

the short term (10 years), it accounted for nearly 60% of the total reductions identified; over a 20-year horizon, it still 
accounted for 43% of potential reductions. 
48 Ibid., p. 91. 
49 Preparing for the Future, A.P. Moller – Maersk Group’s Health, Safety, Security and Environment Report 2008, p. 
30, at http://media.maersk.com/da/PressReleases/2009/Documents/Maersk%20HSSE%202008_Final.pdf. 
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Controlling these sources of pollution is complicated by the fact that most oceangoing ships are 
registered in foreign countries. As a result, initial efforts at control were focused on international 
negotiations through the IMO, which established a basic structure (MARPOL Annex VI) that 
appears likely to be the basis of more stringent future controls. Negotiating, ratifying, and 
implementing MARPOL agreements has been time-consuming, but now has resulted in 
significant levels of regulation that will gradually be implemented over the next six years. EPA 
and state and local agencies (particularly those in California) have also begun to address pollution 
from ships using the Clean Air Act and comparable state authorities. 

Not all pollution from marine vessels comes from foreign ships. Smaller craft, such as ferries, 
tugboats, and fishing boats do tend to be registered in the United States, and are thus more 
amenable to control. Even for these smaller craft, the technical issues can be complex, as the 
vessels include a wide variety of engine sizes and ship configurations. Safety also poses 
important considerations, as ships must be able to depend on their sources of power in what may 
be extreme weather conditions and while dealing with a variety of navigational hazards. A 
particular issue has arisen regarding Great Lakes freighters, many of which were built more than 
50 years ago, and might face significant costs in upgrading to burn cleaner fuel. The FY2010 
appropriation for EPA has prohibited the expenditure of funds in this fiscal year to issue final fuel 
sulfur standards applicable to existing steamships operating exclusively within the Great Lakes, 
and accompanying report language states that EPA should develop waiver provisions available to 
these ships.  

Because ships and port operations are now such significant sources of air pollution, and because 
of the importance of shipping to the national and world economy, implementation of the 
emissions regulations for ships and ports, including the cleaner fuels requirements, may continue 
to be of interest to Congress. In addition, ships are a large and growing source of greenhouse gas 
emissions; how and whether to regulate these emissions are the subject of IMO discussions and 
are a small part of the larger debate over legislation to address climate change. 

Congress has begun efforts to address these problems, by enacting legislation to implement 
MARPOL Annex VI in July 2008. But this is likely to be just the start of Congressional attention 
to air pollution from ships. Action at the state level, in the courts, and at U.S. EPA will continue to 
bring the issue to Congress’s attention, with numerous opportunities for oversight and legislation. 
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Today, ocean-going vessels transport 90 percent 

of all trade by volume to and from the 25 mem-

bers of the European Community (EC), and 

nearly 80 percent by weight of all goods shipped 

in and out of the United States (EC 2006, US 

DOT 2003). Over the last three decades, activ-

ity in the marine shipping sector, as measured 

In a world of global supply chains and rapidly  
expanding trade, ocean shipping—currently  
the dominant mode of transport for international  
cargo—is becoming an increasingly important 
source of air pollution and greenhouse gas  
emissions. 

in metric ton-kilometers, has grown on average 

by 5 percent every year, as shown in Figure ES-1. 

Since emissions from ocean-going vessels have 

only been moderately controlled, this growth has 

been accompanied by a commensurate increase 

in the sector’s contribution to local and global  

air pollution. 

FIGURE ES-1. World Seaborne Freight Transport in Metric Ton-Kilometers by Type of Freight (UNCTAD 2005)
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Ocean-going vessels contribute significantly to 

global emissions of nitrogen oxides (NOx), sulfur 

oxides (SOx), and particulate matter (PM). Indeed 

it is estimated that by 2020, ship emissions 

contributions to the European Union (EU) NOx 

and SOx inventories will surpass total emissions 

generated by all land-based mobile, stationary 

and other sources in the twenty-five nations (EC 

2005). Figure ES-2 and Figure ES-3 show pro-

jected NOx and SOx emissions from marine and 

land-based sources in Europe. Air quality impacts 

from ocean-going vessels are especially signifi-

cant in port cities and nations with extensive 

coastlines adjacent to shipping corridors. Studies 

making use of geographic marine activity data 

have estimated that about 70–80 percent of all 

ship emissions occur within 400 km (248 miles) 

of land (IMO 2000, Corbett et al. 1999). Pollut-

ants such as NOx, SOx, and PM have been linked 

to a variety of adverse public health outcomes, 

including increased risk of premature death  

from heart and pulmonary diseases and worsened 

respiratory disease. Marine emission sources are 

therefore responsible for a growing share of the 

public health impacts of exposure to air pollution 

in many regions. Although ocean-going vessels 

are among the most efficient modes of freight 

transport, they also generate substantial quan-

tities of greenhouse gas emissions. Currently, 

carbon dioxide (CO2) emissions from the interna-

tional shipping sector as a whole exceed annual 

total greenhouse gas emissions from most of the 

nations listed in the Kyoto protocol as Annex I 

countries (Kyoto Protocol 1997). 

Relative to other sectors, the regulation of  

commercial marine vessels represents a signi-

ficant political and legal challenge as ships 
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FIGURE ES-2. Inventories and Projections of SOx Emissions in Europe from Land-based and International Shipping Sources (EC 2005)
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operate largely outside of national boundaries. 

Ocean-going vessels are mainly subject to over-

sight by the International Maritime Organiza-

tion (IMO), under the purview of the United 

Nations. Unfortunately, IMO efforts to mitigate 

environmental impacts of emissions from global 

shipping have not kept pace with the industry’s 

growth and the evolution of control technolo-

gies for controlling emissions. The international 

process for establishing new regulatory require-

ments is further complicated by the complex 

relationships that exist between those nations 

to which most ships are registered under so-

called “flags of convenience” and the large ship-

ping interests (typically headquartered in other 

nations) that own most of the ships. As a result, 

the IMO adopted standards in 1997 that repre-

sented only a modest improvement in emissions 

from unregulated engines. When these standards 

entered into force they reflected levels already 

achieved by the average in-use engine. The IMO’s 

current fuel sulfur limit of 4.5 percent is almost 

twice the average sulfur content of fuels in use 

in ships today and several thousand times the 

sulfur level of fuels used on-road in Europe and 

North America. These standards at best codify 

the industry’s existing practices.

Under these circumstances, accelerated adoption 

of cleaner marine fuels and wider deployment 

of existing pollution control technologies and 

emission reduction strategies could dramatically 

improve the environmental performance of the 

shipping sector. To explore these opportuni-

ties, the ICCT undertook a review of the status 

of pollution control measures and programs 
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FIGURE ES-3. Inventories of NOx Emissions in Europe from Land-based and International Shipping Sources (EC 2005)
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implemented to date throughout the world. This 

report describes the results of the ICCT review, 

focusing on the emission-reduction potential, 

feasibility, costs, and cost- effectiveness of avail-

able environmental mitigation measures for the 

shipping sector. It also analyzes the legal context 

within which local, regional, and international 

programs can be developed. The report con-

cludes with a series of policy recommendations 

aimed at achieving steady, incremental progress 

towards reducing emissions from marine vessels 

that will result in significant environment and 

public health benefits.

Lower sulfur fuels, optimized engines, and 

exhaust after-treatment, such as selective  

catalytic reduction (SCR), have been shown  

to significantly improve the environmental  

performance of marine vessels. Other measures 

such as shore-side electricity and improved  

auxiliary engines can reduce so-called “hotelling” 

emissions—that is emissions generated while 

ships are docked at port. The feasibility and cost-

effectiveness of these measures has been demon-

strated at several ports. As shown in Figure ES-4, 

available options for reducing marine NOx  

emissions are very cost-effective compared  

to remaining pollution control options for  

other mobile and stationary sources, especially  

in countries that have adopted a range of  

regulations to limit land-based emissions. 

Nations in Europe and North America—along 

with port cities throughout the world—have 

deployed a suite of strategies to address air pollu-

tion from ships. These strategies have included 
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FIGURE ES-4. Comparing the Cost-Effectiveness of NOx Control Options for Various Source Categories 
(Entec 2005b, US EPA 1999, 2000, 2005)
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regulations, voluntary programs, and market-

based programs. Examples of regulatory 

approaches have included national engine stan-

dards for the domestic vessel fleet and fuel sulfur 

standards for vessels operating in coastal waters 

and harbors. The voluntary harbor speed limits 

implemented in the San Pedro Bay by the ports  

of Los Angeles and Long Beach provide an  

example of a voluntary approach. Meanwhile, 

Sweden has experimented with a market-based 

approach by imposing a system of environmen-

tally differentiated fairway and port dues that  

vary with ship emissions. This successful pro-

gram has led to increased use of lower-sulfur 

fuels and to the installation of SCR systems on  

a number of ships calling on Swedish ports.

The recommendations advanced in this report 

identify implementation milestones in each of 

several distinct categories: (1) marine fuels, (2) 

new engines, (3) new vessels, (4) existing engines 

and vessels, (5) greenhouse gas emissions, (6) 

and in-port emissions. In the near-term, these 

recommendations generally call for widespread 

adoption of proven best available technologies in 

the 2010 timeframe. The ICCT’s medium-term 

recommendations propose intermediary steps to 

be taken between 2012 and 2017. Finally, tech-

nology-forcing, long-term recommendations  

are proposed for the post-2020 period. Imple-

menting these recommendations will require 

the active engagement of numerous stakehold-

ers, including ship owners and operators, ports, 

and regulators. Leadership from the businesses 

that demand shipping services is also crucial. 

Shipping customers are uniquely positioned to 

create incentives for improved performance in 

the shipping sector because they can require that 

their goods be transported with the least possible 

impact on the environment.

MARINE FUELS 

Reducing fuel sulfur content is an essential com-

ponent of any strategy aimed at reducing SOx 

and PM emissions from marine vessels. Lower 

sulfur fuel also enables the use of advanced after-

treatment for NOx reductions. Existing plans to 

implement SOx Emission Control Areas (SECAs), 

starting in 2006 in the Baltic Sea and expected 

in 2007 for the North Sea and English Channel, 

mean that a portion of the world’s ships are now 

or will soon be using 1.5 percent sulfur fuels or 

equivalent after-treatment. In the short term, 

the ICCT recommends including other major 

shipping areas, such as the Mediterranean and 

parts of the North Atlantic and Pacific Rim, in 

the SECA program. Moreover, decisions con-

cerning future SECAs should take into account 

sulfur- and particle-related public health impacts 

as well as impacts on land and sea ecosystems. 

Finally, ICCT recommends that the fuel sulfur 

limit in SECAs be lowered from 1.5 percent to 0.5 

percent to achieve further emissions reduction in 

the 2010 timeframe and to facilitate the shift to 

lower sulfur fuels on a global scale. 

As a next step, the ICCT recommends that a  

uniform global fuel sulfur standard of 0.5 per-
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cent be introduced in the medium term. Relative 

to the 2.7 percent average sulfur content of cur-

rent marine fuel, this step alone will reduce SOx 

emissions by approximately 80 percent and  

PM emissions by a minimum of 20 percent. At 

this level of fuel quality, selective catalytic reduc-

tion (SCR) will be fully enabled. Although SCR 

can function at higher fuel-sulfur levels, durabil-

ity is significantly improved at lower levels. 

Some uncertainty remains regarding the  

widespread availability of lower sulfur fuels in 

the recommended timeframe. However, there 

has been significant momentum among vari-

ous stakeholders to reduce the global fuel sulfur 

limit. For example, some industry groups have 

recently expressed support for a global fuel stan-

dard requiring the use of 1 percent sulfur distil-

late fuel in the near term (INTERTANKO 2006). 

In addition, current regulations in California 

and Europe require low-sulfur fuels in coastal 

waters, inland waterways, and at ports ahead of 

the ICCT-recommended dates. For example, the 

California auxiliary engine program requires the 

use of 0.5 percent sulfur fuel in the state’s coastal 

waters and at port by 2007. The allowed sulfur 

level is lowered to 0.1 percent by 2010. Fuel with 

0.1 percent sulfur content will also be required  

in ports and inland waterways in Europe by 2010

Adoption of a lower global fuel sulfur limit would 

provide the refining industry the clear signal it 

needs to invest in upgrading production facili-

ties and ensure increased fuel availability. The 

ICCT also encourages further efforts to imple-

ment lower sulfur fuel ahead of the recommended 

schedule in coastal waters, inland waterways, and 

at ports. These programs can facilitate a transi-

tion to fleet-wide use of lower sulfur fuels while  

ensuring emissions reductions in proximity  

to the potentially impacted populations. In the 

long-term, fuel standards for marine fuels should 

be harmonized with standards for on-road fuels 

(500 ppm to 10–15 ppm).

NEW ENGINES
The IMO’s recent decision to review NOx stan-

dards for ocean-going vessels represents an 

opportunity to make significant progress in 

improving the performance of marine engines. 

The ICCT recommends requiring new engines 

to achieve NOx limits that are 40 percent lower 

than the current standard in the near term. This 

level can be reached primarily through engine 

upgrades. New engine standards should also be 

set to ensure significant reductions in PM emis-

sions. A medium-term standard set at a level  

95 percent below current standards for NOx 

would require the use of additional emission 

control technologies, including after-treatment 

controls. Further PM reduction should also be 

required. These near- and medium-term stan-

dards should be adopted at the same time to give 

manufacturers sufficient lead time to prepare 

for compliance and to direct their research and 

development activities accordingly. In addition 

to more stringent standards, the ICCT recom-

mends that manufacturers be (1) required to 
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certify engines using fuels that reflect actual 

in-use fuel quality; (2) be liable for in-use com-

pliance and subject to in-use testing; and (3) be 

required to demonstrate the durability of emis-

sion control systems used to achieve compliance. 

The production and use of engines that are 

significantly cleaner than the proposed stan-

dards should be encouraged both in the short 

and medium term through incentives to engine 

and technology manufacturers as well as vessel 

operators. Support for early technology demon-

strations is necessary to ensure viable technol-

ogy options are available to meet increasingly 

stringent standards. In the long term, the ICCT 

recommends deploying incentives and other 

strategies to further promote the use of advanced 

technologies, especially technologies that achieve 

near-zero emissions, in promising applications.

NEW VESSELS
Many opportunities exist during a vessel’s design 

and construction phases to make changes that 

would facilitate the use of low-emission control 

technologies. In the near term, the ICCT rec-

ommends that engine rooms be designed with 

enough space to allow for retrofit technologies 

including SCR as well as tank capacity for fuel 

switching in SECA and coastal areas. New ves-

sels, especially ferries and cruise ships with 

regular routes and ports of call, should be built 

with the needed on-board equipment to uti-

lize shore power when port-side facilities exist. 

Standardization of international shore power 

requirements is also needed to ensure compat-

ibility between shore-side facilities and ships. 

The ICCT supports the ongoing efforts within 

IMO to develop guidelines for shore-side elec-

tricity. In the long term, the ICCT encourages 

the use of advanced vessel design concepts that 

optimize energy efficiency as well as emissions 

performance and that incorporate propulsion 

from renewable energy sources including solar 

and wind power, where feasible.

EXISTING VESSELS AND 
ENGINES
Control measures targeted at existing vessels  

and engines are necessary to significantly 

impact fleet-wide emissions. A low fleet turn-

over rate means that the largely uncontrolled 

vessels that make up the majority of the inter-

national marine shipping fleet today will con-

tinue to pollute for several decades before they 

are retired. Most existing control technology 

options have been developed and demonstrated 

on in-use vessels, suggesting that a large-scale 

retrofit program should be technically feasible. 

In the near term, the ICCT recommends that 

in-use standards reflecting best available con-

trol technologies be developed within the IMO. 

These standards would allow, for example, 

future market-based programs (including the 

range of possible differentiated fee programs) 

to harmonize their emission requirements. 

The ICCT further recommends that any in-use 

standards used in market-based programs be 

designed to become more stringent over time 

so as to provide ongoing incentives for adopting 

the newest control technologies as they become 
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available, proven, and cost-effective. The pro-

gram should provide additional incentives to 

demonstrations of advanced technologies that 

provide emission reductions beyond the adopted 

in-use standards. Also in the short term, the 

ICCT recommends exploring the feasibility of 

early ship retirement as an extension of the ship 

recycling programs being developed by the  

IMO. If determined feasible, this type of pro-

gram could be implemented in the medium to 

long term.

GREENHOUSE GASES
The shipping sector’s contribution to gases and 

particles that impact the Earth’s climate is only 

beginning to be fully understood. Here, the ICCT 

recommends that near-term efforts focus on 

developing a baseline for the climate impacts 

of the world’s vessel fleet. Once a baseline is 

established, market-based measures to reduce 

greenhouse gas emissions can be introduced, 

also in the near term. If cap and trade programs 

are developed for GHGs, they should only cover 

shipping sources and not include land-based 

sources. If the shipping sector becomes a source 

of credits for greenhouse gas emissions reduc-

tions, steps must be taken—as with any source 

of credits—to ensure that reductions are recog-

nized only to the extent that they are quantifi-

able, enforceable, surplus to otherwise mandated 

reductions, and permanent. The ICCT also rec-

ommends that the IMO develop fuel economy 

standards for ships applicable to new vessels in 

the near term and existing vessels in the medium 

term.

AT PORT
The ICCT recommends that emission mitiga-

tion measures should be adopted at all major 

port facilities and be fully integrated with local 

and/or regional air quality plans. Each port 

type has access to a range of implementation 

mechanisms to reduce emissions from ships  

at berth. For example, landlord ports can 

include emission reduction requirements in 

their lease agreements with tenant operators. 

Operating ports can directly implement some 

infrastructure measures.

Providing shore power is often the most  

effective emission-reduction option for ves-

sels while at port. In some locations, however, 

pollution impacts from electricity generation 

may make this option less attractive. The ICCT 

recommends that port authorities and reg-

ulators select the strategy or combination of 

strategies that cost-effectively provides the 

most environmental benefits. If shore power 

does not meet these criteria, other options 

should be implemented including requiring 

hotelling ships to use the lowest sulfur on-road 

fuels available and/or engine emission con-

trols. The implementation of shore power and 

alternative mitigation technologies should pri-

oritize new terminals as well as those that are 

near residential areas.

In the medium-term, the ICCT recommends 

that incentives be provided for utilizing low-

carbon sources for shore-side power (includ-

ing renewable solar and wind generators). In 
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the long-term, the development of cost-effective 

energy storage technologies and advanced low- 

or non-carbon generating options should make it 

possible to achieve near-zero hotelling emissions.

Table ES-1 summarizes the ICCT recommenda-

tions towards mitigating the impact of ocean- 

going vessels on air quality and climate change.

In conclusion, supplemental international action 

within the IMO is necessary to produce reason-

able progress in addressing ship impacts on local 

air quality and global climate change. National 

and regional policy-makers are increasingly 

seeking to accelerate the introduction of emis-

sion control technologies and cleaner fuels into 

the international marine sector. Within the IMO 

process, several countries including Sweden, 

Norway, and Germany have emerged as propo-

nents of further measures to reduce emissions 

from ships. The few environmental organizations 

that have obtained consultative status with the 

IMO have also been leading efforts to accelerate 

progress on these issues. Other environmen-

tal NGOs with related activities and expertise 

should consider applying for consultative status 

to bolster these efforts. Finally, these efforts 

within the IMO must be brought to the attention 

of the larger public. Greater public awareness of 

the environmental impacts of routine ship activ-

ity will undoubtedly result in added pressure 

to reduce emissions in much the same way that 

highly publicized oil spills led to an increased 

focus on accident prevention, impact mitigation, 

and accelerated phase-out of single-hull tanker 

ships by the IMO. Best practices and local or 

national successes should be shared with a global 

audience to demonstrate that dramatic reduc-

tions in emissions from marine vessels, both at 

sea and in port, are not only feasible but also 

cost-effective. In the end, collaboration between 

the public and private sectors and across a wide 

set of stakeholders will be essential to forge 

support for sustainable long-term measures to 

mitigate the public health and environmental 

impacts of shipping around the world.
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TABLE ES-1. ICCT Recommendations for Ocean-Going Vessels

ICCT RECOMMENDATIONS IMPLEMENTATION 
MECHANISM

Fuels — Short term: 

° Lower fuel sulfur level in SOx Emission Control 
Areas (SECAs) from 1.5% to 0.5%. 

° Include SOx /PM related health effects in 
addition to impacts on air, sea, and land as 
justification for SECA. 

° Expand SECA program to high ship-traffic 
areas in Mediterranean, Pacific Rim and North 
Atlantic.

° Regional limits in coastal areas, inland 
waterways, and at ports

— Medium term: 0.5% sulfur fuel globally

— Long term: Harmonization with on-road diesel 
fuels (500 ppm to 10-15 ppm over time)

— International 
standards (IMO)

New engines — Short term: 

° NOx standards 40% percent below current IMO 
standards (2000 level). 

° PM standards

° Encourage new technology demonstration

— Medium term: 

° NOx standards 95% percent below current IMO 
standards (2000 level)

° PM standards further reduced

° Encourage new technology demonstration

— Long term: Encourage the use of advanced 
technologies, especially near-zero emission 
technologies in promising applications

— International 
standards  
(IMO)

New vessels — Short term: 

° Adopt international requirements for shore 
power standardization.

° All new ships built with shore-side electricity 
capability, especially cruise ship and ferries

— Long term: Promote the use of advanced vessel 
design concepts in promising applications

— Preferential 
contracting of 
cleanest carriers

— Environmentally 
differentiated fees 
and charges

— International 
regulation (IMO)

Table continues on next page
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TABLE ES-1., continued

ICCT RECOMMENDATIONS IMPLEMENTATION 
MECHANISM

Existing vessels and 
engines

— Short term: 

° Adopt emissions performance standards 
by vessel class and engine characteristics 
based on demonstrated retrofit potential.

° Study feasibility and potential impact of 
programs to promote early ship retirement 
and environmentally sound disposal

— International standards 
(IMO)

— Preferential 
contracting of cleanest 
carriers

— Environmentally 
differentiated fees and 
charges

GHG — Short term: 

° Develop GHG emission inventory and fleet 
baseline 

° Market-based measures for vessels

° Implement fuel economy standards by vessel 
class and engine characteristics for new 
vessels

— Medium term: Implement fuel economy 
standards by vessel class and engine for 
existing vessels

— Preferential 
contracting of cleanest 
carriers

— Environmentally 
differentiated fees and 
charges

— Cap and trade program 
for shipping sector 
only

— International standards 
(IMO)

At port — Short term: Select strategy that provides 
maximum emissions reduction benefits 
depending on local fuel availability and 
environmental performance of electricity 
generation 

° Shore-side electricity

° Lowest sulfur on-road fuel and NOx and PM 
after-treatment

— Medium term: Market-based measures to 
promote low- or non-carbon energy sources to 
supply shore-side electricity for docked ships

— Port authority 
requirement

— Preferential 
contracting of cleanest 
carriers

— Environmentally 
differentiated fees and 
charges
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Air Pollution and Greenhouse Gas Emissions from 
Ocean-going Ships: Impacts, Mitigation Options 
and Opportunities for Managing Growth, both the 
executive summary and the full report, is available 
on our website: www.theicct.org.
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The United States Government can chart a course to achieve healthier air for the 
millions of Americans impacted by the emissions from ocean-going ships by applying 
to the International Maritime Organization (IMO) for an Emission Control Area 
(ECA)—an area where stricter pollution limits apply. Ocean-going ships, sometimes 
referred to as Category 3 ships, are the largest ships on the water and include con-
tainer ships, tankers, cruise ships, and bulk carriers. These large vessels travel all over 
the world, making international shipping a significant factor in U.S. port traffic and 
emissions. In fact, 90% of ship calls on U.S. ports are made by foreign-flagged vessels. 
Ocean-going ships impact air quality in U.S. coastal cities and ports and even send 
pollution hundreds of miles inland. 

The American Lung Association (ALA), Environmental Defense Fund (EDF), 
the National Association of Clean Air Agencies (NACAA), and the Puget Sound 
Clean Air Agency (PSCAA) strongly support the leadership of the United States 
Government to fully implement the pollution limits available under international 
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law to reduce harmful marine air pollution. We also respectfully request that the 
IMO promptly act on the United States ECA application, and give it full con sidera-
tion at the July 2009 meeting of the IMO Marine Environment Protection Com-
mittee (MEPC 59). As Figure 1 illustrates, prompt action to establish an ECA for 
the United States will secure vital clean air protections for millions of Americans.

 This map depicts the estimated reductions in annual concentrations of harmful 
particulate pollution in 2020 if the United States establishes an ECA to cover the 
nation’s entire Exclusive Economic Zone, which generally extends a distance of 
200 nautical miles from the coast. About 87 million Americans live in port areas 
that are not meeting basic federal public health standards.

 The Environmental Protection Agency’s early estimates indicate the benefits of an 
ECA would be about 5 times larger than that of the recently finalized commercial 
ships and locomotives rule.1

 ECAs require fuel to be over 60% cleaner than the global average by 2010 and 
96% cleaner in 2015, resulting in emissions reductions far greater and faster than by 
baseline global standards.

 Establishing an  ECA for the United States would reduce smog-forming oxides 
of nitrogen (NOx) emissions by 80% from existing engine emission levels, particulate 
pollution (PM) by 85% and sulfur oxides (SOx) by 95%.

 Estimated 2020 particulate concentration reductions in the United States as a 
result of an ECA are as high as 4.1 µg/m3 (micrograms per cubic meter) in some 
of the most impacted port areas. 

 In some metropolitan areas, like Houston, the expected reductions could mean 
the difference between meeting and not meeting the health-based federal clean 
air standards.2



The IMO, established under the purview of the United Nations, is responsible for 
coordinating with member nations to establish international pollution standards for 
ocean-going ships. Annex VI of the International Convention for the Prevention of 
Marine Pollution from Ships (MARPOL) treaty contains the clean air provisions 
that apply to all signatory nations. The United States became a party to this treaty 
in 2008. Annex VI consists of two sets of emissions standards: (1) global standards 
that apply to all ships arriving at, and departing from, countries that are party to the 
MARPOL treaty; and (2) more rigorous geographically-based standards that apply 
in specially designated areas called Emission Control Areas (ECAs).

In October 2008, the IMO updated Annex VI of the MARPOL treaty to be 
more protective. The new standards require modest global reductions in oxides of 
nitrogen (NOx), particulate pollution (PM), and sulfur oxides (SOx) pollution. They 
also put in place the framework for more rigorous reductions to be made in ECAs, 
those areas hardest hit by shipping pollution. We support the U.S. application to the 
IMO for ECA designation in order to enforce these rigorous standards on all inter-
national ships that enter the area.3 The global and ECA emission control standards 
are as follows:

NOx emission control standards

 20% NOx reduction beginning in 2011 for new engines.

 15 to 20% NOx reduction beginning in 2011 for existing engines.

  80% NOx reduction beginning in 2016 for new engines. 
These NOx standards are based on advanced emission control technology, including 
selective catalytic reduction (SCR).4 SCR is a commonly used technology to reduce 
NOx emissions in all varieties of diesel engines, and has been successfully installed in 
over 300 marine vessels.5

Fuel quality standards

 Beginning in 2012, global sulfur fuel levels will drop from the current standard of 
45,000 parts per million (ppm) to 35,000 ppm. However, the current global average 
is about 27,000 ppm.6

 Global sulfur limits will drop to 5,000 ppm in January 2020. However, this 
deadline may be delayed to 2025 pending a review in 2018 of the availability of 
the cleaner fuel.

  Sulfur limits will drop from the current standard of 15,000 ppm 
to 10,000 ppm in August 2010 and to 1,000 ppm in January 2015.7

The IMO’s action to improve fuel quality is essential because ocean-going ships 
are currently powered by residual fuel, which is some of the dirtiest fuel on earth. 



Residual fuel has a high content of ash, metals, nitrogen, and sulfur that result 
in high SOx and PM emissions. Since SOx emissions are directly related to the 
concentration of sulfur in the fuel, reducing the sulfur in fuels, as required by the 
IMO, also reduces SOx emissions.8 Fortunately, most ship engines that are designed 
to run on residual fuel are also capable of burning cleaner low sulfur distillate fuel. 
As a result, no significant ship changes or upgrades are necessary to burn cleaner 
fuel,9 so the cleaner fuel required in an ECA can be used immediately.

Figure 2 illustrates the far greater reduction in fuel sulfur content in ECAs 
compared to the baseline global standards. While the new global standards 
require ship fuel to reduce sulfur limits to 35,000 ppm in 2012, this will have 
minimal impact because the global average fuel sulfur level is 27,000 ppm. More 
significant reduc tions will be achieved in 2020, when the global standard drops to 
5,000 ppm—this is an 80% reduction from the global average. However, this 2020 
deadline may be delayed to 2025 pending a review in 2018 of the availability of the 
cleaner fuel. 

In contrast to the global standards, ECAs require fuel to be over 60% cleaner 
than the global average in 2010 and 96% cleaner in 2015, reducing more pollution 
far more quickly than under the baseline global standards. Sulfur levels in a U.S. 
ECA would not drop to 10,000 ppm until 201210 and EPA has confirmed that the 
lower sulfur fuel required will be available at that time.11 

When fully implemented in the United States, the ECA requirements for engines 
and fuel would reduce NOx emissions by 80% from current levels, PM by 85% and 
SOx by 95%.12 These reductions will provide clean air benefits to communities from 
coast to coast.
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Diesel exhaust, like that emitted from ocean-going ships, is among the most danger-
ous and per vasive sources of air pollution. The constituents of diesel exhaust include 
particulate matter (PM), impli cated in a host of respiratory problems and thousands 
of premature deaths every year; smog-forming oxides of nitrogen (NOx); sulfur 
dioxide (SO2), which forms harmful fine particles and falls back to earth as acid rain; 
and a noxious brew of toxic chem icals that together pose a cancer risk greater than 
that of any other air pollutant. Shipping-related PM emissions contribute to approxi-
mately 60,000 global deaths annually, with impacts concentrated in coastal regions on 
major trade routes.13 The U.S. Environ mental Protection Agency (EPA) estimated 
that in 2001, ocean-going ships emitted:

 more than 54,000 tons of fine particulate matter, which is equivalent to the 
pollution from 117 coal-fired power plants.14 

 approximately 745,000 tons of smog-forming NOx pollution—comparable to the 
NOx emissions from more than 800 million of today’s new cars,15 and 
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 around 450,000 tons of SO2, which is more than 40% of the total SO2 from the 
U.S. transportation sector.16 This percentage is due mainly to the low grade residual 
fuel ocean-going ships use. Residual fuel is the tar-like product left behind after all 
the lighter petroleum is refined from crude oil and is so viscous that it requires heat-
ing before it can be burned.17 

The diesel air pollution from ocean-going ships has been under regulated. In the 
past two decades, EPA has set rigorous emission standards for nearly all other mobile 
sources of diesel, including highway trucks and buses, non road sources such as con-
struction equipment, locomotives and smaller com mercial ships. Securing an ECA 
for the United States will put in place rigorous standards for ocean-going ships that 
are more comparable to the standards set for other diesel sources. Establishing an 
ECA that covers the nation’s entire Exclusive Economic Zone will result in sig nifi-
cantly greater emissions reductions than the IMO baseline global standards and will 
provide much needed air quality improve ments across the nation, particularly in 
densely populated coastal areas. 

Figure 3 depicts the air quality benefits the United States could secure by imple-
menting an ECA for the entire coastline of the mainland United States. Figure 3 
speaks loudly and clearly: Every state in the lower 48 would see an improve ment 
in air quality if large ocean-going ships in U.S. waters met the rigorous pollu tion 
control standards that would be required in an ECA—even states that are land-
locked. Par ticulate pollution reductions, represented in annual average con cen tra-
tions, range from 0.01 to 0.1 µg/m3 (micrograms per cubic meter) in the middle 
of the country up to 4.1 ug/m3 in some of the hardest hit coastal and port areas. 
These reductions will translate into significant health benefits across the nation. 
Addi tionally, in some metropolitan areas, like Houston, the expected reductions 
could mean the difference between meeting and not meeting the health-based 
federal clean air standards.18

Given the enormous clean air and public health benefits to be gained from strong 
emission standards for ocean-going ships, the IMO should promptly act on the U.S. 
application to establish an ECA.

When countries apply to the IMO for an ECA designation, they must demonstrate 
a need to prevent, reduce and control emissions of SOx, PM, and/or NOx from ships.  
The United States has a compelling case for ECA designation. These contaminants 
are major contributors to unhealthy air pollution in the United States, especially the 
harmful levels of particulate pollution and ground-level ozone in many communities. 

More than half of all Americans live in communities out of compliance with the 
federal health-based standards for ozone and particulate pollution.19 And millions 
live near U.S. port cities that are especially hard hit by shipping pollution. EPA esti-
mates that 87 mil lion Americans live in port areas that are not meeting basic federal 
health standards.20

An ECA application submitted by the United States this spring will be considered 
by the IMO at the July 2009 meeting of the Marine Environment Protection Com-



mittee (MEPC 59). The IMO will then vote on the U.S. application in 2010. If 
accepted, the ECA designation will go into effect in 2012.21 We respectfully urge the 
IMO to approve the ECA designation for the United States. The need for these clean 
air measures is clear and convincing.

The large ocean-going ships that travel along U.S. coastlines and dock at our nation’s 
ports deliver considerable amounts of pollution in addition to the goods they bring. 
Much of the pollution from these large vessels is concentrated in ports and the 
densely populated metropolitan areas near ports that, in almost every instance, 
already suffer from unhealthy air. 

The health effects of diesel emissions in general are well documented. Diesel 
air pollution adds to cancer risk all around the United States. In many places, diesel 
emis sions create the greatest contribution to cancer risk from air pollution. For 
example, in the Seattle area, diesel soot accounts for somewhere between 70% and 
85% of the total cancer risk from all air toxics.22 And in the South Coast Air Basin, 
which includes Los Angeles, diesel exhaust contributes about 84% of the cancer risk 
from air toxics.23 

In addition, because diesel emissions are a complex mixture of chemicals, exposure 
to this pollution contributes to a wide range of non-cancer health risks, including 
pulmonary disease, cardiovascular effects, neurotoxicity, low birth weight in infants, 
premature births, congenital abnormalities and elevated infant mortality rates.24

Particulate matter
Particulate matter can aggravate respiratory conditions such as asthma and chronic 
bronchitis and has been associated with cardiac arrhythmias (heartbeat irregularities), 
heart attacks and premature deaths. People with diabetes, heart or lung disease, the 
elderly and children are at highest risk from exposure to particulate pollution.25 

A recent study calculated that, worldwide, shipping-related PM emissions con-
tribute to approx imately 60,000 deaths annually, with impacts concentrated in coastal 
regions on major trade routes.26 The study also predicted that under the regulations 
in place before the amendments to Annex VI were passed in October 2008, and 
with the expected growth in shipping activity, annual deaths could increase 40% 
by 2012, in creasing the number of deaths associated with shipping pollution to 
84,000 every year.27

NOx and ozone 
Oxides of nitrogen transform into aerosol particulates and also combine with volatile 
organic compounds in the presence of sunlight to form smog, or ground-level ozone. 
High ozone levels cause acute respiratory problems, aggravated asthma, decreased 
lung function, inflammation of lung tissue, an increase in hospital admissions and 
emergency room visits for respiratory causes, and crop damage. Children with 
asthma are among those most at risk. Ozone also is associated with premature 



death.28 The national health-based standard for ozone was strengthened in March 
2008 to be more protective than the 1997 standard. 

Environmental impacts
Pollution from ocean-going ships impacts our environment, in addition to 
impacting public health. The same fine particles that can be breathed deep 
into the lungs adversely affecting human health also cause the haze that pollutes 
scenic vistas in national parks and wilderness areas and creates “brown clouds” in 
our urban centers.

The constituents of diesel exhaust also contribute to the acid rain that continues 
to harm sensitive ecosystems across the United States. Acid rain occurs when 
pollutants like SO2 and NOx react with water, oxygen, and other chemicals in the 
atmosphere to form various acidic compounds. The result is a mild solution of 
sulfuric acid and nitric acid.29 When this acid falls back to the earth, it harms our 
nation’s revered ecosystems–causing acidification of lakes and streams and con-
tributing to the damage of trees, like red spruce trees, at high elevations and many 
sensitive forest soils.30 

Pollution from ocean-going vessels also contributes to global climate change. 
In 2006, in U.S. waters alone, these vessels emitted about 55.6 million metric tons 
of CO2.31 Additionally, ocean-going ships contribute about 1.7% of global black 
carbon emissions every year.32 Black carbon refers to the solar-absorbing component 
of soot, which is released during the combustion process, and is another potent 
global warm ing pollutant.33 Studies show that black carbon triggers snow and ice 
melting, and contributes to Arctic warming.34 And in some places, including the 
Alaska region, shipping can contribute an additional 40% to atmospheric con-
centrations of black carbon.35 Further, black carbon from shipping could have 
disproportionate effects on air quality near port areas because of the intensity of 
shipping in these areas.36 

Approximately 88 million people nationwide either live in counties that do not meet 
the 1997 federal air quality standards for fine particles, or their counties contribute 
to violations elsewhere.37 About 132 million people live in counties that violate 
the 1997 eight-hour federal air quality standard for ozone.38 These standards have 
recently been updated to be more protective, so the number of people living in 
communities that violate federal air quality standards will increase.39 

Ocean-going ships are a major source of harmful fine particles, and their emissions 
also contribute to harmful smog levels. In Figure 4, EPA identifies 40 ports that 
are currently located in nonattainment areas. EPA estimates that some 87 million 
Americans live in these port areas that are not meeting basic federal public health 
standards for ground-level ozone and particulate pollution.40 This map, however, is 
not based on recent updates strengthening the public health-based standards for fine 
particulate matter and ozone, so air quality problems in U.S. port areas are likely to be 
more widespread than this map indicates. For example, both the Port of Seattle and 



Port of Tacoma areas are within a region that is in violation of the new federal ozone 
standards based on data for Summer 2008.

As illustrated in Figure 1 previously, reducing pollution from these ships will help 
every state in the nation improve its air quality.

The United States has the opportunity to join an international emissions con trol 
program that would reduce shipping pollution along U.S. coastlines, at U.S. ports 
and indeed, in every state in the continental United States. Participation in the ECA 
program would result in SOx reductions of approximately 98% and NOx reductions 
of up to 80% from each new ship. Prompt action by the IMO can secure healthier 
air for millions of Americans. 



ALA, EDF, NACAA, and PSCAA support the United States’ application 
for a U.S. ECA and respectfully recommend that the IMO promptly approve 
the application. 

Ocean-going vessels from all over the world dock at over 100 U.S. ports. EPA 
estimates that some 87 million Americans live in port areas that do not meet basic 
federal public health standards for ground-level ozone and particulate pollution.41 
Fortunately, a pivotal opportunity is on deck to achieve significant reductions in the 
pollution from ocean-going ships. With U.S. leadership in requesting the establish-
ment of an Emission Control Area, and IMO approval, the nation will be sailing 
more smoothly towards healthier air.
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STAKEHOLDERS

•	SODO	businesses

•	Industries

•	Stadiums

•	Port	of	Seattle	facilities

•	Washington	State	Ferries
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FREIGHT RAIL

•	Approximately	30	freight	trains	(North	Waterfront)	and	65	to	85	
freight	trains	(SODO)	each	day.

•	Includes	long-haul	trains	that	are	1.6	miles	long.

•	Daily	train	volumes	and	schedules	vary.
PASSENGER RAIL

•	Sound	Transit	operates	4	Sounder	trains	north	and	9	trains	south.

•	Amtrak	operates	14	trains	daily	through	Seattle.	

•	Sound	Transit	provides	Link	light	rail	service	in	the	downtown	transit	
tunnel.

OTHER RAIL

•	BNSF	operates	rail	tracks	east	of	East	Marginal	Way	South	that	serve	
its	Seattle	International	Gateway	(SIG)	intermodal	terminal.

•	A	number	of	spur	tracks	branch	off	the	BNSF	mainline	between	I-5	
and	Fourth	Avenue.

Exist ing Rai l  Operat ions



Exist ing Rai l  Operat ions

Number of Train Crossing Events

Total Gate Down Time (hours)

Average Gate Down Time (minutes)

Minimum/ Maximum Gate Down Time (minutes)

 Average Train Speed (mph)

Minimum/Maximum Train Speed (mph)

Broad Street

52

2.8

3.3

1.1 - 11.6

6.7

0.3 – 22.7

Holgate Street

107

3.6

2.0

0.3 – 8.2

7.4

0.4 – 24.6

Lander Street

87

3.7

2.5

0.5 – 8.1

8.1

0.5 – 22.9

NOTE: Train speed is calculated from 
the observed number of railroad 
cars per train, observed gate down 
time subtracting an assumed 
gate down time in advance of 
the train and following the train 
(approximately 30 seconds), and 
an assumed railcar length of 60’.



Coal Tra in Assumpt ions

30 mph

20 mph

10 mph

1.3 miles 1.6 miles
Train Length

Gate down time

Train
Speed

3.1 min 3.7 min

4.4 min

8.4 min

5.3 min

10.2 min

2015 2026•	From:	www.coaltrainfacts.org/pid

•	2015:	10	daily	1.3	mile	long	trains

•	2026:	18	daily	1.6	mile	long	trains

•	Operating	speed	based	on	existing	
track	observation	(24-hours)

OPERATING YEAR



Observed Gate Down Time
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Coal Train Gate Down Time

Legend

Rai l road Track Schedule wi th Coal Tra in (AM)

•	One	day	of	observed	gate	down	times	

•	18	total	coal	train	trips	equally	distributed	(2026)

•	Coal	trains	assumed	to	be	1.6	miles	long,		
operating	at	20 mph
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Ant ic ipated Dai ly Gate Down Times
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2015 DAILY GATE 
DOWN TIME

•	10	trains

•	1.3	miles	long

•	20	mph

2026 DAILY GATE 
DOWN TIME

•	18	trains

•	1.6	miles	long

•	20	mph
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Lander Street Hour ly Queues

•	Slower	coal	train	operating	speed	will	have	a	greater	impact	on	
vehicles	queues.

•	Upward	trends	=	Crossing	gates	down	(queue	builds)

•	Downward	trends	=	Crossing	gates	up	(queue	dissipates)



Col l is ions

•	4	train/vehicle	collisions	in	the	past	10	years.

•	127	improper	crossings	within	a	24-hour	period	at	Broad	Street,	
South	Holgate	Street,	and	South	Lander	Street	crossings.

•	Saftey	concerns	increase	with	more	trains.

Observed Improper Crossings 2012

Broad Street

Lander Street 

Holgate Street

Total

Bicycle

6

0

0

6

Pedestrian

1

15

0

16

Vehicle

26

34

45

105

Total

33

49

45

127



Emergency Vehic le Access

•	Three	fire	stations	directly	impacted	by	rail	delays	in	the	SODO	and	
North	Waterfront	districts.		

•	Station	14	-	3224	4th	Avenue	South	(Under	Construction)	

•	Station	5	-	925	Alaskan	Way

•	Station	2	-	2320	4th	Avenue

•	Blockage	from	the	proposed	coal	trains	would	impact	emergency	
vehicle	trips	to/from	the	waterfront.		

•	Delays	caused	by	the	coal	train	affect	local	area	responses	and	the	
ability	to	send	emergency	resources	across	the	SODO	district.



Potent ia l  Crossing Improvements

RECOMMENDATION FROM PREVIOUS REPORTS

•	Grade	separated	overpasses	at	Broad Street	and	Lander	Street

•	Closure	of	Holgate	Street

•	Other	possible	improvements	include:

•	Streetscape,	such	as	fencing	and	plantings

•	Consolidating	crossing	gates

•	Raised	medians

•	Pedestrian	gates

•	Electronic	message	signs



Summary

•	10	total	coal	train	trips	(5	round	trips)	are	expected	each	day	or	one	
train	approximately	every	2.4	hours.		

•	In	2026,	the	number	of	daily	trains	would	increase	to	18	total	daily	
trips	(9 round	trips)	or	one	train	every	1.3 hours.

•	Assumed	coal	train	operating	speed	of	20	mph;	slower	speeds	
would	create	additional	delay.

•	In	2015,	estimated	additional	daily	gate	down	time	for	coal	trains	
could	be	31	to	83	minutes;	increase	of	15%	to	49%

•	In	2026,	the	estimated	additional	daily	gate	down	time	for	coal	
trains	could	be	approximately	67	to	183	minutes;	increase	of	31%	
to	108%
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MEMORANDUM 

 
 
To:  Mr. Ted Carlson 
Title:  City of Bellingham, Public Works Director 
From:  Edward Koltonowski  
Subject: Cherry Point Commodity Export Facility Rail Operations-City of Bellingham; GTC #11-095 
Date:  June 21, 2012 
 
This memorandum is to identify some of the possible rail impacts associated with transport of commodities 
to the proposed Cherry Point Facility affecting the City of Bellingham and its access roads.  It identifies the 
potential impacts on the City’s downtown waterfront, recreational and business area.  
 
The purpose of this preliminary report is to provide City staff with information that may be useful as the City 
prepares comments on the scope of the Cherry Point Environmental Impact Statement.  We understand the 
City may wish to conduct additional data collection and modeling and hope that this preliminary research 
provides some baseline data to help understand possible impacts and the issues involved in assessing any 
proposed mitigation. 
 
1. Project Description and Expected Delays 

 
We understand a terminal capable of exporting 54 million tons of commodities per year is proposed north of 
Bellingham. GTC understands that the probable route of the 48 million tons that would be coal delivery 
trains for Cherry Point would be from Wyoming/Montana, through Spokane, along the Columbia River and 
then up from the south from Seattle north to Bellingham and then to Cherry Point, along the Burlington 
Northern Santa Fe mainline.  The route follows the rail tracks that run North-South directly along the west 
part of the City of Bellingham, Washington.   
 
According to the applicant’s Project Information Document (Feb. 2011), full build out of the export facility 
would result in 9 full northbound trains along this line a day, which equates to 18 train trips a day (16 for 
coal); however, nothing in the project materials specifies a maximum.  The 18 trains per day round trip could 
be increased if export capacity of the proposed port were expanded in the future.  The current port proposal 
occupies 350 acres of a 1,000-acre site.  Each coal train will be up to 1.6 miles long, which at 50 mph would 
mean approximately 3-4 minutes between train approach warning/gate closure and ultimate gate opening.  At 
35 miles per hour, it could take approximately 6-7 minutes to clear a crossing as the siding near this area is 
rated for 35 mph.  The 18 trains per day would equate to approximately one additional coal train every 1.3 
hours, all day long, in addition to existing train traffic.  Thus, train crossing delays in Bellingham can be 
estimated to increase with an additional train every every 1.3 hours, if train trips were evenly spaced 
throughout the day and night, at between 3-4 minutes and 6-7 minutes depending on if they are having to use 
sidings or speed restricted crossing.  Assuming just a 5-minute average (consistent with the existing smaller 
coal trains traveling through Bellingham) would lead to every crossing on the track in Bellingham being 
closed for an additional 90 minutes a day not including the additional clearance time for back ups to clear 
after a crossing arm lifts.   This doesn’t take into account the potentially much greater impacts of a potential 
South Bellingham siding that are discussed further in this study.  
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2. Affected Crossings 
 
The BNSF railway tracks bisect the western waterfront area of Bellingham (including the Ferry terminal and 
beaches) from the east side of Bellingham that includes the downtown business core and residential area.  
The City of Bellingham has a number of crossing connecting its downtown business core/residential areas to 
the waterfront area, most of which are directly affected by the proposed increase of rail traffic.  The rail 
crossings that are at grade/gate controlled in the downtown area are: 
 

• Harris Avenue 
• 6th Street   
• Bayview Road 
• Cornwall Avenue 
• Wharf Street 
• Laurel Street 
• Central Avenue 
• C Street  
• F Street 

 
Due to these constraints, our preliminary review indicated that the additional trains from the Cherry Point 
operations could have a potential significant impact on the waterfront district and quality of life for the 
people who live and visit the City. Of primary concern are potential backups onto Holly from the proximity 
of the Central Avenue, F and C Street crossings, resulting in a likely drop in level of service on City streets 
and diminished emergency response times, thus affecting future development potential along the waterfront 
as well as existing businesses such as the Ferry Port and restaurants. 
 
Equally if not more important to note for the Bellingham is that the 2008 WSDOT capacity study shows that 
the existing line in Bellingham is at capacity.  Based on current data, the existing numbers of trains in the 
Bellingham area is averaging 15 trains a day.  Therefore, the rail operators will need to implement 
improvements to add capacity along this stretch of rail line.  Consistent with the WSDOT report, the South 
Bellingham siding appears to be the optimum location for adding capacity to the rail line but may have 
significant impacts to the street system.  To accommodate 150-car coal trains the siding will be extended 
from near 6th Street to Central.  This would mean permanent at-grade closures of Bayview Drive to 
Boulevard Park, Southbay Trail and Wharf Street access.  
 
The additional or extension of a siding close to street crossings has a two impacts.  The first impact is that 
with only the existing single track, the time between trains passing is more than enough to allow the queue of 
backed up traffic to dissipate before another long train arrives.  However, with a local siding capable of 
having a full length coal train waiting nearby, the adjacent crossing can experience trains in such quick 
succession that either the existing queues that have built up do not have a chance to dissipate or the advanced 
warning timeframe is such that the crossing actually remains closed for the passage of two trains.  
 
The second impact of having a siding near or at grade crossings is that unless the location of the train on the 
siding is a long distance from a crossing, the trains accelerating from a stop are traveling well below the 
maximum track speed as they enter or leave the siding. The closure of a crossing near a siding is therefore 
longer than the typical closure time at full track speed. Surveys of existing siding/closing location south of 
Bellingham shows that such combined crossing/siding location can have 10-12 minute closure times in a 15 
minute interval.  
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3. Analysis of Potential Impacts 
 
We have the following comments based on preliminary research: 

 
1. The Rail Transportation Facilities and Services section of the City of Bellingham’s Comprehensive 

Transportation Element identifies that “railroads do have significant impacts on the community. 
Industrial land use patterns in and near Bellingham are interrelated with rail lines in the City. Local 
rail service to the Port’s industrial areas is an essential link in the transportation system”.  

 
The Burlington Northern Santa Fe Railroad operates freight trains serving Bellingham.  Amtrak 
operates passenger trains between Portland, Seattle, and Vancouver, B.C. The Amtrak station in 
south Bellingham is part of the Fairhaven Transportation Center and provides an important link with 
the Greyhound bus terminal, Amtrak Cascades rail service, the Alaska Marine Highway ferry 
service, privately operated commuter ferries to and from the San Juan Islands and WTA bus service. 
The location also provides easy access to state highways and Interstate 5.  
Railroad tracks can sometimes create a barrier to safe bicycle and pedestrian access to the waterfront 
and the City’s trail system to and along the waterfront.  Opportunities to develop grade-separated 
railroad crossing should be explored wherever feasible.  The old Great Northern rail passenger 
station, at the foot of “D” Street, now owned by Burlington Northern Santa Fe, is one of several sites 
in Bellingham that has been listed on the National Register of Historic Places. As the Old Town and 
Central Waterfront areas are rezoned and redeveloped, this station could be refurbished and 
integrated into the revitalization of these neighborhoods. The December 2004 Waterfront Action 
Plan from the Waterfront Futures Group calls for improving waterfront access as follows:  

 
“Establish a comprehensive inventory of opportunities related to rail access and railroad facilities”.  
The Waterfront Advisors group should establish priorities for action and designate lead and 
participant agencies. 
 
a. Explore options for moving or covering portions of the railroad tracks 
b. Explore future location of a multimodal rail station in the center of the city 
c. Evaluate options for improving railroad operation and safety  
d. Evaluate approaches to mitigate railroad impacts 
e. Preserve the revised railroad corridor for future 
 
The Bellingham Bicycle and Pedestrian Advisory Committee has identified several enhanced/new 
pedestrian connections in the central business district and waterfront area in the Transportation 
Element.  A number of these would be impacted with additional train traffic.   The impact on the 
adopted Bellingham non-motorized section of the Transportation Element should be assessed in any 
environmental evaluation of the Cherry Point permits. 

 
2. Due to a speed restriction, approach warning signs and sidings, train travel along the waterfront 

means the barriers are down for approximately 4-6 minutes (over 300 seconds) for the larger (over 
one mile long) freight trains if there are no delays and they travel at their maximum allowable speed 
(20 mph for Central Avenue).  This is the equivalent of 3-4 continuous red lights cycles in a row for 
a normal signal on such crossing as F Street, C Street, and Central Avenue.  As stated earlier, with a 
siding the influence of combined trains may have a much longer crossing closing time of over 10 
minutes in a 15-minute time period. The Institute of Traffic Engineers identifies an average delay of 
over 80 seconds as level of service F. The City’s standard for arterial roadway operation is LOS D, 
i.e. allowing only 55 seconds as the worst delay for normal conditions and LOS C for collectors 
(Dayton).  The addition of 16-18 trains per day would call into question whether the City can 
maintain its adopted LOS D standard at these intersections.  This, in combination with the impacts 
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on non-motorized transportation, may be central to future concurrency determinations by the City 
affecting future development projects. 

 
3. With the increase in the number of long coal trains at the ferry/Coast Guard/Amtrak station area  

(Harris/6th Street) crossing, and because there are no alternative east-west grade separated crossings, 
the east-west route becomes degraded with the increased coal trains.  This is a particular issue during 
summer peaks, with the beaches/Marine Park and ferry route subject to potential long and/or 
repeated closures.  Mitigation could be a grade-separated crossing to the waterfront although site 
challenges may make that impractical. 

 
4. There is a probable issue concerning emergency services response times, particularly to the ferry 

terminal/ship yard area that have no grade-separated crossing.  Also, emergency access to the central 
waterfront area is severely hampered where the nearest emergency service station would need to do a 
significant roundabout detour when a train is blocking F Street, C Street, and Central Avenue (which 
would all occur at the same time with a coal train crossing).  Adding 16-18 additional trains per day 
to service Cherry Point could tip the balance at a critical time when emergency responses are needed.  
There should be coordination between City emergency services and BNSF to see how this can be 
mitigated, particularly as just last January there was a freight train accident at the F Street crossing. 

 
5. Already today the presence of a long freight train during the peak hours creates separation from the 

City’s waterfront amenities and businesses.  The City’s annual counts show approximately 8,000 
daily trips along Roeder Street, 2,600 daily trips near Wharf Street crossing with 5,600 ADT 
crossing the F Street crossing alone, and nearly 3,700 daily trips at the Harris Avenue crossing.  With 
the additional coal trains that take 4-6 minutes to cross (if not delays/slowing for the siding) the 
cumulative additional delay to drivers is potentially significant not only in terms of delay at the 
crossing but also in terms of delay onto Holly.  Holly Street is a major arterial for the City and 
carries approximately 9,000 daily trips in the vicinity and is a major emergency route for the City.  
Any environmental review of rail line impacts should study this current condition and likely 
increased impact, including costs to mitigate the effects.  One form of mitigation is to create grade-
separation, with either a tunnel or a bridge. 

   
6. Whatcom County communities and the State have recently invested heavily in improved passenger 

train (AMTRAK) services for Northwest Washington.  Freight traffic on the single rail line north of 
Everett is expected to double with the Cherry Point proposal.  Under BNSF’s policy, it is our 
understanding that freight deliveries are not scheduled to the same on-time reliability demands of 
passenger trains but can still take precedence over passenger rail under certain circumstances.  The 
City may wish to analyze the degree to which a doubling of freight traffic is expected to adversely 
affect the reliability of existing passenger rail schedules and also whether it will diminish 
opportunities to expand passenger rail.  In 2001, the City participated in a state-sponsored study of 
the potential for passenger rail expansion, titled:  Pacific Northwest Rail Corridor: Everett to Blaine 
Commuter Rail Preliminary Feasibility Study.  On Page IV of the Executive Summary, the report 
concludes that there may be a viable market for commuter rail north of Everett by the year 2030.  In 
2004, the North Sound Regional Study conducted by Cascadia for Whatcom Council of Governments 
identified again the potential of significant rail capacity issues identified by BNSF. The City may 
wish to comment on whether the Cherry Point proposal affects the conclusions in those studies. 

 
7. The City Comprehensive Transportation Element identifies the need for truck and rail access to its 

industrial areas.  The State’s 2006 Statewide Rail Capacity and System Needs study identifies a key 
issue affecting that access to local business as follows: 

 
“The Railroads Are Focusing on High-Volume and Long-Haul Services, But the State’s 
Industrial and Agricultural Shippers Also Need Low Volume and Short-Haul Services.  
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Long-haul intermodal container trains and long-haul unit grain trains moving to and from 
Washington State’s ports are the least complex and the most profitable for the Class I 
railroads to operate. As a result, the railroads have reoriented their operations to 
accommodate this business. But many Washington State shippers are low-volume carload 
shippers who generate only a few dozen carloads a week or a month, and they are being 
priced out of the rail market.”  

 
So a key question may be whether this interstate traffic from the coal trains will have the impact of 
reducing the availability of local rail spur business necessary to serve Bellingham businesses.  These 
issues can be analyzed as part of the economic impact analysis we understand must be completed as 
part of the environmental review for the project. 
 
The 2011 Cascadia study reported about Cherry Point train traffic impacts to local train users such as 
BP:  “The entrance to the subdivision at Custer has the potential to create an operational bottleneck if 
the train frequencies expected by the Terminal materialize.  Industry switch engines, slowly moving 
loaded coal trains and the resulting empties could result in volumes of traffic that would tax the 
mainline and small yard that is located at Custer. With the close proximity of the border to the Custer 
Intalco line, future congestion may result. 
 
Other shippers in the Cherry Point area rely on schedule reliability to meet current market 
conditions.  Mark Hinders, operations manager at Energy Logistics which transports petroleum 
products from the BP refinery indicated that they were actively pursuing new customers from 
Canada and the U.S. and would need more predictable rail service.  Deliveries from BNSF Railway 
are sometimes random and my customers need predictability.  Any infrastructure or operational 
improvement at the border or in Everett terminal would be welcome, said Hinders. 

 
The Washington State 2010-2030 Freight Rail Plan published by WSDOT in December 2009 
identified that the rail line North from Everett in 2008 was already at its capacity of 18 trains per day 
(Exhibit 3-9).  The State plan shows that it hopes to increase that capacity to 30 trains per day; 
however, the design and cost of the specific improvements needed to do that have not yet been 
identified.  Additional study and inquiry should be conducted to determine whether federal or state 
funding is committed to expand the capacity of the BNSF freight system, sufficient to allow the 
projected additional 16-18 trains per day and still leave adequate capacity for local freight and future 
commuter services. The 2011 Cascadia study also identified this issue in the “The Bellingham 
Waterfront District”  

“The future of rail service in Bellingham is also closely intertwined with plans for the 
Bellingham Waterfront District, through which the BNSF tracks will run, with or without the 
new coal trains, and within which the Fairhaven Transportation Center – the Amtrak station - 
is situated. The entire district is expected to take 30 to 40 years to build-out. Plans call for up 
to 6 million square feet of residential, commercial, marine-trades, hospitality and educational 
uses. Under the plan, advanced by the Port of Bellingham as lead agency, the public would 
gain new access to restored shorelines. The port would deed 33 acres of land to the city for 
waterfront parks and trails. The city has agreed to put in streets and utility infrastructure. The 
project will be developed in phases, so as to be gradually absorbed into the city’s life as 
funding becomes available. The port plans to sell much of the land to developers so it can 
recoup its cleanup costs. Public investment by the port, city and state in cleanup, shoreline 
restoration, roads, utilities, parks and other infrastructure is estimated at well over $200 
million, with half the funding coming from federal and state grants. This public sector 
investment is intended to attract the much larger private investment upon which the success 
of the project ultimately depends. Cost of the full build-out is estimated at $2 to $3 billion. 
Over the coming years, this public-private partnership will provide the community with an 
exciting urban waterfront with excellent public access that is pedestrian and bicycle-
oriented.  The district seen by its proponents as a neighborhood of the future will feature far 
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more than the average amount of open space for a development of this size, to say nothing of 
advanced energy-conservation features and compact urban design.” 

 
The economic impacts of the project on the area are significant. It is estimated that for every $1 
million in construction costs, 13 direct jobs and 10 related services jobs would be created.  Also, 
between 2,500 and 4,800 permanent jobs will be created by 2026, according to WWU’s Center for 
Economic Research.”  It is clear that this sort of development does not envision an additional 18 
trains over 1.5 miles long through the heart of the new waterfront development area. 

 
8. The Cherry Point applicant and its advocates argue that the coal train activity will only bring train 

activity back up to the level it was before the economic recession of 2007/2008, and therefore there 
is no impact.  In our judgment, this conclusion is not supportable, because as soon as the economic 
recovery really starts to take hold, those previous train activities will also pick up, as well as 
vehicular traffic on the roads.  At that point, even greater impacts will begin to accumulate.  
Additional work is needed to obtain reliable information concerning pre-recession and historic train 
levels, the length of trains and delay times.  Reliable projections of train and road traffic during 
economic recovery are critical to obtaining realistic estimates of delays and impacts.  Assumptions 
from the past should be regarded critically as the Cascadia study identified that, since the 2008 drop 
in commerce, there has again been a steady rise in freight movement across the borders. 

 
9. Train delays at crossings are often eliminated by constructing grade separation, which allows traffic 

to pass over or under railroad tracks.  While grade separation is desirable, these improvements are 
typically multi-million dollar solutions based on the Bellingham multi-modal station study and 
waterfront plans.  We recommend that the Cherry Point permitting agencies overseeing the 
environmental review provide local jurisdictions with detailed assessments of mitigation and funding 
necessary to alleviate the impacts that will results from the projected addition of up to 18 trains per 
day serving the Cherry Point export facility. 

 
4. Conclusions 
 

This analysis of possible rail line impacts associated with sidings and the increase of up to 18 trains per 
day serving the Cherry Point export facility is preliminary and is intended to illustrate some of the 
potential significant problems and areas deserving detailed study during the SEPA and NEPA review for 
the facility.  This preliminary analysis suggests potentially severe consequences for the City’s 
transportation plan and planned waterfront redevelopment, with increases in risk of accidents, impacts to 
the City’s levels of service, ability to provide effective emergency response times, and possible 
interference with local freight delivery systems important to the City’s economic recovery. 



 

 
 

 

 
MEMORANDUM 

 
 
To:  Mr. Chal Martin PE 
Title:  City of Burlington Public Works Director 
From:  Edward Koltonowski  
Subject: Cherry Point Coal Export Facility Rail Operations-Burlington; GTC #11-036 
Date:  August 15, 2011 
 
This memorandum is to identify some of the possible rail impacts associated with transport of coal to the 
proposed Cherry Point Facility in the City of Burlington and its access roads.  It identifies the potential 
impacts on the City’s downtown core area of Fairhaven as well as the approach roads to the city such as 
Pease Road to the south and Cook Road to the north.  
 
We understand a terminal capable of exporting 48-54 million tons of coal per year is proposed north of 
Bellingham.  GTC understands that the probable route of the coal delivery trains for Cherry Point would be 
from Wyoming/Montana, through Spokane, along the Columbia River and then up from the south from 
Seattle north to Bellingham and then to Cherry Point, along the Burlington Northern Santa Fe mainline.  The 
route follows the rail tracks that run north-south directly through the center of the City of Burlington, 
Washington.  Burlington also has a number of spur lines/switching points and the major Sumas line that runs 
east that has been discussed before to take the Canadian bound trains to open up more capacity on the 
Burlington line. 
 
According to the applicant’s Project Information Document (Feb. 2011), full buildout of the coal export 
facility would result in 9 full northbound trains along this line a day, which equates to 18 train trips a day; 
however, nothing in the project materials specifies a maximum.  The 18 trains per day round trip could be 
increased if export capacity of the proposed port were expanded in the future.  The current port proposal 
occupies 350 acres of a 1,000-acre site.  Each train may be over 1.5 miles long, which at 50-60 miles per 
hour would mean approximately 3-4 minutes between train approach warning/gate closure and ultimate gate 
opening.  At 35 miles per hour it could take approximately 6-7 minutes to clear a crossing at switching or 
siding area crossings as they are typically rated for much slower traffic.  Also, if trains are diverted to the 
Sumas track they are limited to 20 mph through town, which means signal warning light can restrict the 
crossing for up to 10 minutes for the longer trains. The 18 trains per day would equate to approximately one 
additional coal train every 1.3 hours, all day long, in addition to existing train traffic.  Thus, train crossing 
delays in Burlington can be estimated to increase with an additional train every 1.3 hours, if train trips were 
evenly spaced throughout the day and night at between 3-4 minutes or 6-7 minutes or up to 10 minutes 
depending on if they are having to use the siding/switching locations/Sumas route or not. 
 
The BNSF mainline railway tracks bisect the eastern residential area of Burlington from the commercial west 
side of Burlington that includes the downtown business core and access to I-5.  The City of Burlington has 
three major east-west roads connecting to the downtown business core areas of the City to the eastern 
residential area; Avon Street (SR-20), Fairhaven Street, and Greenleaf Street; all of the crossings are at 
grade/gate controlled.  Additionally, the access roads of Pease Road and Cook Road to the south and north 
are both at grade crossings.  As stated earlier, Burlington is also a major switching and connection point for 
not only the mainline Pacific Canada rail line but also has the Burlington Fidalgo line and Sumas Burlington 
line. Although the Fidalgo line is little used, the Sumas line has as many, if not more, trains per day than the 
Pacific Line.  Also the Sumas line bisects the north side of the residential area from the south side.  The line 
cuts Fairhaven Avenue, Pine Street, Anacortes Street, Regient Street, Skagit Street, Section Street, Gardner 
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Road and Peter Andersen Road.  It is also this Sumas line that we understand may take any additional trains 
that cannot proceed north on the Pacific line if there are capacity constraints. Due to these constraints, our 
preliminary review indicated that the additional trains from the Cherry Point operations would have a 
potential significant impact on the commercial district and quality of life for the City of Burlington residents, 
as well as visitors to the commercial centers.  
 
The purpose of this preliminary report is to provide City staff with information that may be useful as the City 
prepares comments on the scope of the Cherry Point Environmental Impact Statement.  We understand the 
City may wish to conduct additional data collection and modeling and hope that this preliminary research 
provides some baseline data to help understand possible impacts and the issues involved in assessing any 
proposed mitigation. 
 
We have the following comments based on preliminary research: 

 

1. The City’s comprehensive plan identifies several road segments that will be at capacity that are 
bisected by rail crossing such as Fairhaven Avenue and Avon Street.  Additionally, some of the 
north-south routes are impacted because of the limited number of east-west crossings. People need to 
travel further parallel to the rail lines than would normally occur. 

2. Due to speed restrictions for freight trains approach warning, train travel through downtown means 
the barriers are down for approximately 3-4 minutes (over 200 seconds) for the larger (over one mile 
long) freight trains. This is the equivalent of 2-3 continuous red light cycles in a row for a normal 
signal on city streets.  The Highway Capacity Manual identifies an average delay of over 80 seconds 
as level of service F.  The City’s standard for normal roadway operation is LOS C or LOS D 
depending on road classification, i.e. allowing only 45-60 seconds as the worst delay for normal 
conditions.  The addition of 16-18 trains per day would call into question whether the City can 
maintain its adopted LOS standard. 

3. With the increase in number of long coal trains through the City, there is no choice for east-west 
residential or commercial traffic. This is a particular issue during summer peaks, as both Fairhaven 
Avenue and Avon Street experience increased summer traffic volume as well as an increased mix of 
RV traffic.   

4. There is a probable issue concerning emergency services response times, in a scenario where the 1.5 
mile long trains block all the downtown east-west crossings at the same time for several minutes. 
Adding 16-18 additional trains per day to service Cherry Point could tip the balance at a critical time 
when emergency responses are needed. 

5. Within the last 5 years there have been approximately 10 accidents at the City crossings, including 
two involving school buses. Nearly all were rear ends as gates closed or buses stopped to cross.  
Additionally there were four recorded accidents at the Cook Road crossing.  

6. Already today the presence of a long freight train during the peak hours creates separation for both 
north-south and east-west travel in the City.  The WSDOT and City count data bases identified that 
approximately 13,000 daily trips cross the Avon Street (SR-20) tracks on an average day and 
approximately 9,400 daily trips cross the Fairhaven Avenue tracks and recorded approximately 4,200 
daily trips along Greenleaf Street.  In addition Pease Road carries approximately 4,200 to the south 
and Cook Road nearly 13,000 daily trips to the north.  Therefore, the main east-west at grade rail 
crossings in the city influence area have approximately 45,000 daily vehicle crossings.  This does not 
account for the Sumas crossing, which would add close to another 20,000 daily trips.  It also does not 
include the Fidalgo crossings that would not be impacted by the Cherry Point proposal.  With the 
doubling of train traffic with coal trains that take 3-4 minutes to cross (if no delays/slowing) just on 
the Pacific line alone, the cumulative additional delay to drivers is potentially significant.  Any 
environmental review of rail line impacts should study this current condition and likely increased 
impact, including costs to mitigate the effects.  One form of mitigation is to create grade-separation, 
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with either a tunnel or a bridge.  The City may wish to request that mitigation is part of the 
environmental review process for Cherry Point. 

7. Skagit County communities and the State have recently invested heavily in improved passenger train 
(AMTRAK) services for the north end.  Freight traffic on the single rail line north of Everett is 
expected to double with the Cherry Point proposal.  Under BNSF’s policy, it is our understanding 
that freight deliveries are not scheduled to the same on time reliability demands as passenger trains 
but can still take precedence over passenger rail under certain circumstances.  The City may wish to 
analyze the degree to which a doubling of freight traffic is expected to adversely affect the reliability 
of existing passenger rail schedules and also whether it will diminish opportunities to expand 
passenger rail.  In 2001, the City participated in a state sponsored study of the potential for passenger 
rail expansion, titled:  Pacific Northwest Rail Corridor: Everett to Blaine Commuter Rail 
Preliminary Feasibility Study.  On Page IV of the Executive Summary, the report concludes that 
there may be a viable market for commuter rail north of Everett by the year 2030.  In 2004 the North 
Sound Regional Study conducted by Cascadia for Whatcom Council of Governments identified 
again the potential of significant rail capacity issues identified by BNSF. The City may wish to 
comment on whether the Cherry Point proposal affects the conclusions in those studies. 

8. The City does have a number of sidings for local industrial users and is one of the main 
residential/commercial areas east of other local train industrial users such as Twin Foods or the Oil 
refinery operations further west.  Residents of the city or out-of-town employees from those facilities 
using the retail centers of Burlington may be impacted since local short-haul trains for local business 
could be impacted. 

 
The Washington State 2006 “statewide Rail Capacity and System Needs study” identifies the first 
issue as follows: 

The Railroads Are Focusing on High-Volume and Long-Haul Services, But the State’s 
Industrial and Agricultural Shippers Also Need Low Volume and Short-Haul Services.  
 
Long-haul intermodal container trains and long-haul unit grain trains moving to and from 
Washington State’s ports are the least complex and the most profitable for the Class I 
railroads to operate. As a result, the railroads have reoriented their operations to 
accommodate this business. But many Washington State shippers are low-volume carload 
shippers who generate only a few dozen carloads a week or a month, and they are being 
priced out of the rail market.  
 

So a key question may be whether this interstate traffic from the coal trains will have the impact of 
reducing the availability of local rail spur business necessary to serve Burlington and surrounding 
businesses.  These issues can be analyzed as part of the economic impact analysis we understand 
must be completed as part of the environmental review for the project. 

 
9. The Washington State 2010-2030 Freight Rail Plan published by WSDOT in December 2009 

identified that the rail line in this area in 2008 was already at its capacity of 18 trains per day 
(Exhibit 3-9).  The state plan shows that it hopes to increase that capacity to 30 trains per day; 
however the design and cost of the specific improvements needed to do that have not yet been 
identified.  Additional study and inquiry should be conducted to determine whether federal or state 
funding is committed to expand the capacity of the BNSF freight system, sufficient to allow the 
projected additional 16-18 trains per day and still leave adequate capacity for local freight and future 
commuter services.  Additionally, the Cherry Point trains could create additional traffic on the 
Sumas tracks that could result in a significant capacity constraint on the movement of vehicles on the 
City street system.  

10. The Cherry Point applicant and its advocates argue that the coal train activity will only bring train 
activity back up to the level it was before the economic recession of 2007/2008, and therefore it will 
have no impact.  In our judgment, this conclusion is not supportable, because as soon as the 
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economic recovery really starts to take hold, those previous train activities will also pick up, as well 
vehicular traffic on the roads.  At that point, even greater impacts will begin to accumulate.  
Additional work is needed to obtain reliable information concerning pre-recession and historic train 
levels, the length of trains and delay times.  Reliable projections of train and road traffic during 
economic recovery are critical to obtaining realistic estimates of delays and impacts.  Assumptions 
from the past should be regarded critically. 

11. Train delays at crossings are often eliminated by constructing grade separation, which allows traffic 
to pass over or under railroad tracks.  While grade separation is desirable particularly because of the 
already complicated movement of SR-20 through the City, these improvements are typically multi-
million dollar solutions and funding is not yet planned.  Estimates of this mitigation may be obtained 
by the City, in conjunction with estimates of similar improvements to be requested by other cities, 
counties, and WSDOT.  It is our understanding, for example, that replacement of the Skagit River 
Bridge may be necessary to support the proposed heavy coal rail increases.  The budget for design 
and construction of that improvement alone may be half a billion dollars. We recommend that local 
jurisdictions provide regulating authorities with detailed assessments of mitigation and funding 
necessary to alleviate the impacts that will result from the additional 16-18 trains per day serving the 
Cherry Point export facility. 

 

This analysis of possible rail line impacts associated with the increase of 18 trains per day serving the 
Cherry Point Coal export facility is preliminary and is intended to illustrate some of the potential 
problems and areas deserving detailed study during the SEPA review for the facility.  This preliminary 
analysis suggests potentially severe consequences for the City’s transportation plan and improvements, 
with increases in risk of accidents, impacts to the City’s levels of service, ability to provide effective 
emergency response times, and possible interference with local freight delivery systems important to the 
City’s economic recovery. 



 
 
 
 
 
 
 

 
ATTACHMENTS FOR CITY OF BURLINGTON 

RAIL CAPACITY PRESENTATION 
 

 
 
 

• Rail Crossing Inventory 
• Daily Traffic at Crossings 
• Transportation Element Information 
• Accident History Data 
• State Report Information 
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MEMORANDUM 

 
 
To:  Mr. Phil Williams 
Title:  City of Edmonds, Public Works Director 
From:  Edward Koltonowski  
Subject: Cherry Point Coal Export Facility Rail Operations-City of Edmonds; GTC #11-036 
Date:  May 22, 2012 
 
 
This memorandum is to identify some of the possible rail impacts associated with transport of coal to the 
proposed Cherry Point Facility affecting the City of Edmonds and its access roads.  It identifies the potential 
impacts on the City’s downtown core area of Main Street, access to the WSDOT Ferry Terminal, as well as 
several key approach roads to the City, such as Dayton Street to the south.  
 
The purpose of this preliminary report is to provide City leaders and interested stakeholders with information 
that may be useful as the City prepares comments on the scope of the Cherry Point Environmental Impact 
Statement.  We understand the City may wish to conduct additional data collection and modeling and hope 
that this preliminary research provides some baseline data to help understand possible impacts and the issues 
involved in assessing any proposed mitigation. 
 
1. Project Description and Expected Delays 

 
We understand a terminal capable of exporting 48 million tons of coal per year is proposed north of 
Bellingham. GTC understands that the probable route of the coal delivery trains for Cherry Point would be 
from Wyoming/Montana, through Spokane, along the Columbia River and then up from the south from 
Seattle north to Bellingham and then to Cherry Point, along the Burlington Northern Santa Fe mainline.  The 
route follows the rail tracks that run north-south directly through the west part of the City of Edmonds, 
Washington.   
 
According to the applicant’s Project Information Document (Feb. 2011), full build out of the coal export 
facility would result in 9 full northbound trains along this line a day, which equates to 18 train trips a day; 
however, nothing in the project materials specifies a maximum.  The 18 trains per day round trip could be 
increased if export capacity of the proposed port were expanded in the future.  Some return trains may return 
over the Stevens Pass route, bypassing Edmonds, but the railroad and project proponent have not provided 
details on anticipated traffic or routing. Each train may be over 1.5 miles long, which at 50 miles per hour 
would mean approximately 3-4 minutes between train approach warning/gate closure and ultimate gate 
opening.  At 35 miles per hour it could take approximately 6-7 minutes to clear a crossing as the siding near 
this area is rated for 35mph.  The 18 trains per day would equate to approximately one additional coal train 
every 1.3 hours, all day long, in addition to existing train traffic.  Thus, train crossing delays in Edmonds can 
be estimated to increase with an additional train every every 1.3 hours, if train trips were evenly spaced 
throughout the day and night, at between 3-4 minutes and 6-7 minutes depending on if they are having to use 
sidings or not. Also the proximity of siding for AMTRAK or Freight near a crossing can have a double 
impact.  As a waiting train leaves the siding it has to accelerate up to speed taking longer to cross and still 
triggers the crossing arm for the nearby street crossing ahead.  Thus it can mean the crossing arm is triggered 
before waiting queues are cleared from the last train and therefore have continual impact for over 10 minutes.  
2. Affected Crossings 
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The BNSF rail way tracks bisect the western waterfront area of Edmonds (including the State Ferry terminal 
and beaches) from the east side of Edmonds that includes the downtown business core and residential area.  
The City of Edmonds only has two roads (Dayton Street and Main Street) connecting its downtown business 
core/residential areas to the waterfront area, both of which are directly affected by the proposed increase of 
rail traffic and both crossings are all at grade/gate controlled..  Due to these constraints, our preliminary 
review indicated that the additional trains from the Cherry Point operations could have a potential significant 
impact on the commercial district and quality of life for the City residence. Of primary concern are potential 
backups onto main street and likely drop in level of service on city streets and emergency response, thus 
affecting future development potential along the waterfront. 
 
3. Analysis of Potential Impacts 
 
We have the following comments based on preliminary research: 

 

Due to a speed restriction approach warning, train travel through Edmonds downtown means the barriers are 
down for approximately 3-4 minutes (over 200 seconds) for the larger (over one mile long) freight trains. 
This is the equivalent of 2-3 continuous red lights cycles in a row for a normal signal on Main or Dayton.  
Note: The proximity of siding for AMTRAK/commuter train or Freight near a crossing can have a double 
impact.  As a waiting train leaves the siding it has to accelerate up to speed taking longer to cross and still 
triggers the crossing arm for a street crossing ahead.  Thus it can mean the crossing arm is triggered before 
waiting queues are cleared from the last train and therefore have continual impact for over 10 minutes.  With 
the long coal trains, increased use of sidings as train volume increases the impacts to the States Ferry service. 
This cumulative impact should be reviewed in any environmental impact review of the coal trains. 

1. The Institute of Traffic Engineers identifies an average delay of over 80 seconds as level of service 
F. The City’s standard for arterial roadway operation is LOS D, i.e. allowing only 55 seconds as the 
worst delay for normal conditions and LOS C for collectors (Dayton).  The addition of 16-18 trains 
per day would call into question whether the City can maintain its adopted LOS D standard and LOS 
C standard for these intersections. This may be central to future concurrency determinations by the 
City affecting future development projects. 

2. The City’s comprehensive plan chapter 4 identifies both Dayton and Main crossing as a walkway 
and bike lane crossing for the pedestrian and bike plans.  The plan has identified a high priority of 
better connecting the downtown to the waterfront through increased pedestrian and bicycle access.  
The short, medium and long bike routes identified in the City’s plan all run parallel to the rail line in 
the Main Street area.  An additional crossing from non-motorized traffic has also been identified in 
the City plan.  Unless this crossing is grade separated the 16-18 additional trains for the Cherry Point 
facility would make any such additional crossing more dangerous/complicated.  A May pedestrian 
count recorded over 200 pedestrian movements in just an hour at the Main Street/Railway Avenue 
crossing intersection.  A potential mitigation for the additional freight traffic may be to assist in the 
construction of a non motorized grade separated crossing for the downtown area. Given the 
geography and configuration of the Ferry Terminal, it would likely be very challenging to create a 
grade separated crossing at Main Street.   

3. Railway Avenue is a major transit hub for the city with 7 different transit routes connecting with the 
waterfront and AMTRAC/Sounder station.  Transit crosses Dayton and Main with all the routes.  
The impact to community transit by the 16-18 additional trains for the Cherry Point facility should 
be assessed and mitigated. 

4. With the increase in number of long coal trains at the waterfront and ferry access crossing, there are 
no alternative east-west grade separated crossings as the east-west route becomes degraded with the 
increased coal trains.  This is a particular issue during summer peaks, with the beaches and ferry 
route.  Mitigation could be a grade separated crossing to the waterfront similar to many other 
jurisdictions, but it may require a complete relocation and rebuild of the Ferry Terminal, and would 
likely involve significant expense.  Note the prior plans to relocate the Ferry Terminal have been put 
on hold indefinitely with 20-30 year timeframes being discussed.  The 2005 Edmond Crossing FEIS 
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identified the need for relocation with projected train increases that did not even foresee the Coal 
train increase. Additionally the Cities plans to unify the downtown and waterfront could be 
significantly hampered without the relocation or grade separated crossings particularly with the 
projected increase in freight trains.   

5. There is a probable issue concerning emergency services response times, in a scenario where the 
only reliable east-west crossing between the waterfront to the west and the services area to the east is 
Dayton and Main which are closed at the same time when a freight train crosses.  Adding 16-18 
additional trains per day to service Cherry Point could tip the balance at a critical time when 
emergency responses are needed.  Given the fact that the Main Street crossing is the only egress 
from the Ferry Terminal, this will create additional concerns in the context of emergencies that occur 
either on the ferries or where ambulances utilize the ferry crossing.  The increased residential and 
commercial plans along the waterfront as well as existing ferry and scuba diving activities will all 
increase further  future emergency vehicle response needs to the other side of the tracks. 

6. Within the last 5 years there have been 4 accidents at the Main Street crossings including two gate 
collisions.  

7. Already today the presence of a long freight train during the peak hours creates separation from the 
Cities waterfront amenities and businesses.  The Cities  annual counts show over  6,000 daily trips 
crossing Main Street and US DOT federal crossing information shows over 8,500 daily trips cross 
the Dayton tracks on an average day know that summer peak volumes are considerably bigger.   
Therefore the rail crossings in the city have nearly 15,000 daily vehicles crossing a day.   With the 
additional coal trains that will likely take a minimum of 3-4 minutes to cross (without accounting for 
delays or slower train speeds) the cumulative additional delay to drivers is potentially significant.  
Any environmental review of rail line impacts should study this current condition and likely 
increased impact, including costs to mitigate the effects.  One form of mitigation is to create grade-
separation, with either a tunnel or a bridge.  The City may wish to request that mitigation as part of 
the environmental review process for Cherry Point. 

8. Puget Sound communities within the Sound Transit service area, the State, and the Federal 
Government have recently invested heavily in improved passenger train) services for the north end.  
Freight traffic on the rail line between Seattle and Everett (and transiting Edmonds) could increase 
from the approximately 40 a day (based on US DOT crossing inventory Information) to 50-55 with 
the Cherry Point proposal which would exceed their existing 45 trains per day capacity per the States 
2009 report.  Under BNSF’s policy, it is our understanding that freight deliveries are not scheduled 
to the same on-time reliability demands of passenger trains but can still take precedence over 
passenger rail under certain circumstances.  The City may wish to analyze the degree to which  
increasing freight traffic is expected to adversely affect the reliability of existing passenger rail 
schedules and also whether it will diminish opportunities to expand passenger rail particularly for the 
reverse commute that was originally analyzed for the Sounder commuter rail.  With Sound Transit 
proposing the preferred alternative for the North Corridor transit EIS as the I-5 alignment instead of 
the SR-99 alignment it will become even more imperative to the City to preserve this existing rail 
corridor for passenger service.  The City may wish to comment on whether the Cherry Point proposal 
affects the conclusions in those studies. It should also ensure that the public investments in passenger 
rail capacity in this corridor are being protected.   

 
Also the States 2006 “statewide Rail Capacity and System Needs study” identifies a key issue 
affecting that access to local business as follows: 

 
The Railroads Are Focusing on High-Volume and Long-Haul Services, But the State’s 
Industrial and Agricultural Shippers Also Need Low Volume and Short-Haul Services.  
 
Long-haul intermodal container trains and long-haul unit grain trains moving to and from 
Washington State’s ports are the least complex and the most profitable for the Class I 
railroads to operate. As a result, the railroads have reoriented their operations to 
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accommodate this business. But many Washington State shippers are low-volume carload 
shippers who generate only a few dozen carloads a week or a month, and they are being 
priced out of the rail market.  
 

So a key question may be whether this interstate traffic from the coal trains will have the impact of 
reducing the availability of local rail spur business necessary to local businesses such as Boeing and 
its suppliers.  These issues should be analyzed as part of a comprehensive economic and 
environmental impact analysis that should be demanded conducted before this project goes forward. 

 
9. The Washington State 2010-2030 Freight Rail Plan published by WSDOT in December 2009 

identified that the rail line in this area in 2008 had a capacity of 60 trains per day (Exhibit 3-9).  The 
existing use of the line is 40-45 trains per day based on the US DOT inventory reports that were 
accessed in 20011.  The state plan shows that it hopes to increase that capacity to 80 trains per day; 
however, the design and cost of the specific improvements needed to do that were not available at 
the time of this report’s completion.  Additional study and inquiry should be conducted to determine 
whether federal or state funding is committed to expand the capacity of the BNSF freight system, 
sufficient to allow the projected additional 16-18 trains per day and still leave adequate capacity for 
freight and expanded commuter services. 

10. The Cherry Point applicant and its advocates argue that the coal train activity will only bring train 
activity back up to the level it was before the economic recession of 2007/2008, and therefore there 
is no impact.  In our judgment, this conclusion is not supportable, because as soon as the economic 
recovery really starts to take hold, those previous train activities will also pick up, as well as 
vehicular traffic on the roads.  At that point, even greater impacts will begin to accumulate.  
Additional work is needed to obtain reliable information concerning pre-recession and historic train 
levels, the length of trains and delay times.  Reliable projections of train and road traffic during 
economic recovery are critical to obtaining realistic estimates of delays and impacts.  Assumptions 
from the past should be regarded critically. 

11. Train delays at crossings are often eliminated by constructing grade separation, which allows traffic 
to pass over or under railroad tracks.  While grade separation is desirable, these improvements are 
typically multi-million dollar solutions.  This is likely to be particularly true in Edmonds, based on a 
brief review of the multi-modal station plans.  We recommend that local jurisdictions provide 
regulating authorities with detailed assessments of mitigation and funding necessary to alleviate the 
impacts that will results from the additional 16-18 trains per day serving the Cherry Point export 
facility. 

 

4. Conclusions 
 

This analysis of possible rail line impacts associated with the increase of up to 18 trains per day serving 
the Cherry Point Coal export facility is preliminary and is intended to illustrate some of the potential 
problems and areas deserving detailed study during the SEPA review for the facility.  This preliminary 
analysis suggests potentially severe consequences for the City’s transportation plan and improvements, 
with increases in risk of accidents, impacts to the City’s levels of service, ability to provide effective 
emergency response times, waterfront/downtown unification plans, State Ferry route impacts and 
possible interference with local freight delivery systems important to the City’s economic recovery. 
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MEMORANDUM 

 
 
To:  Kevin Nielsen 
Title:  Marysville Public Works Director 
From:  Edward Koltonowski  
Subject: Cherry Point Coal Export Facility Rail Operations; GTC #11-036 
Date:  June 15, 2011 
 
This memorandum is to identify some of the possible Rail Impacts associated with transport of coal to the 
proposed Cherry Point Facility on the City of Marysville WA.  We understand a terminal capable of 
exporting 54 million tons of coal per year is proposed north of Bellingham. 
 
GTC understands that the probable route of the coal delivery trains for Cherry Point would be from 
Wyoming/Montana, through Spokane, along the Columbia River and then up from the south from Seattle 
north to Bellingham and then to Cherry Point, along the Burlington Northern Santa Fe mainline.  The route 
follows the rail tracks that run north south directly through the heart of the business district of the City of 
Marysville Washington.  According to the applicant’s Project Information Document (Feb. 2011), full 
buildout of the coal export facility would result in 9 full northbound  trains along this line a day, which 
equates to 18 train trips a day, however, nothing in the project materials specifies a maximum.  The 18 trains 
per day round trip could be increased if export capacity of the proposed port were expanded in the future.  
Each train may be over 1.5 miles long, which at 30 miles per hour would mean approximately 6-7 minutes 
between train approach warming/gate closure and ultimate gate opening or at 5 miles per hour  could take 
approximately 14-18 minutes to clear a crossing.  The 18 trains per day would equate to approximately one 
additional coal train every 1.3 hours, all day long, in addition to existing train traffic. 
 
The BNSF rail way tracks bisect all of the major arterial roads that connect the City business and residential 
areas with I-5. Preliminary review indicated that the additional trains from the Cherry Point operations would 
have a significant impact on the commercial district and quality of life for the City of Marysville. We have 
the following comments based on preliminary research: 
 

1. The City is finalizing its downtown vision plan. A downtown bisected by   16-18 coal train trips per 
day rumbling through its “green downtown”  for several hours a day is not part of that vision.  

2. The City’s downtown access plan has identified major east west improvement needs (i.e. additional 
lanes on SR-528) under the I-5 structure and an extension east of 1st Street alternative corridor south 
of the mall.  Both these future critical links have at-grade crossing that the traffic modeling by HDR 
shows are significantly impacted by the train movements. This would result in their 1st Street and I-
5/SR-528 improvements would be negated when a train crosses in the peak hour.  

3. Due to speed restriction approach warning, trains through Marysville downtown  means the barriers 
are down for approximately 6-8 minutes (over 400 seconds) for the larger (over  one mile long) 
freight trains. This is the equivalent of 3-4 continuous red lights cycles in a row for a normal signal 
on 4th Street.  The Institute of Traffic Engineers identifies an average delay of over 80 seconds as 
level of service F - the city’s standard for normal roadway operation is LOS D i.e. allowing only 60 
seconds as the worst delay for normal conditions.  

4. With the increase in number of long coal trains, the nightmare scenario for the city is having all its I-
5 entrances blocked at the same time, i.e. SR-528, 88th and 116th.  The recent capacity improvement 
on 116th Street completed by the city would be negated by the increased coal train activity.  
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5. Marysville is one of the largest cities with the highest traffic volume j that does not have at least one 
grade-separated crossing for its major access.  For example look at Everett to the south; it’s last 
major at grade rail crossing (Pacific Avenue) was grade separated over a decade ago and it carries 
less traffic than SR-528 or 88th Street.  

6. A single long train will close the gates from 1st North to 88th Street at the same time the rail crossing 
between 88th Street and 1st Street carry approximately 7,000 PM peak hour trips or over 80,000 daily 
trips.  The rail crossing to the north at 116th Street also carries approximately 20,000 daily trips. The 
addition of just 16 train trips will block the Marysville main lifeline to I-5 for an additional 2-3 hours 
a day.   

7. Within the last 5 years there have been approximately 30 accidents at rail crossings in the City of 
Marysville, nearly half involving the actual rail gates and one with a vehicle struck by a train in 
December 2008 causing serous injury to two people at the 88th Street crossing. The remainder was 
mainly rear ends of vehicles stopping for the gate closures (based on the State’s accident data base).  

8. Already today the presence of a long freight train during the peak hours creates back ups from the I-5 
ramps onto the mainline.  The Puget Sound Regional Council (PSRC), the City of Marysville and 
Tulalip Tribes have identified capacity improvement needs at both the 88th Street and 116th Street 
interchanges due to existing congestion at these ramps.  WSDOT over the last few years has already 
maximized the queuing capacity of the ramps through deviations to standards to restripe shoulders to 
accommodate the queuing created when trains block access from I-5 to the City.  Adding 18 trains 
per day to existing levels will likely exacerbate this problem by a significant factor.  Any 
environmental review of rail line impacts should study this current condition and likely increased 
impact, including costs to mitigate the effects. 

9. The City of Marysville, John McCoy (State Representative), and Tulalip Tribes have long envisioned 
a passenger train station on the Marysville line (Policy Point T-9c.1 of the Marysville Adopted 
Transportation Element).  The increased coal train activity hampers that plan. 

10. The Cherry Point applicant argues that the coal train activity will only bring train activity back up to 
the level it was before the economic crash, and therefore there is no impact.  This is misleading 
because as soon as the economic recovery really starts to take hold, those previous train activities 
will also pick up, as well vehicular traffic on the roads.  At that point, even greater impacts will 
begin. 

11. Train delays at crossings are often eliminated by constructing grade separation, which allows traffic 
to pass over or under railroad tracks. The City’s transportation element Policy T-1E.6 identifies a 
priority in needing to minimize the number of at grade-crossings.  While grade separation is desired 
in the City plan, these improvements are typically multi-million dollar solutions and funding is not 
yet planned.   

 

This analysis of possible rail line impacts associated with the increase of 18 trains per day serving the 
Cherry Point Coal export facility is preliminary and is intended to illustrate some of the potential 
problems and areas deserving detailed study during the SEPA review for the facility.  This preliminary 
analysis suggests potentially severe consequences for the City’s transportation plan and improvements, 
with increases in risk of accidents. 

 

 

 

CC:   Jon Nehring, Mayor 
Gloria Hirashima, City of Marysville 
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MEMORANDUM 

 
 
To:  Mr. Esco Bell PE 
Title:  City of Mt Vernon Public Works Director 
From:  Edward Koltonowski  
Subject: Cherry Point Coal Export Facility Rail Operations-Mount Vernon; GTC #11-036 
Date:  September 1, 2011 
 
This memorandum is to identify some of the possible rail impacts associated with transport of coal to the 
proposed Cherry Point Facility affecting the City of Mount Vernon and its access roads.  It identifies the 
potential impacts on the City’s downtown core area of Kincaid Street as well as the approach roads to the 
City, such as Blackburn Road to the south and College Way and Hoag Road to the north.  
 
The purpose of this preliminary report is to provide City staff with information that may be useful as the City 
prepares comments on the scope of the Cherry Point Environmental Impact Statement.  We understand the 
City may wish to conduct additional data collection and modeling and hope that this preliminary research 
provides some baseline data to help understand possible impacts and the issues involved in assessing any 
proposed mitigation. 
 
1. Project Description and Expected Delays 

 
We understand a terminal capable of exporting 48-54 million tons of coal per year is proposed north of 
Bellingham. GTC understands that the probable route of the coal delivery trains for Cherry Point would be 
from Wyoming/Montana, through Spokane, along the Columbia River and then up from the south from 
Seattle north to Bellingham and then to Cherry Point, along the Burlington Northern Santa Fe mainline.  The 
route follows the rail tracks that run north-south directly through the center of the City of Mount Vernon, 
Washington.   
 
According to the applicant’s Project Information Document (Feb. 2011), full buildout of the coal export 
facility would result in 9 full northbound trains along this line a day, which equates to 18 train trips a day; 
however, nothing in the project materials specifies a maximum.  The 18 trains per day round trip could be 
increased if export capacity of the proposed port were expanded in the future.  The current port proposal 
occupies 350 acres of a 1,000-acre site.  Each train may be over 1.5 miles long, which at 50 miles per hour 
would mean approximately 3-4 minutes between train approach warning/gate closure and ultimate gate 
opening.  At -35 miles per hour it could take approximately 6-7 minutes to clear a crossing as the siding near 
this area is rated for 35mph.  The 18 trains per day would equate to approximately one additional coal train 
every 1.3 hours, all day long, in addition to existing train traffic.  Thus, train crossing delays in Mt Vernon 
can be estimated to increase with an additional train every every 1.3 hours, if train trips were evenly spaced 
throughout the day and night, at between 3-4 minutes and 6-7 minutes depending on if they are having to use 
the siding or not. 
 
2. Affected Crossings 
 
The BNSF rail way tracks bisect the eastern residential area of Mt Vernon (including the high school and 
hospitals) from the west side of Mt Vernon that includes the downtown business core.  The City of Mt 
Vernon has four roads connecting its downtown business core to areas of the City to the eastern 
residential/School/hospital are, three of which are directly affected by the proposed increase of rail traffic 
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while 4th Street has a grade separated crossing.  However, SR-536/Kincaid, Fir Street, and College Way 
crossings are all at grade/gate controlled. SR-536/Kincaid and SR-538/College are also the major access to I-
5 for the central city area and residential area east respectively.  Due to these constraints, our preliminary 
review indicated that the additional trains from the Cherry Point operations would have a potential significant 
impact on the commercial district and quality of life for the City of Mt Vernon residence. Of primary concern 
are potential backups onto I-5 and the likely drop in level of service on city streets and emergency response, 
thus affecting future development potential in the City. 
 
3. Analysis of Potential Impacts 
 
We have the following comments based on preliminary research: 

 

1. The City’s comprehensive plan identifies several road segments that will be at capacity that are 
bisected by rail crossing such as College Way and Kincaid.   This analysis identified the need for 
additional routes between the residential area to the east and the commercial area.  The potential to 
obtain improved or additional rail crossings in the future would likely be complicated by the 16-18 
additional trains for the Cherry Point facility. 

2. Due to a speed restriction approach warning, train travel through Mt Vernon downtown means the 
barriers are down for approximately 3-4 minutes (over 200 seconds) for the larger (over one mile 
long) freight trains. This is the equivalent of 2-3 continuous red lights cycles in a row for a normal 
signal on Kincaid or Collage.  The Institute of Traffic Engineers identifies an average delay of over 
80 seconds as level of service F. The City’s standard for normal roadway operation is LOS D, i.e. 
allowing only 60 seconds as the worst delay for normal conditions.  The addition of 16-18 trains per 
day would call into question whether the City can maintain its adopted LOS D standard. This may be 
central to future concurrency determinations by the City affecting future development projects. 

3. With the increase in number of long coal trains at the Fir, Kincaid or College crossing, the only 
alternative east-west for local traffic is the regional the 4th Street grade separated crossing as the 
“local” east west route becomes degraded with the increased coal trains.  This is a particular issue 
during summer peaks, as Kincaid and College already approach capacity limits.   

4. There is a probable issue concerning emergency services response times, in a scenario where the 
only reliable east-west crossing between the business district to the west and the residential area to 
the east is 4th Street.  Adding 16-18 additional trains per day to service Cherry Point could tip the 
balance at a critical time when emergency responses are needed. 

5. Within the last 5 years there have been approximately 25 accidents at the MT Vernon crossings 
including a death when a passenger vehicle hit a signal pole.  Approximately half were rear ends as 
gates closed with also several gate collisions. In addition there were four train-road vehicle accidents 
recorded at the Mt Vernon crossing in the last five-year reporting period.  

6. Already today the presence of a long freight train during the peak hours creates separation in the 
downtown core.  The WSDOT 2010 annual count data base identified that approximately 17,000 
daily trips cross the Kincaid tracks on an average day and approximately 24,000 daily trips cross the 
College way tracks.  The City’s 2008 comprehensive plan recorded approximately 10,000 daily trips 
along Hoag Road, 7,000 daily trips along Fire and nearly 18,000 trips along Riverside at the 
crossing.  The future 2025 projections showed significant growth at all the crossings.  We also know 
that summer peak volumes are considerably bigger.   Therefore the main at grade rail crossing in the 
city have over 75,000 daily vehicles crossing a day.   With the doubling of train traffic with coal 
trains that take 3-4 minutes to cross (if not delays/slowing) the cumulative additional delay to drivers 
is potentially significant.  Any environmental review of rail line impacts should study this current 
condition and likely increased impact, including costs to mitigate the effects.  One form of mitigation 
is to create grade-separation, with either a tunnel or a bridge.  The City may wish to request that 
mitigation as part of the environmental review process for Cherry Point. 
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7. Skagit County communities and the State have recently invested heavily in improved passenger train 
(AMTRAK) services for the north end.  Freight traffic on the single rail line north of Everett is 
expected to double with the Cherry Point proposal.  Under BNSF’s policy, it is our understanding 
that freight deliveries are not scheduled to the same on-time reliability demands of passenger trains 
but can still take precedence over passenger rail under certain circumstances.  The City may wish to 
analyze the degree to which a doubling of freight traffic is expected to adversely affect the reliability 
of existing passenger rail schedules and also whether it will diminish opportunities to expand 
passenger rail.  In 2001, the City participated in a state-sponsored study of the potential for passenger 
rail expansion, titled:  Pacific Northwest Rail Corridor: Everett to Blaine Commuter Rail 
Preliminary Feasibility Study.  On Page IV of the Executive Summary, the report concludes that 
there may be a viable market for commuter rail north of Everett by the year 2030.  In 2004 the North 
Sound Regional Study conducted by Cascadia for Whatcom Council of Governments identified 
again the potential of significant rail capacity issues identified by BNSF. The City may wish to 
comment on whether the Cherry Point proposal affects the conclusions in those studies. 

 
The City 2008 Comprehensive Transportation Element identifies in policies such as Goal 4  
Objective T-41 the need for truck and rail access to its industrial area. The States 2006 “statewide 
Rail Capacity and System Needs study” identifies a key issue affecting that access to local business 
as follows: 

The Railroads Are Focusing on High-Volume and Long-Haul Services, But the State’s 
Industrial and Agricultural Shippers Also Need Low Volume and Short-Haul Services.  
 
Long-haul intermodal container trains and long-haul unit grain trains moving to and from 
Washington State’s ports are the least complex and the most profitable for the Class I 
railroads to operate. As a result, the railroads have reoriented their operations to 
accommodate this business. But many Washington State shippers are low-volume carload 
shippers who generate only a few dozen carloads a week or a month, and they are being 
priced out of the rail market.  
 

So a key question may be whether this interstate traffic from the coal trains will have the impact of 
reducing the availability of local rail spur business necessary to serve Mount Vernon businesses.  
These issues can be analyzed as part of the economic impact analysis we understand must be 
completed as part of the environmental review for the project. 

 
8. The Washington State 2010-2030 Freight Rail Plan published by WSDOT in December 2009 

identified that the rail line in this area in 2008 was already at its capacity of 18 trains per day 
(Exhibit 3-9).  The state plan shows that it hopes to increase that capacity to 30 trains per day; 
however the design and cost of the specific improvements needed to do that have not yet been 
identified.  Additional study and inquiry should be conducted to determine whether federal or state 
funding is committed to expand the capacity of the BNSF freight system, sufficient to allow the 
projected additional 16-18 trains per day and still leave adequate capacity for local freight and future 
commuter services. 

9. The Cherry Point applicant and its advocates argue that the coal train activity will only bring train 
activity back up to the level it was before the economic recession of 2007/2008, and therefore there 
is no impact.  In our judgment, this conclusion is not supportable, because as soon as the economic 
recovery really starts to take hold, those previous train activities will also pick up, as well vehicular 
traffic on the roads.  At that point, even greater impacts will begin to accumulate.  Additional work is 
needed to obtain reliable information concerning pre-recession and historic train levels, the length of 
trains and delay times.  Reliable projections of train and road traffic during economic recovery are 
critical to obtaining realistic estimates of delays and impacts.  Assumptions from the past should be 
regarded critically. 
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10. Train delays at crossings are often eliminated by constructing grade separation, which allows traffic 
to pass over or under railroad tracks.  While grade separation is desirable particularly because of the 
already complicated I-5 interchanges intersections and the Mount Vernon transit center, these 
improvements are typically multi-million dollar solutions and funding is not yet planned.  Estimates 
of this mitigation may be obtained by the City, in conjunction with estimates of similar 
improvements to be requested by other cities, counties and WSDOT.  It is our understanding, for 
example, that replacement of the Skagit River Bridge may be necessary to support the proposed 
heavy coal rail increases.  The budget for design and construction of that improvement alone may be 
half a billion dollars.  We recommend that local jurisdictions provide regulating authorities with 
detailed assessments of mitigation and funding necessary to alleviate the impacts that will results 
from the additional 16-18 trains per day serving the Cherry Point export facility. 

 

4. Conclusions 
 

This analysis of possible rail line impacts associated with the increase of 18 trains per day serving the 
Cherry Point Coal export facility is preliminary and is intended to illustrate some of the potential 
problems and areas deserving detailed study during the SEPA review for the facility.  This preliminary 
analysis suggests potentially severe consequences for the City’s transportation plan and improvements, 
with increases in risk of accidents, impacts to the City’s levels of service, ability to provide effective 
emergency response times, and possible interference with local freight delivery systems important to the 
City’s economic recovery. 



 
 
 
 
 
 
 

 
ATTACHMENTS FOR CITY OF MT. VERNON 

RAIL CAPACITY PRESENTATION 
 

 
 
 

• Rail Crossing Inventory 
• Daily Traffic at Crossings 
• Transportation Element Information 
• Accident History Data 
• State Report Information 





















































































































































 

 
 

 

2802 Wetmore Avenue  Suite 220  Everett WA, 98201 

 
MEMORANDUM 

 
 
To:  Mr. Peter Hahn 
Title:  City of Seattle, Director Seattle Department of Transportation 
From:  Edward Koltonowski  
Subject: Cherry Point Coal Export Facility Rail Operations-City of Seattle – Preliminary Report; GTC 
#11-036 
Date:  February 13, 2012 
 
 
This memorandum identifies some of the possible rail impacts associated with transport of coal to the 
proposed Cherry Point Facility affecting the City of Seattle and its access roads.  It preliminarily identifies 
the potential impacts on the City’s Sodo and waterfront area where surface traffic intersects with the main 
line.  
 
The purpose of this preliminary report is to provide City staff with information that may be useful as the City 
evaluates its position on the proposed project and prepares comments on the scope of the Cherry Point 
Environmental Impact Statement.  We understand that the City may wish to conduct additional data 
collection and modeling and hope that this preliminary research provides some baseline data to help 
understand possible impacts and the issues involved in assessing any proposed mitigation. 
 
1. Project Description and Expected Delays 

 
We understand that Pacific International Terminal, a wholly owned subsidiary of SSA Marine, is proposing 
to develop the Gateway Pacific Terminal at Cherry Point, Washington. This terminal would be capable of 
exporting 48-54 million tons of coal per year is proposed north of Bellingham. GTC understands that the 
probable route of the coal delivery trains for Cherry Point would be from Wyoming/Montana, through 
Spokane, along the Columbia River and then up from the south from Seattle north to Bellingham and then to 
Cherry Point, along the Burlington Northern Santa Fe mainline.  The route follows the rail tracks that run 
north-south directly through the west part of the City of Seattle, Washington.   
 
According to the applicant’s Project Information Document (Feb. 2011), full build out of the coal export 
facility would result in 9 full northbound trains along this line a day, which equates to 18 train trips a day; 
however, nothing in the project materials specifies a maximum.  The 18 trains per day round trip could be 
increased if export capacity of the proposed port were expanded in the future.  The current port proposal 
occupies 350 acres of a 1,000-acre site.  Each train may be over 1.5 miles long, which at 50 miles per hour 
would mean approximately 3-4 minutes between train approach warning/gate closure and ultimate gate 
opening.  At 35 miles per hour it could take approximately 6-7 minutes to clear a crossing as the siding near 
this area is rated for 35mph.  The 18 trains per day would equate to approximately one additional coal train 
every 1.3 hours, all day long, in addition to existing train traffic.  Thus, train crossing delays in Seattle can be 
estimated to increase with an additional train every every 1.3 hours, if train trips were evenly spaced 
throughout the day and night, at between 3-4 minutes and 6-7 minutes depending on if they are having to use 
sidings or not. 
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2. Affected Crossings 
 
The BNSF rail way tracks bisect the western waterfront area of Seattle (including the terminals in the Broad 
Street area and stadiums) from the east side of Seattle that includes the downtown business core and 
residential area.  The federal inventory of crossing identifies nearly 200 rail and spur crossing in the Seattle 
limits.  The significant crossing that would be directly impacted by additional trains is probably on the 
Wenatchee-Seattle and Seattle Vancouver lines.    These include the following crossings 

• Spokane St 
• Lander St 
• Holgate ST 
• Broad St 
• Clay St 
• Vine St 
• Wall St 

 
The City and Sate has already heavily invested in improved crossing and grade separation.  However due to 
the city street system layout, grades and the waterfront  the high traffic volumes in Seattle will still be 
impacted with increased train traffic and additional grade crossing or mitigation may be needed with a 
significant increase in train traffic.    
 
3. Analysis of Potential Impacts 
 
We have the following comments based on preliminary research: 

 

1. The City’s Transportation Element and Freight Mobility Strategic Action plan identified the 
importance of local freight access for its business vitality and also the importance of partnership 
investment in it key crossing to pursue additional grade separation.  A potential mitigation for the 
additional freight traffic may be to assist in the construction of additional grade separated crossing 
for the City such as Lander St. 

2. The City’s Transportation Element strongly supports increased non motorized transportation such 
as bike trails.  There are several miles of bike trail and waterfront park areas however that are not 
easily accessed due the rail lines.  Additional grade separated crossing front non motorized transport 
in that area such as the sculptor Park Eliot Bay; Interbay Golden Gardens etc should be investigated 
and proposed. .  

3. Due to a speed restriction approach warning, train travel through the  downtown means the barriers 
are down for approximately 3-4 minutes (over 200 seconds) for the larger (over one mile long) 
freight trains. This is the equivalent of 2-3 continuous red lights cycles in a row for a normal signal 
on Broad or Lander.  The Institute of Traffic Engineers identifies an average delay of over 80 
seconds as level of service F. The City’s standard for arterial roadway operation is LOS D for SEPA 
impact review, i.e. allowing only 55 seconds as the worst delay for normal conditions.  The addition 
of 16-18 trains per day would trigger potential SEPA review for the city. 

4. With the increase in number of long coal trains at the Belltown waterfront area and cruise ship 
terminal access crossing, steep grade there are no alternative east-west grade separated in the area 
north of downtown once the trains come out of the tunnel.  This will create particular challenges 
during summer peaks, with the waterfront parks, tourist traffic, cruise ship passengers, visitors to 
the SAM Sculpture Garden and other uses.  Mitigation could hypothetically include a grade 
separated crossing to the waterfront such as Broad Street, although the topography and local 
improvements will likely make this difficult. 

5. Within the last 5 years there have been 27 collisions involving trains at public crossings including a 
fatality at the Holgate crossing this January. In total, the State accident base has recorded 
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approximately 100 accidents at train crossings in the last 5 year reporting period in the City of 
Seattle.  

6. Already today the presence of a long freight train during the peak hours creates separation from the 
some of the City’s waterfront amenities and businesses.  The City’s  annual counts show over  
9,000 daily trips at the Broad Street crossing and over 15,000 daily trips on  S. Lander just west of 
6th Avenue while S. Holgate carries over 6,000 daily trips in that vicinity.   With the additional coal 
trains that will take a minimum of 3-4 minutes to cross (without accounting for significant train 
delays or slowing at the crossings) the cumulative additional delay to drivers is potentially 
significant.  Any environmental review of rail line impacts should study this current condition and 
likely increased impact, including costs to mitigate the effects. It should also evaluate the costs to 
businesses from delays in shipping, employee availability and other factors.   The City may wish to 
request that the GPT EIS to include mitigation such as funding for planned grade separated 
crossings. 

7. Sound Transit communities and the State have recently invested heavily in improved passenger 
train services for the north end.  Freight traffic on the rail line between Seattle and Everett could 
increase from the current baseline of approximately 40 a day (based on US DOT crossing inventory 
Information) to 50-55 with the Cherry Point proposal.  Under BNSF’s policy, it is our 
understanding that freight deliveries are not scheduled to the same on-time reliability demands of 
passenger trains but can still take precedence over passenger rail under certain circumstances.  The 
City may wish to ensure that the EIS analyzes the degree to which  increasing freight traffic is 
expected to adversely affect the reliability of existing passenger rail schedules and also whether it 
will diminish opportunities to expand future passenger rail.  Since Sound Transit’s North Corridor 
transit EIS identified  the preferred alternative as the I-5 alignment ( instead of  the SR-99 
alignment) it becomes even more imperative to the City to preserve this existing rail corridor for 
passenger service to the neighborhoods closer to Puget Sound to the north.  The City may wish to 
comment on whether the Cherry Point proposal affects the conclusions in those studies. 

 8. The  2006 “Washington State Rail Capacity & System Needs Study  
 ” identifies a key issue affecting local business and Port access to rail shipments for their products. 
The report states: 
 

The Railroads Are Focusing on High-Volume and Long-Haul Services, But the State’s 
Industrial and Agricultural Shippers Also Need Low Volume and Short-Haul Services.  
 
Long-haul intermodal container trains and long-haul unit grain trains moving to and from 
Washington State’s ports are the least complex and the most profitable for the Class I 
railroads to operate. As a result, the railroads have reoriented their operations to 
accommodate this business. But many Washington State shippers are low-volume carload 
shippers who generate only a few dozen carloads a week or a month, and they are being 
priced out of the rail market.  
 

[Page 49 of attachments]. So a key question may be whether this interstate traffic from the coal trains 
will have the impact of reducing the availability rail shipment to local rail spur business such as 
tenants of the Port of Seattle.  These issues should be analyzed as part of the economic impact 
analysis we understand must be completed as part of the environmental review for the project. 

 
9.  The Washington State 2010-2030 Freight Rail Plan published by WSDOT in December 2009 
identified that the rail line north of the city to Everett in 2008 as having a capacity of 60 trains per day 
(Exhibit 3-9).  The existing use of the line is 40-45 based on the US DOT inventory reports that were 
accesses in 2011.  The state plan shows that it hopes to increase that capacity to 80 trains per day; 
however, the design, cost and funding of the specific improvements needed to do that were not available 
at the time of this reports completion.  Additional study and inquiry should be conducted to determine 
whether federal or state funding is committed to expand the capacity of the BNSF freight system, 
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sufficient to allow the projected additional 16-18 trains per day and still leave adequate capacity for 
freight on this critical corridor to such businesses as the Port of Seattle, the Everett Boeing plant, and 
local businesses, as well as expanded commuter services.10. The Cherry Point applicant and its 
advocates argue that the coal train activity will only bring train activity back up to the level it was 
before the economic recession of 2007/2008, and therefore there is no impact.  In our judgment, this 
conclusion is not supportable, because as soon as the economic recovery really starts to take hold, those 
previous train activities will also pick up, as well as vehicular traffic on the roads.  At that point, even 
greater impacts will begin to accumulate.  Additional work is needed to obtain reliable information 
concerning pre-recession and historic train levels, the length of trains and delay times.  Reliable 
projections of train and road traffic during economic recovery are critical to obtaining realistic estimates 
of delays and impacts.  Assumptions from the past should be regarded critically. 

 

11. Train delays at crossings and the separation of non motorized traffic from city waterfront amenities 
can sometimes be eliminated by constructing grade separation, which allows traffic or pedestrians/bikes 
to pass over or under railroad tracks.  While grade separation can be a desirable solution, these 
improvements typically multi-million dollar projects and involve substantial amounts of public funding.  
We recommend that local jurisdictions provide the regulating authorities with detailed assessments of 
mitigation and funding necessary to alleviate the impacts that will results from the addition of up to 18 
trains per day serving the Cherry Point export facility. 

 

4. Conclusions 
 

This analysis of possible rail line impacts associated with the increase of up to 18 trains per day serving 
the Cherry Point Coal export facility is preliminary and is intended to investigate some of the potential d 
areas deserving detailed study during the SEPA review for the facility.  This preliminary analysis 
suggests potentially severe consequences for the City’s transportation plan and improvements, with 
increases in risk of accidents, impacts to the City’s levels of service, ability to provide effective 
emergency response times, and possible interference with local freight delivery systems important to the 
City’s economic recovery. Based on the results of this preliminary analysis, we recommend that the City 
conduct or request a more detailed evaluation of the specific impacts on specific crossings and 
intersections. Gibson Traffic Consultants has conducted preliminary evaluations of traffic impacts from 
the Cherry Point proposal for the communities of Burlington, Marysville, Mt. Vernon, and Stanwood. 
The results of these analyses can be found here:  http://www.coaltrainfacts.org/gtc-traffic-study-
burlington-marysville-mt-vernon-and-stanwood-wa. In many cases, these evaluations show severe 
degradation in level of service for key arterials that cross the tracks.  Please feel free to contact us should 
you have any questions regarding this preliminary analysis. 
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Introduction 
  

 Western Organization of Resource Councils (WORC) is a regional network of seven (7) 
grassroots community organizations that include 10,000 members and 38 local chapters.  
WORC’s member organizations are: Dakota Rural Action; Dakota Resource Council; Idaho 
Rural Council; Northern Plains Resource Council; Oregon Rural Action; Powder River Basin 
Resource Council; and Western Colorado Congress.  WORC’s mission is to advance the vision 
of a democratic, sustainable and just society through community action.  WORC is committed to 
building sustainable environmental and economic communities that balance economic growth 
with the health of people and stewardship of their land, water and air resources. 
 
 WORC is concerned about the potential impacts associated with the recent and projected 
significant increase in U.S. coal exports and related railroad shipments.  Total U.S. export coal 
shipments increased from approximately 81.7 million tons in 2010 to 107.3 million in 2011.1   
This increase in U.S. coal exports is illustrated in the following chart:  
 

Figure 1 
 

U.S. Export Coal Tonnage Since 2005 
 

 

                                                 
 
1 U.S. Energy Information Administration (EIA), U.S. Coal Exports, Table 7.  Export coal tons are 

often expressed in metric tons (2,204.6 lbs.), whereas U.S. mine production and railroad coal tons 
are normally expressed in U.S. short tons (2,000 lbs.).  Unless otherwise noted, the tons referenced 
herein, such as the referenced 82 and 107 million U.S. export coal tons, are listed in short tons. 
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 The increase in U.S. coal exports can be attributed, in part, to the significant growth in 
export coal shipments to Asian markets, such as China, Japan, and South Korea, which increased 
from approximately 17.9 million in 2010 to 27.5 million in 2011.  Total steam coal exports to 
Asia have increased from approximately 4.9 million in 2010 to over 7.8 million in 2011 and will 
likely exceed 12 million in 2012.2   
 
 U.S. coal producers and suppliers are actively looking to expand steam coal production 
from mines and origins in the Powder River Basin (PRB) in Montana and Wyoming and shift 
significant coal volumes away from domestic destinations to existing and proposed Pacific 
Northwest (PNW) export coal terminals, in order to compensate for a recent and projected 
decline in domestic steam coal-fired power production and take advantage of the growing Asian 
steam coal market.  Currently, there are only three (3) PNW export coal terminals in British 
Columbia (BC), which handle approximately 5 million tons of PRB coal per year.  In order to 
meet large export tonnage goals and reduce transportations costs, at least six (6) U.S. PNW 
export terminals are being considered in Washington and Oregon.  The nine (9) existing and 
planned PNW export coal terminals are listed in the following table and described in more detail 
herein: 
 

Figure 2 
 

Existing and Proposed PNW Export Coal Terminals 
 

British Columbia 

Roberts Bank, BC (Westshore) 
N. Vancouver, BC (Neptune) 
Prince Rupert, BC (Ridley) 

Washington 

Cherry Point, WA (Bellingham) 
Longview, WA 

Grays Harbor,WA (Hoquiam) 

Oregon 

Coos Bay, OR 
St. Helens, OR (Westward) 
Boardman, OR (Morrow) 

                                                 
 

2 In the past, most U.S. export coal shipments have been metallurgical coal (approximately 69.5 
million tons in 2011).  Europe, which received over 53.9 million tons of U.S. coal exports in 2011, 
has historically been the largest destination market for U.S coal exports.  Consequently, the largest 
U.S. export coal ports are currently East coast ports such as Norfolk, Virginia and Baltimore, 
Maryland and Gulf coast ports such as New Orleans, Louisiana and Mobile, Alabama.  
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 State and local governments have expressed concerns about the proposed expansion of 
PNW export coal terminals.  For example, in a recent letter from Oregon Governor John A. 
Kitzhaber to U.S. Secretary of Interior Ken Salazar and others, the Governor requested a 
programmatic and comprehensive environmental impact statement (EIS) under the National 
Environmental Policy Act to look at the “unprecedented number of export coal proposals.”3  The 
Seattle City Council also recently unanimously passed a resolution in opposition to the 
transportation of coal through Seattle, which highlights the negative impacts from the significant 
increase in coal trains that would run through Seattle.4 
 
 Based on announced and proposed expansion plans associated with these existing and 
proposed PNW export coal terminals, PRB to PNW export coal shipments, which amounted to 
only a few million tons five years ago, could very well exceed 75 million tons per year by 2017 
and 170 million tons by 2022.  The projected annual volumes are shown in the following table:   
 

Figure 3 
 

Projected Annual PRB to PNW Export Coal Tons 
(Millions of Short Tons) 

 

PNW Export Coal Terminals 2012 2017 2022 
  

Roberts Bank, BC (Westshore)  5.0 8.0 15.0
N. Vancouver, BC (Neptune) 0.0 2.0 5.0
Prince Rupert, BC (Ridley) 0.0     1.5     5.0
Existing British Columbia Coal 5.0 11.5 25.0

Cherry Point, WA (Bellingham) 0.0 27.5 52.5
Longview, WA 0.0 27.5 48.0
Grays Harbor, WA (Hoquiam) 0.0     0.0   5.0
Proposed Washington Coal Terminals 0.0 55.0 105.5

Coos Bay, OR 0.0 0.0 10.0
St. Helens, OR  (Westward) 0.0 5.0 21.0
Boardman, OR (Morrow) 0.0     3.5     8.5
Proposed Oregon Coal Terminals 0.0 8.5 39.5

Total to PRB to PNW Export Coal Tons 5.0 75.0 170.0
     

 
  

                                                 
 
3  Letter from Governor John A. Kitzhaber dated April 25, 2012. 
4  http://www.seattle.gov/council/newsdetail.asp?id=12809&dept=28 
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 The proposed expansion of PNW export coal terminal capacity will likely result in an 
explosion in PRB to PNW coal exports and railroad export coal movements.  Two major U.S. 
Class I railroads dominate the PNW region as well as the PRB coal transportation market: BNSF 
Railway Company (BNSF) and Union Pacific Corporation (UP).5  BNSF serves PRB origins in 
Montana and Wyoming.  UP serves PRB origins in Wyoming, which are jointly served by 
BNSF.  There are currently six railroad PRB coal lines in Montana and Wyoming and one 
proposed new coal line in Montana, which serve approximately twenty coal mines and would 
feed PRB export coal trains onto railroad mainlines for movement to the nine existing and 
proposed PNW terminals.  The coal mines served by BNSF and UP are owned and operated by a 
few major coal companies, such as Peabody Energy, Arch Coal and Cloud Peak, which would 
work with the railroads and PNW export terminals in regard to export coal shipments.  These 
PRB coal mines, railroad coal lines and railroad routes are described in more detail herein. 
 
 Repetitive and voluminous PRB to PNW export coal movements will obviously benefit 
the coal companies, railroads and terminal companies by generating billions of dollars in annual 
revenues and profits, but these coal movements will have a wide-range of adverse 
environmental, economic, transportation, public safety and other impacts.  As described herein, 
the rail routes potentially impacted by the increase in PRB to PNW export coal cover an 
extremely broad impact area covering a total rail distance of over 4,000 miles.  The impacted 
railroad routes traverse through many major populated areas, such as Spokane and Seattle, 
Washington, Billings, Montana and Portland, Oregon, as well as many environmentally sensitive 
areas, such as Glacier National Park in Montana.  
 

 WORC is concerned about the environmental, economic, transportation and other 
impacts associated with the expected increase in rail tonnage from the PRB coal mines to PNW 
export terminals and prepared this report to study the possible impacts associated with the 
expected increase in railroad export coal movements from PNW origins to PNW export 
terminals.  WORC retained the consulting firms of Whiteside & Associates (TCW), a 
transportation and marketing consulting firm located in Billings, Montana, and G. W. Fauth & 
Associates, Inc. (GWF), an economic consulting firm specializing in transportation issues 
located in Alexandria, Virginia, to study the possible environmental, economic and 
transportation impacts associated with the expected increase in railroad export coal movements 
from PNW origins to PNW export terminals.  Richard H. Streeter, an attorney in Washington, 
DC specializing in transportation issues, also contributed to this report.   

 
                                                 
 

5  On Feb. 12, 2010, Burlington Northern Santa Fe, LLC, (formerly known as Burlington Northern 
Santa Fe Corporation) and BNSF Railway Company became subsidiaries of Berkshire Hathaway 
Inc. 
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Executive Summary 

 

  The U.S. coal export market is headed for explosive growth of coal movements 
from the PRB region in Montana and Wyoming to nine existing and proposed 
PNW export terminals in Oregon, Washington and British Columbia. 

 
  The projected movement of 75 million tons per year by 2017 to 170 million tons 

per year by 2022 will generate billions of dollars in annual revenues for 
railroad, coal and terminal companies. 

 
  Although BNSF, UP and other railroads will be involved in the PRB to PNW 

export coal transportation market to some extent, BNSF’s routes are 
significantly shorter than UP’s routes and BNSF has a lower cost structure.  
Thus, BNSF can provide transportation rates which are significantly lower than 
UP and will likely capture the lion’s share and dominate the expanding and 
lucrative PRB to PNW export coal market. 

 
  The total rail route miles potentially impacted cover an extremely broad impact 

area covering a total rail distance of over 4,000 miles.  The impacted railroad 
route miles would directly impact over 48,977 acres based on a 100 ft. right-of-
way (ROW). 

 
  The projected movement of 75 million tons per year by 2017 to 170 million tons 

per year by 2022 will equate to the movements of 27.86 to 63.15 loaded and 
empty coal trains per day.  These repetitive 1¼-mile long loaded and empty coal 
trains will be going through numerous populated cities, towns, communities 
(such as Spokane, Washington, Seattle, Washington, Billings, Montana and 
Portland, Oregon), parks, forests, historical areas and other environmentally 
sensitive areas (such as Glacier National Park in Montana).   

 
  In addition to the obvious environmental and traffic concerns, the expected 

large coal volumes will result in several major choke points and bottlenecks and 
will likely cause rail congestion problems for the entire route.  Many of the 
impacted railroad line segments, such as the line known as “The Funnel” from 
Sandpoint, ID to Spokane, WA, already have significant rail capacity and 
congestion issues. 
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  Current railroad traffic, such as PNW import and export intermodal container 
traffic and export grain railroad traffic, would be adversely impacted by the 
reduction of rail capacity and would likely experience a deterioration of rail 
service, such as higher transit and cycle times and would likely incur higher 
costs in the form of higher freight rates and equipment costs. 

 
  The west bound movement of coal is likely to disrupt the frequency and 

reliability of inbound and outbound shipments of containerized traffic and that 
traffic would likely experience a diversion to California and Canadian ports 
where it will not be impacted by the congestion associated with the increased 
PRB to PNW coal shipments. 

 
  The two major cities that would be the most adversely impacted in terms of the 

expected export coal trains per day are: Spokane, Washington (pop. 208,916) 
and Billings, Montana (pop. 104,170).   Nearly every PRB to PNW loaded and 
empty coal train would move through these two cities (up to 63.2 trains per day 
through Spokane and 57.6 trains per day through Billings). 

 
  There are many areas along the railroad routes which would require major 

upgrading and expansion of existing railroad tracks and related infrastructure 
which could cost billions of dollars.  State and local governments would likely 
bear the brunt and burden of the related infrastructure costs in their localities 
and would likely be required to spend hundreds of millions of dollars in related 
mitigation, litigation, debt and other costs associated with the necessary 
improvements to accommodate export coal traffic levels. 

 
The following table shows the projected annual tons for 2017 and 2022 and estimated loaded and 
empty coal trains per day for 38 indentified and studied railroad line segments covering 4,054.1 
route miles: 
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Figure 4 

 
Impacted Railroad Line Segments 

(Sorted By Projected 2022 Export Coal Trains Per Day) 
 

  Coal Tons/Year Coal Trains/Day
Railroad Line Segment Railroad Miles (Millions) (Loaded & Empty) 

      2017  2022  2017  2022  
      
Sandpoint, ID to Spokane, WA (Latah Jct.) (The Funnel) BNSF 70.5 75.0 170.0 27.9 63.2 
Huntley, MT to Mossmain, MT (Billings) BNSF/MRL 24.8 60.0 155.0 22.3 57.6 
W. Dutch, WY to Huntley, MT BNSF 138.9 60.0 105.0 22.3 39.0 
Mossmain, MT to Sandpoint, ID (Helena, Missoula) MRL 564.2 35.0 90.0 13.0 33.4 
Spokane, WA (Latah Jct.) to Pasco, WA (SP&S Jct.) BNSF 149.4 40.5 88.0 15.0 32.7 
Campbell, WY to W. Dutch, WY BNSF 100.5 45.0 80.0 16.7 29.7 
Broadview, MT to Great Falls, MT BNSF 188.0 40.0 80.0 14.9 29.7 
Great Falls, MT to Shelby, MT BNSF 99.1 40.0 80.0 14.9 29.7 
Shelby, MT to Sandpoint, ID (Hi-Line) BNSF 337.9 40.0 80.0 14.9 29.7 
Everett, WA (PA Jct.) to Intalco, WA (Bellingham) BNSF 78.3 38.0 77.5 14.1 28.8 
Mossmain, MT to Broadview, MT BNSF 35.8 25.0 65.0 9.3 24.1 
Pasco, WA to Vancouver, WA (Columbia River Gorge) BNSF 219.8 28.5 58.5 10.6 21.7 
Spokane, WA (Latah Jct.) to Everett, WA (Stevens Pass) BNSF 301.1 28.5 58.0 10.6 21.5 
Intalco, WA to Cherry Point, WA BNSF 8.9 27.5 52.5 10.2 19.5 
Sarpy Jct., MT to Huntley, MT BNSF 66.1 0.0 50.0 0.0 18.6 
Eagle Butte Jct., WY to Campbell, WY BNSF 25.6 25.0 45.0 9.3 16.7 
Nichols, MT to Sarpy, Jct., MT BNSF 16.4 0.0 45.0 0.0 16.7 
Vancouver, WA to Longview, WA BNSF 35.4 25.0 43.0 9.3 16.0 
Ashland, MT to Miles City, MT TRRC 89.0 0.0 40.0 0.0 14.9 
Miles City, MT to Nichols, MT BNSF 51.6 0.0 40.0 0.0 14.9 
Shawnee Jct., WY to Campbell, WY (Joint Line) BNSF/UP 140.2 20.0 35.0 7.4 13.0 
Pasco, WA to Auburn, WA (Yakima) (Stampede Pass) BNSF 227.5 12.0 29.5 4.5 11.0 
Spring Creek, MT to W. Dutch, WY BNSF 22.8 15.0 25.0 5.6 9.3 
Intalco, WA to British Columbia Terminals BNSF/CN 49.7 11.5 25.0 4.3 9.3 
Spokane, WA to Hinkle, OR UP 171.0 6.0 24.0 2.2 8.9 
Hinkle, OR to Boardman, OR (Morrow) UP 20.0 6.0 24.0 2.2 8.9 
Portland, OR to St. Helens, OR (Port Westward) PNWR 56.0 5.0 21.0 1.9 7.8 
Auburn, WA to Everett, WA (PA Jct.) (Seattle) BNSF 55.6 9.5 19.5 3.5 7.2 
Vancouver, WA to Portland, OR BNSF 9.9 2.5 15.5 0.9 5.8 
Portland, OR to Boardman, OR (Morrow) UP 164.0 2.5 15.5 0.9 5.8 
Signal Peak, MT to Broadview, MT BNSF 35.0 15.0 15.0 5.6 5.6 
Auburn, WA to Centralia, WA (Tacoma) BNSF 72.6 2.5 10.0 0.9 3.7 
Portland, OR to Eugene, OR UP 124.0 0.0 10.0 0.0 3.7 
Eugene, WA to Coos Bay, OR CORP 122.0 0.0 10.0 0.0 3.7 
Centralia, WA to Longview, WA BNSF 47.1 2.5 5.0 0.9 1.9 
Big Sky, MT to Nichols, MT BNSF 39.0 0.0 5.0 0.0 1.9 
Kuehn, MT to Sarpy Jct., MT BNSF 37.4 0.0 5.0 0.0 1.9 
Centralia, WA to Port of Grays Harbor, WA PSAP 59.0 0.0 5.0 0.0 1.9 

Total / Average 4,054. 24.8 57.1 9.2 21.2
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Study Assumptions 
   
 For the purpose of this report, it was assumed that PRB to PNW export coal shipments, 
which amounted to only a few million tons five years ago, will reach 75 million tons per year by 
2017 and 170 million tons by 2022.  The 170 million ton level assumes that all nine existing and 
proposed export coal terminals will be fully operational at projected capacity by 2022 and PRB 
coal would originate from all PRB coal lines. 
 
 It was necessary to make certain assumptions for this report in terms of export coal origin 
and destination annual tonnage levels and railroad route utilization.   Since relatively very little 
PRB coal currently moves to PNW destinations and the projected annual volumes to the 
proposed PNW terminals may change based on the ongoing environment review process and 
other unforeseen factors, the PRB to PNW export coal tonnage levels included herein will 
obviously change and fluctuate as events transpire and as that market changes and expands over 
time. 
 
 BNSF can originate coal from several PRB origins.  The economics may favor BNSF’s 
PRB coal origins which involve the shortest rail distances to the various PNW export terminals, 
but the large projected annual coal volumes and PRB origin capacity constraints will likely result 
in coal being originated from nearly all PRB coal origins to some extent. 
 
 In addition, BNSF has several routing options in Montana and Washington which could 
be utilized for PRB to PNW export coal movements.  Again, the economics may favor the 
shortest available route, however, the large projected annual coal volumes, current railroad 
traffic levels and current capacity constraints will likely result in BNSF’s utilization of all of the 
BNSF available routing options to some extent.  The tonnages assigned to each origin, 
destination and route were estimated by attempting to take these and other factors into account. 
 
 For the purpose of this report, it has been assumed that BNSF would originate 100% of 
the PRB coal, but UP would terminate approximately 14% of the tonnage by 2022 via its 
interchange with BNSF at Spokane, Washington6.  UP could originate PRB coal and obtain a 
larger market share by the utilization of its longer, but less congested, southern routes.  However, 
an evaluation of these UP routes was not included as part of this study. 
 

                                                 
6   It has been assumed that UP would terminate 100% of the Boardman tonnage (8.5 million tons in 2022) and 

50% of the Coos Bay tons (5 million tons by 2022) and 50% of the St. Helens tons (10.5 million tons by 2022), 
for a total of 24 million tons or approximately 14% of the 170 million total tons. 
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 Longview is jointly served by BNSF and UP, however, this report assumes that BNSF 
would terminate 100% of the Longview traffic.  Initially, Ambre Energy projected that 60 
million metric tons (66 million short tons) would move via Longview, but subsequently lowered 
the projection to 44 million metric tons (48.5 million short tons)7.  UP had been interested in 
capturing a share of the large Longview market, but recently expressed wariness of the 
controversies surrounding the PNW export terminals.8  UP currently carries high-BTU, low-
sulfur coal from Colorado and Utah for export to Mexico. 
 
 It is doubtful that UP will abandon the profitable and voluminous PNW export coal 
market, however. UP’s role may be limited to more of that of a congestion reliever for BNSF (by 
delivering coal via the Spokane interchange) rather than a vigorous competitor to BNSF by 
originating PRB coal and the utilization of its southern routes.  Although the use of UP for coal 
movements from Spokane could help alleviate some congestion of BNSF’s lines in Washington, 
any Longview coal traffic handled by UP would result in more coal traffic moving through 
Portland, Oregon.  Moreover, the use of UP’s expansive southern routes would significantly 
broaden the adverse impacts.   
 
 There are several cases in which the allocated PRB to PNW export coal traffic may 
exceed the existing capacity of line segment.  For example, MRL currently handles 
approximately five (5) loaded and empty coal trains per day and projects that it has the capacity 
to handle up to 10 loaded and empty coal trains per day in the next ten years.  MRL’s President 
Tom Walsh MRL indicates that it has capacity problems with two tunnels: “Probably, our 
biggest pinch points really are the two mountain passes when it comes down to it, especially the 
Continental Divide.”9  This analysis assumes that MRL would handle 13 loaded and empty coal 
trains by 2017 and 33 loaded and empty coal trains by 2022.  Therefore, in these cases, the study 
assumes that the capacity issues would be resolved by either the diversion of other traffic or by 
increasing capacity.  In the MRL case, if the projected traffic levels are lowered, traffic levels 
would increase on other lines segments, namely BNSF’s line through Great Falls, Montana.    
 

                                                 
7  http://seattletimes.nwsource.com/html/localnews/2017582357_coalterminal24m.html 
8  http://www.platts.com/RSSFeedDetailedNews/RSSFeed/Coal/6202450. 
9 http://missoulian.com/news/local/booming-asia-demands-more-energy-and-montana-has-it-

by/article_ee425fa2-86b3-11e1-bb17-001a4bcf887a.html?cid=print 
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 BNSF’s unit coal trains average approximately 125 cars per train and carry 
approximately 14,750 loaded tons per train.10  Each loaded and empty train is over 1¼ miles 
long.11  These coal train characteristics were utilized in this report.  Based on these 
characteristics (125 cars per train and 14,750 loaded tons per train), the following table shows 
the number of loaded and empty trains at various annual tonnage levels:12 
 

Figure 5 
 

Loaded & Empty Trains 
Per Day at Various Tonnage Levels 

 

Annual Tons Trains Per Day (L&E) 

1,000,000 0.37
5,000,000 1.86

10,000,000 3.71
25,000,000 9.29
50,000,000 18.57
75,000,000 27.86

100,000,000 37.15
150,000,000 55.72

170,000,000 63.15

  

  In 2006, BNSF began using 150-car unit coal trains for a limited number of domestic 
unit train coal movements.  The ultimate train size utilized for PRB to PNW export coal 
movements will depend on several factors, including the origin and destination car capacity and 
weight and train size restrictions along the utilized routes.  Whether 125 or 150 cars per train are 
utilized, the same number of cars per day will be moving over the impacted railroad routes.  
There may be fewer trains with the use of 150-car unit trains, but the trains will be longer (i.e., 
approximately 1½ miles versus 1¼ miles long). 

                                                 
 
10 Testimony of Matthew K. Rose, Chairman, BNSF President and CEO, April 26, 2006, before the 

U. S. House of Representatives Transportation and Infrastructure Committee and 2010 Railroad 
Carload Waybill Sample data. 

11 Each railroad car is approximately 53.1 ft. long and each locomotive is approximately 70 ft. long.  
A unit coal train with 4 locomotives and 125 cars would be approximately 6,917.5 ft. long or 1.31 
miles long.   

12 Tons per year / 14,750 tons per train / 365 days x 2.0 empty return ratio. 
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Pacific Northwest Export Coal Terminals 
 
 Plans, discussions and permitting are already in progress concerning several PNW export 
coal terminals.  The following describes nine (9) current and proposed PNW export coal 
terminals: 
 
1. Roberts Bank, BC (Westshore) 

 
 Westshore Terminals in Roberts Bank, BC is in the Vancouver Port Metro area.  It is 
currently the largest PNW export coal terminal, with an annual capacity of approximately 32 
million tons.13  Westshore indicates that it currently moves U.S. coal from the PRB, but the 
majority of the coal exported from Roberts Bank is from Canada.  U.S. PRB coal was first 
shipped through Westshore in 1988.  Since then PRB coal shipments have gradually increased.  
In 2009, Westshore shipped a record 2 million tons of US coal, including several shipments from 
Utah mines.14  Cloud Peak, which has PRB coal operations in Antelope, WY, Cordero Rojo, WY 
and Spring Creek, MT, exported approximately 3.3 million tons to Asian customers in 2010 
through Westshore and indicated that it would ship 4 million tons in 2011.  Gunvor Group, 
which recently acquired Signal Peak mine, also has an agreement with Westshore Terminals to 
ship export coal.15 
 
2. North Vancouver, BC (Neptune) 

 
 Neptune Bulk Terminals (Canada) Ltd. in the Vancouver Port Metro area handles potash, 
steelmaking coal, bulk vegetable oils, fertilizers and agricultural products.  The coal handled at 
Neptune Terminals is predominantly metallurgical grade, which is primarily used in steel 
production.   Currently, Neptune has a total coal capacity of approximately 8 million tons, but is 
expanding its capacity to over 10 million tons to meet the growing demand from Asia.16 

                                                 
 

13 http://www.westshore.com/background.html (29 million metric tonnes) 
14  http://www.westshore.com/milestones.html 
15  http://www.businessweek.com/ap/financialnews/D9QEVCBO4.htm 
16 http://www.em.gov.bc.ca/Mining/investors/Documents/Coal15Feb2010web.pdf 
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3. Prince Rupert, BC (Ridley) 
 
 The Prince Rupert coal export facility is operated by Ridley Terminals, Inc. (Ridley), a 
Federal Crown Corporation owned by Canada. The coal terminal is in a remote location in the 
northwestern part of the province near Alaska, which is a long distance away from the PRB 
mines in Wyoming and Montana, but closer in nautical miles to the Asian market.  Currently, 
Prince Rupert has an annual capacity of approximately 13 million tons, but plans are underway 
to double the capacity to over 26 million tons.17  Ridley Terminals indicates that it began to 
receive U.S. PRB coal shipments in 2011.18  In its 2010 Annual Report, Ridley stated: 
“Commencing in 2011 the Terminal will be receiving coal from customers based in the United 
States, their throughput volume combined with our Canadian producers have helped the 
Terminal realize a goal that has been 28 years in the making, to double the Terminal’s capacity 
from 12 million tonnes per annum to 24 million tonnes.”  In its most recent report (Third Quarter 
2011), Ridley indicated that its multi-year “Modification Project” will bring its total throughput 
capacity to 24-25 million tonnes by the end of 2014.” (26.5 to 27.6 million short tons).  In 
January 2011, Arch Coal announced that it had reached agreement with Ridley to export 
approximately 2.75 million tons from Prince Rupert.19  CP and CN rail are also examining 
increased Canadian coal movements to Prince Rupert. 
 

4. Cherry Point, WA (Bellingham) 
 
 In June 2010, SSA Marine began the environmental review process for a $500 million 
Gateway Pacific Terminal project at near Bellingham, WA.20  The project, known as Cherry 
Point, could export up to 60 million tons per year.21  On March 19, 2012, SSA Marine, through 
its subsidiary Pacific International Terminals, Inc. (PIT) submitted additional information to 
Whatcom County, Washington concerning the Cherry Point project.   The submission indicates 
that the project will be completed in two stages.  The first stage is planned to commence in 2014 
and the second stage is expected to be completed by 2017. 
 

                                                 
 
17  http://www.rti.ca/en_terminalprofile.html 
18  According to Ridley Terminals, Inc. 2010 Annual Report, in early 2011 Ridley Terminals Inc. 

signed an amended long-term terminal services agreement with Western Coal Corp. and entered 
into a multi-year terminal service agreement with Arch Coal Sales Company, Inc. The Arch Coal 
agreement is for coal exports which originate from the PRB (page 26). 

19  http://news.archcoal.com/phoenix.zhtml?c=107109&p=irol-newsArticle&ID=1517028&highlight 
20 http://gatewaypacificterminal.com/gateway-pacific-terminal-at-cherry-point-starts-permit-process/ 
21  An economic analysis prepared by Martin Associates for Gateway Pacific Terminals dated 

October 27, 2011 states “In the first phase, the terminal is projected to handle 25 million metric 
tons per year (27.6 million short tons). The second phase will take the terminal capacity up to 54 
million metric tons per year” (59.5 million short tons), 6 million slated to be potash and coke. 
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   BNSF would provide rail service to Cherry Point via the 6.2 mile Custer Spur, which 
branches out west from BNSF’s line near Custer, Washington, which is north of Bellingham.  
The rail  line was originally built in 1965 to serve the Intalco aluminum smelter, and later a 
series of petroleum-related industries were constructed on the line.22  The following map shows 
the BNSF line serving Cherry Point: 
 

Figure 6 
  

Map of BNSF’s Line Serving Cherry Point 
 

  
 
  
 Although BNSF currently provides service to Cherry Point, significant railroad 
improvements will be required to achieve the projected capacity.  BNSF expects to acquire an 
additional 43 acres of contiguous adjacent to its current right-of-way in order to double track the 
line.  In addition, up to three receiving and departure or “R&D” tracks are planned near the 
Custer connection and two independent loop tracks (the “East” and “West” loops) and rail 
unloading stations are planned at Cherry Point.23 

                                                 
 
22 Washington State Statewide Rail Capacity and System Needs Study dated May 2006, page 12.   
23 March 19, 2012, Pacific International Terminals, Inc. additional information submitted to 

Whatcom County, Washington (see pages 4-33 and 4-34). 
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 Initially, 7,000 ft. long trains (approximately 125 cars per train) are expected, but the 
facilities are being planned to accommodate 8,500 ft. long coal trains (approximately 150 cars 
per train).  SSA Marine has already signed a contract with Peabody Energy, an investor in the 
project, agreeing to export 26.5 million tons of coal from its proposed terminal.24   The following 
tonnage and train projections were included in PIT’s March 2012 application:25 
 

Figure 7 
  

MIT’s Tonnage and Train Projections For Cherry Point 
 

Item East West 2016 East West 2018 East West 2021 East West 2026
Loop Loop Total Loop Loop Total Loop Loop Total Loop Loop Total

Metric Tons / Year (millions) 25.0 0.0 25.0 25.0 6.0 31.0 39.0 6.0 45.0 48.0 6.0 54.0
Short Tons / Year (millions) 27.6 0.0 27.6 27.6 6.6 34.2 43.0 6.6 49.6 52.9 6.6 59.5

Metric Tons / Train 13,625 0 --- 13,625 17,272 --- 16,350 17,272 --- 16,350 17,272 ---
Short Tons / Train 15,019 0 --- 15,019 19,039 --- 18,023 19,039 --- 18,023 19,039 ---

Cars / Train 125 0 --- 125 170 --- 150 170 --- 150 170 ---

Loaded Trains / Year 1,835 0 1,835 1,835 347 2,182 2,385 347 2,733 2,936 347 3,283
Loaded Trains / Day 5.0 0.0 5.0 5.0 1.0 6.0 6.5 1.0 7.5 8.0 1.0 9.0
Loaded & Empty Trains/Day 10.1 0.0 10.1 10.1 1.9 12.0 13.1 1.9 15.0 16.1 1.9 18.0

20262016 2018 2021

 

 The proposed export coal movements would move from the East Loop, whereas export 
petroleum coke and potash trains would be unloaded at the West Loop.  PIT’s analysis assumes 
that by 2021 all export coal trains moving from Cherry Point would consist of 150 cars per train 
and carry 18,023 short tons per train.  This 150-car per train assumption could result in an 
understatement in the expected number of trains per day.  Although Cherry Point may be able to 
accommodate 150 cars per train, the ultimate train size will depend on several factors, including 
the origin car capacity and weight restrictions along the utilized route.  Moreover, whether 125 
or 150 cars per train are utilized, the same number of cars per day will be moving over the 
impacted railroad routes.  There may be fewer trains, but the trains will be longer (i.e., 
approximately 1½ miles versus 1¼ miles long).   
 
 
 

                                                 
 
24 Cascadia Weekly, March 2, 2011, Cherry Point Shipping Terminal Signs its First Customer – A 

Coal Exporter. (24 Million Metric Tonnes). 
25 PIT March 2012 Application, Chapter 4.5 Terminal Operations, Tables 4-2 and 4-5.   
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5. Longview, WA 
 
 In February 2012, Millennium Bulk Terminals Longview, LLC (MBTL), submitted 
several permit applications in order to seek permission to build a $643 million coal terminal on a 
416 acre site on the Columbia River near Longview, Washington, which, by 2018, would handle 
48.5 million tons per year.26  MBTL is a Limited Liability Company (LLC) with two 
shareholders. Ambre Energy owns 62 percent of the shares and Arch Coal, Inc., the second 
largest U.S. coal producer, owns the remaining 38 percent.27  Longview is served by both BNSF 
and UP.  The Longview Switching Company (LSC) is a jointly owned subsidiary of BNSF and 
UP that performs terminal switching duties at the Port of Longview.28  The following is a site 
rendering of the proposed Longview terminal:   
 

Figure 8 
 

Site Rendering of Longview Terminal 
 

 

                                                 
 
26 See study prepared by Berk titled: Economic & Fiscal Impacts of Millennium Bulk Terminals 

Longview, dated April 12, 2012 (44 million metric tonnes).  
27  http://ambreenergy.com/projects/millennium 
28  Washington State Statewide Rail Capacity and System Needs Study dated May 2006, page 15. 
 



   

 Heavy Traffic Ahead 
July 2012            16 
          
 

 
6. Grays Harbor, WA  (Hoquiam) 
 
 RailAmerica, which owns the Puget Sound and Pacific Railroad (PSAP) that serves the 
Port of Grays Harbor, near Hoquiam, Washington, has been actively exploring an export coal 
terminal.  RailAmerica states that the Port of Grays Harbor “is the only deep-draft shipping port 
on Washington’s coast, only 2 hours from open sea.”29   RailAmerica states that this would be a 
“relatively small project” ($45 Million) with a capacity of 5 million metric tons (5.5 million short 
tons).30  PSAP connects with UP at Blakeslee Jct., Washington and with BNSF at Centralia, 
Washington. 
 

7. Coos Bay, OR 
 
 The Port of Coos Bay, Oregon is considering an international shipping terminal.  Coos 
Bay is served by Coos Bay Rail Link (CORP).  The Oregon International Port of Coos Bay 
bought the 126-mile railroad in 2009, which interchanges with BNSF (via PNWR) and UP at 
Eugene, OR.  The line is currently in serious disrepair.  The line was embargoed in 2007 and 
abandonment was filed in 2008.  CORP plans to resume freight service, but requires significant 
funding to repair and upgrade 110 bridges (70 of which are in poor condition) and 9 tunnels.31  
The port has been actively negotiating with investors.  David Koch, the port’s CEO, states that 
three companies are drawing up plans for a coal terminal that could export up to 10 million tons 
per year.  Mitsui, an international trading firm headquartered in Japan, and Metro Ports, a 
company that specializes in terminals, are reportedly involved in the negotiations with Coos 
Bay.32 
 

8. St. Helens, OR (Westward) 
 
 In January 2012, Kinder Morgan Terminals and Pacific Transloading, a subsidiary of 
Ambre Energy, submitted a proposal to export coal from St. Helens, Oregon, Port of Westward.  
Ambre Energy expects to ship as much as 30 million tons from St. Helens.33  The proposed 
terminal is estimated to require $150 to $200 million in capital investment for construction and 
development.  Port of Westward is served by PNWR, which connects with both BNSF and UP at 
Portland, Oregon.34 
                                                 

 
29 http://www.railamerica.com/RailServices/PSAP.aspx  
30 http://www.washingtonports.org/washington_ports/pgh%20newsletter%202011-08.pdf  
31 See, e.g.,  Coos Bay Rail Link Infrastructure Evaluation Report, Revised August 20, 2010 
32  See KLCC Public Radio story by Amelia Templeton titled: International Investors Plan Coal 

Terminal at Coos Bay, dated April 19, 2012.  http://klcc.org/Feature.asp?FeatureID=3324 
33 To date, Kinder Morgan has not released specific tonnage levels.  Estimates of 15 to 30 million 

tons have appeared in various press reports.  
34  http://portwestwardproject.com/PortWestwardFactSheet.pdf 
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9. Boardman, OR (Morrow) 
 
 The Port of St. Helens plans also call for a water transloading facility, which is part of the 
“The Morrow Pacific Project” under which PRB would be shipped by train to Morrow and from 
there by barge to Port Westward Industrial Park at the Port of St. Helens and then transferred 
directly from the barges to oceangoing vessels bound for Japan, South Korea or Taiwan.35  Port 
of Morrow, near Boardman, OR, recently signed a one-year lease option with a subsidiary of 
Australian coal giant Ambre Energy (Coyote Island Terminal LLC of Salt Lake City) to shift 
Montana and Wyoming coal from trains to river barges.   The company wants to build a rail off-
loading terminal use the area to transfer the coal onto barges for shipment to St. Helens.36  
Initially, Ambre anticipates shipping 3.5 million metric tons (3.85 short tons) of coal per year to 
trade allies such as Japan, South Korea and Taiwan beginning as soon as mid-2013. Full 
operational and permitted capacity is expected to be 8 million metric tons (8.82 short tons) 
annually, subject to approval.37   Port of Morrow is served by UP. 
 

                                                 
 
35 http://morrowpacific.com/ 
36 Ibid. 
37  http://morrowpacific.com/wp-content/uploads/2012/04/Morrow_Pacific_Project-Packet.pdf 
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Powder River Basin Coal 

 

 Steam coal can originate from many areas in the U.S., but it is expected and probable that 
the vast majority of the PNW export coal shipments will originate from the PRB coal mines and 
origins in Montana and Wyoming, which is the largest coal mining region in the United States.38  
As a result of the economics associated with mining the large seams of PRB coal, the price of 
PRB coal is the lowest in the United States.   The following table compares the price of PRB coal 
with coal prices from other western coal origins.  As can be seen, the low-cost PRB coal 
dominates the western coal market: 

 
Figure 9 

 
Western Coal Price Comparison39 

 
 

Origin Tons 
(Millions)

Average 
Sale Price 

PRB Coal Origins 

Campbell County, WY 392.6 $12.05 
Montana 44.5 $15.20 

  

Other Western Coal Origins 

Sweetwater, WY 8.8 $32.09 
Colorado 24.9 $40.00 
Utah 19.0 $29.15 

  
 

1. PRB Coal Mines and Origins 
 
 The PRB area in Montana and Wyoming, is dominated by several large coal companies.  
The current and proposed PRB coal mines and coal companies are listed below:  

 
                                                 

 
38 There are also other western coal origins in southwestern Wyoming, Colorado and Utah which 

also could be utilized for PNW exports, but this report focuses on the PRB coal origins in 
Montana and Wyoming. 

39  Source: U.S. Energy Information Administration, Table 30, Average Sales Price of Coal by State, 
County, and Number of Mines, 2010.  
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Figure 10 
 

Current and Proposed PRB Coal Mines and Origins  
 

Railroad Mine Station Coal Company 

Montana PRB Coal Mines and Origins 

BNSF Absaloka  Kuehn, MT Westmoreland Coal Co.
BNSF Decker Decker, MT Kiewit Mining Group 
BNSF Rosebud Colstrip, MT Westmoreland Coal Co.
BNSF Signal Peak40 Roundup, MT Signal Peak Energy 
BNSF Spring Creek Nerco Jct., MT Cloud Peak Energy 

TRRC/BNSF Otter Creek41 Ashland, MT Arch Coal 

Wyoming PRB Coal Mines and Origins 
BNSF Buckskin Buckskin, WY Kiewit Mining Group 
BNSF Clovis Point Clovis Point., WY Wyodak Resources 
BNSF Dry Fork Dry Fork Jct., WY Western Fuels 
BNSF Eagle Butte Eagle Jct., WY Alpha Natural Resources
BNSF Rawhide Rawhide, WY Peabody Energy 

BNSF/UP Antelope Converse Jct., WY Cloud Peak Energy 
BNSF/UP Belle Ayr Belle Ayr, WY Alpha Natural Resources
BNSF/UP Black Thunder Black Thunder, WY Arch Coal 
BNSF/UP Caballo Caballo Jct., WY Peabody Energy 
BNSF/UP Cordero Rojo Cordero/Rojo, WY Cloud Peak Energy 
BNSF/UP Coal Creek Coal Creek, WY Arch Coal 
BNSF/UP North Antelope Rochelle Nacco Jct., WY Peabody Energy  
BNSF/UP School Creek Thunder Jct., WY Peabody Energy 

BNSF Youngs Creek42 Decker, MT Consol Energy 

                                                 
 

40  Signal Peak is not technically in the PRB.  The bituminous coal from Signal Peak is considered 
high-quality, producing higher heat and lower mercury than PRB coal.  However, it is being 
marketed for the Pacific Rim and lies within the scope of the rail system being studied. 

41  The Otter Creek property near Ashland, Montana contains significant (731 million tons) coal 
reserves, which were recently obtained by Arch Coal.  The Otter Creek mine would be served by 
the Tongue River Railroad Company (TRRC), a proposed 89-mile new coal line in Montana 
which would connect with BNSF’s mainline at Miles City, Montana. Arch has not yet filed an 
application for a mine permit with the Montana Dept. of Environmental Quality. 

42  CONSOL of Wyoming LLC, and Chevron NPRB, LLC, have formed a new company, Youngs 
Creek Mining Company, LLC. to develop and operate the proposed Youngs Creek mine north of 
Sheridan, Wyoming.  Youngs Creek mine has coal reserves of approximately 315 million tons. 
Based on initial feasibility studies, the mine has the potential to reach 15 million tons per year 
when at full production.  This would require building a short spur line which would connect to 
BNSF’s line near Decker, Montana.  Youngs Creek is already permitted by the Wyoming 
Department of Environmental Quality. 
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2. PRB Railroad Coal Lines 
 
 The PRB coal mines are located on six (6) current lines and one (1) proposed line in 
Montana and Wyoming: 

 
Figure 11 

 
PRB Railroad Coal Lines  

 
 

From 
 

To 
 

Railroad 
 

Miles 
 

Mines 
     

Shawnee Jct. WY Campbell, WY BNSF/UP 140.2 10 

Eagle Butte Jct., WY Campbell, WY BNSF 25.6 5 

Spring Creek, MT Dutch, WY BNSF 22.8 2 

Kuehn, MT Sarpy Jct. BNSF 37.4 1 

Big Sky, MT Nichols, MT BNSF 39.0 1 

Signal Peak, MT Broadview, MT BNSF 35.0 1 

Ashland, MT Miles City, MT  TRRC/BNSF 89.0 1 

 

 The largest PRB coal volumes currently originate from the so-called “Joint Line” from 
Shawnee Jct., to Campbell, WY, which is served by both BNSF and UP.43  In 2011, the PRB 
coal mines in Wyoming originated 422 million tons whereas the mines in Montana originated 22 
million tons.44 
 

3. Current PRB Coal Market & Destinations 
 
 PRB coal movements are voluminous and repetitive.  PRB coal production was 
approximately 444 million tons in 2011 and could exceed 500 million in a few years.45   
Currently, approximately 80 loaded coal trains move out of the PRB each day.   

                                                 
 
43  Under a Joint Line Agreement between BNSF and UP, the two railroads jointly serve the large 

coal mining operations on the line, which mine the “Wyodak” PRB coal seam.  The BNSF’s Orin 
Subdivision Line runs from Donkey Creek Jct., WY (MP 0.4) to Bridger Jct., WY (MP 127.3), 
which is approximately 127 miles (126.9).  The portion of the line which is jointly owned and 
maintained by BNSF and UP (i.e., the Joint Line) actually runs 103 miles from MP 14.7 near 
Caballo Jct. to the interchange with UP at Shawnee Jct., WY (MP 117.7) .  This study looks at the 
characteristics of the line from Campbell, WY (which is 3.5 miles before Donkey Creek Jct.) to 
the UP interchange at Shawnee Jct., which is a total of 120.8 miles. 

44 Source EIA-423 Monthly Non Utility Fuel Receipts and Fuel Quality Data for 2011. 
45  Source EIA-423 Monthly Non Utility Fuel Receipts and Fuel Quality Data for 2011. 
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 The majority of these PRB coal trains move south from the BNSF/UP Joint Line in 
Wyoming and then either: south, east or west to numerous domestic destinations (168 
destinations in 2011) stretching from Arizona to New York.46  In comparison, very little coal 
traffic currently moves northwest from the PRB to PNW destinations.  For example, only 6 
million of the 444 million 2011 PRB coal tons, or 1.3%, moved to destinations in Washington 
and Oregon. 
 
 As a result of the expected increase in demand for export coal and a gradual decrease in 
demand from domestic users, a significant shift in PRB railroad coal traffic from current 
domestic destinations (e.g., less economical in eastern destinations such as New York and New 
Jersey) to the PNW export terminals will likely take place. 47  The following table shows the 
wide-distribution of PRB domestic coal tons to electric generating stations in 2011:  

 
 

                                                 
 
46  Ibid. 
47 There are several other factors which have resulted in a decrease in demand for domestic coal, 

such as: the boom in availability of low cost natural gas; proposed new rules by the U.S. 
Environmental Protection Agency (EPA) to bring new coal-fired electric power plants in 
compliance with the Federal Clean Air Act and Clean Water Act.; increasing competitiveness of 
renewable energy sources; investments in energy efficiency, and the economic downturn - all of 
which have combined to affect a drop in domestic demand for coal. 
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Figure 12 

 
2011 Distribution of PRB Coal Tons  

 

Destination States   
PRB Tons From: 

Montana Wyoming 

2011 PRB to PNW Coal Tons 

Oregon 108,462 2,243,208 
Washington 2,436,289 1,180,782 

Total to OR and WA 2,544,751 3,423,990 
  
2011 PRB Coal Tons to Other Destination States 

Alabama 0 12,315,605 
Arizona 761,439 5,818,897 

Arkansas 0 17,497,425 
Colorado 0 9,516,900 
Georgia 0 13,619,370 
Illinois 237,701 61,291,247 
Indiana 0 9,836,466 
Iowa 0 23,799,910 

Kansas 0 19,962,502 
Kentucky 0 2,638,466 
Louisiana 0 11,452,691 
Maryland 0 582,606 
Michigan 2,109,260 17,142,197 
Minnesota 6,709,385 9,321,579 
Mississippi 0 986,649 

Missouri 0 44,227,641 
Montana 8,405,469 0 
Nebraska 0 13,732,077 
Nevada 0 1,361,874 

New Jersey 0 14,308 
New York 0 2,020,463 

North Dakota 0 301,381 
Ohio 369,947 4,967,528 

Oklahoma 13,967 18,884,374 
Pennsylvania 0 378,352 
South Dakota 0 1,676,078 

Tennessee 0 9,409,077 
Texas 0 62,096,767 

Wisconsin 394,779 20,097,511 
West Virginia 0 487,784 

Wyoming 0 23,106,731 
Total to Other States 19,001,947 418,544,456 

  

Total 2011 PRB Coal Tons 

Total PRB Coal 21,546,698 421,968,446 
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4. Current PRB to PNW Coal Movements 
 
 Currently, approximately 10 to 12 million tons of coal per year move in railroad trains 
through the impacted PNW area, which is a significant volume, but small in comparison to the 
expected 75 to 175 million tons of PNW export coal traffic.  There are only two (2) active coal 
fired generating stations which currently receive coal in unit trains from PRB mines: 
 

Centralia, WA -  In 2011, 3.5 million tons of coal moved via BNSF from PRB mines 
in Montana and Wyoming to Transalta’s coal-fired Centralia generating station, 
which is Washington State’s largest base-load power source with a capacity of 1,376 
megawatts. The Centralia plant provides 10 percent of Washington State’s power.  In 
April 2011, legislation was passed which will close the plant by 2025.48 
 
Boardman, OR  -  In 2011, 2.3 million tons of coal moved via BNSF and UP from 
PRB mines in Montana and Wyoming to Portland General Electric’s (PGE) coal-fired 
Boardman generating station, which has a 585-megawatt capacity.  In 2010, PGE 
announced plans to close Boardman by 2020.49 

 
 In addition to the domestic PRB coal traffic to these PNW plants, there is also current 
export coal (approximately 3 to 5 million tons), which currently moves through the PNW to the 
British Columbia export terminals (primarily Roberts Bank, BC).   The current PRB to PNW 
coal traffic utilizes many of the same railroad line segments which will be used to haul the export 
coal traffic.   
 

5. Projected PRB Export Coal Tons 
 
 As a result of the expected dramatic increase in demand for export coal, PRB coal 
production is likely to increase, but, because of the decrease in demand from domestic users, a 
significant shift in PRB traffic can also be expected.  PRB coal production was approximately 
445 million tons in 2011.  PRB coal production could exceed 500 million, but the estimated 
demand for 75 to 170 million tons will likely result in shifting traffic from current destinations 
(e.g., less economical movements to New York and New Jersey) to the PNW.  The following 
projections of the annual coal volumes from these railroad coal lines were used in this report:  

                                                 
 
48  On April 29, 2011, Gov. Chris Gregoire signed Senate Bill 5769 into law a collaborative 

agreement to close Centralia’s two coal boilers – the first in 2020 and the second in 2025. 
49 On December 29, 2010, Oregon’s Environmental Quality Commission unanimously approved 

Portland General Electric plan to close the state's only coal-fired power plant by Dec. 31, 2020 in 
exchange for a far smaller investment in pollution controls. 
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Figure 13 

 
Projected Annual PRB to PNW Coal Tons 

(Millions of Short Tons) 
 

Railroad Coal Lines 2017 2022 
  
Shawnee Jct.  (“Joint Line”)  20.0 35.0 
Eagle Butte Jct., WY  25.0 45.0 
Total From Wyoming Origins 45.0 80.0 

Spring Creek, MT 50 15.0 25.0 
Big Sky, MT 0.0 5.0 
Kuehn, MT 0.0 5.0 
Signal Peak, MT 15.0 15.0 
Ashland, MT (TRRC) 0.0 40.0 
Total From Montana Origins 30.0 90.0 

 Total to PRB to PNW Export Coal Tons 75.0 170.0
    

 

                                                 
 

50 Includes projected tonnage from Youngs Creek Mine in Wyoming. 
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Impacted Railroad Routes 
 
 Currently, two Class I railroads dominate the western coal market as well as all rail 
shipments from the PRB to the PNW - BNSF and UP.  Although UP also has access to the PRB 
coal origins, as a result of geographical and other advantages enjoyed by BNSF, it is reasonable 
and logical to assume that BNSF will dominate the PRB to PNW export coal market. 
 
1. BNSF Market Domination 
 
 UP has access to Longview, but does not serve Cherry Point.  BNSF’s routes associated 
with its longest PRB movements to Longview are at least 200 miles shorter than UP’s routes 
from the PRB.51  BNSF’s unit costs are also lower than UP’s cost.  BNSF’s expected domination 
of the PRB to PNW export coal market can be seen by the current coal movements to PGE’s 
Boardman generating station.  Although Boardman is served by UP and has in years past 
received coal directly from UP via the PRB Joint Line and UP’s routes, BNSF currently 
originates all the coal movements to Boardman (2.1 million tons) and interchanges the traffic 
with UP at Spokane, WA for delivery to Boardman. 
 
 Due to the expected large coal volumes, it is likely that all of BNSF’s PRB coal origins, 
including the Joint Line origins, will be involved at some point in export coal movements to the 
PNW.  However, the BNSF/UP Joint Line is already near capacity (primarily from existing coal 
traffic moving south on the line and then east and south to coal-fired generating stations) and 
there are several closer BNSF-served Montana origins (such as Signal Peak, MT), which will 
likely originate more of the export PNW coal as a result of the shorter distances.52 

 
 The following table compares the estimated total delivered cost for BNSF and UP PRB to 
PNW export coal movements and illustrates the economic advantages enjoyed by BNSF:   

                                                 
 
51  UP shipped 1.5 million tons of export coal in 2010, but expects exports to increase.  Morrow, 

Coos Bay or St. Helens would be the most likely PNW destinations for UP.  It is possible that UP 
could more effectively compete with BNSF for the Asia export market with non-PRB coal 
shipments from southern WY (Green River coal area) or UT (Uinta coal area).  For example, the 
mileage from Hanna, WY to Longview, WA  is approximately 200 miles shorter than BNSF’s 
miles from Antelope, WY (which is on the Joint Line) to Longview, WA.  However, this study 
concentrates on potential export coal movements from the PRB to the PNW and these potentially 
alternative western coal movements (which would have substantially different characteristics, e.g., 
cost, sulfur content, btu., etc, and rail routings) have not been studied here. 

52  Russian energy trader, Gunvor, recently invested $400 million to take a 33% stake in the Signal 
Peak coal mine in Montana and expects to increase production from 9 million to 15 million tons 
by exporting coal to Asia through Westport, BC. 
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Figure 14 

 
BNSF & UP PRB to PNW Export Coal 

    Estimated Delivered Cost Comparison 53 
 

 
Item 

 
Amount 

Shortest BNSF Joint Line Movement (Caballo Jct.) to Longview, WA 

Coal Price Per Ton (Campbell County, WY) $12.05 
Route Miles 1,318 
BNSF 2010 URCS Variable Cost Per Ton (120 Cars)  $18.65 
Rate Per Ton (at 180% R/VC) $33.57 
Total Delivered Cost $45.62 

Shortest BNSF PRB Movement (Signal Peak) to Longview, WA 

Coal Price Per Ton (Montana) $15.20 
Route Miles 1,135 
BNSF 2010 URCS Variable Cost Per Ton (120 Cars) $16.18 
Rate Per Ton (at 180% R/VC) $29.12 
Total Delivered Cost $44.32 

Shortest UP Joint Line Movement (Antelope) to Longview, WA 

Coal Price Per Ton (Campbell County, WY) $12.05 
Route Miles 1,582 
UP 2010 URCS Variable Cost Per Ton (120 Cars) $20.96 
Rate Per Ton (at 180% R/VC) $37.73 
Total Delivered Cost $49.78 

 

As can be seen, the added distance associated with UP’s route places UP in significant economic 
disadvantage with BNSF (i.e., UP $49.78 versus BNSF $44.32 to $45.62 per ton).

                                                 
 

53 Costs are based on STB’s Uniform Railroad Costing System (URCS) 2010 unadjusted unit cost 
data for BNSF and UP.  Rail rates are based on a 180% revenue-to-variable cost ratio, which is the 
STB’s jurisdictional threshold level.  
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2. BNSF Railroad Routes Impacted 
 
 The possible railroad routes of movement and the individual railroad line segments which 
would likely be involved in coal movements from PRB coal mines to PNW export coal terminals 
have been carefully evaluated and studied for this report.  These routes are expansive and cover a 
total distance of over 4,000 miles.54   The vast majority of PRB export coal traffic would likely 
move north via BNSF from PRB mines in Wyoming and Montana, through Montana, Idaho and 
Washington to the PNW export coal terminals in Washington and Oregon.55  The following is a 
portion of BNSF’s system map which shows an overview of BNSF’s routes from the PRB to the 
PNW:    
 

Figure 15 
 

BNSF’s PRB to PNW Routes 
 

 
                                                 
 

54  The over 4,000 route miles which will be potentially impacted excludes potential coal movements 
via UP’s southern routes through Wyoming, Colorado, Utah , Idaho and Oregon and the miles in 
British Columbia to Prince Rupert, which were not part of this study.   

55  There are other BNSF routing options, such as the movement south from the PRB mines and then 
west with the utilization of UP’s routes west though Colorado, Utah and then north through Idaho 
and Oregon (BNSF has trackage rights over a portion of the UP’s Central Corridor route), but 
these other routing options are more circuitous.   
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 As can be seen from Figure 14, BNSF’s PRB to PNW routes are expansive, stretching 
from eastern Wyoming to the Pacific coast.  These rail routes traverse many environmentally 
sensitive areas, such as Glacier National Park in Montana, as well as many major populated 
areas, such as Billings, Montana and Spokane, Washington.  Most export coal movements from 
Montana and Wyoming would move north and connect with and utilize most of the western 
portion of BNSF’s heavily utilized Great Northern Corridor, which runs from the PNW to 
Chicago, IL.  Most of the freight moving along BNSF’s Great Northern Corridor is consumer, 
industrial and agricultural products, such as double-stack intermodal container traffic and export 
grain traffic.  Passenger trains such as Amtrak’s Empire Builder and Cascades in the Northwest; 
and commuter trains, including Sound Transit in Washington, use the Great Northern Corridor.  
In addition, there are a growing number of unit-train tank car movements of oil from the Bakken 
shale formation in North Dakota and Montana to PNW destinations which are and will be 
increasing using this important corridor.56 
 
3. BNSF’s Routing Options 
 
 BNSF does have the benefit of have several viable routing options, which may lessen the 
impact on certain areas, but also significantly broadens the impact area.  For example, the 
shortest rail distance is from Eagle Butte Jct., WY to Longview, WA which is 1,313 miles, but 
BNSF’s viable routing options cover a distance of 2,321 miles.   BNSF has two viable routing 
options in Montana and three routing options in Washington from Spokane:57 
 
a. BNSF/MRL Helena Route - Montana Rail Link’s (MRL) 564.2 mile line from 

Mossmain, MT (near Billings) to Sandpoint, ID runs through Helena and 
Missoula, MT and reconnects with BNSF at Sandpoint, ID.  MRL, which is 
owned by Washington Companies, assumed control of the western portion of 
BNSF’s mainline in Montana in 1987.  MRL is considered a “bridge carrier” for 
BNSF as it only connects with BNSF at Huntley, MT and Sandpoint, ID and 
BNSF retains ownership of the MRL lines.  BNSF and MRL have a long-term 
lease purchase plan for MRL to acquire the line.  The MRL route is 
approximately 100 miles shorter than the BNSF route.  BNSF currently uses MRL 
route to move the current PRB to PNW coal traffic to Centralia and Boardman, as 
well as grain traffic to the PNW and other traffic.   

                                                 
 

56 For example, in July, 2011, Tesoro Corp. announced that it intends to move 30,000 barrels per day 
(or approximately 50 loaded cars per day) of Bakken oil by rail in a dedicated unit trains to the 
Anacortes, Washington refinery and expects to spend $50 million on the project.   

57  BNSF has other available routing options, such as moving east or south and then west, but these 
routes are significantly more circuitous and thus not economically viable. 
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b. BNSF Great Falls Route  -  BNSF’s northbound line from Mossmain, MT 

through Great Falls, which connects to BNSF’s main east-west “Hi-Line” at 
Shelby, MT.  Although the BNSF/MRL Helena route is approximately 100 miles 
shorter, as a result of the expected high volumes, it is likely that both of these 
routes will be heavily utilized by BNSF for export coal shipments.   
 

c. Stevens Pass / Cascade Tunnel  -  BNSF’s northern line from Spokane through 
Wenatchee, WA connecting with BNSF’s north-south line along the coast at 
Everett, WA.  This mainline, which passes through the Cascade Tunnel, is 
BNSF’s major transcontinental route for double-stack intermodal container trains.  
Currently, this line has a capacity of 24 to 28 trains per day and is operating at 57 
percent to 75 percent capacity.58  
 

d. Columbia River Gorge - The BNSF’s Vancouver-Pasco line, which follows the 
Columbia River along the north side of the Columbia River Gorge, is used by 
double-stack intermodal container trains moving east, grain trains moving west to 
the PNW ports, and other carload traffic.  The line is operating today at about 80 
percent of practical capacity with an estimated capacity of 40 trains per day.59 
      

e. Stampede Pass & Tunnel - The Stampede Pass route moves south from Spokane 
and then west through Yakima, connecting with BNSF’s north-south line along 
the coast south of Seattle, WA (Auburn). The line passes through the Stampede 
Tunnel and operates at a lower capacity because the ceiling of the Stampede 
Tunnel is too low to accommodate double-stack intermodal container trains and 
the grades over the Stampede Pass also make it difficult to haul heavily-loaded 
unit trains.  As a result, BNSF could use the Columbia River Gorge or Steven 
Pass / Cascade Tunnel routes for loaded trains and the Stampede Pass route for 
empty trains.60   

                                                 
 

58  Washington State 2010-2030 Freight Rail Plan, page 3-28. 
59  Ibid. 
60 Ibid.  It should be noted that these three (3) alternative routes in Washington have some common 

line segments.  For example, both the Stampede Pass and Columbia River Gorge routes would use 
the line segment from Spokane to Pasco, WA and the Stevens Pass/Cascade Tunnel and Stampede 
Pass routes would use the line from Auburn to Longview, WA. 
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4. Mileage Differences For BNSF Routing Options 
 
 The following table shows the mileage differences for the six different viable routing 
options available to BNSF for export coal movements from Antelope, WY to Longview, WA:  
 

Figure 16 
 

BNSF Routing Options For Export Coal Movements 
From Antelope, Wyoming to Longview, Washington  

 

Route Miles 

From Antelope, WY to Spokane, WA  

Via BNSF/MRL Helena Route 966 
Via BNSF Great Falls Route 1,064 

From Spokane, WA to Longview, WA  

Via Columbia River Gorge Route 403 
Via Stevens Pass / Cascade Tunnel Route 479 
Via Stampede Pass Route 493 

From Antelope, WY to Longview, WA 

Via BNSF/MRL Helena & Columbia River Gorge Routes 1,368 
Via BNSF/MRL Helena & Stevens Pass/Cascade Tunnel Routes 1,445 
Via BNSF/MRL Helena & Stampede Pass Routes 1,459 
Via BNSF Great Falls & Columbia River Gorge Routes 1,467 
Via BNSF Great Falls & Stevens Pass/Cascade Tunnel Routes 1,543 
Via BNSF Great Falls & Stampede Pass Routes 1,558 

 

 As can be seen, the shortest route to Longview would involve the utilization of the MRL 
line in Montana and the Columbia River Gorge line in Washington (1,368 miles) whereas the 
longest route would involve BNSF’s line through Great Falls and its Stampede Pass route in 
Washington (1,558 miles).61 The economics would generally favor the shortest routes, however, 
because of the massive volumes expected, it is likely that all of the routing options will be 
utilized to a certain extent which will likely result in congestion problems for all the routes.   

                                                 
 
61 For Cherry Point, which is in northern Washington, the shortest route would involve the 

BNSF/MRL Helena and Stevens Pass/Cascade Tunnel routes. 
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5.  Impacted Railroad Line Segments 
 
 The characteristics of the identified railroad line segments will be described in more 
detail herein.  The following is a list of the major railroad line segments in Wyoming, Montana, 
Idaho, Washington and Oregon which could be impacted by various degrees by the expected 
increase in export coal movements from PRB to PNW:   
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Figure 17 

 
Railroad Line Segments Impacted  

 

Section Line Segment Railroad Miles62 
    
1.  Shawnee Jct., WY to Campbell, WY (“Joint Line”) BNSF/UP 140.2 
2.  Eagle Butte Jct., WY to Campbell, WY BNSF 25.6 
3.  Campbell, WY to W. Dutch, WY BNSF 100.5 
4.  Spring Creek, MT to W. Dutch, WY BNSF 22.8 
5.  W. Dutch, WY to Huntley, MT BNSF 138.9 
6.  Big Sky, MT to Nichols, MT BNSF 39.0 
7.  Ashland, MT to Miles City, MT TRRC 89.0 
8.  Miles City, MT to Nichols, MT BNSF 51.6 
9.  Nichols, MT to Sarpy, Jct., MT BNSF 16.4 
10.  Kuehn, MT to Sarpy Jct., MT BNSF 37.4 
11.  Sarpy Jct., MT to Huntley, MT BNSF 66.1 
12.  Huntley, MT to Mossmain, MT BNSF/MRL 24.8 
13.  Mossmain, MT to Broadview, MT BNSF 35.8 
14.  Signal Peak, MT to Broadview, MT BNSF 35.0 
15.  Broadview, MT to Great Falls, MT BNSF 188.0 
16.  Great Falls, MT to Shelby, MT BNSF 99.1 
17.  Shelby, MT to Sandpoint, ID BNSF 337.9 
18.  Mossmain, MT to Sandpoint, ID MRL 564.2 
19.  Sandpoint, ID to Spokane, WA (Latah Jct.) BNSF 70.5 
20.  Spokane, WA (Latah Jct.) to Everett, WA (PA Jct.) BNSF 301.1 
21.  Spokane, WA (Latah Jct.) to Pasco, WA (SP&S Jct.) BNSF 149.4 
22.  Pasco, WA (SP&S Jct.) to Vancouver, WA BNSF 219.8 
23.  Vancouver, WA to Longview, WA BNSF 35.4 
24.  Vancouver, WA to Portland, OR BNSF 9.9 
25.  Pasco, WA (SP&S Jct.) to Auburn, WA BNSF 227.5 
26.  Auburn, WA to Centralia, WA BNSF 72.6 
27.  Centralia, WA to Longview, WA BNSF 47.1 
28.  Auburn, WA to Everett, WA (PA Jct.) BNSF 55.6 
29.  Everett, WA (PA Jct.) to Intalco, WA BNSF 78.3 
30.  Intalco, WA to Cherry Point, WA BNSF 8.9 
31.  Intalco, WA to British Columbia Terminals BNSF/CN 49.7 
32.  Centralia, WA to Port of Grays Harbor, WA PSAP 59.0 
33.  Spokane, WA to Hinkle, OR UP 171.0 
34.  Hinkle, OR to Boardman, OR UP 20.0 
35.  Portland, OR to Boardman, OR UP 164.0 
36.  Portland, OR to St. Helens, OR (Port Westward) PNWR 56.0 
37.  Portland, OR to Eugene, OR UP 124.0 
38.  Eugene, WA to Coos Bay, OR CORP 122.0 

 Total Railroad Route Miles  4,054.1 

                                                 
 
62  Includes route miles and mileage of connecting lines. 
 



   

 Heavy Traffic Ahead 
July 2012            33 
          
 

 

Projected Traffic Flow 
 
 The following charts show the impacted line segments and the potential the routing 
options and choke points: 
 

Figure 18 
 

Projected Traffic Flow From PRB Coal Mines to Spokane, WA 
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Figure 19 
 

Projected Traffic Flow From Spokane, Washington 
To PNW Export Coal Terminals  
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Major Choke Points & Bottlenecks 
 
 As indicated by Figures 17 and 18, the majority of the PRB coal shipments (all but Signal 
Peak) will converge at Huntley, MT and move to Mossmain, MT, where there is the routing 
option of either the shorter MRL route through Helena or the longer BNSF route through Great 
Falls, MT.  All PRB coal shipments would then meet again at Sandpoint, ID and converge at 
Spokane, WA. Although BNSF has routing options from Spokane, WA, there are problems 
associated with each option, such as existing congestion on the Stevens Pass/Cascade Tunnel and 
Columbia River Gorge routes and the restrictions associated with the Stampede Pass route. 
 
 BNSF’s internal routing options will help distribute the tonnage and could help lessen the 
impact in certain areas, however, the expected large coal volumes will likely result in congestion 
problems for the entire route.  As illustrated by previous flowcharts (Figures 17 and 18), there 
are two key line segments which will carry nearly all the coal traffic and represent major choke 
points and bottlenecks: 
 

Huntley, MT to Mossmain, MT (Billings) (BNSF/MRL - 24.8 Miles) - Coal 
shipments from the BNSF/UP Joint Line coal origins or the BNSF served origins 
would converge at Huntley, MT (Jones Jct.).63  From Huntley the coal would move 
24.8 miles on the MRL line to Mossmain, where it could then move on BNSF’s direct 
route or via the shorter MRL route.  It is projected that 22.3 to 57.6 PRB to PNW 
export coal trains per day will move over this line segments through Billings. 

 
Sandpoint, ID to Spokane, WA (BNSF - 78.3 Miles) - The MRL route from 
Mossmain would converge with BNSF-direct coal from Shelby at Sandpoint, ID and 
move on the BNSF line to Spokane, WA.   All (100%) BNSF export coal to the PNW 
would likely move over this 78.3 mile line segment.  This line is commonly known as 
the “Funnel,” and is the second-busiest rail corridor in Washington.  It is projected 
that 27.9 to 63.2 PRB to PNW export coal trains per day will move through Spokane. 

  

                                                 
 
63 The only exception would be Signal Peak, which is served by a new 35-mile spur, which connects 

to BNSF’s line north of Mossmain near Broadview, MT, thus avoiding the bottleneck from 
Huntley to Mossmain. 
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Major Traffic Congestion Areas 
 

 In addition to these major choke points, there are also several sections in the routings 
which are already congested and may not be able to adequately handle the expected large 
volumes of export coal: 

 
BNSF/UP Joint Line - Currently, the majority of PRB coal (357.1 million tons in 
2010) originates on the high-density BNSF/UP Joint Line or Orin Subdivision 
Line, which runs 120.8 miles from an interchange with UP at Shawnee Jct., WY 
north to Campbell, WY.  This line is already near capacity.  In addition, most of 
the coal from the Joint Line moves south whereas as most PRB to PNW coal 
traffic would move north, which could cause operational problems on the Joint 
Line.    
 

 BNSF “Hi-Line” - BNSF export coal shipments would connect to its mainline, 
(known as the “Hi-Line”) at Shelby, MT and move west to Sandpoint, ID and 
beyond.   This is one of BNSF’s heaviest used mainline, carrying intermodal 
container trains and west-bound grain shipments.  The additional PRB to PNW 
export coal trains will add 14.9 to 29.7 trains per day to the already congested Hi-
Line.   
 
Stevens Pass / Cascade Tunnel - BNSF’s Everett-Spokane line, which passes 
through the Cascade Tunnel at Stevens Pass, is the BNSF’s major northern 
transcontinental route for double-stack intermodal container trains.  It is heavily 
used, operated at about 70 percent of practical capacity in 2008.     
 
Columbia River Gorge - The BNSF’s Vancouver-Pasco line, which follows the 
Columbia River along the north side of the Columbia River Gorge, is used by 
double-stack intermodal container trains moving east and grain trains moving 
west to PNW export grain terminals. The line is operating today at about 80 
percent of practical capacity.  
 
North-South I-5 Corridor -  BNSF’s line connecting Seattle with Portland, OR, 
is the most heavily trafficked rail line in Washington State, conveying BNSF and 
UP trains (the latter via trackage rights) to and from the major PNW ports.   The 
corridor hosts an average of 58 freight trains each day.  PRB to PNW export coal 
tons will move over this route from Vancouver, WA to Longview and between 
Longview, WA and Seattle, WA.    
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Rail Capacity Issues 
 
 This report carefully examines and describes these 38 impacted railroad line segments 
covering over 4,000 route miles in more detail herein.  In addition to the obvious environmental 
and traffic concerns, the expected large coal volumes will result in several major choke points 
and bottlenecks and will likely cause congestion problems for the entire route.  These choke 
points and congestion areas will be described in more detail herein.  The two major cities that 
will be the most adversely impacted in terms of the expected export coal trains per day are: 
Spokane, Washington (pop. 208,916) and Billings, Montana (pop. 104,170).   Nearly every PNW 
to PRB loaded and empty coal train will move through these two cities (63.2 trains per day 
through Spokane and 57.6 trains per day through Billings).64 
 
 Many of the impacted railroad line segments already have significant rail capacity and 
congestion issues associated with the current rail traffic, such as PNW import and export 
intermodal container traffic and grain railroad traffic.  For example, for many years there have 
been rail traffic congestion problems and capacity issues associated with the rail lines between 
Sandpoint, ID to Spokane, WA, which is appropriately named “The Funnel” as four rail lines 
converge at Spokane and any east/west shipments must travel through the Funnel.  It is the 
second-busiest rail corridor in the state of Washington and hosts an average of 46 freight trains 
each day, along with daily operation of Amtrak’s Empire Builder service connecting Seattle and 
Portland to Chicago.65   
 
 Over a decade ago, State, regional and local agencies in Washington and Idaho worked 
with BNSF, UP and others in developing an infrastructure and capital spending plan called 
“Bridging the Valley,” which involved the separation of railroad and roadway grades and 
increasing the capacity of the line from Spokane, Washington to Athol, Idaho.66  The 
improvements were originally designed to handle a gradual growth in intermodal and grain 
traffic of up to a total of 70 trains per day.  However, the expected rapid growth in PRB to PNW 
export coal traffic was not envisioned or considered when these improvements were first 
designed (2000) and approved (2006).  Now, in few short years, instead of the expected 70 trains 
per day, Spokane could see more than 130 trains per day, or 5.42 trains per hour moving through 
the city. 

                                                 
 

64  It is projected that all PRB to PNW export coal trains would move over the line from Sandpoint, 
ID to Spokane, WA, which is known as the “Funnel.”  With the exception of coal from the Signal 
Peak, MT mine, all other PRB to PNW coal trains would move over the Huntley, MT to 
Mossmain, MT line, which runs through Billings, MT.   

65 Washington State 2010-2030 Freight Rail Plan, December 2009, Appendix 3-B32 Appendix 3-B: 
Railroad History, Profiles, Service Corridors, & Safety Regulatory History. 

66  See, for example, Spokane Regional Transportation Council site: http://www.srtc.org/btv.html 
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 Clearly, the Bridging the Valley plans and other similar infrastructure improvement plans 
are obsolete and will have to be reconsidered and significantly revised based on the expected 
growth in PRB to PNW export coal traffic.    
  
 The railroad traffic and associated problems in Billings, the largest city in Montana, have 
been the issue of many studies over the years.  In 2004, the City of Billings, with Federal 
funding, conducted a Railroad Crossing Feasibility Study.67  The 2004 report stated that the 
growth of rail traffic “has resulted in traffic slowdowns, safety hazards and air pollution.”  The 
report also concluded that the rail lines through Billings have “created a barrier” and “have 
played a role in the development and continuation of a social divider between downtown Billings 
and surrounding neighborhoods.”  The report looked at various alternatives to improving railroad 
traffic problems and made recommendations and recommended improved signage, signal 
controls and other low-cost improvements, as well as an underpass under the railroad tracks 
crossing 27th street combined with a small track shift appeared, to be the best alternative.  It 
estimated that the cost would be approximately $20 million. 
 
 The 2004 Billings report was based on an estimated 30 trains per day through Billings. 
This traffic level, however, excluded the unexpected rapid growth in PRB to PNW export coal 
traffic, which could result in an additional 22.3 to 57.6 loaded and empty coal trains per day 
through Billings.  The report also failed to reflect the significant increase in Bakken oil 
shipments, many of which move to three refineries around Billings or through Billings to 
Cushing, Oklahoma and other destinations, and the related rail shipments of tubulars, fracturing 
sand and other supplies into the Bakken, which have resulted in additional loaded and empty 
trains moving through Billings.  With the added export coal trains and the existing coal, grain, 
intermodal, Bakken oil and other rail traffic already moving from, to and through Billings, there 
could be as many as 60 to 90 trains per day moving through the city in the near future. 
 
 In addition to potential improvements to downtown railroad crossings, the 2004 Billings 
report considered several options which involved major track relocations, which it estimated 
would cost between $60 and $150 million. These track relocation options involved possible by-
passes around Billings (south of I-90, north of I-90 and north of Billings) and the relocation of 
MRL’s switching yard in Billings.  The report concluded that there would be major impacts 
associated with the track relocation options and they were too costly.   Undoubtedly, Billings 
transportation planners will have to reevaluate these track relocation and by-pass options.   

                                                 
 

67 See: http://ci.billings.mt.us/DocumentView.aspx?DID=8159 
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 Several other cities along the route have examined their railroad traffic and congestion 
issues in the past and will be impacted by the increased movements.  Helena, Missoula, Great 
Falls and other cities in Montana have task forces that have studied the problems associated with 
increased rail movements.  These cities have rail yards and main rail routes that traverse through 
the heart of their towns.  Additionally, the Montana and Washington Departments of 
Transportation have had continued involvement in studying rail movements, traffic densities, 
congestion and capacity issues.   
 
 As a result of these capacity and congestion problems, there are many areas which will 
require major upgrading and expansion of existing railroad tracks.  In some cases (such as 
Spokane and Billings) new rail by-passes may be required around populated areas.  It is likely 
that hundreds of miles of railroad lines will require expansion from single to double or even 
triple track.  Other railroad infrastructure, such as bridges, tunnels, high-way crossings, will also 
need to be replaced or upgraded in order to adequately, efficiently and safely handle the expected 
traffic levels. 
 
 The required upgrading and expansion of railroad tracks and related infrastructure could 
well cost billions of dollars.  State and local governments will likely be called upon to bear the 
brunt and burden of these related costs local costs and will likely be required to spend hundreds 
of millions of dollars in related mitigation, litigation, debt and other costs associated with the 
necessary improvements to accommodate export coal traffic levels. 
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Impacted Railroad Traffic 

 
 Many of the impacted rail lines are already at or near capacity.  Even with substantial 
infrastructure improvements, such a significant increase in export coal rail tonnage and coal 
trains (as well as related construction projects) will likely significantly interrupt and disrupt other 
railroad traffic lanes.  Existing rail traffic, such as export grain traffic and import and export 
intermodal container traffic, will likely experience a deterioration of rail service, such as higher 
transit and cycle times, and will likely incur higher costs in the form of higher freight rates and 
equipment costs.  
 
 PRB to PNW export coal traffic (which will move in efficient unit trains and, in most 
cases, involve shorter distances) will likely be significantly more profitable than the existing 
PNW import/export intermodal container traffic and as or more profitable than PNW export 
grain traffic.  As a result of the economics (high volume and revenues), PRB to PNW export coal 
movements will likely be favored by the railroads over other types of existing railroad traffic.  
The remaining capacity available to other railroad shippers will be limited, constrained and more 
expensive.  As a result, railroad freight rates for other traffic will increase, which will be an 
additional benefit for the railroads. 
 
 The increase in export coal traffic will likely create numerous railroad shipping and 
logistic problems and result in increased costs and railroad rates for other shippers as a result of 
rail congestion and the limitations on available rail capacity.  Railroad transit times will likely 
increase for other railroad traffic as a result of congestion and it may be forced to move over 
more circuitous routes, which will increase private railroad equipment utilization and related 
costs.  

 

1. PNW Import and Export Intermodal Container Traffic 
 

 Although the Port of Los Angeles and Long Beach, CA handles the largest number of 
import and export containers (approximately 33% of the total U.S. container traffic), a significant 
amount of container traffic moves inbound and outbound from the PNW Ports of Seattle, 
Tacoma and Portland.  In 2009, over 3 million containers or TEU’s (twenty-foot equivalent 
units) were handled by these PNW Ports.  BNSF also dominates this PNW intermodal container 
traffic, which will also likely be adversely impacted by the increase in congestion on BNSF’s Hi-
Line and the impacted lines in Washington and Oregon.  PNW container volumes recently 
increased after cargoes were shifted from Southern California to PNW due to continuing 
congestion problems in Southern California and the search for new gateways by shippers and 
carriers. 
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 As export coal trains consume the remaining rail capacity, intermodal transit times to and 
from PNW ports will be adversely impacted which will reduce the ability of the PNW container 
ports to compete with the Southern California ports.  The following table shows and compares 
BNSF’s current service goal hours for intermodal traffic from S. Seattle, WA and Los Angeles, 
CA to Chicago, IL: 

 
Figure 20 

 
Comparison of BNSF Intermodal 

Service Goal Hours For Movements To Chicago, IL 
 

   BNSF Service Goal Hours 68  
From To Premium Expedited Expedited

  COFC COFC TOFC 
     
S. Seattle, WA Chicago, IL 85 79 79 

Los Angeles, CA Chicago, IL 84-92 78 78 
     

 

 As can be seen, BNSF’s service goal hours for movements of intermodal containers and 
trailers on flat cars from S. Seattle, WA to Chicago, IL are currently approximately the same as 
the hours from Los Angeles, CA.  This transit time from S. Seattle will be adversely impacted by 
the added rail congestion resulting from the increased export coal movements, which will reduce 
the ability to compete with the Southern California ports. 
 
 The ability of PNW intermodal container ports to compete with the expanding Canadian 
Port of Prince Rupert, B.C. will also be hurt.  As a review of various comments filed in response 
to the Federal Maritime Commission’s (FMC) Notice of Inquiry, U.S. Inland Containerized 
Cargo Moving Through Canadian and Mexican Seaports, demonstrates, the recent growth of 
Trans-Pacific services through Prince Rupert is due “in substantial part to the transportation 
advantages of that service, especially the shorter ocean transit time from Asia, and the excellent 
rail connection and service from the railroad(s) providing service from that port into the U.S. 
Midwest.”69  As was also repeatedly stressed, the primary considerations affecting the ports used 
for cargo imported to the U.S. are market-driven. 

                                                 
 

68 Source:  BNSF.  COFC = Container on Flat Car.  TOFC = Trailer on Flat Car  
69  Joint Comments Submitted by World Shipping Council, The National Industrial Transportation 

League, and National Retail Federation, at p. 2. 
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 Hence, the “business requirements of U.S. importers for timely, efficient and cost-
effective service that will satisfy their delivery requirements are paramount considerations.”70  In 
other words, speed to market will increasingly play a major role in causing shippers to route 
cargo through maritime gateways in Canada. 
  
 Given the need for fast, reliable supply chains for container shipments, of which the 
railroads are a major component, a substantial increase in the number of coal trains will further 
clog BNSF’s congested lines and will provide an economic incentive to shippers to divert 
containerized traffic to the Port at Prince Rupert and to Canadian National Railway Company 
(CN).  As CN observed in its Comments, once its recent acquisition of the Elgin, Joliet and 
Eastern Railway Company (EJ&E) has been fully integrated, it “will allow CN to move trains 
from the congested downtown Chicago area onto the EJ&E line circling the city” and enable it to 
provide seamless service from Prince Rupert to customers located throughout the eastern part of 
the U.S.71   
 
 In his response to the FMC’s inquiry into possible cargo diversion, Tay Yoshitani, Chief 
Executive Officer of the Port of Seattle, pointed out that “Washington is the most trade-
dependent state in the nation” and that the Port of Seattle is “a primary economic engine for 
Washington State, generating nearly 200,000 jobs and $867 million in state and local tax 
revenue.”72  He also observed that “foreign cargo is crucial to the state’s future competitiveness, 
because cargo creates jobs, and because farmers and other manufacturers across Washington 
need the robust infrastructure a strong import trade creates – without it, they cannot get their 
goods to markets across the globe.” 
 
 Plainly, if the west-bound movement of coal disrupts the frequency and reliability of 
inbound and outbound shipments of containerized traffic, that traffic likely will be diverted to 
Canadian ports where it will not be impacted by the congestion caused by the increased coal 
shipments.  Unfortunately, no similar relief will be accorded outbound movements of agricultural 
products and other goods manufactured in Washington.  As a result, the warehousing, 
distribution and transloading centers, third party logistics companies and brokers at the Port of 
Seattle who offer services and facilities to shippers will also be harmed.  Therefore, it is 
imperative that the total consequences of moving coal to PNW export terminals must be 
carefully explored. 

                                                 
 
70 Id.at 6.  
71  CN Comments at 4. 
72  Letter to Secretary Gregory dated January 9, 2012 
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2. PNW Export Grain Traffic 

 
 In 2011, U.S exports of corn, wheat and soybeans to Asia exceeded 60 million tons.  The 
majority of this export grain traffic moved from PNW export terminals, primarily located in and 
around Vancouver, WA, Kalama, WA, Tacoma, WA, Portland, Oregon and other PNW 
destinations.  BNSF dominates this transportation market with significant railroad grain 
movements, such as wheat movements from Montana, soybean movements from North Dakota 
and corn movements from Iowa. 
 The following table shows the total railroad agricultural shipments (Farm Products - 
STCC 01) moving to PNW destinations in 2010:73  
 

Figure 21 
 

2010 Railroad Shipments of 
Farm Products (STCC 01) to PNW Destinations 

 

Commodity STCC Carloads Tons
Railroad
Revenue

        
Soy Beans 01-144         129,580        14,152,756 $631,053,156
Corn 01-132         128,257        14,051,553 $597,014,673
Wheat 01-137          84,334         9,040,273 $300,406,569
Grain, NEC 01-139          13,240            427,024 $17,050,356
Peas, Dry Ripe 01-342            3,260            327,040 $14,496,108
Barley 01-131            4,616            240,272 $8,986,304
Beans, Dry Ripe 01-341            2,120              79,588 $3,563,960
Cottonseeds 01-141               516              29,484 $2,354,356

Total 01       365,923     38,347,990 $1,574,925,482
        

 
 This railroad export grain traffic will likely be adversely impacted by the increase in 
congestion on BNSF’s Hi-Line and the impacted lines in Washington and Oregon.   In addition 
to the large volumes of grain moving to the PNW, the traffic also fluctuates seasonally with 
increased volumes taking place after the fall harvests.  As a result, the traffic congestion would 
likely be greater during these post-harvest periods. 

                                                 
 

73 Based on the STB’s 2010 Public Waybill Sample for (BEA’s 167, 168, 169 and 170) 
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 During the past decade, BNSF has increasingly promoted the use of 110-car shuttle trains 
for PNW export grain shipments.  These shuttle trains will have to compete for capacity with the 
export coal unit trains, which will result in higher rates.  Grain movements use a combination of 
privately-owned and railroad-owned covered hoppers.  Transit times are likely to increase, which 
will increase equipment costs.  Grain traffic from smaller elevators (non-shuttle elevators), such 
as 52-car elevators in Montana, will likely be hurt the most as BNSF will continue to favor the 
large shuttle facilities.     
 

3. Bakken Oil Shipments  
 

 The Bakken Oil formation on North Dakota and Montana has been producing oil since its 
initial discovery in 1953, however, new discoveries coupled with the success of horizontal 
drilling in 1987 and the use of a new technique known as multi-stage fracturing or “fracking” in 
the early 2000’s has resulted in an explosion of oil production from this area.  The following 
chart shows this dramatic increase in North Dakota and Montana oil production in the last few 
years: 
 

Figure 22 
 

North Dakota and Montana Crude Oil Production 
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 The railroads, especially BNSF, see this as a major growth area.  BNSF estimates that 
nine (9) unit train loading facilities will be located in the area by 2013.74  These facilities include: 
Trenton, ND, Tioga, ND, Epping, ND, and Dickinson, ND.  BNSF estimates that it is positioned 
to transport 730,000 barrels of crude per day and that it directly serves 30% of U.S. refineries in 
14 states.75  The following map shows the Bakken area and BNSF’s routes through the area:  
 

Figure 23 
 

BNSF’s Bakken Oil Formation Service Area 
 

 
 

 A significant amount of the Bakken oil traffic will move over many of the lines that are 
also impacted by the increase in export coal shipments to the PNW.  Bakken oil will move to 
refineries through-out the U.S, including the three refineries in the Billings area.  Plans are also 
underway to move dedicated BNSF unit trains of Bakken crude oil to refineries to PNW.76 

                                                 
 

74  Presentation titled “Bakken Shale Overview” by Denis Smith, BNSF Vice President, Industrial 
Products Marketing, dated July 12, 2011. 

75  One 100-car unit train carries approximately 60,000 barrels.  As a result, 730,000 barrels would 
equate to over 12 unit trains per day. 

76  In July, 2011, Tesoro Corp. announced that it intends to move 30,000 barrels per day (or 
approximately 50 loaded cars per day) of Bakken oil by rail in a dedicated unit trains to its 
120,000 barrels per day refinery in Anacortes, WA and expects to spend $50 million on the 
project.  Shell Oil also has a large refinery in Anacortes (147,500 barrels per day).   In addition, to 
the two refineries in Anacortes, there are two large refineries in Ferndale, WA (i.e., BP Oil – 
232,000 barrels per day and ConocoPhillips – 101,000 barrels per day), which is close to Cherry 
Point, WA.  In addition, there is a small refinery in Tacoma, WA (US Oil & Refining Co. – 36,250 
barrels per day). 
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 Bakken oil will also move to Gulf coast refineries, such as those located in Houston, TX, 
Beaumont, TX, Port Arthur, TX, Lake Charles, LA and St. James, LA.  One major BNSF 
destination is Cushing, OK, which is a crude-oil epicenter that is connected to a pipeline network 
tied to many major U.S. markets.  Bakken oil shipments to Cushing would move through 
Billings.  In fact, MRL’s Billings yard has become a staging yard for Bakken oil tank cars over 
the last 24 months.  This trend should continue as one of BNSF’s major routes for getting 
Bakken oil to distribution points such as Cushing is through Billings and Laurel and down the 
west side of the Big Horn Mountains. 
 

4. Passenger & Commuter Traffic 
 
 Passenger and commuter rail traffic will also be disrupted by the increased rail 
congestion caused by the increase in export coal trains. Amtrak’s Empire Builder travels daily 
along BNSF’s routes between Chicago, Illinois and Seattle, Washington and Portland, Oregon.   
Amtrak serves many stations along the impact route, including: Shelby, MT, Cut Bank, MT; 
Browning, MT; East Glacier Park, MT; Essex, MT; West Glacier, MT; Whitefish, MT; Libby, 
MT, Sandpoint, ID; Spokane, WA; Pasco, WA; Wishram, WA; Bingen, WA; Vancouver, WA; 
Portland, OR; Ephrata, WA; Wenatchee, WA; Leavenworth, WA; Everett, WA; Edmonds, WA 
and Seattle, WA.  This Amtrak service is likely to be disrupted and impacted by the increase in 
congestion. 
 
 Amtrak also operates Amtrak Cascades Intercity Passenger Rail, which is sponsored by 
ticket-buying passengers, the states of Washington and Oregon, and Amtrak. Amtrak Cascades 
service operates on the same railroad tracks as freight trains, makes a limited number of stops, 
and connects central cities between Vancouver, B.C. and Eugene, OR. 
 
 Sound Transit's Sounder Commuter offers commuter rail service between Tacoma and 
downtown Seattle with stops in Puyallup, Sumner, Auburn, Kent, and Tukwila, and between 
Everett and downtown Seattle with stops in Edmonds and Mukilteo.  It shares the same railroad 
tracks as freight trains and Amtrak.  In contrast to Amtrak, Sounder commuter rail makes 
frequent stops along the 70-mile corridor between Everett and Tacoma, with service currently 
provided only during the weekday morning and evening commute hours.   Sounder commuter 
trains make additional stops along the route at Mukilteo, Auburn, Kent, Sumner, Puyallup, and 
Tacoma's Tacoma Dome station.  
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Major Track and Infrastructure 
Improvements are Required 

 

 Many of the impacted railroad tracks are already at, near or exceed capacity and the 
existing infrastructure needs significant upgrades and improvements in order to handle the 
existing traffic and relieve existing congestions.77  For example, BNSF’s Stevens Pass / Cascade 
Tunnel route across Washington is already nearing capacity and BNSF has been forced to route 
intermodal trains south via the circuitous I-5 rail corridor to Vancouver (WA) and then east, 
which has added considerable volume to the Vancouver-Pasco line along the Columbia River 
Gorge, and made the scheduling of trains moving through the Gorge and along the I-5 rail 
corridor more complex.  BNSF’s rail routes will require major upgrading and expansion of 
existing railroad tracks, bridges, tunnels, high-way crossings and other infrastructure in order to 
adequately and safely handle such high annual volumes.  Most of the infrastructure 
improvements related to coal movements made by BNSF and UP in recent years have focused on 
the east bound coal traffic lanes.   As a result of the expected increase in PRB coal traffic to the 
PNW, many of the north-west bound line segments will require substantial infrastructure 
improvements and modifications in order to adequately handle the expected export coal volumes. 
 
 In 2007, the Association of American Railroads (AAR) released the National Rail Freight 
Infrastructure Capacity and Investment Study, which was an assessment of the long-term 
capacity expansion needs of the continental U.S. freight railroads and provided an approximation 
of the rail freight infrastructure improvements and investments needed to meet the U.S. 
Department of Transportation’s (U.S. DOT) projected demand for rail freight transportation in 
2035.  The report included the following approximation of the capacity associated with various 
track configurations: 

                                                 
 
77  e.g., see, December 2009, Washington State 2010-2030 Freight Rail Plan, which identified 

numerous existing rail bottlenecks and over 100 required capital improvement projects throughout 
the state.   
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Figure 24 

 
Practical Track Capacity (Trains Per Day) 

 
  Trains Per Day 

Number  Lower Upper 
of Tracks Train Control Bound Bound 

    

1 No Signal and Track Warrant Control (NS-TWC) 16 20 

1 Automatic Block Signaling (ABS) 18 25 

2 No Signal and Track Warrant Control (NS-TWC) 28 35 

1 Centralized Traffic Control (CTC) 30 48 

2 Automatic Block Signaling (ABS) 53 80 

2 Centralized Traffic Control (CTC) 75 100 

3 Centralized Traffic Control (CTC) 133 163 

4 Centralized Traffic Control (CTC) 173 230 

5 Centralized Traffic Control (CTC) 248 340 

6 Centralized Traffic Control (CTC) 360 415 

    
 

 These AAR standards were used in the evaluation of the capacity of the studied line 
segments associated with the potential PRB to PNW export coal movements.  In numerous 
instances, the existing traffic levels fall within (and in some cases already exceed) these capacity 
ranges and the addition of the expected PRB to PNW export coal trains per day will exceed the 
existing capacity.  
 
 Railroad by-passes and track relocations in and around major populated areas, such as 
Spokane and Billings, may also be required.   For example, in 2004, a by-pass around Billings 
was estimated to cost between $60 and $150 million.  The majority of the impacted line 
segments are single track, which has a capacity ranging from 16 to 48 trains per day depending 
on the type of train control.  Based on AAR’s capacity standards, over 800 route miles (or 
approximately 20% of the route miles) will need to be expanded to double track in order to 
expand the capacity to efficiently and safely handle the expected volumes.  Based on AAR’s 
estimate of cost $3.8 million per mile, it would cost over $3 billion to double track 800 miles. 
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 For example, most of the 149.4-mile line segment from Spokane, WA to Pasco, WA is 
single track with CTC.78  According to Washington State, this line segment has an average 
utilization of 32 trains per day, which is within the 30 to 48 trains per day range for single track 
with CTC.  However, the expected PRB to PNW export coal will add an additional 15.0 to 32.7 
loaded and empty coal trains per day, which will likely exceed the 48 trains per day capacity.  As 
a result, it is likely that this entire 149.4-mile segment will likely require double track with CTC. 
 
 There are also over 800 miles of road which have not been upgraded to Centralized 
Traffic Control (CTC), which would probably be required for many of these lines.  The largest of 
these non-CTC line segments are the key line segments from Mossmain, MT to Shelby, MT, 
which runs 322.9 miles through Great Falls, MT.  AAR estimates that the conversion of a line to 
CTC can cost up to $700,000 per mile, which would equate to over $500 million.  In addition to 
installing double tracks and CTC, there are numerous bridges, tunnels, grade crossings and other 
railroad-related infrastructure which will need to be expanded, upgraded or rebuilt to efficiently 
and effectively move the expected coal volumes from the PRB to PNW.  
  
 The costs associated with the required infrastructure improvements will certainly be in 
the billions.  In 2009, the State of Washington identified over 100 capital improvement projects 
and other initiatives and estimated the cost to exceed $2 billion, but Washington’s estimate did 
not reflect the potential impact associated with a significant increase in railroad shipments of 
export coal. The total required improvements in Washington, Oregon, Montana, Wyoming and 
Idaho could well exceed $5 billion.  This report includes a separate evaluation of the identified 
38 individual line segments, which generally describe the required improvements associated with 
each line segment. 
 

 

 

 

 

 

 

 

 
                                                 

 
78  The line includes approximately 10.9 miles of double track. 
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Environmental Impacts 
 

 The movement of 75 to 170 million tons per year would equate to the movements of 
27.86 to 63.15 loaded and empty coal trains per day.  These repetitive 1¼-mile long loaded and 
empty coal trains will be going through numerous populated cities, towns, communities (such as 
Spokane, Washington, Seattle, Washington, and Billings, Montana and Portland, Oregon), parks, 
forests, historical areas and other environmentally sensitive areas (such as Glacier National Park 
in Montana).  As indicated Governor Kitzhaber’s recent letter requesting a full EIS of the 
proposals, there are environmental concerns associated with: protection of water quality, 
including risk of spills; impacts to listed protected fish species; coal dust emissions at the 
facilities and during product transport; emissions of other air pollutants, including diesel 
particulate, ozone, mercury and greenhouse gases; and increased rail traffic, noise and delay 
times for communities along the proposed lines, including emergency vehicles at rail crossings.79  
 

 Although BNSF’s shortest PRB to PNW railroad route (Signal Peak, MT to Longview, 
WA) covers a distance of 1,135 miles, there are 7 PRB existing and proposed coal lines in 
Wyoming and Montana which will likely be used and 9 existing and proposed PNW export coal 
terminals stretching from Prince Rupert, British Columbia to Coos Bay, Oregon.  In addition, 
BNSF has several available routing options in Montana and Washington, which could lessen the 
impact on certain areas, but also significantly broadens the total impact area.  As a result, the 
total rail route miles potentially impacted cover an extremely broad impact area covering a total 
rail distance of over 4,000 miles.  The impacted railroad route miles would directly impact over 
48,977 acres based on a 100 ft. right-of-way (ROW), as well as the adjoining and surrounding 
areas.  These routes and impacted areas are described in more detail herein. 
 
 The PNW destination areas and communities in Washington, Oregon and British 
Columbia will obviously be adversely impacted by the increase in coal trains and pollution from 
coal dust and diesel fumes.  Meeting these PNW export coal goals will also likely require coal 
companies to open brand new areas of mining and expand existing PRB coal mining operations 
in Montana and Wyoming, which could further increase air pollution, jeopardize water quality 
and require the industrialization of thousands of acres of agricultural land and wildlife habitat.  
The impacted areas will experience blocked vehicular traffic crossings and related traffic 
congestion, as well as an increase in related traffic accidents, injuries and deaths.  The increase in 
export coal traffic could also adversely impact wildlife, pollute the air and ground, create noise 
and result in numerous other environmental problems along the entire route.   

                                                 
 

79  Letter from Governor John A. Kitzhaber dated April 25, 2012.  Evaluating and quantifying the 
environmental impacts while they exist, is beyond the scope of this analysis. 
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Economic Impacts 
 
 In addition to the related environmental problems, however, there will be significant 
economic impacts.  The railroads, terminals companies and coal companies plan to spend 
millions in expanding and upgrading the PNW export terminals.  For example, Millennium Bulk 
Terminals is proposing to spend $600 million terminal for the proposed Longview export coal 
terminal.80 
 
 However, there are many areas along the railroad routes which will require major 
upgrading and expansion of existing railroad tracks and related infrastructure which could well 
cost billions of dollars.  In some cases new rail by-passes may be required around major 
populated areas.  Hundreds of miles of railroad lines will likely require expansion from single to 
double or even triple track.  Other railroad infrastructure, such as bridges, tunnels, high-way 
crossings, will also need to be replaced or upgraded in order to adequately, efficiently and safely 
handle the expected increase in traffic levels. 
 
 State and local governments will likely bear the brunt and burden of these related local 
infrastructure costs and will likely be required to spend hundreds of millions of dollars in related 
mitigation, litigation, debt and other costs associated with the necessary improvements to 
accommodate export coal traffic levels.   
 
 Railroad shippers will also likely experience higher costs in terms and railroad rates, 
charges and related expenses.  Many of the impacted rail lines are already at or near capacity.  
Even with substantial infrastructure improvements, such a significant increase in export coal rail 
tonnage and coal trains (as well as related construction projects) will likely significantly interrupt 
and disrupt other railroad traffic lanes and consume the majority of the existing rail capacity.   
Existing rail traffic, such as export grain traffic and import and export intermodal container 
traffic, will likely experience a deterioration of rail service, such as higher transit and cycle 
times, and will likely incur higher costs in the form of higher freight rates and equipment costs.  
 
 

                                                 
 

80  http://millenniumbulk.com/wp-content/uploads/pdfs/BerkStudy.pdf 
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Regulatory Review & Mitigation 
 
 There are many areas along the impacted railroad routes which would require significant 
mitigation in order to alleviate the adverse impacts associated with the significant increase in 
coal traffic.  State and local governments and other impacted and interested parties may have 
little input into related rail infrastructure requirements and needs. 
 
 The new PNW export coal terminals, such as Cherry Point and Longview, will have 
Environmental Impact Statements (EIS) associated with the local improvements and 
installations.  U.S. Army Corps of Engineers (USACE) will serve as the lead federal agency in 
the preparation of these EIS reviews.  USACE may look at the cumulative impacts as required by 
National Environmental Policy Act (NEPA), however, USACE has no authority over interstate 
railroad movements.81 
 
 The U.S. Surface Transportation Board (STB) is an economic regulatory agency that 
Congress has charged with resolving railroad rate and service disputes and reviewing proposed 
railroad mergers.   The STB has often been involved in cases which involved mitigation resulting 
from increased railroad traffic levels and has been involved in several cases involving the 
proposed expansion of PRB coal movements. 
 
 For example, in the 1995 railroad merger between UP and Southern Pacific (UP/SP), the 
city of Reno, Nevada, along with many other cities and impacted parties, protested the merger, 
which required STB approval, because of the predicted 40 to 50 trains per day which would run 
through town as a result of the merger.  Mitigation for Reno was a very expensive undertaking 
because the railroad tracks run through the heart of Reno’s casino district.  Several alternatives 
were considered and discarded, including track relocation or by-pass and a tunnel.  After a 
decade of litigation and negotiations, an agreement was finally reached to excavate a 2.25-mile 
long, 33-feet-deep, and 54-foot-wide trench through the city, which was not completed until 
2005.  The Reno trench cost an estimated $265 million (excluding debt), of which the railroad 
contributed only $17 million.82  

                                                 
 

81 Recently, the EPA requested that USACE conduct a “thorough and broadly scoped cumulative 
impacts analysis” of a project at Port of Morrow in Oregon which has “the potential to 
significantly impact human health and the environment.”  The EPA stated that the Corps should 
address overall impacts, including increases in greenhouse gas emissions, rail traffic and mining 
activity on public lands. 

82  See Railway Age article by Willie Albright: We told you so - Predictions of calamity was not 
enough to derail Reno’s runaway train trench. Now what ?, published July 11, 2011. 

 



   

 Heavy Traffic Ahead 
July 2012            53 
          
 

 
 
 Although Reno was forced to spend millions in order to mitigate the adverse impact 
resulting from the UP/SP merger and the railroad’s portion of the total cost was relatively small, 
Reno did obtain the benefit of STB-ordered mitigation.  STB ordered relief which was intended 
to preserve the “environmental status quo.”  As a result, UP was forced to negotiate and Reno 
had some leverage in its subsequent negotiations. 
 
 Previous other potential expansions of railroad PRB coal movements have also been 
under the jurisdiction of, and the subject of approval by, the STB, namely: 
 

 DM&E - The application filed by the Dakota, Minnesota & Eastern Railroad 
Corporation (DM&E) to construct and operate 280 miles of new rail line and the 
rehabilitation of approximately 600 miles of existing rail line in Wyoming, South 
Dakota, and Minnesota;83 and 

 
 TRRC - The Tongue River Railroad Company (TRRC), which involves the 

construction of an 89-mile coal line from Ashland, MT to Miles City, MT. 84 
 
 In both the DM&E and TRRC cases, the railroads projected the movement of million 
tons of coal through either populated or environmentally sensitive areas, or both.  As a result, 
STB identified and examined potential environmental and economic impacts associated with the 
project and ordered hundreds of environmental conditions. 
 
 For example, in the DM&E case, the STB prepared a Draft and a Final Environmental 
Impact Statement (EIS).  The STB conducted biological surveys for threatened and endangered 
species and cultural resource surveys for archaeological sites and historic structures. 
Additionally, the STB gathered extensive data on air quality, crossing safety and potential 

                                                 
 
83 DM&E filed an application for the expansion with the STB) on February 20, 1998.  The STB 

subsequently approved DM&E’s application in 2001.  In 2007, the Canadian Pacific (CP) acquired 
DM&E.  To date, no action has been taken on the construction of the line since CP’s acquisition of 
DM&E. 

84  A new coal line in Montana, which would be operated by the Tongue River Railroad Company 
(TRRC), has been proposed and approved for construction by the STB which would connect with 
BNSF’s mainline at Miles City, MT.  TRRC was first applied for regulatory approval in 1983 and 
has been the subject of numerous STB decisions and modifications.  A recent agreement between 
one of the major opponents, billionaire Forrest Mars, and BNSF and Arch Coal, appears to have 
limited the proposed rail route to the 89-mile line from Ashland, MT to Miles City, MT.  After a 
recent ruling in the 9th Circuit Court of Appeals, the STB in June reopened the Ashland to Miles 
City segment permit to require a revised application that reflects current plans to ship coal west to 
ports and the agency will conduct an environmental review of the revised project. 
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delays, railroad and vehicular traffic volumes, wetlands and aquatic resources, noise receptors, 
wildlife migration, and potential impacts to ranching operations. 
 
 There was extensive public involvement in the development of the original EIS.  STB 
worked with five cooperating Federal agencies, conducted dozens of meetings and received 
approximately nearly 10,000 comments from agencies, elected officials, tribes, organizations, 
businesses, affected communities, landowners, and other members of the public.  As a result, 
STB identified and examined potential environmental impacts associated with the project and 
ordered 147 environmental conditions. 
 
 The DM&E and TRRC proposals involved the construction of new rail lines in order to 
access PRB coal, whereas, the rail construction associated with the proposed PNW export 
terminals primarily involves the construction of railroad track, storage areas and unloading 
facilities.  The required new construction may be smaller, but the size, scope and problems 
associated with DM&E’s proposed PRB coal project are similar in many respects to the 
proposals to move PRB export coal tonnage to the PNW (i.e., same commodity (coal), same 
origin area (PRB), similar distances, similar congestion and environmental problems, etc.).  
Indeed, the traffic levels and adverse impacts associated with expansion of PRB to PNW export 
coal movements are likely bigger than the TRRC and DM&E cases combined:   
 

Figure 25 
 

Comparison of Projected PRB to PNW 
Export Coal Volumes With DM&E and TRRC 

 

Item Low High 

Projected PRB to PNW Export Coal Volumes 

PRB to PNW Export Coal Tons Per Year (Millions) 75 170 
PRB to PNW Export Coal Trains Per Day (L&E) 28 63 
   

Projected DM&E PRB to U.S. Coal Volumes  

DM&E Proposed PRB Coal Tons Per Year (Millions) 20 100 
DM&E Proposed PRB Coal Trains Per Day (L&E) 8 34 
   

Projected TRRC PRB to U.S. Coal Volumes 

TRRC Proposed PRB Coal Tons Per Year (Millions) 33 44 
TRRC Proposed PRB Coal Trains Per Day (L&E) 19 25 
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 In the previous STB cases involving the expansion of PRB coal movements, i.e., DM&E 
and TRRC, the STB considered the “downline” and overall impacts associated with the proposed 
construction projects.  Here, the size of the railroad track construction and expansion of the PNW 
export terminals may be smaller in comparison to the DM&E and TRRC PRB build-in 
proposals, but the “upline” and overall impacts will be much broader and more adverse to the 
areas along the impacted over 4,000 plus route miles. 
 
 However, the railroads, coal companies and other interested parties may resist an STB 
review of the cumulative impacts associated with the proposed expansion of PRB to PNW export 
coal movements - even though the proposed PRB to PNW export coal movements are much 
larger than any previous case that have been decided by the STB.  Consequently, impacted and 
interested parties may be required to advocate and promote Federal legislation which would 
require a thorough STB review of the proposed cumulative impacts associated with the projected 
increase in PRB to PNW export coal movements. 
 
 Given the vast increase in the number of trains per day that are anticipated, it is 
imperative that State and local governments must be made aware that they will likely bear the 
brunt and burden of the local impacts.  Without question, the increase will have substantial 
adverse environmental and economic consequences as it will increase the number of emissions, 
particulates, and delays in vehicular traffic.  In order to address the adverse consequences, State 
and local governments must be prepared to seek relief from the STB and/or Congress. 
 
 The railroads, coal companies and PNW terminal companies may resist STB jurisdiction 
in regard to the proposed increase in PRB to PNW export coal movements and maintain that 
little or no mitigation is required because the railroads are not constructing a new line or merging 
with another railroad, but are instead constructing new facilities within existing rail corridors.  
However, in the event that new construction is required to reach new export terminals, that 
construction would likely entail an extension of a line of railroad into new territory, which would 
require STB approval.   
 
 In addition, the reopened TRRC proceeding opens the door for further environmental 
impact studies.  As the Ninth Circuit recently recognized, “[t]he propose of TRRC II was to 
bring coal from Wyoming’s PRB to the BNSF main line in Miles City, and then on to other 
destinations in the Midwest.” (Slip Op. at 7, emphasis added).  Given the absence of any prior 
focus on potential PNW movements, the argument can be made that the Board must perform a 
new cumulative impact analysis and that the shift in market destinations is a material change.  
(The STB ruled on June 18, 2012, to reopen the TRRC application to review the revised plans to 
ship the coal west.) 
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 There are at least two STB precedents that provide some guidance regarding the STB’s 
jurisdiction to consider the entirety of a project that is composed of both new construction and 
the rehabilitation and expansion of an existing line.  In the DM&E case, the Board specifically 
rejected DM&E’s argument that it lacked “jurisdiction to impose conditions related to the 
existing line.”85  As the Board explained, while it may not have jurisdiction over proposed 
improvements and upgrades of an existing line, it has jurisdiction to examine the potential 
environmental impacts resulting from increased rail operations over the portion of the rebuilt line 
as well as the impacts from the construction of the new line.  As the Board further explained in 
slightly different terms: 
 

[W]e have broad power to impose conditions, so long as they are supported by the 
record and there is a sufficient nexus between the condition imposed and the 
transaction before us.  Accordingly, we plainly have authority to impose 
mitigation to address the effects of increased operations on the existing line that 
would not occur but for the expansion of [the railroad’s] system authorized here. 
(DM&E, 6 STB at 36). 

 
 It can also be anticipated that the railroad may argue that little or no mitigation is 
necessary and that the Board, as part of its conditioning authority, may not require the railroad to 
fund other than a small percentage of the cost of grade separations and other mitigation.  Once 
again, there are two recent proceedings in which the Board required a railroad applicant to 
assume more than the minimal 5% of costs generally associated with the construction of grade 
crossing separation projects initiated at the request of a community and funded with federal 
highway grants. 
 
 When the Board approved the Canadian National Railroad Company’s (CN) acquisition 
of EJ&E West Company, a wholly owned, non-carrier subsidiary of Elgin, Joliet and Eastern 
Railway Company (EJ&E), it reasoned that because the applicants were receiving the substantial 
benefit of the Board’s approval of the transaction, they would be responsible for a higher share 
of the cost of grade-separation costs than would be the case if local governments were seeking to 
impose a grade-separation project on the railroad.  As the STB realized in its approval of the 
transaction:  
 

                                                 
 

85  Dakota, MN & Eastern RR—Construction—Powder River Basin, 6 STB 8, 36 (2002) (DM&E).  
In so ruling, the STB relied on prior reasoning in Burlington Northern Santa Fe Corporation, 
BNSF Acquisition Corp., and Burlington Northern Railroad Company—Control—Washington 
Central Railroad Company, 1 STB 792 (1996), aff’d City of Auburn v. STB, 154 F.3d 1025 (9th 
Cir. 1998), cert. denied, 527 U.S. 1022 (1999) (City of Auburn). 
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. . . will change the character of the EJ&E line from a line serving local traffic that 
also facilitates longer-haul movements through haulage and trackage rights into a 
line that will be integrated into CN’s North American rail network at the very 
heart of the system.  As the Final EIS shows, this transaction would have a 
substantial adverse effect on vehicular traffic delays and, in some areas, regional 
and local mobility and safety at grade crossings. (Slip op. at 46)  Thus, CN’s 
“share of the cost should be more than the traditional railroad share for grade-
separation projects.”  (Id.)   

 
Although CN appealed the Board’s decision, the D.C. Circuit upheld the Board’s decision when 
it found that “the higher proportion of costs the Board imposed on Canadian National is not 
unusual where, as here, the railroad, as opposed to the government, proposes the action that 
creates the need from grade separation and where no federal funds are involved.”86  The court 
also found that the Board’s decision to require CN to pay as much as 78.5% of the cost of one 
grade separation and 67% of the cost of a second grade separation was “entirely consistent with 
[the Board’s] policy of ‘requiring {railroads} to mitigate transaction-related impacts, but not pre-
existing conditions.”  Id. 
 
 In the DM&E case, the Board also required the railroad applicant to fund more than the 
minimal 5% of the cost of crossing-protection upgrades on the existing line and not only on the 
new line.  See DM&E, 6 STB at 32.  Plainly, the foregoing rationale is applicable to the situation 
involved herein where the overall adverse impacts will be much broader and more adverse than 
was the case in either the EJ&E, DM&E or TRRC proceedings. 

                                                 
 

86  Village of Barrington, Illinois v. Surface Transportation Board, D.C. Cir. No. 09-1002 (March 15, 
2011), slip op. at 42.   
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Potential Legislation 
 
 Impacted and interested parties may want to consider seeking or promoting Federal 
legislation which would require STB approval for such increases in traffic levels or extensive 
infrastructure improvements. 
 
 For example, impacted and interested parties could seek and promote Federal legislation 
which would amend the Interstate Commerce Act to would require railroads, prior to engaging in 
extensive improvements and upgrades of an existing line that would increase the number of 
trains by more than a certain percentage (perhaps 25% to 50%), to notify the Board of such 
improvements so that the Board may determine whether such improvements and upgrades might 
have a significant impact on the human environment.  Should it determine that the planned 
improvements might have a likely adverse impact, the Board shall be required to hold public 
hearings on the proposed project to determine the safety and environmental effects of the 
proposed project, including the effects on local communities, such as public safety, grade 
crossing safety, hazardous materials transportation safety, emergency response time, noise, and 
socioeconomic impacts.  Should it determine after such hearings that the proposed improvements 
and upgrades would have an adverse impact, the Board would have jurisdiction to impose 
conditions that would mitigate the adverse impacts. 
 
 As an alternative approach, any increase in the number of trains above a specified 
percentage would establish a presumption that the project would have an adverse impact that the 
Board would be required to address.  As noted earlier, the expected rapid growth in PRB to PNW 
export coal traffic was not envisioned or considered when the Bridging the Valley plan was first 
designed (2000) and approved (2005).  Now, in a few short years, instead of the expected 70 
trains per day, Spokane could see as many as 140 trains per day, or 5.83 trains per hour moving 
through the city.  As a result, if the STB has no oversight jurisdiction to impose mitigation 
conditions, the State of Washington and the local communities will bear the burden of 
responding to the adverse environmental impacts even though they will not share in the resulting 
economic gains that will flow only to the railroads and the coal mines. 
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Conclusion & Recommendations 
 

 The movement of 75 to 170 million tons per year would equate to the movements of 27.9 
to 63.2 loaded and empty coal trains per day.  These repetitive 1¼-mile long loaded and empty 
coal trains will be going through numerous populated cities, towns, communities, parks, forests 
and other environmentally sensitive areas - blocking traffic, causing vehicular and railroad traffic 
congestion, creating logistics problems, adversely impacting wildlife, polluting the air and 
ground, creating noise and resulting in numerous other problems. 
 
 BNSF will likely dominate this large and expanding PRB to PNW export coal market.  
BNSF’s routes from the PRB to the PNW are significantly shorter than UP’s routes and BNSF 
has a lower cost structure.  As a result, BNSF can provide transportation rates which are 
significantly lower than UP and thus will likely capture the lion’s share of the expanding and 
lucrative PRB to PNW export coal market. BNSF’s shortest PRB to PNW railroad route covers 
a distance of 1,135 miles, however, the potentially impacted area is extremely broad covering a 
total rail distance of over 4,000 miles.  These railroad routes traverse many environmentally 
sensitive areas, such as Glacier National Park in Montana, as well as many major populated 
areas, such as Spokane, Washington, Seattle, Washington, and Billings, Montana and Portland, 
Oregon.   
 
 Many of the impacted railroad line segments already have significant rail capacity and 
congestion issues associated with the current rail traffic, such as PNW import and export 
intermodal container traffic and grain railroad traffic.  As a result of these capacity and 
congestion problems, there are many areas which will require major upgrading and expansion of 
existing railroad tracks.  In some cases (such as Spokane and Billings) new rail by-passes may be 
required around populated areas.  It is likely that hundreds of miles of railroad lines will require 
expansion from single to double or even triple track.  Other railroad infrastructure, such as 
bridges, tunnels, high-way crossings, will also need to be replaced or upgraded in order to 
adequately, efficiently and safely handle the expected traffic levels. 
 
 There are many areas along the impacted railroad routes which would require significant 
mitigation in order to alleviate the adverse impacts associated with the significant increase in 
coal traffic.  The required upgrading and expansion of railroad tracks and related infrastructure 
could well cost billions of dollars.  State and local governments will likely bear the brunt and 
burden of these related local costs and will likely be required to spend hundreds of millions of 
dollars in related mitigation, litigation, debt and other costs associated with the necessary 
improvements to accommodate export coal traffic levels. 
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 The STB is an economic regulatory agency that Congress charged with resolving railroad 
rate and service disputes and reviewing proposed railroad mergers.   The STB has often been 
involved in cases which involved mitigation resulting from increased railroad traffic levels.  In 
the previous STB cases involving the expansion of PRB coal movements, i.e., DM&E and 
TRRC, the STB considered the overall impacts associated with the proposed construction 
projects.  Here, the size of the railroad track construction and expansion of the PNW export 
terminals may be smaller in comparison to the DM&E and TRRC PRB build-in proposals, but 
the overall impacts will be much broader and more adverse to the areas along the over 4,000 
miles of impacted rail route. 
 
 Impacted and interested parties may want to consider seeking or promoting an STB full 
environmental review of the effects of exporting PRB coal via PNW ports or Federal legislation 
which would require STB approval for such increases in traffic levels or extensive infrastructure 
improvements. 
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Executive Summary 

Introduction 
Washington State’s (state) economy needs a vibrant, competitive rail 
network.  This network must provide a reliable, accessible, and cost-
effective freight service to shippers and customers across the state.  At the 
same time, the freight rail system must co-exist with a high-quality, fast, 
frequent and reliable passenger rail service between major cities across the 
state that is competitive with automobile and air travel times.  This plan 
focuses on the freight side of this equation.  It must be recognized that 
both systems are interconnected and must be planned accordingly to meet 
both freight and passenger needs as an integrated rail network. 
 
The future of the state freight rail system is envisioned by the State 
Freight Rail Plan Advisory Committee to meet the following six goals: 
 
 Economic Competitiveness and Viability: Support the state’s 

economic competitiveness and economic viability through strategic 
freight partnerships. 

 Preservation: Preserve the ability of the state’s freight rail system to 
efficiently serve the needs of its customers as well as preserve the 
potential of the system in the future. 

 Capacity: Coordinate the freight rail system capacity increases to 
improve mobility, reduce congestion, and meet the growing needs of 
the state’s freight rail users, when economically justified. 

 Energy Efficiency and Environmental: Take advantage of freight 
rail’s modal energy efficiency to reduce the negative environmental 
impacts of freight movement in the state. 

 Safety and Security: Address the safety and security of the freight rail 
system and make enhancements, where appropriate. 

 Livability: Encourage livable communities and family-wage jobs 
through the freight rail system and its improvements.  

 
The Washington State 2010-2030 Freight Rail Plan is an update of the 
Washington State Freight Rail Plan 1998 Update.  This update complies 
with Federal Railroad Administration (FRA) requirements that the state 
establishes, updates, and revises a rail plan in order to receive federal 
assistance.  The freight rail plan also fulfills state requirements, under 
Revised Code of Washington (RCW) 47.76.220 and RCW 47.06.080, that 
the Washington State Department of Transportation (WSDOT) prepare 
and periodically revise a state rail plan that identifies, evaluates, and 
encourages essential rail services.  This plan and its recommendations are 
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intended to be a living document that will be updated and revised as future 
conditions require.  Currently a National Rail Policy is being developed by 
the FRA and is anticipated to be released in 2010.  Washington’s plan will 
be updated if a revision is required to maintain consistency with the 
National Rail Plan. 
 
This plan will provide guidance for rail initiatives and investments in the 
state.  Results from this plan will be included in the Statewide Multimodal 
Transportation Plan.  WSDOT intends this next update to meet state and 
federal transportation planning requirements, thus maintaining the state’s 
eligibility to receive federal surface transportation funding. 
 
The freight rail plan also reflects strategies to: 
 
 Increase the effectiveness of the rail program. 
 Broaden understanding of rail issues for all stakeholders. 
 Provide a framework to implement rail initiatives in the state. 
 Support WSDOT in federal funding opportunities, such as 

Transportation Investment Generating Economic Recovery and 
American Recovery and Reinvestment Act of 2009 (ARRA). 

 Implement the rail benefit/cost analysis required by the legislature. 
 Fulfill new federal requirements for state rail plans. 

2030 Vision for Freight Rail in Washington State 
The Washington State freight rail system is: 

 Reliable. 
 Cost effective. 
 Energy efficient. 
 Environmentally-friendly transportation mode for domestic and 

international cargo deliveries. 
 
As a critical part of Washington’s multimodal transportation system, the 
rail system leverages intermodal connections: 

 To provide a seamless system for cargo deliveries to customers. 
 To improve the mobility of people and goods. 
 To support Washington’s economy by creating and sustaining 

family-wage jobs and livable communities.  
 
Freight rail has increasing importance that fosters economic growth and 
livable communities for the state and its citizens.  The rail system is a 
critical part of the multimodal transportation system that supports national 
and international trade flows through the state and provides critical 
gateway opportunities for other cargo to move through the state.  It is a 
vital system that supports state ports and the regional economies bringing 
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state goods to national and international markets.  Freight rail in the state 
can be considered as a fundamental utility supporting the retail and 
wholesale distribution system. 

Rail System in Washington State 

The state’s rail network has evolved over the last century to serve a wide 
range of passenger and freight markets and has extended across many 
parts of the state.  Thirty-two of the state’s 39 counties are served by one 
of the state’s freight railroads (Exhibit ES-1).  The rail network in the state 
has three distinct types of rail services: intercity passenger, commuter, and 
freight. 
 
The Class I railroad system primarily serves the inland transportation 
component of the supply chain for large volumes of import and export 
cargo moving through state ports.  This Class I railroad system is 
supported locally by the short-line network consisting of many small 
railroads, many of which evolved from abandonments of the Class I 
railroads. 

The state’s mainline railroad system is comprised of two Class I railroads: 
the BNSF Railway (BNSF) and the Union Pacific Railroad (UP).  Both 
operators have invested in improvements and upgrades to their rail 
systems, including new locomotives, new traffic control systems, and 
rolling stock substantial infrastructure improvements.  The Class I 
railroads are supported by one Class II and 19 active Class III short-line 
railroads.  This brings the total number of active freight railroads in the 
state to 22. 
 
There are three major rail corridors in the state.  First, the north-south 
corridor is the I-5 rail corridor running from Portland, Oregon (OR) to 
Vancouver, British Columbia (B.C.).  There are two east-west corridors: 
the Columbia River Gorge—running from Vancouver, Washington (WA) 
to the east—and Stevens Pass running from Everett to Spokane.  These 
three corridors carry the majority of the current freight rail volumes and 
are supported by other less dense mainline routes as well as the short lines 
that feed into the mainlines, such as Stampede Pass running from Auburn 
to Pasco. 
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Exhibit ES-1: Washington State Rail Map 
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Economic Impact 

Freight rail transportation is a fast growing service.  In 2007 the state rail 
system carried 116 million tons of freight, compared with 64 million tons 
in 1991, for an annual growth rate of 3.8 percent.  Among the 116 million 
tons of rail freight, 56 million tons arrived in the state from 44 other states 
and Canada, while almost 23 million tons were shipped from the state 
ports and industries to 46 other states and Canada.  Over 6 million tons of 
local rail freight moved within state borders and Almost 32 million tons of 
rail freight moved through the state without loading and unloading 
(Exhibit ES-2). 
 

Exhibit ES-2: Washington State Rail Freight  
Directional Flows – 2007 

(Million Tons) 
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Source: WSDOT State Rail and Marine Office – 2007 Surface Transportation Board (STB) 
Waybill Sample Data Analysis 
 
The economic vitality of the state requires a robust rail system capable of 
providing its businesses, ports, and farms with competitive access to North 
American and overseas international markets.  The state is well known for 
its agricultural products, such as apples, wheat, fruit, and potatoes.  
Freight rail plays an important role to underpin the state’s agriculture 
sector.  Lumber and wood product producers, manufacturers, waste 
management, and mining also rely on rail transportation to move heavy, 
bulky products to markets in a cost-effective manner.  
 
Farm products (36.1 million tons) were the top commodity by weight 
moved on the state’s rail system, followed by lumber and wood 
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(12.9 million tons), miscellaneous mixed shipments (11.9 million tons), 
and coal (10.6 million tons) (Exhibit ES-3).  In 2007, 86 percent of the 
freight moved on state rail lines was from the top ten commodities. 
 

Exhibit ES-3: Top 10 Commodities Shipped by Rail  
Washington State 2007 (Million Tons) 
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Source: WSDOT State Rail and Marine Office – 2007 STB Waybill Sample Data Analysis 
 
Rail freight transportation has significant economic impacts.  In 2007 total 
rail freight revenue, including rail only and rail intermodal, amounted to 
$1.2 billion.1  Freight rail employed 4,207 people in the state and 
contributed $533 million directly to the state’s Gross Domestic Product 
(GDP). 
 
A large part of the state’s economy depends on freight for its 
competitiveness and growth.  The state’s freight rail system, as an 
integrated part, also supports freight-dependent sectors of the economy.  
Freight-dependent sectors, in general, include agriculture, mining, 
construction, manufacturing, wholesale, retail, transportation, and 
warehousing.  In 2008 freight-dependent sectors accounted for 33 percent 
of the state’s GDP, 71 percent of business income, and 39 percent of 
state’s employment (Exhibit ES-4). 
 

                                                 
1 Rail intermodal refers to double-stack container trains that move as a unit train and has 
one or more modes to move a shipment from origin to destination. 
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Exhibit ES-4: Freight-Dependent Sectors Employment 
Washington State 2008 First Quarter 
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Freight-Dependent Sectors: 1.125 Million Jobs
All Sectors: 2.881 Million Jobs

 
Source: Washington State Employment Security Department 2008, compiled by WSDOT 
State Rail and Marine Office 

Societal Impact 

Transportation is one of the largest greenhouse gases (GHG) sources in 
the state.  Transportation GHG sources includes light- and heavy-duty 
(on-road) vehicles, aircraft, rail engines, and marine engines.  Carbon 
dioxide (CO2) accounts for about 98 percent of transportation GHG 
emissions from fuel use.  Most of the remaining GHG emissions from the 
transportation sector are due to nitrogen oxide (NOx) emissions from 
gasoline engines.  Rail is a more environmentally-friendly transportation 
mode (Exhibit ES-5).  Increasing the use of rail transportation can 
contribute to a reduction in GHG. 
 

Exhibit ES-5: Greenhouse Gas Emissions by Mode 
(grams/ton-mile) 

 Road Rail Air 

Carbon Dioxide (CO2) 235.33 40.00 1,469.33 

Nitrogen Oxide (NOx) 1.99 0.74 6.31 

Particulate Matter (PM10) 0.47 0.05 0.80 

Carbon Monoxide (CO) 1.21 0.42 6.26 

Sulfur Dioxide (SO2) 0.30 0.12 2.27 

Source: Environmental Science Technology, 2007, 41, 7138-7144 
 
Publicly- and privately-owned railroads are implementing cleaner fuels 
and working to achieve increased fuel efficiency by retrofitting existing 
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engines and purchasing newer cleaner engine technologies on new 
equipment, as well as continuing to make operational efficiency 
improvements.2  
 
Increasing the use of rail for both the movement of freight and passengers 
can help the state make progress towards its GHG emissions reduction 
goals.  On a national level, freight demand is projected to almost double in 
the next 35 years.  Without improvements in freight rail capacity, this 
increase in demand would need to be accommodated by trucks using the 
roadway network. 
 
In the case of moving freight from trucks to trains, a net decrease in GHG 
emission reductions is tied to a permanent change in mode split: freight 
volumes are forecast to grow, and if trucks shift one commodity to rail 
simply to haul another commodity on the road, there will not be a net 
decrease in GHG emissions. 

Rail Infrastructure Needs and Investment Program 
Currently, the Class I railroads are meeting the existing long-haul traffic 
demands, but are experiencing capacity limitations during peak volumes 
on some of their routes.  It must be noted that the majority of the state’s 
passenger rail services run on rail owned by these Class I railroads.  Thus, 
infrastructure improvements and operational changes will be needed to 
accommodate projected growth in freight and passenger traffic, and to 
support a competitive rail freight environment. 
 
An assessment of the freight needs was completed as part of this plan.  
The assessment is based on data provided directly by the state’s freight 
railroads, ports, public agencies, and other key stakeholders.  In total, this 
needs assessment identifies 109 short- and long-term capital improvement 
projects and other initiatives.  The total cost for the requested projects, 
where cost estimates are available, is $2.0 billion.  Other issues that need 
to be considered in the development of this plan are: proposed rail 
abandonments and at-risk lines, port access, intermodal connectors, and 
emerging issues that face freight rail in this state.  The state needs to 
develop a comprehensive system to prioritize these projects, using a cost 
benefit approach, to obtain the maximum benefit for the public’s 
investment into any private infrastructure that is clearly measurable. 

Preservation of At-Risk Railroads 
The state has one of the best rail preservation and development programs 
in the country.  The state has invested $99 million in its rail freight 

                                                 
2 www.maritimeairforum.org/news/NW_Ports_Clean%C2%ADAirStrategy_Draft.pdf. 
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infrastructure since 1980.  An additional $35 million in investment is 
anticipated from 2010 to 2012 (see Exhibit ES-6). 
 

Exhibit ES-6: Washington Rail Investments (in Millions) 
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Source: WSDOT State Rail and Marine Office 
 
These investments include the Freight Rail Assistance Program 
($6 million 2007-2011), and Freight Rail Investment Bank Program (Rail 
Bank) loans.  The Rail Bank has made $7.5 million in funding available 
from 2007-2011, with a maximum loan of $250,000.  All of these 
investments have been in regional and small railroads, in recognition of 
the fact that these railroads are a vital component of the state’s 
transportation system and economic well-being. 

Port Access 

Port access to rail is very important to the vitality of local, state, and 
national economies.  As economic development agencies, ports are a 
fundamental part of the state’s infrastructure.  State ports face substantial 
competition from other ports and shipping routes.  The majority of the 
cargo that comes through state ports is discretionary cargo (i.e., 
containers, autos, grain, dry bulks, and break-bulk cargoes) that can shift 
to other gateways, if shipping through these other ports becomes more 
efficient or cost effective than using state ports.  To be competitive, ports 
must have good rail access3 and connect effectively to the rest of the 
system.  As an added benefit, rail is a community-friendly mode, as it is a 
safe, energy-efficient way to move goods along major corridors. 
 

                                                 
3 Good rail access means that trains can get in and out of a rail facility without delay to 
the facility, the train, or other rail operations on a rail line. 
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The state has 75 ports, not all with water access, as shown in 
Exhibit ES-7.  The state has 11 deep-draft ports, a tremendous asset for the 
state’s economy.4  This is an asset because these ports can berth most of 
the cargo ships on the ocean due to the ability to handle ships that draw up 
to 40 feet of draft.  Seven of these ports are on the Puget Sound.  The 
largest ports, the Ports of Seattle and Tacoma, together comprise the third 
largest container load center in the nation—behind the complexes at Los 
Angeles/Long Beach and New York/New Jersey.  One deep-draft port, the 
Port of Grays Harbor, is located on the coast; and three are located on the 
Columbia River.  Together, these ports comprise a seamless network that 
sends state goods to a global market, and imports goods from other 
countries, bound for state stores. 
 
Vital to the continued success of state ports is capitalizing on our inherent 
competitive advantage—a shorter ocean trade route to the Asia/Pacific 
Rim through the state’s gateways.  However, if these critical gateways, 
which handle a majority of the state’s freight rail tonnage, lead to a system 
that is slow and unreliable, they will be noncompetitive and the flow of 
trade may shift.  This could result in added costs to shippers. 
 
Thus, state ports are only a part of the freight rail picture.  Each part of the 
system needs to contribute to the success of the whole.  Investment of 
public dollars needs to follow a prioritized plan that will deliver the 
maximum system benefit. 
 
The Columbia/Snake River Inland Waterway system stretches 365 miles 
inland from the Pacific Ocean.  The three deep-draft ports along this 
system—Longview, Kalama, and Vancouver—are major shipping centers 
for the state.  Upstream, the Ports of Klickitat, Pasco, Kennewick, and 
Benton are served by barge along the Columbia River.  The Ports of 
Garfield, Whitman County, Walla Walla, and Clarkston are served by 
barge along the Snake River. 
 
Although there are many ways to classify ports in the state, this plan has 
selected four classifications for ports that are rail served: 
 
 Intermodal (Container) Ports5 – Seattle and Tacoma. 

                                                 
4 A deep draft Port is a port that can receive a ship with a laden draught of 40 feet or less.  
A very deep draft port is one that can handle a laden draught of 45 feet or less, which are 
most container ships and other large ships including military ships. 
http://www.globalsecurity.org/military/systems/ship/container-types.htm/. 
5 Intermodal ports are those ports that move containers from ship to rail, producing unit 
trains of containers to be transported to the inland destinations. 
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Exhibit ES-7: Ports of Washington State  
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 Agricultural and Bulk Ports – Clarkston, Garfield, Grays Harbor, 
Longview, Kalama, Seattle, Tacoma, Vancouver (WA), Walla Walla, 
and Whitman County. 

 Rail-Dependent Break-Bulk and Industrial Ports – Anacortes, 
Everett, Garfield, Grays Harbor, Kalama, Longview, Olympia, Seattle, 
Tacoma, and Vancouver (WA). 

 Rail-Serviced Industrial Ports – Benton, Bremerton, Chelan, 
Clarkston, Columbia, Ephrata, Garfield, Kennewick, Mattawa, Moses 
Lake, Othello, Pasco, Quincy, Ridgefield, Royal Slope, Shelton, 
Sunnyside, and Whitman County 3 & 4. 

 
Each of these categories has different access needs and challenges, 
although efficient and timely rail service is mandatory to all these ports.  
Port access issues are more closely related to location than to type of port. 
 
Nearly all of the state’s deepwater ports are located adjacent to the 
Interstate 5 (I-5) corridor, or are on short-line railroads that branch off the 
I-5 corridor.  As a result, rail connectivity issues for the ports and capacity 
issues on the I-5 rail corridor are necessarily tied.  Along the corridor 
there are five main areas where mainline capacity needs and connectivity 
issues intersect, including: Vancouver (WA), Kalama to Longview, 
Centralia, Tacoma, and Seattle.  Each of these is examined in more detail 
in Chapter 5 of the plan. 

Intermodal Connectors 

Intermodal connectors are a location where two modes meet and the cargo 
moves from one mode to another.6  In most cases this is moving a piece of 
cargo from a truck to a train or vice versa.  Two examples are inland ports 
and on-dock intermodal yards.  Exhibit ES-8 shows major intermodal 
facilities located in the state by type of connector. 
 
Rail access is a significant element of port competitiveness.  By providing 
an inland port service, a seaport can (in theory) make intermodal rail 
service available to a broader range of customers.  There must be efficient 
rail service to both the seaport and the inland port for the model to work.  
If priced competitively, the inland port service can offer cost savings to 
container shippers and thereby increase the port’s competitiveness. 
 

                                                 
6 The intermodal connectors shown are those identified by the USDOT BTS Intermodal 
Facility database.  
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Exhibit ES-8: Intermodal Freight Connectors in Washington State 
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In addition to rail served inland ports, the two most prominent alternatives 
that involve rail transportation are on-dock intermodal and near-dock 
intermodal.  Examples of these intermodal yards can be seen at the Ports 
of Seattle and Tacoma.  There are other types of intermodal connectors, 
such as rail-to-barge, truck-to-grain elevators, rail-to-bus, as well as 
airports.  In most cases airports are not supported by rail, although for 
freight there is the truck-to-plane intermodal connector. 

Freight System Issues and Needs 

Capacity/Bottlenecks 

The benefits that the state can obtain from a robust rail system are 
threatened because the system is nearing capacity.  Service quality is 
strained and rail rates are going up for many state businesses. 
 
The pressure on the rail system will increase in the next decades, as a 
result of increased population and demand, economic globalization, and 
continued containerization.  The total freight tonnage rail system is 
expected to increase by about two to three percent annually over the next 
20 years.  To accommodate this growth, many more rail lines within the 
state will be operating at or above their practical capacity. 
 
Growth in rail traffic and rail congestion issues are also affecting state 
communities by increasing delays for automobile and truck drivers at rail-
highway crossings.  Increased noise, congestion, and safety problems exist 
at these crossings.  Dealing with these problems in an uncoordinated 
fashion on a case-by-case basis is often frustrating for both the 
communities and the railroads. 

Competition 

State ports are facing competition not only from the southern California 
ports, but also increased competition from western Canadian ports, 
including Prince Rupert.  There is also the concern that once the Panama 
Canal is expanded for the larger container ships that the cargo may go ‘all 
water’ to the East Coast through the canal instead of by rail from the West 
Coast.  At this point, there are many studies predicting potential outcomes 
of the larger canal, but there is not a consensus on the effect it will have 
on the state.  This plan includes strategies to favorably position the state in 
the changing competitive marketplace. 
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Emerging Issues 

North-South High Capacity Corridor 

The fluidity of the I-5 rail corridor is mandatory for the economic health 
of the state.  This corridor can be classified as extending from Portland, 
OR to Vancouver, B.C.  A north-south corridor, supporting the east-west 
movements of the majority of the cargo moving through the state, is 
required to keep the rail network flowing.  The BNSF I-5 corridor carries 
both freight and passenger rail traffic.  As the projections of cargo and 
passenger volumes are met, it will be especially important that attention is 
kept on the health of this north-south corridor. 
 
It is important to note that the mainline in the I-5 corridor, from 
Vancouver (WA) to Vancouver, B.C., is owned by BNSF.  Amtrak has 
rights to operate passenger service on this mainline.  UP has rights to run 
on this rail line from Vancouver (WA) to Tacoma.  From Tacoma to 
Seattle, both Class I railroads have their own rail lines and operate 
separately on their respective rail. 
 
Currently, BNSF has no public plans, other than those announced to 
support intercity passenger train volumes, to increase capacity over the 
route.  From a freight perspective, BNSF believes sufficient capacity 
exists for the foreseeable future.  Indeed, BNSF’s planning staff sees 
nothing in this corridor as “freight driven” with the current volumes at this 
time.  Increased volumes may require capacity improvements.  
 
In the future, it will be very important to monitor the capacity versus 
demand of this corridor and prepare capacity improvements to meet the 
growth projections.  This will require coordination between all 
stakeholders and partners to ensure that capacity is available for this 
corridor and its communities to meet their respective needs.  This may 
require a true public-private partnership including regional agencies (such 
as metropolitan planning organizations), Sound Transit, Amtrak, rail 
freight customers, ports, local communities, as well as other stakeholders.  
Public funding could include safety improvements, such as grade 
separations.7  Private railroad funding could include improvements, such 
as longer sidings or additional mainline tracks.  BNSF has stated that the 
funding of these longer sidings and additional mainline tracks should not 
be the exclusive responsibility of the private railroads, when the need is 
driven by passenger rail service or the need to preserve freight rail service 
due to increasing passenger rail service. 

                                                 
7 A grade separation is when an at-grade road that crosses a rail line is separated from the 
rail line by elevating the road as an overpass over the rail line or the rail line on a trestle. 
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East-West High-Capacity Freight Rail Corridor 

For the state to stay competitive, a strong coalition of stakeholders must 
build an integrated plan to develop the necessary capacity to retain the 
state’s rail freight market share.  A high-capacity rail corridor should be 
maintained and improved upon from the Puget Sound to Chicago, Illinois.  
A national cohesive effort needs to be developed by both the public and 
private partners in order to achieve the economic growth that is required to 
keep the state competitive.  
 
A compelling business case for proposed improvements to this corridor 
should be developed.  This corridor will require infrastructure and 
operational improvements as well as improved cooperation between 
BNSF and the UP.  An agreement on priorities needs to occur and a 
funding program developed.  It is important to the state’s economy to have 
healthy railroads competing for business in the state.  This competitive 
positioning influences the Class I railroads’ investment within the state.  
BNSF and UP capital investment decisions and strategies are based upon 
Return on Investment.  Capacity must be available to attract more volume 
and new customers.  To encourage the Class I railroads to invest in this 
state, it is critical that public investment dollars are available for projects 
with public benefit. 
 
To hold the Class I railroad’s attention to the state, the state’s economy 
must be growing, the ports efficient, and the stakeholders must understand 
how important the rail system is both to the economy and ports.  There 
must be consensus on the priority of projects and the funding mechanism 
to get the improvements built.  Thus, there needs to be a prioritization of 
the freight rail projects that have a clear economic benefit to the state.  
This priority list needs the support of all stakeholders in order for the high 
priority projects to get done. 

Dedicated High-Speed Passenger Rail Track 

On August 24, 2009, WSDOT submitted their High-Speed Intercity 
Passenger Rail Program application to the FRA.  This is the first step to 
the development of a dedicated high-speed passenger rail track along the 
I-5 corridor from Portland, OR to Vancouver, B.C.  This will allow the 
separation of lower speed freight trains from the higher speed passenger 
trains and allow for increased service levels for both freight and 
passengers. 
 
WSDOT applied for nearly $435 million in ARRA funding in this first 
round under Track 1 projects.  The primary focus of Track 1 projects is to 
help speed economic recovery through construction of “ready-to-go” 
intercity passenger rail projects.  WSDOT has a total of 20 capital rail 
projects that qualify for Track 1 consideration.  When completed, these 
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projects will add an additional daily Amtrak Cascades round trip between 
Seattle and Portland, improve on-time reliability, reduce rail congestion, 
and provide enhanced service without affecting freight capacity. 
 
Without the necessary improvements on the I-5 rail corridor, the available 
capacity on the segment will be exceeded by about 2018, at even the 
lowest freight recovery scenario.  Consequently, it should be expected that 
BNSF will not allow growth in passenger operations without a clearly 
defined set of capacity improvements.  These improvements would protect 
freight performance regardless of how the economy recovers over the next 
few years. 

Impacts of Dam Breaching or Loss of the Columbia-Snake Inland 
Waterway System 

The current Columbia-Snake Inland Waterway System is very efficient for 
moving cargo.  This system provides shippers with an alternative to 
shipping by rail, supplies price competition to the railroads, and imposes 
sufficient capacity to absorb substantial fluctuations in grain shipments, 
especially during peak export months and years. 
 
Due to the fear that numbers of Chinook salmon and steelhead in the 
Snake River would continue to decline, the possibility of breaching 
(removing) the four Snake River dams was examined in a report issued by 
the US Army Corp of Engineers in 2002.8  The discussion on removing 
the dams continues to this day. 
 
In addition to the effect that dam breaching would have on the system, 
transportation impacts would also be shifted to the road and rail systems in 
the region.  The mainline rail system, short-line rail system, and state and 
county road systems could all be expected to bear an increased share of 
the freight now shipped by barge.  This could cause some capacity 
constraints to be reached. 

Statewide Information and Data Needs 
Currently, there is not enough rail and freight data collected for statewide 
rail planning and rail operations.  The U.S. Department of Transportation 
(USDOT) expects that the state rail plan from each state will provide 
detailed insight into the concerns facing state transportation systems and 
set forth state visions of how rail transportation can address those issues.  
One of the elements that USDOT views as necessary includes multimodal 
transportation, especially ways in which modes can be leveraged to serve 
transportation customers more effectively and efficiently.  
 
                                                 
8 www.efw.bpa.gov/IntegratedFWP/DamBreachingFacts.pdf.  
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States are in a unique position to provide information on local rail 
bottlenecks and resultant road and rail traffic congestion.  The lack of this 
information can negatively affect the larger transportation network.  
Resolution of such issues can improve transportation flows and positively 
affect the movement of goods and people far beyond state borders.  
 
States can also provide information on projects that they are planning to 
develop, which may have repercussions beyond state borders, and hence 
should be considered in the National Rail Plan.9  
 
States need greater information management capacity to assess statewide 
demand, analyze utilization data, and develop and maintain asset 
inventories and rail system physical and condition inventories. 

The Partners 
In this state there are numerous partners or players in the rail freight 
system: first and foremost is the owner of the asset—the railroads—as 
well as the customers served; second, the ports who are logistics and 
transportation partners in moving the cargo from ship-to-rail or barge-to-
rail; and finally, the regulators and partial funders of the system—the state 
and federal governments are partners in this system.  Other stakeholders 
included local communities, planning organizations, and tribes.  The State 
Freight Rail Plan Advisory Committee represented these stakeholders in 
the development of this plan and some are encouraging that the committee 
stays intact.  

Investment Prioritization and Project Evaluation 
Freight rail has many benefits.  With its cost effectiveness, fuel efficiency, 
safety records, and lower environmental impacts, freight rail is a viable 
option that can be included in policy aimed at solving economic, social, 
and environmental problems with integrated solutions. 
 
Although predominantly privately owned, the freight rail system provides 
many public benefits that warrant taxpayer participation in improvements 
at both federal and state levels.  The common public benefits associated 
with freight rail include stimulating the state’s economy, supporting local 
communities and businesses with jobs and revenues, reducing congestion, 
improving public safety, offering a transportation choice for shippers, 
reducing environmental pollution, and saving energy. 
 
For rail-related investment, private benefits have typically accrued to rail 
carriers, shippers, rail property owners, and other non-governmental 

                                                 
9 See page 1-4 in Chapter 1 for more detail on the National Rail Plan. 
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groups.  Public benefits are broadly assigned to government agencies that 
represent taxpayers.  

Priorities and Criteria 

WSDOT developed a benefit/cost methodology and uses it to evaluate 
state projects against six legislative priorities: 
 
 Economic, safety, or environmental advantages of freight movement 

by rail compared to alternative modes. 
 Self-sustaining economic development that creates family-wage jobs. 
 Preservation of transportation corridors that would otherwise be lost. 
 Increased access to efficient and cost-effective transport to market for 

the state’s agricultural and industrial products. 
 Better integration and cooperation within the regional, national, and 

international systems of freight distribution. 
 Mitigation of impacts of increased rail traffic on communities. 

Financing the Needs 
The need for expansion to meet future demand can only be achieved 
through involvement of both the public and private sectors.  The state, as 
well as private rail owners, has invested vigorously in the rail systems in 
the recent years.  Although federal transportation funding in the United 
States has remained at 1 percent over the last 20 years, more federal 
investment in the state’s freight rail system is needed. 
 
There should be a national freight policy and a dedicated consistent 
funding stream for freight rail transportation.  There has been movement 
at the federal level in this area, with efforts by the FRA, to develop the 
National Rail Plan, which should then provide input into a National 
Freight Policy. 

State Role 
This plan describes the state’s role and investment policies for freight rail 
that should be used as a guideline for the state’s future freight 
infrastructure investments.  Funding the necessary investments in the 
freight rail system should be shared among those that receive benefits 
from the system in proportion to those benefits received. 
 
A consistent investment program that maintains and improves the state 
freight rail system is critical.  This will create an outline for the state’s 
funding that meets the public benefit criteria.  These should include 
improvements that divert truck traffic from overburdened highways, 
including many of the vertical clearance limitations.  Priority should be 
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made on investments that leverage weight carrying abilities of rail to 
increase efficiencies, as well as increasing safety at rail-highway 
crossings. 

Conclusion 
This plan will address the goals and strategies of improving freight rail 
service within the state.  The plan will be updated on a regular basis to 
respond to the changing economic climate.  The completion of the 
National Rail Plan at the federal level may require a revision to this plan 
to meet any new requirements directed to the states.  In addition, any 
future studies will be incorporated into appendices as new information 
becomes available. 
 
The greatest obstacle to implementation of this plan is the lack of a 
dedicated reoccurring funding source at both the state and federal levels.  
With 90% of the $2.0 billion in rail needs identified in this plan unfunded, 
the state will have to pursue federal funding, as well as boost state 
spending, and establish public-private partnerships to close the gap 
between available resources and freight rail needs. 
 
The second largest obstacle will be determining the priority of the projects 
and which projects should be implemented first to gain the maximum 
benefit to the system as a whole. 
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Chapter 1: Plan Purpose and Authority 

Purpose of the State Freight Rail Plan 
The Washington State 2010-2030 Freight Rail Plan is an update of the 
Washington State Freight Rail Plan 1998 Update.  These plans fulfill the 
Federal Railroad Administration’s (FRA) requirements that a state must 
establish, update, and revise a rail plan in order to receive federal funds.  
This plan also reflects strategies to: 
 
 Increase the effectiveness of the rail program. 
 Broaden understanding of rail issues for all stakeholders. 
 Provide a framework to implement rail initiatives in Washington State 

(state). 
 Support the Washington State Department of Transportation 

(WSDOT) in federal funding opportunities, such as the Transportation 
Investment Generating Economic Recovery/American Recovery and 
Reinvestment Act grants. 

 Implement the rail benefit/cost analysis required by the legislature. 
 Fulfill new federal requirements for state rail plans. 

Washington State Department of Transportation 
WSDOT is the steward of the state’s interstate, highway, and ferry 
systems.  WSDOT directly manages the planning, design, project delivery, 
and operations for over 18,000 lane miles of state highway and more than 
3,600 bridges, as well as operates the largest ferry fleet in the United 
States.  In addition to building, maintaining, and operating the state 
highway system and state ferry system, WSDOT works in partnership 
with others to maintain and improve local roads, railroads, airports, and 
multimodal facilities and programs that offer alternatives to driving alone.  
WSDOT also own 323 miles of rail and operates 297 miles of these rail 
lines. 

WSDOT’s State Rail and Marine Office  
WSDOT’s State Rail and Marine Office is responsible for managing and 
directing the state’s freight and passenger rail capital and operating 
programs.  It enacts the direction of the legislature as it impacts rail and 
marine initiatives and manages rail system improvements that support 
economic development, move people and goods, relieve road and airport 
congestion, and reduce greenhouse gas emissions.  The State Rail and 
Marine Office works with railroads, ports, communities, and other 



December 2009 Washington State 2010-2030 Freight Rail Plan 
Page 1-2 Chapter 1: Plan Purpose and Authority 

organizations to improve the state’s rail system.  This office is also 
responsible for rail project identification and assessment, strategic rail 
transportation planning, development of state rail and marine data, and 
state rail grant program administration. 

State and Federal Legislative and Planning Requirements 
WSDOT’s rail planning efforts are implemented within the context of 
specific state and federal legislation and related planning requirements 
that are summarized below. 

State Requirements 

There are four requirements for a rail plan in state law.  The two primary 
statutes are: the Revised Code of Washington (RCW) 47.76.220 that 
requires WSDOT to create a state rail plan and RCW 47.06.080 that 
requires WSDOT to create a freight rail plan.  This plan satisfies both 
statutory requirements.  Highlights of these and other pertinent statutes 
follow. 
 
RCW 47.76.220 (state rail plan - contents) requires WSDOT to prepare 
and periodically update a state rail plan that identifies, evaluates, and 
encourages essential rail services.  The plan must identify and evaluate 
mainline capacity issues, port and congestion issues, and address at-risk or 
abandoned lines.  It must establish priorities to determine which rail lines 
should receive state support.  Priorities should include anticipated benefits 
to the state and local economy, anticipated line impact to roads and 
highway improvements, financial viability of state-funded lines, and line 
impact on energy use and air pollution.  It must identify, describe, and 
map the state rail system; identify and evaluate rail commodity flows and 
traffic types; identify rail banked or preserved lines or corridors; and 
identify and describe other issues affecting the state’s rail traffic. 
 
RCW 47.06.080 requires WSDOT to include a state freight rail plan as 
one of the state-interest components of the statewide multimodal 
transportation plan.  This plan must fulfill the statewide freight rail 
planning requirements of the federal government, identify freight rail 
mainline issues, identify light-density freight rail lines threatened with 
abandonment, establish criteria for determining the importance of 
preserving the service or line, and recommend funding priorities.  It must 
also identify existing intercity rail rights of way that should be preserved 
for future transportation use.  
 
RCW 47.04.280 (Transportation System Policy Goals) states that all 
public investments in transportation, including transportation planning, 
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should support achievement of these five policy goals: preservation, 
safety, mobility, environment, and stewardship. 
 
RCW 47.06.040 (statewide multimodal transportation plan) requires 
WSDOT to coordinate development of the Washington State 2010-2030 
Freight Rail Plan with other transportation plans to ensure consistency 
with each other and with the state transportation policy plan. 

Government-to-Government Tribal Consultation 

WSDOT maintains government-to-government relations with 35 federally 
recognized tribal governments.  The following policies and documents 
guide WSDOT: 
 
 The 1989 Centennial Accord Between the Federally-Recognized 

Indian Tribes in Washington State and the State of Washington 
was executed between the federally-recognized Indian tribes of 
Washington signatory to this Accord and the state of Washington 
through its Governor.  The Accord provides a framework for a 
government-to-government relationship and implementation 
procedures to assure execution of that relationship.  

 The 1999 Government-to-Government Implementation Guidelines 
provide a consistent approach for state agencies and tribes to follow. 

 The 2005 Governor’s Executive Order 05-05, Archaeological and 
Cultural Resources orders all state agencies to review capital 
construction projects and land acquisitions, which do not undergo 
Section 106 review under the National Historic Preservation Act of 
1966, with the Department of Archaeology and Historical Preservation  
and affected tribes to determine potential impacts to cultural resources.  

 The 2009 Washington State Secretary of Transportation Executive 
Order 1025.01, Tribal Consultation reaffirms the commitment of 
WSDOT to provide consistent and equitable standards for working 
with the various tribes across the state.  WSDOT recognizes that each 
federally recognized tribe is a distinctly sovereign nation.  WSDOT’s 
goal is to create durable intergovernmental relationships that promote 
coordinated transportation partnerships in service to all citizens.  More 
information on specific consultation procedures is available in the 
WSDOT Centennial Accord Plan. 

Federal Statutory Requirements  

The Passenger Rail Investment and Improvement Act of 2008 (PRIIA) 
amends Title 49 of the United States Code to prevent railroad fatalities, 
injuries, and hazardous material releases, to authorize the Federal Railroad 
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Safety Administration, and for other purposes.  It is known as Public Law 
110-432 (PL 110-432) and was approved as House Resolution 2096.1 
 
PL 110-432, Division B, Title 3, Section 303, Chapter 227 attempts to put 
rail on an equal footing with planning for other transportation modes by 
requiring state rail planning as the basis for federal and state rail 
investments within the state.  State rail plans are comprehensive 
documents intended to lay out the state’s vision, objectives, service goals, 
capital investment plans, and project funding priorities for all passenger 
and freight rail services.  They are submitted to the U.S. Department of 
Transportation (USDOT) Secretary for review and approval and updated 
at least every five years for re-approval.  
 
PL 110-432 requires designation of the state authority to prepare, 
maintain, coordinate, and administer the rail plan, and designation of the 
authority to approve the rail plan.  The authority to prepare, maintain, 
coordinate, and administer the rail plan is the WSDOT State Rail and 
Marine Office.  The authority to approve the rail plan is the WSDOT 
Secretary of Transportation.  
 
See Appendix 1-A for the detailed state and federal requirements 
referenced in this plan. 

Development of the State Freight Rail Plan 

Federal Planning – the National Rail Plan 

Under PRIIA Section 307, the USDOT is to develop a national rail plan 
that is consistent with approved state rail plans and national rail needs to 
promote an integrated, cohesive, efficient, and optimized national rail 
system for the movement of goods and people.  The national rail plan will 
expand upon the vision of a national rail system, including identifying 
specific corridor goals and success measures.  The plan will likely provide 
an opportunity to revise the high-speed rail designations, including a new 
category of approved corridors, i.e., those corridors for which a detailed 
corridor plan and institutional framework are in place to permit 
development of a successful corridor that meets the national rail goals.2  
 
FRA and their stakeholders are discussing the following: 
 
 What should be in America’s national rail plan? 

                                                 
1 HR 2096, pp 100-104, http://frwebgate.access.gpo.gov/cgi-
bin/getdoc.cgi?dbname=110_cong_bills&docid=f:h2095enr.txt.pdf.  
2 www.fra.dot.gov/downloads/rrdev/hsrstrategicplan.pdf. 
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 What is the best process to bridge from a preliminary national rail plan 
to the long-range national rail plan? 

 What should be the interface between state and national plans? 
 
The FRA preliminary plan sets forth a proposed approach for developing 
the long-range national rail plan, including goals and objectives for greater 
inclusion of rail in the national transportation system.  The preliminary 
plan does not offer specific recommendations, but instead describes itself 
as the “springboard” for future discussions. 

Relationship with Other Plans 

The Washington State 2010-2030 Freight Rail Plan is related to statewide, 
regional, and tribal transportation plans that include multimodal 
components and are designed to meet federal and state requirements.  

Washington State Freight Rail Plan 1998 Update 

The Washington State Freight Rail Plan 1998 Update is the previous 
update.  It was prepared by the WSDOT freight rail program to meet state 
and federal requirements to identify, evaluate, and encourage essential rail 
services.  

Passenger Rail Plans 

The Long-Range Plan for Amtrak Cascades (2006) and the Amtrak 
Cascades Mid-Range Plan (2008) are passenger rail planning counterparts 
of the Washington State 2010-2030 Freight Rail Plan.3  They were 
developed by the WSDOT State Rail and Marine Office to meet federal 
and state requirements for passenger rail development.  The long-range 
plan is the state’s blueprint for the development of intercity passenger 
service—it identifies the needed improvements to the state’s intercity rail 
system for the next 20 years.  The mid-range plan identifies and develops 
options that outline the steps needed to achieve incremental Amtrak 
Cascades services in meeting demands of the next eight years.  

Statewide Transportation Plans 

The Washington State 2010-2030 Freight Rail Plan recognizes that rail 
passenger and freight services are critical to the state’s transportation 
system.  Cost-effective investment of the state’s resources must consider 
other modes, including highways, aviation, and water.  The preferred 
mode of transportation and investment is dependent on the type of traffic 
as well as the origin and destination of the cargo. 
 

                                                 
3 www.wsdot.wa.gov/Freight/publications/PassengerRailReports.htm. 
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The Washington State 2010-2030 Freight Rail Plan is coordinated with 
these other transportation planning efforts.  
 
 The 2007-2026 Washington Transportation Plan (WTP) is the 

statewide multimodal transportation plan that meets state and federal 
planning requirements to guide investments in the entire transportation 
system.  It includes investment strategies for state-owned facilities as 
well as descriptions of the state’s interest in aviation, marine ports and 
navigation, freight rail, intercity passenger rail, bicycle and pedestrian 
walkways, and public transportation.  WSDOT will update this plan 
after the federal transportation planning requirements are passed, at 
which time this plan will be renamed the Statewide Multimodal 
Transportation Plan.  The Washington State 2010-2030 Freight Rail 
Plan is consistent with the 2007-2026 WTP.  

 The Washington State Transportation Commission (WSTC) is 
preparing a Washington Transportation Plan 2011-2030 Update that 
meets state requirements for a statewide transportation plan that is 
consistent with the state’s growth management goals and 
transportation system policy goals, reflects the priorities of 
government, addresses regional needs, and recommends policies to the 
Governor and legislature.  This plan is due December 2010, and is 
updated every four years.  

 The 2009-2015 WSDOT Strategic Plan, Business Directions, identifies 
WSDOT’s strategic direction for the 2009-2011 biennium and beyond.  
WSDOT has diverse responsibilities and many lines of business, and 
not everything WSDOT does is represented here.  Instead, the plan 
focuses on what is believed to be the highest priorities for state 
citizens, now and into the future. 

 
 For other transportation “modal” plans developed by WSDOT, please 

go to www.wsdot.wa.gov/planning/ModalPlans.htm. 

Metropolitan Transportation Plans 

A Metropolitan Planning Organization (MPO) is an organization of 
elected officials in urbanized regions with 50,000 or more population.  
MPOs are required by federal regulations to create metropolitan 
transportation plans and a list of proposed transportation improvements 
called a Metropolitan Transportation Improvement Program. 

Regional Transportation Plans 

Regional Transportation Planning Organizations (RTPO) are formed 
through a voluntary association of local governments within a county or 
contiguous counties.  RTPOs create a regional transportation plan and a 
list of proposed transportation improvements called a Regional 
Transportation Improvement Program.  RTPO members include WSDOT, 
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cities, towns, counties, tribes, ports, transportation service providers, 
private employers, and others. 
 
If an MPO is within the boundary of an RTPO, then the RTPO is the lead 
agency for the MPO. 

Federal Lands Highway Program Transportation Plans 

The Office of Federal Lands Highway (FLH) works with numerous 
agencies.  Approximately 30 percent of the land in the U.S. is under 
jurisdiction of the federal government.  The federal land management 
agencies (FLMAs) are: the Bureau of Indian Affairs, U.S. Forest Service, 
National Parks Service, Fish and Wildlife Service, Bureau of Land 
Management, Military Surface Deployment and Distribution Command, 
U.S. Army, U.S. Army Corps of Engineers, Department of Defense, 
Tennessee Valley Authority, and the Bureau of Reclamation.  The FLH 
also works closely with many state and territorial partners. 
 
The Federal Lands Highway Program (FLHP) is subdivided into five core 
areas, namely, the Forest Highway Program, Park Roads and Parkways 
Program, Public Lands Highway Discretionary Program, Indian 
Reservations Roads Program, and the Refuge Roads Program.  The FLHP 
is administered through partnerships and interagency agreements between 
the Federal Highway Administrations’ FLH, FLMAs, and tribal 
customers.  The FLHP also supports other important FLMA partners by 
providing funding (about $6 million per year total) for integrated 
transportation planning, bridge inspections, and other technical assistance 
activities. 

State Freight Rail Plan Methodology 

The strategy adopted by WSDOT to develop the Washington State 2010-
2030 Freight Rail Plan is fact-based and data-driven.  WSDOT 
strengthened its data collection and analytical capacity and developed 
improved databases and forecast models to better describe and articulate 
the needs of the freight rail system.  Economic impact assessment, 
benefit/cost analysis, and cross modal comparison link investments to 
their effects on the economy and society.  With this plan, policymakers 
and other users can address socioeconomic policy issues and integrate 
transportation solutions when considering funding freight rail projects.  

Key References  

The following are key references used in developing this plan: 
 
 The 2009 AASHTO State Rail Planning Guidebook, developed by the 

American Association of State Highway and Transportation Officials 
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(AASHTO), is designed to help states produce PRIIA-compliant state 
rail plans customized to the unique circumstances of each state.  This 
plan was developed using this guidebook. 

 The Statewide Rail Capacity and System Needs Study (2006)4 is a key 
reference prepared by the WSTC.  This comprehensive study was 
developed to address the key question asked by the legislature, 
“Should the state continue to participate in the freight and passenger 
rail system, and if so, how can it most effectively achieve public 
benefits?”  The conclusion: the state should continue to participate in 
the freight and passenger rail systems, although each investment must 
be extensively evaluated for its cost and benefits to the state.  Because 
its components are similar to the Washington State 2010-2030 
Freight Rail Plan’s state and federal requirements, the study is 
referenced throughout this plan.  

 The 2009 Marine Cargo Forecast Technical Report5 is another key 
reference prepared by the Washington Public Ports Association and 
WSDOT.  Its purpose is to assess the expected flow of waterborne 
cargo through Washington’s port system and evaluate the distribution 
of cargo throughout the state’s transportation network, including 
waterways, rail lines, roads, and pipelines.  

 In order to keep stakeholders and citizens aware and involved in the 
plan development process, WSDOT provided this Web page: 
www.wsdot.wa.gov/Freight/Rail/WashingtonStateFreightRailPlan.htm. 

 The WSDOT Web site, www.wsdot.wa.gov, provides public access to 
transportation-related information.  It is a key communication tool 
used to meet state and WSDOT goals to be a high performance 
organization that is credible and accountable to the Governor, 
legislature, taxpayers, and transportation delivery partners across the 
state.6 

Key Stakeholders 

This plan was developed by WSDOT State Rail and Marine Office staff.  
The staff augmented their knowledge with the help of public involvement 
and assistance, primarily from the State Freight Rail Plan Advisory 
Committee (Advisory Committee). 
 
The Advisory Committee consisted of self-selected, volunteer 
stakeholders from around the state.  In May 2009, members of railroads, 

                                                 
4 Statewide Rail Capacity and System Needs Study (2006) by the WSTC, 
www.wstc.wa.gov/Rail/default.htm. 
5 2009 Marine Cargo Forecast Executive Summary, 
www.wsdot.wa.gov/NR/rdonlyres/270BB86A-FC7B-48F3-8546-
8CB3A435A2B8/0/MCF2009ExecutiveSummary32309doc.pdf. 
6 WSDOT Accountability & Performance Information, 
www.wsdot.wa.gov/Accountability. 
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ports, shippers, industries, metropolitan planning organizations, regional 
transportation planning organizations, state and federal agencies, cities, 
counties, tribes, and other interest groups were invited to participate on the 
Advisory Committee.  The role of this committee was to: 
 
 Help develop the vision and goals of the state freight rail plan.  
 Provide assistance to update information for the freight rail system, 

capacity, and needs.  
 Help identify and assess port access and rail abandonment issues.  
 Help assess and evaluate beneficial impacts of rail infrastructure 

improvements on society.  
 Help WSDOT understand concerns of local communities and 

organizations.  
 Share information.  

Public Involvement Process 

Public involvement and outreach was essential to the development of the 
Washington State 2010-2030 Freight Rail Plan.  Public involvement and 
outreach included Advisory Committee meetings, a workshop, 
communication, Web interfaces (e-updates, Web pages, Web linkages), 
presentations, internal and external stakeholder meetings, press releases, 
and an open house. 
 
See Appendix 1-B for more information about the public involvement, 
public participation, and documentation of these planning processes.  

Environmental Review 

Environmental documentation will be project-specific and comply with 
the State Environmental Policy Act (SEPA) and/or National 
Environmental Policy Act (NEPA), depending on the existing and 
anticipated source of project funding.  The level of environmental 
documentation will be determined based on the potential environmental 
effects of the proposed projects. 

Plan Organization 
Chapter 1 introduces the Washington State 2010-2030 Freight Rail Plan, 
its state and federal statutory requirements, and its relationships with other 
plans.  It discusses the purpose of the plan, describes the WSDOT State 
Rail and Marine Office, legislative, and planning requirements for the 
plan.  The plan purpose and the methodology WSDOT adopted to develop 
the plan including public involvement is also described. 
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Chapter 2 discusses the overview of the rail system and macroeconomic 
environment.  The vision statement, goals, and goal strategies are 
introduced in this chapter. 
 
Chapter 3 defines the current freight rail systems in the state.  It provides 
maps, a physical inventory of railroads and facilities, railroad profiles, 
descriptions of strategic intermodal sites, and addresses the need for a 
condition inventory of railroads and facilities.  
 
Chapter 4 describes how the state’s freight rail system supports the 
state’s economy.  It assesses commodity flows and industrial use of freight 
rail capacity.  This includes the ancillary freight benefits that can be 
passed on to shippers and carriers as a result of passenger rail 
infrastructure development.  It also describes the macroeconomic context 
of the state’s freight rail system development.  Components include 
economic vitality; mobility and congestion; environment, energy, and 
climate change; and safety and security. 
 
Chapter 5 addresses the changing rail systems.  It provides rail system 
maps and a database of recently abandoned rail lines.  It identifies port 
access issues as well as intermodal connectors.  It identifies and describes 
state, regional, local, and private rail projects. 
 
Chapter 6 discusses the current state role, the players, and partnerships 
involved in state rail investments.  It describes the current needs including 
data management and information capacities, statewide coordination, 
funding capacities, and strategic planning efforts. 
 
Chapter 7 describes investment prioritization and project evaluation, 
including the decision-making process, a discussion on priority methods 
and criteria, and the benefit/cost methodology used to analyze freight rail 
projects. 
 
Chapter 8 discusses the projects and current funding sources in the state, 
federal, local, and private arenas; the strategies of how funding should be 
acquired; and the vision of future funding options.  Discussions include 
the public interest in private freight rail development and related federal 
and state legislation, financing, and funding strategies. 
 
Chapter 9 concludes the plan with a discussion of next steps.  
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Chapter 2: State Rail Vision 

Introduction 
Railroads carry a significant share of Washington State’s (state) freight 
and make contributions to the state economy.  The state freight rail system 
is part of the larger freight transportation network, providing businesses, 
ports, and farms with competitive access to North American and 
international markets.  
 
Currently in Washington State, 53 percent of goods by weight are moved 
by truck, 18 percent by rail, 17 percent by pipeline, 10 percent by water, 
and 2 percent by air and other modes.1  The trucking system is the 
railroad’s biggest customer.  Transportation modes do not operate in 
isolation, but generally operate together to provide an integrated system of 
movement.  Little in the way of goods or people gets to their destination 
without the use of several modes of transportation.  Consequently, the 
modal interchanges—in the case of freight, ports, transloading facilities, 
and distribution centers—are critical nodes in the system.  These modal 
interchanges can function smoothly or create bottlenecks in the system.  
Chapters 3 and 5 discuss bottlenecks in more detail. 
 
In addition to contributing to the state’s economic vitality, rail 
transportation and investment could significantly alter the current 
transportation modes and practices of the way cargo has been historically 
moved.  Rail can be used to relieve congestion in some urban areas, as 
well as provide redundancy within the transportation system.  Rail is an 
energy-efficient and cleaner transportation alternative to many other 
modes. 
 
The state’s freight rail system is largely operated by the private sector.  
Because it is essential to the state economy and society, the Washington 
State Department of Transportation (WSDOT) has a public role to play 
under state and federal statutory requirements that guide public freight rail 
investments and development.  Funding and delivery of freight mobility 
projects at the state level is primarily focused on two agencies: WSDOT 
and the Freight Mobility Strategic Investment Board (FMSIB). 
 

                                                 
1 WSDOT State Rail and Marine Office – Analysis based on Federal Highways 
Administration (FHWA) Freight Analysis Framework (FAF) data and Surface 
Transportation Board (STB) Waybill Data. 
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The Washington State 2010-2030 Freight Rail Plan articulates the 
existing and future role of freight rail within a state multimodal 
transportation system.  The plan establishes a vision and goals for 
statewide freight rail systems development, examines current and needed 
freight rail assets, and provides a clear path to implement rail 
improvements.  
 
The state’s multimodal transportation system is comprised of a mix of 
modes that are owned and operated by public and private entities.  The 
transportation network includes: rail lines, highways, ferries, local roads, 
public transit systems, bicycle and pedestrian facilities, ports, waterways, 
airports, pipelines, and intermodal terminals.  This integrated system 
supports the movement of people and goods within the state, facilitating 
economic vitality to business and residents.  The state’s freight network 
serves three functions:  
 
1. It supports regional economies by bringing state goods to national and 

international markets as well as domestic products to the state.  
2. It is also a fundamental local utility supporting the retail and wholesale 

distribution system.2 
3. It serves as a global gateway to support national and international 

trade flows through the state, providing a competitive advantage for 
such sectors as logistics and trade, manufacturing, agribusiness, and 
timber/wood products sectors.  

 
Freight mobility is critical to the state’s economy.  In 20073 the state’s 
freight systems supported over one million jobs in state freight-dependent 
industry sectors, which produced $434 billion in Gross Business Income.  
This is 71 percent of the state’s Total Gross Business Income of 
$627 billion.4 
 
The rail industry is one of the most capital intensive businesses in the 
nation.  Most available capital is used by the railroads to maintain their 
infrastructure and equipment with very little left for capacity 
improvements.  To improve the margins, the Class I railroads5 have 
increased their efficiencies by using a “hook and haul” operating method.  
Hook and haul refers to the model of having other entities (ports or short 
lines) prepare the train for long distance runs of 500 miles or more.  Hook 
and haul operations with short lines provide continuation of service and 
often improve service levels to the industrial customers the short lines 
serve.  Efforts to improve Class I railroad efficiencies include the 
                                                 
2 Washington Transportation Plan (WTP) Freight Report, 2006. 
3 2007 data is the most current year available. 
4 Gross Business Income is a measure of total revenues reported to the state. 
5 The classes of railroads are classified by revenue produced per year.  Refer to 
Appendix 9 for definitions of Class I, Class II, and Class III railroads. 
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consolidation of shipments.  It is understood that resulting cost 
efficiencies and savings are to be passed on to shippers.  
 
Changes that improve Class I railroad efficiencies may hurt agricultural 
growers and other small shippers.  This is in addition to the challenges 
these smaller customers have in gaining access to empty rail cars in a 
timely basis. 
 
As private sector system owners, the Class I railroads have a need to 
achieve their own objectives.  The lack of congruency in the two sets of 
goals raises conflicts between Class I railroads and the state.  This is a 
dilemma for the state as it looks to a cleaner, more efficient hauler of 
goods.  The challenge for the state is to develop a working relationship 
with Class I railroads that promotes the use of rail, while requiring private 
investment for private benefit.  This includes determining what and when 
public benefit is achieved and investing public monies when this benefit is 
earned.  A new approach needs to be crafted as rail dynamics shift.  All 
stakeholders should work together as partners with the Class I railroads to 
develop strategies that meet the goals of the state and the needs of the 
railroads. 
 
Another area of concern is the short-line system, which has largely been 
developed by the spin-off/sale of smaller unprofitable branch lines.  These 
feeders or spurs are vital to the state’s agriculture and small business 
owners.  Many of the short lines are constantly struggling to perform and 
survive.  This is a place where the state has focused its support in the past.  
This public support helps the smaller shippers in the rural areas continue 
to access the national rail systems via the short-line network.  

Macroeconomic Environment 
The state faces both challenges and opportunities resulting from the 
fundamental changes in the economy and society within a macroeconomic 
policy environment.  Freight rail development, similar to passenger rail 
development,6 was once viewed by the state as simply a means to move 
people and goods.  Now such development is increasingly viewed and 
used as an integrated macroeconomic solution to achieve multiple ends.  
 
Driving forces in the state’s macroeconomic environment are trends in 
economic vitality, living-wage employment, transportation system 
efficiency, environmental sustainability, and safety and security.  
Challenges include economic globalization, population growth, capacity 

                                                 
6 Amtrak Cascades Mid-Range Plan, (2008), 
www.wsdot.wa.gov/freight/publications/amtrakcascades.htm.  
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increases on rail corridors, higher fossil fuel prices, and global climate 
changes.  
 
The state, including WSDOT, is increasing the monitoring, analytical, and 
policy efforts to increase efficiency, relieve congestion, and develop 
robust and resilient transportation systems.  
 
The Washington State Legislature, in 2007, passed SSB 5412, which 
states that all public investments in transportation should support 
achievement of five transportation policy goals listed in the Revised Code 
of Washington (RCW) 47.04.280.  Public investments in transportation 
should support achievement of these policy goals.  This plan was 
developed around these five goals. 
 
1. Preservation: To maintain, preserve, and extend the life and utility of 

prior investments in transportation systems and services. 
2. Safety: To provide for and improve the safety and security of 

transportation customers and the transportation system. 
3. Mobility: To improve the predictable movement of goods and people 

throughout the state. 
4. Environment: To enhance the state’s quality of life through 

transportation investments that promote energy conservation, enhance 
healthy communities, and protect the environment. 

5. Stewardship: To continuously improve the quality, effectiveness, and 
efficiency of the transportation system. 

Changes in Transportation 
Transportation has encountered many changes and pressures in the last 
decade.  Some of these pressures are listed below. 

Mobility and Congestion  

The transportation system is increasingly stressed, manifesting itself in 
capacity and congestion problems at key regional gateways, intermodal 
transfer facilities,7 and along critical transportation corridors.  Population 
growth adds to the pressure on this already constrained infrastructure.  It is 
increasingly difficult to balance freight mobility needs with 
environmental, social, and financial concerns.  Rapidly rising 
infrastructure maintenance costs across all modes raises awareness that 
neither the public nor private sectors—acting independently—have the 
necessary resources to fully address rising transportation demands.  
Individually or collectively, these issues erode the efficiency and 
productivity of the region’s transportation system.  This leads to economic 
                                                 
7 Intermodal transfer facilities are locations where freight is transferred between freight 
modes. 
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implications that reverberate locally, regionally, nationally, and 
internationally.8  
 
Moving Washington9 is WSDOT’s program to realize a vision of 
congestion relief in the next decade.  In the program are strategies to add 
capacity strategically, operate systems more efficiently, and provide more 
choices to help manage demand.  The program’s primary objective is to 
improve, which is one of the state legislature’s five transportation 
priorities, along with preserving our transportation infrastructure, making 
the system safe for all, ensuring environmental sustainability, and 
practicing sound stewardship.   
 
Moving Washington is also a 2-, 6-, and 10-year plan that focuses on the 
most troublesome corridors in Washington.  
 
Over the next ten years we will: 
 
 Improve travel times by 10 percent. 
 Reduce collisions by 25 percent. 
 Improve trip reliability by 10 percent. 
 Provide choices for commuters in our major corridors. 
 
Freight rail transportation is consistent with Moving Washington’s 
congestion relief strategies, if it can reduce long-haul truck traffic on the 
state highways.10  

Environment, Energy, and Climate Change  

In the state, transportation accounts for nearly half (47 percent) of the total 
greenhouse gas (GHG) emissions, including emissions from cars, trucks, 
trains, planes, and ships (Exhibit 2-1).  The large amount of hydroelectric 
generation in the state leads to lower contribution of the electric sector to 
total emissions, compared with the national average.11  WSDOT is 
developing effective, measurable, and balanced emission reduction 
strategies for all transportation modes, including rail, to protect public 
health and the environment.12  
 

                                                 
8 West Coast Corridor Coalition Trade and Transportation Study, Executive Summary, 
www.camsys.com, April 2008. 
9 Moving Washington – A program to fight congestion, 
www.wsdot.wa.gov/movingwashington/. 
10 WSDOT, Moving Washington with Rail Transportation, folio, 
www.wsdot.wa.gov/movingwashington. 
11 Washington State GHG Inventory and Reference Case Projection, Center for Climate 
Strategies, Spring 2007. In 2005, Washington had a much larger fraction (47%) of the 
GHG emissions from transportation activities as compared to the US (28%). 
12 WSDOT Climate Change, www.wsdot.wa.gov/environment/climatechange/. 



December 2009 Washington State 2010-2030 Freight Rail Plan 
Page 2-6 Chapter 2: State Rail Vision 

Exhibit 2-1: Washington 2005 GHG Emissions  
(Millions Metric Tons CO2)13 
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Source: Washington Department of Ecology 
 
Transportation is one of the largest GHG source sectors in the state.  The 
transportation sector includes light- and heavy-duty (on-road) vehicles, 
aircraft, railroad locomotive engines, and marine engines.  Carbon dioxide 
(CO2) accounts for about 98 percent of transportation GHG emissions 
from fuel use.  Most of the remaining GHG emissions from the 
transportation sector are due to nitrogen oxide (NOx) emissions from 
gasoline engines.  Rail emits fewer greenhouse gases than other 
transportation modes (Exhibit 2-2).  Increasing the use of rail 
transportation may lead to a reduction in GHG from the transportation 
sector. 
 

                                                 
13 Forestry and Land Use and Agricultural Soils are negative due to the fact that these 
two categories are effective in reducing GHG. 
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Exhibit 2-2: Greenhouse Gas Emissions by Mode 
(grams/ton-mile) 

 Road Rail Air 

Carbon Dioxide (CO2) 235.33 40.00 1,469.33 

Nitrogen Oxide (NOx) 1.99 0.74 6.31 

Particulate Matter (PM10) 0.47 0.05 0.80 

Carbon Monoxide (CO) 1.21 0.42 6.26 

Sulfur Dioxide (SO2) 0.30 0.12 2.27 

Source: Environmental Science Technology, 2007, 41, 7138-7144 
 
Congress has proposed a bill that, if enacted, may create clean energy 
jobs, achieve energy independence, reduce global warming pollution, and 
transition to a clean energy economy.14  For rail transportation, this means 
that more publicly- and privately-owned railroads will switch to cleaner 
fuels and increased fuel efficiency, retrofit existing engines, ensure that 
the best available engine technologies are purchased for new equipment, 
and continue to make operational efficiency improvements.15  
 
Climate change is redefining transportation planning throughout the world 
with calls for additional data and measurement criteria and eventually 
recommending new policies. 
 
In 2009 several bills were signed into state law related to transportation 
and climate change.  E2SSB 5560 (Agency Climate Leadership) resulted 
in several state laws. 
 
RCW 70.235.050 requires all state agencies to meet statewide GHG 
emission limits and report GHG emissions to the Department of Ecology. 
 
RCW 43.21M.040 requires that agencies “shall consider” an integrated 
climate change response strategy when designing, planning, and funding 
infrastructure projects.   
 
RCW 43.21M.010 directs the Departments of Ecology, Agriculture, 
Commerce, Fish and Wildlife, Natural Resources, and Transportation to 
develop an integrated climate change response strategy for state, local, and 
private businesses to prepare for, address, and adapt to the impacts of 
climate change. 
 

                                                 
14 American Clean Energy and Security Act of 2009, www.opencongress.org/bill/111-
h2454/show/. 
15 www.maritimeairforum.org/news/NW_Ports_Clean%C2%ADAirStrategy_Draft.pdf. 
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Governor Gregoire’s Executive Order 09-0516 directs the Department of 
Ecology to participate in the Western Climate Initiative and assist in 
developing a regional greenhouse gas emission reduction program. Under 
this executive order WSDOT is required to: 

 
 Consult with state agencies, local governments, business, and 

environmental representatives to evaluate potential changes to the 
vehicle miles traveled benchmarks established in RCW 47.01.440.  

 Report recommendations to the Governor by December 31, 2010.  

Livable Communities 

The use of rail for both freight and passenger transportation can increase a 
community’s vitality and livability.  
 
Livability is defined in many ways but the term typically describes a 
compact, mixed-use community or neighborhood that makes efficient use 
of existing public infrastructure, supports transportation choices, and 
provides affordable residential areas near shopping, work, and schools.  
Increased access to passenger rail supports the concept of livable 
communities. In addition, separating rail from vehicles and non-motorized 
transportation modes can increase a community’s livability by increasing 
driver and pedestrian safety. 
 
In the state’s communities, as the rail system nears capacity due to 
economic growth, service quality can be strained.  Rail rates are 
increasing for many businesses.  Thus, the pressures on the rail system and 
its corridors are escalating.17  Rail investments are generating jobs, as 
other family-wage jobs are lost to overseas operations and businesses 
reduce their workforce to survive.18  Integrating rail and land use planning 
and policies that are consistent with the state’s vision is a must, if 
livability in the form of sustainable communities is to be achieved.  
Building strong public-private partnerships that develop sound funding 
strategies will enable the enhancement of the existing rail infrastructures 
and corridors.  These actions will allow for the maintenance and 
preservation of additional right of ways. 

                                                 
16 2009 Legislation and Governor’s Climate Change Executive Order Summary 
www.wsdot.wa.gov/environment/climatechange/. 
17 Washington State Transportation Commission, December 2006, Statewide Rail 
Capacity and System Needs Study: Final Report, 
www.wstc.wa.gov/Rail/RailFinalReport.pdf. 
18 WSDOT, December 2008, folio, Moving Washington with Rail Transportation. 
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Vision of Rail Transportation in Washington State 
Developing a long-term vision for rail transportation in the state takes 
many voices.  These voices include many stakeholders, including Indian 
tribes; public entities—federal, state, and local agencies, ports and 
metropolitan/regional transportation planning organizations 
(MPOs/RTPOs)—; and private entities, such as rail industry 
representatives, shippers, various interest groups, and residents and 
businesses.  The State Freight Rail Plan Advisory Committee (Advisory 
Committee) includes many of these stakeholders, who provided invaluable 
assistance and input into the planning process. 
 
The vision statement development process began with knowledge 
gathered from the Washington State Freight Rail Plan 1998 Update, the 
Statewide Rail Capacity and Systems Needs Study (2006), and other 
resources.  The WSDOT State Rail and Marine Office held a workshop 
with the Advisory Committee and other key stakeholders to create a vision 
statement and goals matrix.  Workshop input was summarized and 
synthesized into draft documents that were further reviewed and refined.  
Key stakeholders also provided focused assistance in refining the vision 
and goals documents.  

2030 Vision of Rail 

The Washington State freight rail system is: 
 Reliable. 
 Cost effective. 
 Energy efficient. 
 Environmentally-friendly transportation mode for domestic and 

international cargo deliveries. 
 
As a critical part of Washington’s multimodal transportation system, the 
rail system leverages intermodal connections: 

 To provide a seamless system for cargo deliveries to customers. 
 To improve the mobility of people and goods. 
 To support Washington’s economy by creating and sustaining 

family-wage jobs and livable communities.  
 
The state is committed to work in partnership with all publicly- and 
privately-owned railroads in order to ensure a viable and positive future 
for freight rail in the state. 

Goals, Objectives, Strategies, and Actions 
WSDOT goals for freight rail service in the state are presented below with 
their respective objectives, strategies, and actions.  These are aligned, as 
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appropriate, with the goals and strategies in existing state transportation 
plans and programs, such as the 2007-2026 Washington Transportation 
Plan.  Chapter 1 discusses the relationship of this plan with other plans.  
 
These goals, objectives, strategies, and actions were developed in 
collaboration with many stakeholders, including the Advisory Committee 
and rail industry representatives, ports, government planners, and other 
interest groups.  The responsibility for implementing these proposed 
strategies may lie with the public sector, the private sector, the private 
railroads, or jointly. 
 
The Detailed Goal Matrix developed by the Advisory Committee at their 
workshops can be found in Appendix 2.  The matrix reflects the 
relationships between the goals, objectives, strategies, and actions. 

Economic Competitiveness and Viability 

Goal:  Support Washington’s economic competitiveness and 
economic viability through strategic freight rail partnerships.  

Objectives 
 Identify the statewide industry needs for rail transportation. 
 Increase integration of freight rail planning at all levels of government. 
 Provide access to national markets for state products and cargo 

entering into the United States (U.S.) or being exported through state 
ports. 

 Increase coordination with private sector partners. 
 Identify barriers to the efficient use of freight rail in the state. 
 Strategically prioritize the removal of these barriers. 
 Improve public-private partnerships at the local, regional, corridor, 

national, and international levels, enabling a larger investment in 
freight rail infrastructure than any partner can make by themselves. 

 Improve rail system/project assessment and evaluation processes that 
support state goals and assist the decision-making process. 

 Understand the railroad system benefits and investments in 
transportation. 

Strategies 
 Increase understanding of the competitive positions of the state’s 

shippers and ports using the state’s freight rail system. 
 Increase coordination of corridor-level freight rail planning within the 

state. 
 Support multistate freight rail corridor strategic planning partnerships. 
 Support and enhance economic partnerships between the state and the 

rest of the nation and its trading partners. 
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 Lead and coordinate with the state’s ports, shippers, and industry on a 
continuing basis to identify infrastructure, regulatory, and 
administrative barriers to their efficient use of the freight rail system. 

 Expand the state role to manage, coordinate, and facilitate strategic 
freight rail infrastructure improvements and investments that are in the 
public interest. 

 Develop the criteria for corridor level freight rail transportation to 
integrate into the National Rail Plan.  

Actions 
 Carry out needs analysis to support emerging and existing industries to 

ensure the freight rail system supports the state’s ports and rail-
dependent industries. 

 Work with the state’s MPOs, RTPOs, and tribes to integrate freight 
rail into future regional transportation plans. 

 Work with public and private sector partners in states along any 
appropriate national corridor to eliminate bottlenecks and improve 
capacity and velocity inside and outside of this state. 

 Establish a process to work and communicate with the ports and 
industry representatives to coordinate activities at the regional, state, 
and national level on needed projects, programs, and policy decisions. 

 On an ongoing basis and at designated intervals, update planning 
information with representatives from ports, shippers, railroads, and 
industry to identify constraints. 

 Develop an action plan to address those issues where WSDOT has 
authority. 

 Increase the state ability to develop and manage freight rail system 
information, research capacity, and data capacity that improves 
oversight and encourages funding for priority freight rail development. 

 Increase public awareness of freight rail as a vital mode of 
transportation within the supply chain. 

 Lead the planning effort to integrate investment decisions with the 
multiple partners.  

Preservation 

Goal:  Appropriately preserve the ability of Washington’s freight rail 
system to efficiently serve the needs of its customers and to ensure 
it is available to meet all likely future needs. 

Objectives 
 Preserve the functionality of the existing rail network. 
 Provide access to mainline rail for small customers. 
 Create sustainable funding sources for rail preservation and 

maintenance of low density lines. 
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 Support long-term economic vitality and diversity. 
 Enhance the stewardship of the state-owned abandoned railroad 

corridor, returning it to active service as soon as feasible. 
 Preserve the use of at-risk lines for future rail service. 
 Preserve the use of at-risk lines for other public use of corridors (i.e. 

rails to trails).  

Strategies 
 Assist all classes of railroads’ efforts to maintain and preserve the 

functionality of tracks, bridges, and rail yards. 
 Assist short-line railroads in preserving efficient access to the Class I 

railroads, ensuring system viability and continuity. 
 Ensure long-term preservation of existing industrial land, freight rail 

corridors, and rights of way for future use. 

Actions 
 Work with the Class I railroads and other partners to identify at-risk 

system components that can benefit from public support. 
 Support the efforts of Class I railroads to compete for state and federal 

funding for major capacity preservation projects, when appropriate. 
 Provide financial assistance to short-line railroads to maintain and 

preserve essential rail lines and prevent abandonment, when 
appropriate. 

 Develop plans for at-risk rail corridor maintenance and preservation, 
including funding strategies. 

 Integrate freight rail system development, land use planning and 
policies, public-private partnerships, and funding strategies consistent 
with the state vision and policy goals to protect and grow freight 
mobility. 

 Work with ports and railroads to project the functionality and viability 
of existing connections between port terminals, intermodal rail yards, 
and mainline tracks. 

 Work with short-line and mainline railroads to allow compatible 
interim use of rail corridor right of way (i.e. rail to trails) within 
statutory limits, until such time that the right of way is returned to 
active rail use. 

 Acquire rail corridors scheduled for abandonment that have the 
potential to be reactivated in the future, when appropriate. 
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Capacity 

Goal:  Facilitate freight rail system capacity increases to improve 
mobility, connectivity, reduce congestion, and meet the growing 
needs of Washington's freight rail users, when economically 
justified.  

Objectives 
 Improve freight and passenger mobility. 
 Improve connectivity to national and global economies. 
 Understand future freight rail volume projections. 
 Reduce railroad congestion, eliminating port access bottlenecks, and 

increasing reliability. 
 Improve connectivity to other states and other countries, especially  

with the areas which Washington State has a competitive advantage. 
 Make operational process improvements. 
 Improve the overall safety of rail and roads. 
 Increase public support for strategic public investment in the freight 

rail system. 
 Increase state funding and implementation of priority projects. 

Strategies 
 Continue efforts to regularly evaluate freight rail capacity needs. 
 Create additional capacity, improve connectivity, and improve 

operational efficiency by making or supporting targeted infrastructure 
investments. 

 Pursue grade separation of roads and rails, where appropriate. 
 Support the implementation of passenger rail projects where 

investments improve freight rail mobility. 
 Use and update existing project assessment tools to include 

performance measures and benefit/cost analysis to prioritize projects. 
 Promote public awareness of and support for freight rail investments 

that provide economic, mobility, safety, and environmental benefits. 
 Support efforts to develop viable federal funding sources for freight 

rail projects with strategic public benefits. 
 Support efforts to enhance state funding sources for freight rail 

projects with public benefits. 

Actions 
 Continue working with partners with an interest in freight rail capacity 

to determine future needs.  Assess capacity and use the results to 
support prioritized investment in freight rail capacity improvements. 

 Invest in infrastructure development projects that enable cost-
effective, smooth, and efficient transport of freight through 
multimodal corridors and hubs (i.e. lines, ports, industrial areas). 
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 Identify and prioritize projects that improve mainline capacity, 
eliminate bottlenecks, and improve mainline access for ports and other 
freight rail traffic generators. 

 Support the efforts of the state’s freight rail providers to solicit state or 
federal funds for projects that provide needed new capacity, where 
strategically appropriate. 

 Identify grade separation projects that should be included in national, 
tribal, state, regional, and local transportation plans. 

 Work with passenger rail agencies and support funding of projects that 
support freight movement. 

 Use and update the current freight rail project evaluation methodology 
to prioritize projects. 

 Seek public input and develop public support for priority projects. 
 Lead efforts to position the state’s freight rail system for future federal 

funding with railroads, ports, shippers, and industry. 
 Advocate for the East-West Rail Corridor to be designated by the 

Federal Government as a Corridor of National Significance. 
 Coordinate with multistate stakeholders to obtain federal funding for 

priority projects along multistate corridors (Northern Tier).19 
 Work with MPOs and RTPOs to facilitate inclusion of appropriate 

freight rail projects in metropolitan and regional transportation plans. 
 Review programs such as the Freight Action Strategy corridor 

program and determine WSDOT’s role in facilitating public-private 
partnerships in funding freight rail projects in the state. 

 Develop a statewide freight rail advisory body to promote freight rail 
development.  

Energy Efficiency and Environmental 

Goal:  Take advantage of freight rail’s modal energy efficiency to 
reduce the negative environmental impacts from increased freight 
movement in Washington while maintaining economic viability.  

Objectives 
 Improve community health and the environment.  
 Create a sustainable transportation system 

Strategies 
 Identify and implement freight rail projects that decrease targeted 

emissions, where economically viable. 

                                                 
19 The Northern Tier refers to the rail corridor that runs through the eight neighboring 
states from the Pacific Northwest to Chicago.  These neighboring states are Washington, 
Oregon, Idaho, Montana, North Dakota, Minnesota, Wisconsin, and Illinois. 
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 Encourage rail partners to invest in technologies to reduce their fuel 
consumption and related air emissions. 

Actions 
 Develop performance measurements and track achievements. 
 Develop an analysis to determine the feasibility and factors that will 

enable minimizing GHG through modal change from truck to rail. 
 Implement rail projects that reduce congested highway traffic, when 

economically feasible. 
 Encourage increased use of locomotive anti-idling devices, electric 

support equipment, and reduction of wheel/track friction to decrease 
fuel consumption and air emissions. 

 Encourage use of environmentally-friendly switching locomotives in 
port areas and other rail yards close to residential areas.  

 Examine the use of locomotives powered by natural gas. 
 Assess the effects of climate change where weather and climate events 

can impact rail infrastructure and operation.  

Safety and Security 

Goal:  Address the safety and security of the freight rail system and 
make appropriate enhancements.  

Objectives 
 Reduce the number of rail-highway, rail-pedestrian, rail-rail, and 

trespassing incidents. 
 Meet federal requirements. 
 Improve pedestrian safety and reduce liability. 
 Improve emergency recovery and prevention. 
 Improve the security of the state rail system in its ability to deter or 

respond to attacks on rail facilities or domestic targets, while ensuring 
mobility for all users. 

 Reduce the negative impacts from natural disasters. 

Strategies 
 Continue to identify new focus areas for enhancing rail transportation 

safety. 
 Support the Class I railroads’ efforts to meet the federal mandate to 

install positive train control systems on Class I railroads. 
 Continue the Operation Lifesaver partnership to educate the public 

about rail safety. 
 Enhance emergency management, operations, and strategies to be 

coordinated with Washington Emergency Management. 
 Address improvements in rail system security and homeland security. 
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Actions 
 Continue to support safety improvements of rail-highway crossings, 

signal systems, rail lines, and rail facilities. 
 Expand education outreach to new and existing stakeholder groups. 
 Continue coordination and support of positive train control systems 

development. 
 Work with railroads and other partners to reduce pedestrian 

trespassing through educational efforts. 
 Work with partners to address rail safety before, during, and after 

emergencies. 
 Review best practices, consult with area experts, work with partners, 

and develop a list of temporary rail-highway grade crossing closures 
and alternative routes in the event of emergencies. 

 Support railroads, Amtrak, local law enforcement agencies, and others 
to identify and implement rail security measures based on guidance 
from existing federal law (PL 110-432), by identifying partnerships 
and other funding sources to enhance rail system security. 

Livable Communities 

Goal:  Encourage livable communities and family-wage jobs 
through freight rail system improvements.  

Objectives 
 Sustain communities through reduced congestion, preserved and 

expanded infrastructure, economic growth, and optimized safety, 
security. 

 Reduce environmental impacts.  

Strategies 
 Continue to support local community development improvements that 

include freight rail options.  

Actions 
 Support strategic partnerships along the state’s rail corridors that 

improve the quality of life for state residents. 

Conclusion 
The Washington State 2010-2030 Freight Rail Plan lays the foundation 
for an improved and sustainable freight rail system in the state.  The plan 
does this by identifying a vision for the state’s freight rail service and 
establishing goals, objectives, strategies, and actions to achieve that 
vision.  This vision was accomplished by working with various 
stakeholders, including the rail industry, shippers, rail advocates, ports, 
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tribes, governments, elected officials, and many other concerned groups 
and individuals.  This collaboration created a vision that reflects the needs 
of the community and ultimately to have a responsive, efficient, and 
sustainable rail transportation network.  
 
Dedicated investment by all partners will be required to reach these goals 
and accomplish all of the rail improvements identified in this plan.  
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Chapter 3: Rail System and Freight Rail Services 
in Washington State 

 
Efficient transportation systems are critical to the economic vitality of the 
nation.  Washington State (state), in particular, relies on multimodal and 
intermodal transportation for economic development and job creation.  As 
the vital conduit for goods and people, transportation systems influence 
the long-term competitiveness, viability, and sustainability of economy 
and quality of life.  At the same time, the state encompasses unique 
environmental richness and biological diversity, resulting in steadily 
increasing concerns about the impacts of development on vulnerable 
habitats and ecosystems.  A rail system—with advantages from its 
potential for mass movement of people and goods, higher efficiency on 
energy use, and relatively lighter environmental emissions—could play an 
increasing role in development of a highly efficient and environmentally-
friendly transportation system.  Policies and decisions in transportation 
investment are embracing rail as a viable component and option to meet 
the challenges in transportation planning, design, construction, operation, 
maintenance, and regulation.  

Overview of Washington State Rail System Services 
From 1828 to present, the rail system in the United States (U.S.) has 
expanded and contracted to meet the needs of a growing nation, 
influenced by public and private interests.  Mileage peaked in the 1920s at 
approximately 380,000 miles of track.  Since then the rail network has 
been modernized and downsized to a core network that is less than half of 
its peak size. Appendix 3-B contains a brief history of national and state 
rail development.  
 
The state’s rail network has evolved over the last century to serve a wide 
range of passenger and freight markets and has extended across many 
parts of the state.  Thirty-two of the state’s 39 counties are served by one 
of the state’s freight railroads.  The rail network in the state has three 
distinct types of rail services: intercity passenger, commuter, and freight.  
There are two mainline freight railroads—the BNSF Railway Company 
(BNSF) and the Union Pacific Railroad (UP)—and 19 active short-line 
railroads operating in the state. 
 
Exhibit 3-1 depicts the railroad network in the state. 
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Exhibit 3-1: Washington State Rail System 
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Rail transportation supports economic competitiveness and economic 
viability.  In 2007 freight railroads operating in the state carried 
116 million tons of freight over 3,647 operated route miles.  It accounts 
for 19 percent of total freight in the state.  Passenger rail services share 
rail lines with freight in the state.  In 2008 intercity passenger rail, 
including the Amtrak Cascades, Empire Builder, and Coast Starlight, 
provided services to more than one million riders who leave, arrive, travel 
through, or travel within state.  Since September 2000, Sound Transit’s 
Sounder has provided commuter rail service in the Puget Sound area.  In 
2008 Sounder’s ridership was 16.13 million. 

Freight Service 

The state freight rail system consists of mainlines, branch lines, industrial 
spurs and leads, and rail yards and terminals operated by a variety of 
public and private rail carriers (see Exhibit 3-1).  The freight railroads 
operate over 3,647 miles of rail service in the state over 2,418 miles of rail 
lines.1  Long-haul rail transportation is provided by two Class I railroads—
BNSF and UP. 2  The BNSF owns and operates the most mileage in the 
state—1,604 in-state-operated miles, constituting 5 percent of the BNSF’s 
total system mileage.  The dominant position of BNSF in many of the 
state’s rail markets has significant implications for the degree of leverage 
that the state, rail shippers, and communities have in influencing its 
business decisions.  
 
Both of the Class I railroads are served by a number of smaller regional, 
short-line, and terminal railroads, which pick up and distribute rail cars to 
individual industrial and agricultural shippers and receivers.  These 
railroads provide critical services, particularly in lower-density rail 
corridors and markets where the Class I railroads cannot operate cost-
effectively.  In most of cases, the short lines operate on branch lines that 
were previously owned and operated by the Class I railroads. 

Freight Rail Volume and Flows 

Freight rail transportation is a fast growing service.  In 2007 the state rail 
system carried 116 million tons of freight, compared with 64 million tons 

                                                 
1 Due to the fact that owner railroads lease operating rights over their lines to other 
railroads, operated miles are greater than owned miles.  In a few areas, the U.S. 
Department of Transportation (USDOT) Surface Transportation Board (STB) has 
mandated provision of operating rights to ensure competition between railroads. 
2 PThe USDOT STB defines Class I railroads as having annual carrier operating revenues 
of $250 million or more.  Class II railroads, often referred to as a regional railroad, have 
annual carrier operating revenues of less than $250 million but in excess of $20 million.  
Class III railroads, or short lines, have annual carrier operating revenues of $20 million 
or less.  Switching or terminal railroads are railroads engaged primarily in switching 
and/or terminal services for other railroads. 
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in 1991, accounting for an average annual growth rate of 3.8 percent 
(Exhibit 3-2).  However, the current economic recession has impacted 
freight transportation.  Although current freight rail volumes are not 
available at the state level, other data indicates a sharp decline for 2008 
and 2009.  Therefore, the long-term growth rate is likely to be mild, in the 
range of 2 percent. 
 

Exhibit 3-2: Washington State Rail Freight 
1991 to 2007 (Million Tons) 

Average Annual Growth Rate (1991 - 2007) = 3.8 %
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Source: Washington State Department of Transportation (WSDOT) State Rail 
and Marine Office and Association of American Railroads  
 
Among the 116 million tons of rail freight, 56 million tons arrived in the 
state from 44 other states and Canada, while almost 23 million tons 
shipped from the state to 46 other states and Canada.  Over 6 million tons 
of rail freight moved within the state’s borders and almost 32 million tons 
of rail freight moved through the state without loading and unloading 
(Exhibit 3-3). 
 
Of the 116 million tons of rail freight, 86 million tons, or 74 percent, is 
intermodal3 traffic, while 30 million tons, or 26 percent, is rail only (single 
mode) traffic (Exhibit 3-4). 

                                                 
3 Intermodal is using more than one transportation mode such as rail and truck.  In this 
chapter the reference to intermodal is not limited to intermodal container traffic.  It is all 
rail that also has another mode of transport used in the movement of the cargo. 
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Exhibit 3-3: Rail Freight Flows in Washington State – 2007 
(Million Tons) 
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Washington and
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other states and Canada
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Washington)
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Through (move through
Washington without

loading  or unloading)
 

Source: WSDOT State Rail and Marine Office – 2007 STB Waybill Data Analysis 
 
Exhibit 3-4: Freight Rail Intermodal Traffic – Washington State 2007 

(Million Tons) 

Intermodal, 
86.1 , 74%

Rail Only,  30.2 , 
26%

 
Source: WSDOT State Rail and Marine Office – 2007 STB Waybill Data Analysis 

Washington State Freight Rail System Profiles 
This section profiles the 22 active freight railroads operating in the state, 
along with one inactive railroad.  This section also examines the mainline 
corridors where they operate and then the lower density corridors.  The 
mainline corridors connect the state with the rest of the North American 
rail network, while the lower density corridors offer collection/distribution 
services and access to key industries.  Finally, the principal terminals and 
yards impacting state rail traffic are described. 
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Railroad Classification 

The state is served by two Class I freight railroads, BNSF and UP.  These 
two railroads provide the primary connections between the state’s ports, 
farmers, and industries and the rest of North America.  This is done over a 
series of ten major rail corridors within the state; seven cross the state 
east-to-west, while the other three parallel Interstate 5 (I-5) on the western 
side of the state.  The BNSF operates seven of these corridors, while the 
UP operates the remaining three corridors.  These corridors are profiled in 
the BNSF and UP sections, respectively. 
 
There is one Class II (regional) railroad operating in the state.  The 
Montana Rail Link offers limited service in the state and only reaches 
Spokane over trackage rights on BNSF track from Idaho. 
 
The 19 active Class III (short-line and terminal/switching) railroads in the 
state provide important collector/distributor services for the larger 
railroads and local rail services for state shippers.  Their range varies from 
lines that operate over 100 miles in the state to switching railroads that 
connect ports to line-haul railroads inside a yard.  Exhibit 3-5 is a list of 
the state’s railroads and their mileage and class.  

Track Mileage Inventory 

Exhibit 3-5 also summarizes railroad mileage, including miles operated 
(owned track and trackage rights) and miles of road4

PF owned in the state.  
BNSFFP

5
PF owns the most mileage in the state, but the 1,505 in-state miles 

represents only five percent of BNSF’s total system mileage.  In total, 
freight railroads operate over 3,647 miles and own 2,418 miles of trackage 
in the state.  

                                                 
P

4
P “Miles of road” is a linear measure of distance that does not consider the number of 

tracks. 
P

5
P BNSF Railway Co. Annual Report to the Utilities and Transportation Commission 

(UTC), 2008. 
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Exhibit 3-5:  Washington Freight Railroads, Mileage, and Class6 
  

Reporting 
Mileage in  

Washington State 
 

Name Mark Operateda Owned Class  

Ballard Terminal Railroad BDTL 3 0 III 

BNSF Railway BNSFb 1,604 1,505 I 

Cascade & Columbia River Railroad CSCD 135 135 III 

Central Washington Railroad Company CWA 83 0 III 

Columbia & Cowlitz Railway CLC 8.5 8.5 III 

Columbia Basin Railroad CBRWc 124 0 III 

Eastern Washington Gateway RR EWG 108 0 III 

Great Northwest Railroad GRNW 58 58 III 

Kettle Falls International Railway KFR 142 58 III 

Longview Switching Company LSC 17 0 III 

Meeker Southern Railroad MSN 5 5 III 

Montana Rail Link MRL 16 0 II 

Mount Vernon Terminal Railroad MVT 2 2 III 

Palouse River & Coulee City Railroad PCC 169 0 III 

Pend Oreille Valley Railroad POVA 61 61 III 

Puget Sound & Pacific Railroad PSAPd 178 109 III 

Royal Slope Railroad (Inactive) RS 26 26 III 

Tacoma Municipal Belt Line TMBL 72 36 III 

Tacoma Rail Mountain Division TRMW 134 134 III 

Tri-City & Olympia Railroad TCRY 56 0 III 

Union Pacific Railroad UP 558 280 I 

Washington & Idaho Railway Inc. WIR 87  III 

Western Rail Switching WRS   III 

Total  3,647 2,418  

P

a
P Miles operated includes all owned track plus trackage rights. 

b Per BNSF’s report to the STB, December 31, 2008. 
PP

c
P Includes Portland Vancouver Junction Railroad’s 33 miles of trackage rights. 

d Includes U.S. Navy’s Shelton-Bangor line. 

Source: Railroad Service in Washington, Association of American Railroads, 2007.  This 
information was then updated using BNSF timetables, UP timetables and charts, Amtrak charts, 
and STB filings for short-line railroads. 

                                                 
6 Excludes standard gauge track operated as a light rail system. 
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Freight Rail Service Corridors 

The state currently has ten major rail corridors and 12 low-density 
corridors.  These corridors are defined and operated by BNSF and UP.  
Exhibit 3-6 lists all the corridors.  Appendix 3-B has a description of each 
rail service corridor. While these rail corridors are defined by private 
railroads, the state has an interest in defining rail corridors in terms of 
public benefits.  The Freight Mobility Strategic Investment Board is 
authorized to define strategic rail corridors and update them periodically.  
Some short-line routes are critical to the economic viability of local 
communities and certain industries.  The state needs to develop criteria to 
define rail corridors in terms of their impacts on the state’s economic and 
societal needs, as discussed in Chapter 5. 
 

Exhibit 3-6: Rail Service Corridors in Washington State 
Railroads Major Corridors Low-Density Corridors 

 Seattle-Spokane Tukwila-Snohomish 

 Seattle-Portland, Oregon 
(OR) 

Woodinville-Redmond 

 Portland, OR-Pasco Burlington-Sumas 

 Auburn-Pasco Sumas-Lynden 

BNSF Pasco-Spokane Burlington-Anacortes 

 Spokane-Sandpoint, 
Idaho (ID) 

Intalco-Cherry Point 

 Everett-Vancouver, 
British Columbia (B.C.) 

Marysville-Arlington 

  Lakeview-Roy 

  Spokane-Chewelah 

 Hinkle, OR-Spokane Spokane-Plummer, ID; Manito-Fairfield 

UP Spokane-Eastport, ID Ayer Junction-Riparia 

 Tacoma-Seattle Wallula-Kennewick 

Source: Statewide Rail Capacity and System Needs Study (2006) 

Railroad Profiles 

Appendix 3-B also contains more information about the freight rail 
carriers in the state including descriptions, maps, revenue, and history. 

Class I Railroads 

BNSF Railway 
BNSF, one of the four largest U.S. railroads, owns and operates track over 
seven major corridors and nine low-density corridors in the state.  BNSF 
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operates almost 44 percent of the state’s total system route miles.7  
Primary commodities include coal, agricultural products, intermodal 
(containers/ trailers), forest products, chemicals, metals, and minerals.  
According to BNSF’s annual report, 2008 revenue totaled $17.5 billion.8  
In the state BNSF reported total interstate operating revenue of $1,040,184 
and total gross intrastate operating revenue of $97,876,862, according to 
their 2008 Annual Report to the UTC. 

Union Pacific Railroad 
The UP is the largest railroad in North America.  Primary commodities 
moving through the state include chemicals, coal, food and food products, 
forest products, grain and grain products, intermodal, metals and minerals, 
and automobiles and parts.  The UP reported 2008 revenue as $18 billion.  

Class II and Class III Railroads 

Ballard Terminal Railroad 
The Ballard Terminal Railroad (BDTL9) is a Class III railroad in Seattle.  
The BDTL reported total interstate operating revenue of $6,148 and 
$70,012 for total gross intrastate operating revenue in their 2008 Annual 
Report to the UTC. 

Cascade and Columbia River Railroad 
The Cascade and Columbia River Railroad (CSCD) is a Class III railroad 
that interchanges with the BNSF in Wenatchee and runs north to Oroville.  
Primary commodities are limestone, pulp wood and lumber products.  
CSCD reported total gross intrastate operating revenue of $1,614,149 in 
their 2008 Annual Report to the UTC.  

Central Washington Railroad 
The Central Washington Railroad (CWA) is a Class III railroad in the 
Yakima Valley.  The CWA carries cattle feed, propane, paper products, 
plastic pellets, cheese, juice concentrate, lumber, apples, and other 
agricultural goods.10  The CWA reported total interstate operating revenue 
of $1,436,210 and total gross intrastate operating revenue of $374,225 in 
their 2008 Annual Report to the UTC. 

                                                 
P

7
PBNSF Railway 2008 Annual Report to the Utilities and Transportation Commission. 

8 www.bnsf.com/investors/investorreports/2Q_2009_Investors_Report.pdf 
9 BDTL is the reporting mark for Ballard Terminal Railroad. A reporting mark is a two-
to-four-letter alphabetic code used to identify owners or lessees of rolling stock and other 
equipment used on the North American railroad network. The marks are stenciled on 
each piece of equipment, along with a one-to-six-digit number, which together uniquely 
identify every such rail car. This allows the cars to be tracked by the railroad they are 
traveling over, which shares the information with other railroads and customers.  
P

10
P http://www.temple-industries.com/companies/central_washington_railroad.php/. 
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Columbia and Cowlitz Railway 
The Columbia and Cowlitz Railway (CLC), a wholly-owned subsidiary of 
Weyerhaeuser Company, is a Class III railroad that moves freight from the 
Weyerhaeuser Company mill in Longview to the junction just outside the 
city limits of Kelso.11  Primary commodities include forest products, steel, 
and chemicals.  The CLC reported total gross intrastate operating revenue 
of $2,654,693 in their 2008 Annual Report to the UTC. 

Columbia Basin Railroad 
The Columbia Basin Railroad (CBRW) is a Class III railroad located near 
Moses Lake, serving Connell, Warden, Bruce, Schrag, and Othello.  The 
CBRW hauls agricultural goods, inbound fertilizer, chemicals, and 
processed potatoes and vegetables.  The CBRW reported total interstate 
operating revenue of $4,240,109 and total gross intrastate operating 
revenue of $787,720 in their 2008 Annual Report to the UTC. 
 
The Portland Vancouver Junction Railroad (PVJR) is a newly formed, 
wholly-owned subsidiary of CBRW.  It is owned by Clark County, serving 
the Vancouver area since 2004.  The Chelatchie Prairie Railroad (BYCX), 
a tourist railroad, operates passenger excursions between Lucia and Yacolt 
on weekends and holidays. 

Eastern Washington Gateway Railroad 
The Eastern Washington Gateway Railroad (EWG) is a Class III railroad 
that operates a 108-mile branch line that extends from Cheney to Coulee 
City.  Wheat and barley are the principle commodities shipped.  It is one 
of three branch lines of the Palouse River & Coulee City Railroad System 
owned by the state.  The EWG reported total interstate operating revenue 
of $1,803,601 in their 2008 Annual Report to the UTC. 

Great Northwest Railroad 
The Great Northwest Railroad (GRNW), a Class III railroad, moves 
freight between Lewiston, ID, Riparia, and Ayer, interchanging with both 
the BNSF and UP mainlines in Ayer.  Primary commodities are forest 
products consisting of lumber, bark, paper and tissue, agricultural 
products, industrial and farm chemicals, scrap iron, and frozen vegetables.  
The GRNW reported total interstate operating revenue of $3,962,836 in 
their 2008 Annual Report to the UTC and reported total gross intrastate 
operating revenue of $113,584.   

Kettle Falls International Railway 
The Kettle Falls International Railway, LLC (KFR), a Class III railroad, 
moves freight from the BNSF interchange at Chewelah to Columbia 
Gardens, British Columbia (B.C.).  A second line operates from Kettle 
Falls to Grand Forks, B.C.  Primary commodities include lumber, 

                                                 
P

11
P http://en.wikipedia.org/wiki/Columbia_and_Cowlitz_Railway/. 
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plywood, wood products, minerals, metals, fertilizer, industrial chemicals, 
and abrasives.12  KFR reported total interstate operating revenue of 
$4,319,638 and total gross intrastate operating revenue of $460,891 in 
their 2008 Annual Report to the UTC.   

Longview Switching Company 
The Longview Switching Company (LSC), a jointly-owned subsidiary of 
BNSF and UP, is a Class III railroad.  The LSC switches trains 
approximately five miles from the railroad mainlines into the Port of 
Longview.13  The LSC reported estimated annual revenue of $1,600,000 in 
2008.   

Meeker Southern Railroad 
The Meeker Southern (MSN) is a 5-mile Class III railroad that connects 
Meeker Junction in Puyallup with an industrial park in McMillan.  The 
MSN is a wholly-owned subsidiary of the Ballard Terminal Railroad.  
MSN reported no total gross intrastate operating revenue, but did report 
$181,796 in interstate operating revenue. 

Montana Rail Link 
Montana Rail Link (MRL) is a Class II regional railroad that connects 
with the BNSF at Spokane.  MRL is an independently-owned unit of the 
Washington Companies, headquartered in Missoula, Montana.14  MRL 
reported total intrastate revenue of $4,434,250 in 2008.   

Mount Vernon Terminal Railway 
The Mount Vernon Terminal Railway (MVT) is a Class III railroad 
providing service and interchanges with BNSF at Mount Vernon.  The 
railroad consists of a 3-track wide yard used for storage and transloading.  
MVT reported total interstate operating revenue of $61,174 and no 
intrastate operating revenue. 

Palouse River & Coulee City Railroad 
The Palouse River and Coulee City Railroad Company (PCC), a 
subsidiary of Watco Companies operates this Class III railroad, which 
contains a total of 84 miles of mainline track.  PCC reported total 
interstate operating revenue of $1,479,726 and $355,186 intrastate 
operating revenue. 

Palouse River & Coulee City Railroad System 
The Palouse River & Coulee City Railroad System is owned by the state.  
It is comprised of three Class III railroad lines:  the PV Hooper (operated 
by PCC), CW (operated by EWG), and P&L (operated by WIR). 

                                                 
P

12
P http://www.omnitrax.com/rail_kfr.aspx/. 

P

13
P http://en.wikipedia.org/wiki/Port_of_Longview/. 

P

14
P http://www.montanarail.com/general_info.htm/. 
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Pend Oreille Valley Railroad 
The Pend Oreille Valley Railroad (POVA) is a Class III railroad, moving 
freight between Metaline Falls, Newport, and Dover, Idaho on owned and 
leased trackage.  POVA also hosts occasional tourist trains between Ione 
and Metaline Falls.  POVA reported a total interstate operating revenue of 
$1,899,339 and total gross intrastate operating revenue of $506,001. 

Puget Sound and Pacific Railroad 
The Puget Sound and Pacific Railroad (PSAP) is a Class III railroad 
headquartered in Elma.  Its main commodities include lumber, logs, and 
chemicals for the pulp and paper mills.  PSAP reported interstate 
operating revenue of $8,115,618 and total gross intrastate operating 
revenue of $64,840.   
 
The PSAP also operates on United States Government (Navy) trackage 
from Shelton to Bangor and on a spur to the U.S. Navy base at Bremerton. 

Royal Slope Railroad 
The Royal Slope Railroad (RS) is a Class III railroad owned by the state.  
It connects Royal City to the Columbia Basin Railroad at Othello.  The 
line currently is inactive, but could play a role in future freight rail 
development.  

Tacoma Rail 
Tacoma Rail is comprised of two Class III railroads with three distinct and 
separate divisions—Tidelands Division, Mountain Division, and the 
Capital Division.  The Tacoma Municipal Belt Line (TMBL), which 
includes the Tidelands and Capital Divisions, is owned by the city of 
Tacoma, Public Utilities.  The Tacoma Rail Mountain Division (TRMW) 
is owned by the city of Tacoma and operated by Tacoma Rail.  TMBL 
reported a total interstate operating revenue of $14,359,192 and total gross 
intrastate operating revenue of $785,908 in 2008.  TRMW reported a total 
interstate operating revenue of $539,950 and total gross intrastate 
operating revenue of $118,641 in 2008.   

Tri-City and Olympia Railroad 
The Tri-City and Olympia Railroad (TCRY) is a Class III railroad that 
serves the Richland area, including the Port of Benton and the U.S. 
Department of Energy.  In 2009 the Olympia line ceased operations.  
Major commodities include agricultural products, grain, feed stock, food 
and beverages, consumer products, wood products, paper, coal and 
minerals, building materials, machinery and equipment, vehicles, 
chemicals, fertilizer, waste and scrap, and nuclear waste as bulk goods, 
break bulk materials, and liquids.15  The TCRY reported no total gross 
intrastate operating revenue in their 2008 Annual Report to the UTC.   

                                                 
P

15
P Tri-City and Olympia Railroad, www.tcry.com/.  
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Washington and Idaho Railway, Inc. 
The Washington and Idaho Railway (WIR), a Class III railroad, operates 
the P&L Branch of the Palouse River and Coulee City Railroad System 
south of Spokane, connecting with BNSF in various locations.  Primary 
commodities are fertilizer, beans and lentils, and forest products.  The 
WIR reported total gross intrastate operating revenue of $824,945 in their 
2008 Annual Report to the UTC.   

Western Rail Switching 
Western Rail Switching (WRS) is a switching and terminal railroad owned 
by Western Rail, Inc., a used locomotive seller located on the line.  In 
2004, Spokane County bought BNSF’s Geiger Spur and designated WRS 
to operate it.  In January 2009, realignment bypassed Fairchild Air Force 
Base, through which the spur had run.  The west end of the spur now 
connects to the Eastern Washington Gateway Railroad (EWG) near 
Medical Lake.  EWG now operates the Geiger Spur.  WRS continues as an 
operating business. 

Intermodal Facilities, Railroad Terminals, and Rail Yards 

Freight terminals are facilities where freight cars are gathered up into 
trains or where trains are broken down so that cars can be distributed to 
shippers.  Intermodal facilities are locations where freight containers or 
trailers are transferred between freight modes involved in the intermodal 
freight trip.  Typically, this includes some combination of rail, truck, and 
water modes.  Rail yards are facilities where individual rail cars are 
grouped together (blocked) by destination and then made up into trains 
containing many blocks of cars. 

Intermodal Facility 

The STB defines an intermodal facility as a site consisting of tracks, 
lifting equipment, paved and/or unpaved areas, and a control point for the 
transfer (receiving, loading, unloading, and dispatching) of trailers and 
containers between rail and highway and between rail and truck to/from 
marine modes of transportation.  
 
There are three primary forms of containers for freight intermodal traffic 
between rail and highway modes: 
 
 RoadRailers® – a specialized truck trailer where the trailer can be 

attached to rail wheels to haul along the railroad without the use of a 
separate rail flat car.  At the intermodal facility, the trailer can be 
detached from the rail wheels and driven via truck to its final 
destination.   
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 Trailer on flat car – a standard truck trailer or container on a chassis 
loaded onto a flat rail car and hauled to a facility, where it is unloaded 
from the rail flat car and hauled by truck to its final destination. 

 Container on flat car – a standardized container loaded onto a flat car 
or stack car, where it is moved by rail to an intermodal facility and 
unloaded from the rail car, placed on a rubber-tired highway chassis, 
and hauled by truck to its final destination. 

 
Standardized containers facilitate the transition between modes of 
transportation.  These standardized containers can be loaded onto and 
from an ocean-going vessel in a very efficient manner.  These same 
containers can be attached to either a rail chassis or truck trailer chassis to 
be hauled by rail or truck to their final destination.  Container sizes are 
8 feet wide and typically 8 feet, 6 inches tall.  “Hicube” containers are 
9 feet, 6 inches tall.  Lengths can vary from 20 feet to 56 feet.  A 
limitation to the container lengths is the maximum allowable trailer 
lengths in the U.S. 
 
There are 119 intermodal facilities in the state based on U.S. Bureau of 
Transportation Statistics data.  There are 95 intermodal facilities that 
include freight rail mode.  Exhibit 3-7 displays the sites of these 
intermodal facilities.   
 
Appendix 3-C provides details of these intermodal facilities and 
commodities and shipments associated with these freight rail intermodal 
facilities. 

Railroad Terminals and Yards 

Terminals and yards serve many functions for the railroads.  They 
originate and terminate traffic by building outbound trains and breaking 
down inbound trains.  They are used to classify inbound cars for 
assignment to outbound trains for through traffic.  Yards can offer 
refueling, crew change, storage, and maintenance functions.  Given this 
key role in the rail network, a significant amount of rail capacity is 
impacted by the size and efficiency of the terminals and yards. 
 
Exhibit 3-8 summarizes the major terminals and yards that have the most 
impact on state railroad movements.  This table includes the owner, 
yard/terminal name, location, and function. 
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Exhibit 3-7: Rail Intermodal Facilities in Washington State 
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Exhibit 3-8:  Railroad Terminals and Yards Impacting  
Washington State Rail Movements 

Owner Yard/Terminal Location Function 

BNSF Bayside/Delta 
Yards 

Everett Everett generates some traffic locally, but is 
principally a classification yard for through traffic. It is 
the southern endpoint for most through traffic on the 
Everett-Vancouver, B.C. route. Generally traffic from 
south and east of Everett arrives in Bayside Yard, 
where it is switched, and made up into trains for 
north of Everett. Traffic from north of Everett arrives 
in Delta Yard, where it is switched and made up into 
trains for south and east of Everett. 

BNSF Hauser Yard Hauser, ID Hauser Yard is not important as a terminal; however, 
it is important as a fuel station and crew change 
point. Westward trains stop for fuel, providing 
sufficient fuel for a trip to Seattle, Tacoma, Kalama, 
Longview, Vancouver, Washington (WA), Portland, 
Oregon (OR), or Pasco and return. Eastward trains 
stop for fuel, providing sufficient fuel to reach the 
next fueling station at Havre, Montana. 

BNSF Pasco Yard Pasco Pasco processes traffic to and from local industries 
and is the BNSF classification yard for carload traffic 
moving to and from Washington State. Virtually all 
traffic handled by Pasco Yard is originating from 
classified traffic or terminating for classification. 
Pasco also is a crew change point for through trains 
(generally grain and intermodal trains). 

BNSF East St. Johns Portland, 
OR 

East St. Johns processes traffic for local industries 
and is an interchange point for traffic moving 
between BNSF and UP. Traffic is a combination of 
through trains and transfers. 

BNSF Lake Yard Portland, 
OR 

BNSF Lake Yard is adjacent to the Portland Terminal 
Railroad Lake Yard. It is the BNSF intermodal 
terminal for the Portland area. Traffic is generally 
originating and terminating trains. 

BNSF Willbridge Portland, 
OR 

Willbridge processes traffic for local industries. 
Traffic is a combination of through trains and yard 
transfers. 

BNSF Balmer Yard Seattle Balmer Yard at Interbay is primarily a classification 
yard for the Portland-Seattle route. Traffic from the 
south is distributed to local industries or forwarded to 
Everett for further classification and forwarding. 
Traffic from the north is classified by destination 
station between Seattle and Portland and made up 
onto trains. Traffic processed by Balmer Yard is 
generally originating and terminating only. Interbay 
also is a crew change point for through trains that do 
not originate or terminate in Seattle terminal. The 
primary commodity at Balmer is grain hauled for 
Cargill. 
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Owner Yard/Terminal Location Function 

BNSF Seattle 
International 
Gateway 
Terminal 

Seattle The Seattle International Gateway (SIG) is the BNSF 
international intermodal terminal in Seattle. 
Containers are drayed to and from the Port of Seattle 
terminals. This traffic is originating and terminating 
only. 

BNSF South Seattle 
Domestic 
Intermodal 
Yard 

Seattle The South Seattle Domestic Intermodal Yard 
processes domestic cargo traffic in 53-foot (vs. 40- to 
48-foot) containers. 

BNSF Stacy Street 
Yard 

Seattle Stacy Street Yard is in the same physical location as 
SIG. Stacy Street Yard is the terminal used by most 
local industry traffic originating and terminating in 
Seattle. Traffic to and from Seattle industries south of 
King Street Station and in West Seattle is processed 
at Stacy Street Yard. Traffic is generally originating 
and terminating only. 

BNSF Yardley Spokane Yardley processes cars to and from local industries 
and is a block swap location for intermodal trains. 
Train traffic is a mixture of originating, terminating, 
and through trains, including through trains that stop 
for block swapping as well as setout or pickup. 
Yardley is a crew change point for through trains. 

BNSF Tacoma Yard Tacoma Tacoma Yard processes traffic for Tacoma industries 
in the Tideflats area west of the Puyallup River. It 
also is the classification yard for traffic originating 
and terminating in the Tacoma Rail yard. Traffic 
arrives in Tacoma from through or terminating trains 
and the Tacoma Rail traffic is delivered after the train 
has been switched (sorted). Carload traffic from 
Tacoma Rail is switched by destination and 
forwarded on the appropriate train. Traffic is a 
mixture of originating, terminating, and through. 

BNSF Vancouver 
Yard 

Vancouver, 
B.C. 

Vancouver Yard processes traffic to and from local 
industries in Vancouver, B.C., and the Port of 
Vancouver. Traffic is a combination of originating, 
terminating and through trains that set out and pick 
up cars.  

BNSF Vancouver 
Yard 

Vancouver, 
WA 

The Vancouver Yard has locomotive maintenance 
and fueling facilities.  It serves as a major switching 
yard for BNSF railway in the Portland/Vancouver 
metro area.  Vancouver also is a crew change point 
for through trains moving between the Portland-
Seattle route and the Portland-Pasco route.  

BNSF Wenatchee 
Yard 

Wenatchee Wenatchee Yard processes cars to and from local 
industries and is the interchange point for traffic 
moving between BNSF and Cascade & Columbia 
River Railroad. Traffic is originating and terminating 
trains. Wenatchee also is a crew change point for 
through trains. 
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Owner Yard/Terminal Location Function 

Canadian 
National 

Thornton Yard Surrey, 
B.C. 

This is the northern endpoint for virtually all through 
traffic on the Everett-Vancouver, B.C. route. Traffic is 
generally originating and terminating only. 

Longview 
Switching 
Company 

Longview Yard Longview Longview Switching Company (jointly owned by 
BNSF and UP) processes all traffic to and from the 
Port of Longview and local industries. All traffic is 
transfer movements between Longview Junction 
yard and Longview Yard. 

Longview 
Switching 
Company 

Longview 
Junction Yard 

Longview Longview Junction Yard is the interchange point 
among Longview Switching Company, BNSF, and 
UP. It also processes local industry traffic for 
Ridgefield, Woodland, and Kalama, and interchange 
traffic to and from Columbia & Cowlitz Railway in 
Rocky Point. Traffic is a combination of originations 
and terminations, and traffic arriving or leaving on 
through trains. 

Port of 
Kalama 

Kalama Export 
Company 
Terminal 

Kalama The Kalama Export grain terminal (also known as 
Peavey) can accommodate five grain trains of about 
108 cars each and can unload six trains in 24 hours. 
Traffic is generally originating and terminating only. 

Port of 
Kalama 

Cenex-United 
Harvest 
Terminal 

Kalama The Cenex-United Harvest grain terminal can 
accommodate two grain trains of about 108 cars 
each and can unload two trains in 24 hours. Traffic is 
generally originating or terminating only. 

Port of 
Portland 

Port of 
Portland 

Portland, 
OR 

Port of Portland has several marine terminals and 
industrial sites that generate traffic directly related to 
Washington State rail operation. These facilities are 
connected to BNSF at North Portland Junction and to 
UP at Barnes. Traffic is a combination of complete 
trains and traffic to and from through trains. 

Port of 
Seattle 

Terminal 5 
Intermodal 
Yard 

Seattle Terminal 5 Intermodal Yard is a Port of Seattle on 
dock international terminal. BNSF provides the 
switching service. UP currently has the contract for 
all traffic originating and terminating at this terminal. 
Traffic is originates and terminates in this yard. 

Port of 
Tacoma 

Port of 
Tacoma 
Intermodal 
Yard 

Tacoma Port of Tacoma has four intermodal yards supporting 
marine terminals in the Tideflats area. Trains 
originate or terminate directly in these yards. 

Portland 
Terminal 
Railroad 

Lake Yard Portland, 
OR 

Lake Yard processes traffic for local industries and 
serves as an interchange point for BNSF and UP. 
Traffic is generally originating and terminating trains 
and yard transfers. 

Tacoma 
Rail 
(TMBL) 

Tideflats Yard Tacoma Tideflats Yard switches traffic originating and 
terminating in the Tacoma Tideflats area east of the 
Puyallup River, adjacent to the Port of Tacoma 
intermodal terminals. Traffic is transfer movements 
between the Tideflats customers and the BNSF and 
UP. 
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Owner Yard/Terminal Location Function 

UP Albina 
Terminal 

Portland, 
OR 

Albina processes traffic to and from Portland area 
industries on UP. It also is one of two UP intermodal 
terminals for the Portland area. Traffic is generally 
originating and terminating trains and yard transfers. 

UP Argo Yard Seattle Argo Yard also includes subyards Manar and Van 
Asselt. Argo is the UP intermodal terminal (domestic 
and international) in Seattle as well as a truck to rail 
transfer station for solid waste. Argo Yard is almost 
exclusively used for intermodal traffic and 
interchanges between BNSF and UP. Van Asselt 
and Manar yards are used for carload freight 
originating and terminating at industries on UP in 
Seattle and Tukwila. Traffic is generally originating 
and terminating only. 

UP Barnes Portland, 
OR 

Barnes processes traffic for local industries and the 
Port of Portland terminals and is an interchange point 
for traffic moving between BNSF and UP. 

UP Brooklyn 
Terminal 

Portland, 
OR 

Brooklyn is one of two UP intermodal terminals in 
Portland, Oregon. Traffic is generally through trains 
with setouts and/or pickups. 

UP Hinkle Yard Hinkle, OR Hinkle Terminal is located just southeast of the Tri-
Cities in Oregon.  It has a major classification yard 
for carload freight.  UP also has a major diesel 
locomotive maintenance, repair, and fueling facilities 
in Hinkle.  It is also a crew change point for UP 
trains. 

UP Spokane Yard Spokane Spokane Yard processes cars to and from local 
industries. Train traffic is generally originating and 
terminating trains. Spokane is a crew change point 
for through trains. 

UP Tacoma/Fife 
Yards 

Tacoma The UP Tacoma terminal is split between two yards. 
The Tacoma Yard processes carload traffic to and 
from the Tacoma Tideflats area west of the Puyallup 
River. The Fife Yard processes carload traffic for 
industries east of the Puyallup River and on Tacoma 
Rail. Traffic is a combination of originating/ 
terminating and traffic arriving or leaving on through 
trains. 
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Capacity of the Washington State Rail System  
Exhibit 3-9 compares the average number of trains operated on each 
Class I railroad mainline to the practical capacity16 of the line in 2008.  
Exhibit 3-10 shows the projected practical capacity for each line in 2028.  
The data for these maps were derived from the Statewide Rail Capacity 
and System Needs Study, the 2009 Marine Cargo Forecast Technical 
Report, BNSF, and UP. 
 
The two maps compare and contrast 20 years of demand growth with 
current capacity, identifying the gaps in capacity.  

Stevens Pass 

The Everett-Spokane line, which passes through the Cascade Tunnel at 
Stevens Pass, is the BNSF’s major northern transcontinental route for 
double-stack intermodal container trains.  It is heavily used, operated at 
about 70 percent of practical capacity in 2008. 

Stampede Pass 

The BNSF’s Auburn-Pasco line, which passes through the Stampede 
Tunnel, operates today at a low level of practical capacity.  The line 
cannot be used to relieve the Everett-Spokane line, because the ceiling of 
the Stampede Tunnel is too low to accommodate double-stack intermodal 
container trains.  Grades over Stampede Pass also make it difficult to haul 
heavily-loaded unit grain trains along this line. 

Columbia River Gorge 

The BNSF’s Vancouver-Pasco line, which follows the Columbia River 
along the north side of the Columbia River Gorge, is used by double-stack 
intermodal container trains moving east and grain trains moving west to 
the Puget Sound and Columbia River ports, and carload trains moving 
both east and west to serve state industrial and agricultural shippers.  The 
line is operating today at about 80 percent of practical capacity. 

Interstate 5 (I-5) Corridor 

The I-5 corridor rail line runs the length of the state from the Canadian 
border, through Bellingham, Everett, Seattle, and Tacoma to Vancouver 
(WA) and Portland.  It is the backbone of the state rail system, controlling 
access to the east-west lines.  Most of the line is owned by the BNSF, but 
the BNSF shares operating rights over significant portions of the line with  

                                                 
16 Practical capacity is the highest activity level that a line can operate with an acceptable 
degree of efficiency, taking into consideration unavoidable losses of productivity. 
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Exhibit 3-9: 2008 Rail Line Capacity17 

 
                                                 
17 Train volumes (average trains per day) reflect business activities that are fluctuated 
sharply and sensitive to economic climate.  Although the long-term trend is upward, the 
short-term trend could drop significantly.  The information in this map reflects the long-
term forecast results.  These numbers were derived based on the best knowledge of the 
researchers and information available at the time of the research.  The recent recession 
impacts may not be captured by this map. 
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Exhibit 3-10: 2028 Rail Line Capacity 
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the UP, Amtrak’s intercity rail services, and the Sounder commuter rail 
operations.  The line operates at between 40 and 60 percent of practical 
capacity in most sections, but is subject to frequent stoppages when trains 
enter and exit the many ports, terminals, and industrial yards along the 
corridor.  Some half dozen sections are chronic chokepoints, causing 
delays that ripple across the entire state and Pacific Northwest rail system. 

Rail Bottlenecks 

Exhibit 3-11 locates the major rail bottlenecks by type across the state rail 
system. 
 

Exhibit 3-11: Railroad Bottlenecks 
Bottleneck Type of Bottleneck 

Portland – Vancouver 
(WA) 

Yard Infrastructure 
Main Line Infrastructure (Except Signal and Traffic Control) 
Geography, Geology, Topography, Regulation 

Vancouver (WA) Yard Infrastructure 
Main Line Infrastructure (Except Signal and Traffic Control) 
Passenger Operation 

Ridgefield Yard Infrastructure 
Woodland – Castle 
Rock 

Yard Infrastructure 
Signal and Traffic Control Systems 
Main Line Infrastructure (Except Signal and Traffic Control) 
Passenger Operation 

Vader – Chehalis Signal and Traffic Control Systems 
Main Line Infrastructure (Except Signal and Traffic Control) 
Passenger Operation 
Geography, Geology, Topography, Regulation 

Chehalis Yard Infrastructure 
Centralia Yard Infrastructure 

Signal and Traffic Control Systems 
Passenger Operation 

Centennial Passenger Operation 
Nelson Bennett – 
Ruston 

Main Line Infrastructure (Except Signal and Traffic Control) 

Ruston – Reservation Yard Infrastructure 
Signal and Traffic Control Systems 
Main Line Infrastructure (Except Signal and Traffic Control) 
Infrastructure Condition 

Reservation – Puyallup Yard Infrastructure 
Signal and Traffic Control Systems 

Auburn Yard Infrastructure 
Infrastructure Condition 

Tukwila – Argo Main Line Infrastructure (Except Signal and Traffic Control) 
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Bottleneck Type of Bottleneck 

Argo – South Portal 
(Seattle) 

Yard Infrastructure 
Signal and Traffic Control Systems 
Main Line Infrastructure (Except Signal and Traffic Control) 
Geography, Geology, Topography, Regulation 

Tacoma – Tukwila 
(UP) 

Yard Infrastructure 
Main Line Infrastructure (Except Signal and Traffic Control) 
Infrastructure Condition 
Geography, Geology, Topography, Regulation 

South Portal (Seattle) – 
MP 8 (Ballard) 

Yard Infrastructure 
Signal and Traffic Control Systems 
Main Line Infrastructure (Except Signal and Traffic Control) 
Passenger Operation 
Infrastructure Condition 
Geography, Geology, Topography, Regulation 

MP 8 (Ballard) – 
Edmonds 

Main Line Infrastructure (Except Signal and Traffic Control) 

Edmonds Main Line Infrastructure (Except Signal and Traffic Control) 
Passenger Operation 
Infrastructure Condition 

Edmonds – Mukilteo Signal and Traffic Control Systems 
Main Line Infrastructure (Except Signal and Traffic Control) 

Mukilteo Main Line Infrastructure (Except Signal and Traffic Control) 
Passenger Operation 
Infrastructure Condition 

Everett Jct. – PA Jct. Main Line Infrastructure (Except Signal and Traffic Control) 
Infrastructure Condition 

PA Jct. – Delta Jct. Yard Infrastructure 
Signal and Traffic Control Systems 
Passenger Operation 
Infrastructure Condition 
Geography, Geology, Topography, Regulation 

Marysville Infrastructure Condition 
Geography, Geology, Topography, Regulation 

English – Bow Main Line Infrastructure (Except Signal and Traffic Control) 
Bow – Swift Yard Infrastructure 

Signal and Traffic Control Systems 
Main Line Infrastructure (Except Signal and Traffic Control) 
Infrastructure Condition 
Geography, Geology, Topography, Regulation 
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Bottleneck Type of Bottleneck 

Swift – Thornton Yard 
(Surrey, BC) 

Yard Infrastructure 
Signal and Traffic Control Systems 
Main Line Infrastructure (Except Signal and Traffic Control) 
Infrastructure Condition 
Geography, Geology, Topography, Regulation 

Vancouver (WA) – 
Wishram 

Main Line Infrastructure (Except Signal and Traffic Control) 

Wishram – Pasco Main Line Infrastructure (Except Signal and Traffic Control) 
Geography, Geology, Topography, Regulation 

Auburn – Ellensburg Yard Infrastructure 
Signal and Traffic Control Systems 
Main Line Infrastructure (Except Signal and Traffic Control) 
Infrastructure Condition 
Geography, Geology, Topography, Regulation 

Ellensburg – Pasco Yard Infrastructure 
Signal and Traffic Control Systems 
Main Line Infrastructure (Except Signal and Traffic Control) 
Infrastructure Condition 
Geography, Geology, Topography, Regulation 

Everett – Wenatchee Yard Infrastructure 
Main Line Infrastructure (Except Signal and Traffic Control) 
Infrastructure Condition 
Geography, Geology, Topography, Regulation 

Wenatchee – Spokane Yard Infrastructure 
Main Line Infrastructure (Except Signal and Traffic Control) 
Infrastructure Condition 
Geography, Geology, Topography, Regulation 

Pasco – Spokane Yard Infrastructure 
Main Line Infrastructure (Except Signal and Traffic Control) 
Geography, Geology, Topography, Regulation 

Spokane – Athol, ID 
(BNSF) 

Main Line Infrastructure (Except Signal and Traffic Control) 

Hinkle, OR – Spokane Signal and Traffic Control Systems 
Main Line Infrastructure (Except Signal and Traffic Control) 
Infrastructure Condition 

Spokane – Eastport, ID Signal and Traffic Control Systems 
Main Line Infrastructure (Except Signal and Traffic Control) 
Infrastructure Condition 

Vancouver (WA) 
(BNSF) 

Yard Infrastructure 
Main Line Infrastructure (Except Signal and Traffic Control) 
Passenger Operation 

Kalama (BNSF) Yard Infrastructure 
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Bottleneck Type of Bottleneck 

Tacoma (BNSF) Yard Infrastructure 
Main Line Infrastructure (Except Signal and Traffic Control) 

Tacoma (Tacoma Rail) Yard Infrastructure 
Main Line Infrastructure (Except Signal and Traffic Control) 

Fife (UP) Yard Infrastructure 
Main Line Infrastructure (Except Signal and Traffic Control) 

Argo (UP) Yard Infrastructure 
Signal and Traffic Control Systems 
Main Line Infrastructure (Except Signal and Traffic Control) 
Geography, Geology, Topography, Regulation 

Port of Seattle (BNSF 
& UP) 

Yard Infrastructure 
Signal and Traffic Control Systems 
Main Line Infrastructure (Except Signal and Traffic Control) 
Geography, Geology, Topography, Regulation 

SIG/Stacy (BNSF) Yard Infrastructure 
Signal and Traffic Control Systems 
Main Line Infrastructure (Except Signal and Traffic Control) 
Geography, Geology, Topography, Regulation 

Interbay (BNSF) Yard Infrastructure 
Signal and Traffic Control Systems 
Main Line Infrastructure (Except Signal and Traffic Control) 
Passenger Operation 
Infrastructure Condition 
Geography, Geology, Topography, Regulation 

Everett (BNSF) Yard Infrastructure 
Signal and Traffic Control Systems 
Passenger Operation 
Infrastructure Condition 
Geography, Geology, Topography, Regulation 

Wishram (BNSF) Yard Infrastructure 
Arco (Cherry Point; 
BNSF) 

Yard Infrastructure 

Longview Jct. (BNSF 
& UP) 

Yard Infrastructure 
Signal and Traffic Control Systems 

Pasco (BNSF) Yard Infrastructure 
Centralia (BNSF & 
UP) 

Yard Infrastructure 
Signal and Traffic Control Systems 
Passenger Operation 

Spokane (BNSF) Yard Infrastructure 

Source: Washington State Transportation Commission (WSTC) Statewide Rail System and 
Capacity Study, 2006 
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Rail Capacity 

Exhibit 3-12 lists the rail segments where mainline practical capacity will 
be exceeded within 20 years, even with the additional capacity gained by 
operating longer trains and implementing better scheduling.18  The existing 
bottlenecks will persist and worsen, some more quickly than others. 
 
Nationally, rail capacity is not keeping pace with demand.  The rail 
industry today is stable, productive, and competitive with enough business 
and profit to operate, but it is not yet attracting capital fast enough to 
replenish its infrastructure quickly or keep pace with demand and public 
expectations.  This trend has been documented in several recent reports.FP

19 
 
Examples of capacity constraints:  
 
Stevens Pass.  With the Everett-Spokane line nearing its maximum 
capacity, the BNSF has been routing more intermodal trains south along 
the I-5 rail corridor to Vancouver (WA) and then east.  This has added 
considerable volume to the Vancouver-Pasco line along the Columbia 
River Gorge, and made the scheduling of train moves through the Gorge 
and along the I-5 rail corridor more complex. 
 
I-5 Corridor.  The on-time performance of the Amtrak Cascades service 
has dropped, and delays for both BNSF and UP freight trains have 
increased, although recent changes in freight operating practices have 
improved performance somewhat.  The problem is particularly acute in the 
Portland/Vancouver (WA) area, where the railroads’ north-south and east-
west routes intersect.  Rail simulation studies (i.e. grain trains bound for 
the ports, intermodal trains running through, industrial carload trains 
serving local industries, and intercity passenger trains shuttling up and 
down the I-5 corridor) show that the delay hours per train moving through 
the Portland/Vancouver area are greater than the delay hours for trains in 
the Chicago area, one of the nation’s most congested rail hubs.20 
Railroading is one of the most capital intensive industries in the U.S., and 
investment in fixed assets can be a risky proposition. 
 

                                                 
18 Demand is total demand not just traffic of the owner. 
P

19
P See for example: American Association of State Highway and Transportation 

Officials, Freight-Rail Bottom Line Report, Washington, D.C., 2003; and United States 
Government Accountability Office, Freight Railroads: Industry Health Has Improved, 
But Concerns About Competition and Capacity Should Be Addressed, Washington, D.C., 
October 2006. 
P

20
P “Freight, Intercity Passenger and Commuter Rail,” PowerPoint presentation to the 

Portland-Vancouver I-5 Transportation and Trade Partnership on May 21, 2002; and 
“Final Strategic Plan: June 2002,” prepared by Willard F. Keeney and HDR, Inc. for the 
Portland-Vancouver I-5 Transportation and Trade Partnership. 
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Exhibit 3-12:  Rail Lines in Washington State Exceeding Practical Capacity 
2008 and 2028 

(Based on Peak Day Train Volumes and  
Assuming Operation of 8,000-Foot Trains) 

Rail Segment RR 2008 
Capacity

2008 
Demand

2008 Utilization 
as % of 

Capacity

2028 
Capacity

2028 
Demand

2028 Utilization 
as % of Capacity

Everett to Seattle BNSF 60 48 80% 80 80 100%

Seattle to Tacoma BNSF 140 80 57% 200 171 86%

Tacoma to Kalama/Longview
w/Point Defiance Bypass

BNSF 60 62 103% 80 82 103%

Tacoma to Kalama/Longview
w/o Point Defiance Bypass

BNSF 60 62 103% 60 82 137%

Kalama/Longview to Vancouver, WA
w/Passenger Improvements

BNSF 100 55 55% 160 92 58%

Kalama/Longview to Vancouver, WA
w/o Passenger Improvements

BNSF 70 55 79% 70 92 131%

Everett to Wenatchee, as is BNSF 28 16 57% 28 40 143%

Everett to Wenatchee
Stevens Pass as is, w/Stampede
Pass cleared for double-stack
countainers

BNSF 28 16 57% 28 26 93%

Everett to Wenatchee
Stevens Pass as is, w/Stampede
Pass cleared for double-stack
countainers, and w/directional 
running

BNSF 28 16 57% 40 20 50%

Wenatchee to Spokane BNSF 24 18 75% 24 25 104%

Auburn to Pasco, as is BNSF 16 6 38% 16 9 56%

Auburn to Pasco
w/o Stampede Pass Tunnel Cleared

BNSF 16 6 38% 16 28 175%

Auburn to Pasco
w/Stampede Pass Tunnel Cleared
and directional running

BNSF 48 8 17% 48 32 67%

Vancouver, WA to Pasco BNSF 40 32 80% 48 48 100%

Vancouver, WA to Pasco UP 40 40 100% 40 40 100%

Pasco to Spokane BNSF 50 32 64% 60 48 80%

Pasco to Spokane UP 7 7 100% 7 7 100%

Spokane to Sandpoint, ID BNSF 70 45 64% 100 89 89%

Spokane to Sandpoint, ID UP 8 7 88% 8 8 100%  
Blue shows lines that are at or are projected to be at 100 percent or more of capacity by 2028. 

Source: 2009 Marine Cargo Forecast 
 
During the 1990s, when railroads found themselves with excess capacity 
and profits were down, Wall Street downgraded bond ratings and railroad 
stock prices fell.  In the last several years, this trend has reversed and 
Class I railroads are reinvesting heavily to maintain and add capacity to 
their systems.  However, much of this investment is replacing existing 
infrastructure and maintaining existing capacity, because rail traffic places 
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enormous wear and tear on rails, bridges, tunnels, and locomotives.  To 
reduce longer-term financial risk, both the BNSF and the UP have 
investment strategies that emphasize increasing capacity through 
operations first and infrastructure expansion last. 
 
To manage demand while new capacity is being added, the railroads are 
using pricing to turn aside lower-profit carload freight in favor of 
intermodal and coal traffic, which can be handled more cost-effectively 
and profitably in unit or destination-specific trains.  In some markets and 
corridors, international intermodal traffic is squeezing out industrial and 
low-density agricultural carload traffic.  Shippers, who are used to being 
price setters, are now price takers. 
 
Furthermore, the national capacity crunch is focusing more rail traffic and 
railroad investment on the Pacific Southwest at the expense of the Pacific 
Northwest and the state.  Continuing high levels of growth and the 
competition between BNSF and UP for the lucrative southern California 
rail market have made southern California the key focal point of 
investment for both railroads.  
 
Capacity shortfalls will complicate the improvement of intercity passenger 
rail service.  As a condition of the deregulation of the railroad industry in 
1980, federal law requires that freight railroads share the use of their lines 
with intercity passenger rail providers and give passenger trains priority 
over freight trains.  But the differing needs of the passenger and freight 
railroad create tension between the needs of the passenger rail operators 
and the needs of freight rail operators as each tries to maximize the 
performance of their respective operations. 
 
In general, frequent passenger rail service, especially frequent high-speed 
rail service, requires relatively wide time-space slots on the mainline to 
ensure that the passenger trains do not overtake slower-moving carload 
freight trains.21   

Recent Major Policy Changes Impacting the Rail System in 
Washington State 

Safety Regulation 

The state has very little safety jurisdiction over rail operations, except for 
public highway-rail crossings.  States can conduct inspections in various 

                                                 
21 Intermodal trains are also significant consumers of rail capacity, because they are long, 
move at speeds similar to passenger trains, and require priority of movement. The 
railroads market these trains as premium services, and they generate substantial revenue 
for the railroads. 
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safety disciplines as part of a state-federal participation program, but any 
enforcement is done by the Federal Railroad Administration (FRA) in the 
areas of hazardous materials, track, signals, and operating practices.  
 
Appendix 3-B discusses rail safety regulation, including rail employee 
safety, remote control operations, community notice, blocked crossings, 
train speeds, grade crossing protective zones, housekeeping, quiet zones, 
crossing consolidation/closure, and Operation Lifesaver—an international 
organization promoting rail safety and awareness.  

Positive Train Control22 

Positive Train Control (PTC) refers to technology that is capable of 
preventing train-to-train collisions, over-speed derailments, and casualties 
or injuries to roadway workers.  PTC systems vary widely in complexity 
and sophistication based on their level of automation, functionality, 
system architecture (i.e., non-signaled, block signal, cab signal), and 
degree of control. 
 
Prior to October 2008, PTC systems were being voluntarily installed by 
various carriers.  However, the Rail Safety Improvement Act of 2008 
(RSIA), signed by the President Bush on October 16, 2008 as Public Law 
110-432, has mandated the widespread installation of PTC systems by 
December 2015.  
 
Currently, all of the affected railroads are aggressively developing PTC 
implementation plans as required by the RSIA and adapting their PTC 
systems to maximize interoperability.23  The FRA is supporting all rail 
carriers that have statutory reporting and installation requirements to 
install PTC, as well as rail carriers that are continuing to voluntarily 
implement PTC through a combination of regulatory reform, project safety 
oversight, technology development, and financial assistance.  
 
On March 7, 2005, FRA published regulations regarding performance 
standards for processor-based signal and train control systems per Title 49 
Code of Federal Regulations Part 236, Subpart H.  A working group of the 
Railroad Safety Advisory Committee first developed these performance-
based regulations versus traditionally prescriptive regulations.  The new 
performance-based regulations require that a railroad demonstrate with a 
high degree of confidence, that the risks associated with a new product 

                                                 
P

22
P http://www.fra.dot.gov/us/content/1265.  

23 The BNSF, UP, Norfolk Southern Railway, and CSX Transportation are leading the 
interoperability effort for technologies based on the Electronic Train Management 
System for rail traffic outside of the Northeast Corridor.  The National Passenger Rail 
Corporation (Amtrak) is undertaking similar action for rail traffic in the NEC using the 
Advanced Civil Speed Enforcement System. 
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being implemented are less than or equal to the risks associated with the 
product that is being replaced.  
 
After extensive participation and contributions by railroads, rail labor, 
suppliers, and other agencies, including the National Transportation Safety 
Board, the performance-based regulations became effective on June 6, 
2005.  The Subpart H regulations support the voluntary introduction of 
innovative technology, including systems using computers and radio data 
links, to accomplish PTC functions.  In addition to supporting 
advancement of PTC systems, these regulations also facilitate the ever-
growing use of processor-based equipment and functioning in otherwise 
conventional signal and train control systems. 
 
FRA is working to develop a new performance-based regulation to 
address the various statutory requirements of RSIA and to better support 
railroads that must install PTC systems.  This new regulation is being 
crafted to ensure system safety while reducing the administrative 
overhead. 
 
There are currently 11 different PTC pilot projects in varying stages of 
development and implementation, involving nine different railroads in at 
least 16 different states, and consisting of over 4,000 track miles.  These 
pilot projects are not only allowing railroads to continue to advance the 
various technologies used to implement PTC systems, but are providing 
the railroads valuable experience on installation and test procedures 
required to meet the 2015 deployment completion date.  
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Chapter 4: Freight Rail Services – Effects on the 
Economy and Society 

Functions of Freight in Washington’s Economy 
Washington State’s (state) multimodal transportation system supports 
economic vitality and quality of life in the state and region.  The smooth 
functioning of highways, railways, ports, pipelines, and airports allows 
businesses and consumers to trade and purchase the goods necessary to 
sustain business and daily life.  With coordinated planning and strategic 
investments, the state and its partners can provide a transportation system 
that meets the challenges and opportunities ahead.  Including statewide 
freight rail into statewide transportation planning and investment decisions 
is increasingly important.  
 
The three components of the state’s freight activities are: 

Made in Washington – Regional Economies Rely on the Freight 
System 

The state’s manufacturers and farmers rely on the freight system to ship 
Washington-made products to local customers, big United States (U.S.) 
markets in California and on the east coast, and worldwide.  The state’s 
producers generate wealth and jobs in every region in the state. 

Delivering Goods to You – The Retail and Wholesale Distribution 
System 

The state’s distribution system is a fundamental local utility; without it 
state residents would have no food to eat, clothes to wear, books to read, 
spare parts, fuel for their cars, or heat for their homes.  In other words, the 
economy of the region would no longer function.  The value and volume 
of goods moving in these freight systems is huge and growing. 

Global Gateways – International and National Trade Flows Through 
Washington 

This is a gateway state, connecting Asian trade flows to the U.S. economy, 
Alaska to the Lower 48, and Canada to the U.S. West Coast.  About 
70 percent of international goods entering the state’s gateways continue on 
to the larger U.S. market.  Thirty percent become part of the state’s 
manufactured output or are distributed in the state’s retail system 
(Exhibit 4-1). 
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Exhibit 4-1: Washington State Is a Global Gateway 

 
Source: Washington State Department of Transportation (WSDOT) Geographic 
Services and Strategic Analysis and Program Development, 2004 
 
These components underpin our national and state economies, support 
national defense, directly sustain hundreds of thousands of jobs, and 
distribute the necessities of life to every resident of the state every day. 
 
A large part of the state’s economy depends on freight for its 
competitiveness and growth.  The most highly freight-dependent sectors 
include agriculture, mining, construction, manufacturing, wholesale, retail, 
transportation, and warehousing.  In 2008 freight-dependent sectors 
accounted for 33 percent of the state’s Gross Domestic Product (GDP), 
71 percent of business income, and 39 percent of state employment 
(Exhibits 4-2, 4-3, and 4-4). 

Freight Rail in Washington’s Economy 
Rail provides critical transportation for manufacturers, agricultural 
producers, lumber and wood product producers, the food products 
industry, and the ports and international trade sector—all important 
sectors of the state economy.  Freight rail, in terms of tonnage, accounted 
for 19 percent of total freight in the state in 2007. 
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Exhibit 4-2: Freight-Dependent Sectors GDP 
Washington State 2008 ($ Millions) 

Agriculture, 
forestry, fishing 

and hunting, 7037, 
2%

Mining, 378, 0%

Construction, 
14711, 5%

Manufacturing, 
31995, 10%

Wholesale trade, 
19478, 6%

Retail trade, 
22661, 7%

Transportation and 
warehousing, 

9122, 3%

All Other 
Sectors,  217,396 

, 67%

Freight-
Dependent 

Sectors Total, 
105,382, 33%

Freight-Dependent Sectors: $105,382
All Sectors: $217,396

 
Source: U.S. Department of Commerce (USDOC), Bureau of Economic Analysis, 
compiled by WSDOT State Rail and Marine Office 
 

Exhibit 4-3: Business Incomes of Freight-Dependent Sectors  
Washington State 2008 ($ Millions) 

Other Sectors, 
$179,962, 28%

   Mining, $486, 0%

   Agriculture, 
forestry, fishing, and 
hunting, $3,206, 1%

   Construction, 
$48,249, 8%

   Manufacturing, 
$132,202, 21%

   Wholesale trade, 
$137,870, 22%

   Retail trade, 
$114,253, 18%

   Transportation and 
warehousing, 

excluding Postal 
Service, $10,877, 2%

Freight-Dependent 
Sectors, $447,142, 

71%

Freight-Dependent Sectors: $447,142
All Sectors: $627,104

 
Source: Washington State Department of Revenue, compiled by WSDOT State 
Rail and Marine Office 
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Exhibit 4-4: Freight-Dependent Sectors Employment 
Washington State 2008 First Quarter 

Construction, 
186495, 6%

Transportation and 
warehousing, 
114,006, 4%

Retail trade, 
322,256, 11%

Wholesale trade, 
126,563, 4%

Manufacturing, 
298,970, 10%

Mining, 2,800, 0%

Agriculture, forestry, 
fishing and hunting, 

74,018, 3%

All Other Sectors, 
1,756,505 , 62%

Freight-Dependent 
Sectors Total, 
1,125,108, 39%

Freight-Dependent Sectors: 1.125 Millions Jobs
All Sectors: 2.881 Millions Jobs

 
Source: Washington State Employment Security Department 2008, compiled by 
WSDOT State Rail and Marine Office 

Freight Rail Flows 

Freight rail provides shippers with cost-effective transportation, especially 
for heavy and bulky commodities, and can be a critical factor in retaining 
and attracting industries that are central to state and regional economies 
(Exhibit 4-5). 
 

Exhibit 4-5: Freight by Mode – Washington State 2007 
(Million Tons) 

Truck, 336.4, 
53.5%

Truck & Rail, 1.6, 
0.3%

Water, 62.9, 10.0%

Rail, 116.3, 18.5%

Pipeline & Other, 
108.6, 17.3%

Other Intermodal, 
3.0, 0.5%

Air & Truck, 0.40, 
0.1%

 
Source: WSDOT State Rail and Marine Office – Analysis based on Federal 
Highway Administration (FHWA) Freight Analysis Framework (FAF) Data and 
2007 Surface Transportation Board (STB) Waybill Data 
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In 2007 the state’s freight railroads moved more than 116 million tons of 
freight, an almost 40 percent increase from 83 million tons in 1996.  Cargo 
moving on rail inbound was 48 percent—originating from other states or 
Canada and terminating in the state.  The second largest flow type at 
27 percent was cargo moving through the state without loading or 
unloading.  Local cargo, which originated and terminated within the state, 
comprised six percent of the total rail cargo.  Outbound cargo—
originating in the state and terminating in another state or Canada—was 
19 percent of total state rail freight (Exhibit 4-6). 
 

Exhibit 4-6: Rail Freight Flows – Washington State 20071 

Through
27%

Local
6%

Outbound 
19%

Inbound
48%

 
Source: WSDOT State Rail and Marine Office – 2007 Surface Transportation 
Board  Waybill Analysis 
 
The largest increase in percentage terms is outbound with a 70 percent 
increase, followed by inbound with a 54 percent increase (Exhibit 4-7). 
 

Exhibit 4-7: Growth of Rail Freight Flows  
Washington State 2007 versus 1996 (Million Tons) 
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Source: WSDOT State Rail and Marine Office – 2007 Surface Transportation 
Board  Waybill Analysis 

                                                 
1 Federal Waybill data is available for 2007. 2008 data is not available until early 2010. 
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As can be seen by comparing Exhibit 4-6 and Exhibit 4-8, the state is 
much more dependent on inbound cargo than the average state, which has 
only 12 percent inbound cargo that is moved by rail.  In other states 
approximately one third of the freight rail traffic is local.  Local moves by 
rail in this state are only 6 percent of the total rail freight.  The state is 
truly a Global Gateway for the U.S.  Due to this being a coastal state, its 
through traffic of 31.5 million tons (27 percent) is considerably below the 
average of all states’ through traffic of 44 percent. 
 

Exhibit 4-8: Directional Rail Freight Flows  
Average of Other States in U.S. 2007 

Outbound
12%

Inbound
12%

Through
44%

Local
32%

 
Source: WSDOT State Rail and Marine Office – 2007 Surface Transportation 
Board  Waybill Analysis 

Major Commodities Shipped by Rail 

The economic vitality of the state requires a robust rail system capable of 
providing its industries, ports, and farms with competitive access to North 
American and overseas international markets.  The state is well known for 
its agricultural products such as apples, wheat, soft fruits, and many other 
agricultural products.  Freight rail plays an important role in the state’s 
agriculture sector.  Lumber and wood product producers, manufacturers, 
waste management, and mining also rely on rail transportation to move 
heavy, bulky products to markets cost-effectively.  
 
Farm products, primarily wheat and grain (36.1 million tons), were the 
largest commodity moved on our rail system in 2007, followed by lumber 
and wood (12.9 million tons), miscellaneous mixed shipments 
(11.9 million tons), and coal (10.6 million tons).  In 2007, 100.4 tons 
(almost 86 percent) of freight moved on state rail was from the top ten 
commodities (Exhibit 4-9). 
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Exhibit 4-9: Top 10 Commodities Shipped by Rail  
Washington State 2007 (Million Tons) 

36.1

12.9 11.9
10.6
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materials not
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producing
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Pulp, paper,
or allied
products

Clay,
concrete,
glass, or

stone
products

Transportation
equipment

 
Source: WSDOT State Rail and Marine Office – 2007 Surface Transportation 
Board  Waybill Analysis 

Trade Partners 

The state’s rail freight supports regional, national, and international trade 
and economies.  In 2007 more than 55 million tons of goods arrived in the 
state from 42 other states and Canada by rail for export and in-state 
consumption.  Meanwhile, 23 million tons of goods were exported from 
the state to 45 other states and Canada by rail.  Exhibits 4-10 and 4-11 
provide details of inbound and outbound flows that reflect the state’s 
trades with its partners. 
 
The state itself plays an important role in support of trade and economy.  
One example is the Produce Rail Car program operated by WSDOT with 
leveraged federal grant funds.  This program maintains economic viability 
in farming areas of the eastern side of the state by supporting produce 
exports through a lower shipping cost.  Exhibit 4-12 shows the estimated 
2008 economic impacts of this program.  
 
If rail service deteriorates, these businesses may shift their freight to 
trucks, but this could increase their transportation costs and may increase 
the road maintenance costs for state and local governments.  In some 
cases, the loss of rail service could drive businesses to relocate or close.  
Rail service deterioration would also contribute to more congestion, 
higher green house gas emissions, higher energy use, and a negative 
impact on safety. 
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Exhibit 4-10: Inbound Rail Freight Flows 
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Exhibit 4-11: Outbound Rail Freight Flows 
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Exhibit 4-12: Economic Output and Employment Supported by 
Produce Rail Car Program* – Year 2008 

Impacts** Direct Indirect Induced Total

Economic Output
($ Million) $30 $17 $18 $66

Employment
(Jobs) 409 133 151 693

Value Added***
($ Million) $13 $8 $11 $32

 
Source: WSDOT State Rail and Marine Office - IMPLAN Input-Output model for 
Washington State and its local areas. 

* Economic impacts are assessed using the IMPLAN Input-Output model for 
Washington State and its local areas. Using classic input-output analysis in 
combination with regional specific Social Accounting Matrices and Multiplier 
Models, IMPLAN provides a highly accurate and adaptable model for its users. 
The IMPLAN database contains county, state, zip code, and federal economic 
statistics which are specialized by region, not estimated from national averages, 
and can be used to measure the effect on a regional or local economy of a given 
change or event in the economy's activity. 

** Direct impact is measured as the jobs, outputs, and value added within 
farming industries and shippers supported by the produce rail car program.  
Indirect impact is measured as the jobs, outputs, and value added occurring 
within other industries that provide goods and services to the directly affected 
industries.  Induced impact is the change in jobs, outputs, and value added 
resulting from household spending of income earned either directly or indirectly 
from the shippers industry’s spending. 

*** Difference between the total sales revenue of an industry and the total cost of 
components, materials, and services purchased from other firms within a 
reporting period (usually one year).  It is the industry's contribution to the GDP. 
 
The following section discusses rail-intensive industries in the state and 
their impacts on the state’s economy and dependence on freight rail. 

Rail Intensive Sectors and Industries in Washington State 

Agriculture and Food Products Industry/Bulk and Specialized 
Carload Shippers2 

Agriculture and food product manufacturers are important economic 
sectors in the state, generating 2.9 percent of the gross state product3 and 
accounting for 4.1 percent of 2008 employment .4  The state agricultural 
and food manufacturing production was valued at over $13.6 billion in 

                                                 
2 The section is adopted from the Washington State Transportation Commission’s 
(WSTC) Statewide Rail Capacity and System Needs Study (2006). 
3 USDOC Bureau of Economic Analysis. 
4 Employment Security Department. 
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2008.5  Agriculture is the primary source of employment in many of the 
state’s rural counties. 
 
Agricultural rail traffic outbound from the state is expected to grow at a 
compound annual growth rate of 3.3 percent over the next 20 years.  The 
state also has an expanding food products industry with particular 
strengths in frozen foods (7.3 percent of U.S. output) and wine 
production.6 
 
However, most of the agricultural tonnage moving on the state rail system 
is midwestern grain moving to the Lower Columbia River and Puget 
Sound ports for export.  And because midwestern grain is moving long 
distances by unit train, it is generally more attractive for the railroads than 
local state agricultural shipments, which must move shorter distances for 
export and may require specialized handling.  
 
The Class I railroads are asking state agricultural shippers to consolidate 
their shipments at new facilities, and this may be economical for those 
shippers who can accommodate the changes.  However, these changes can 
also lead to un-served and underserved markets where shippers have 
difficulty finding efficient transportation.  These changes could affect the 
short lines, which may see declines in their markets; operators of small 
grain elevators along the short lines who also stand to lose business; and 
the remaining shippers on the short lines who could see reductions in 
service and increased costs.  The challenge faced by state agriculture is to 
maintain competitive rail service as it focuses on higher-value added crops 
and produce that may not generate the volumes that are attractive to the 
Class I railroads. This need to consolidate carloads for more efficient rail 
service is a prime situation where state funding could make sense.  This 
has been done very successfully in Oregon. 

Ports and International Trade Sector/Intermodal Container 
Shippers7 

The state’s ports and international trade industry depend on rail to export 
grain and other agricultural products, and to import intermodal containers 
of consumer goods.  Although in 2007 rail only accounts for 19 percent of 
total freight in the state in terms of tonnage, it accounts for 42 percent of 
marine cargo.8  If the rail system cannot deliver high-quality 
transportation services, especially for intermodal cargo that is not destined 
                                                 
5 Department of Revenue. 
6 WSTC – Statewide Rail Capacity and System Needs Study (2006). 
7 The section is developed based on 2006 WSTC Statewide Rail Capacity and System 
Needs Study and WSDOT/Washington Public Ports Association (WPPA) 2009 Marine 
Cargo Forecast. 
8 WSDOT/WPPA 2009 Marine Cargo Forecast, STB Waybill data 2007, and United 
States Department of Transportation (USDOT) FAF 2008. 
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for this state, shippers may shift to other ports.  This could affect port-
supported economic sectors.  In addition, export trade plays a major role 
in the state economy.  Rail frequency and quality affects the frequency and 
array of service offered by shipping lines.  Without good rail connections 
to support both import and export trade, state ports would become less 
attractive to ocean carriers, and ultimately, the state would become a less 
attractive location for export businesses. 
 
About 40 percent of the state’s rail traffic is related to port activity.  The 
amount moving to state ports by rail is forecast to increase from the 
current 42 million tons to 66 million tons in 2030.9  The state’s ability to 
meet this opportunity will depend on the investments made to expand and 
improve rail operations and infrastructure. 
 
International trade generates large flows of intermodal containers through 
the Ports of Seattle and Tacoma.  Between 1999 and 2008, container 
traffic grew at an average annual rate of 2.9 percent from 2.76 million 
Twenty-Foot Equivalent Units10 (TEUs) to 3.57 million TEUs at Puget 
Sound ports.11  Much of the container traffic consists of merchandise and 
retail goods imported from Asia through the ports, and then transferred to 
rail for shipment to Midwestern and eastern U.S. markets.  Businesses and 
consumers across the U.S. benefit from this international trade, but healthy 
deepwater ports also provide benefits to the state.  
 
The state is among the top export states due to the strong market for 
Boeing aircraft.  While many state exporters do not use the rail system to 
deliver goods to state ports, the existence of a healthy rail system is 
important, because it brings more traffic to the ports and more shipping 
services that can be used by state exporters.  Strong long-haul rail services 
allow ocean carriers to access larger and more distant inland markets.  
Local export shipments help to balance import and export flows for the 
carrier.  Thus, a strong rail system helps attract ocean carrier services to 
state ports and makes the state a more attractive location for national, 
regional, and local export businesses. 

Manufacturers/Industrial Carload Shippers12 

Manufacturing and industrial product industries are among the largest rail-
using state businesses, and they primarily use rail carload services.  
Shippers include producers of metals, machinery, transportation 
equipment (including aircraft), wood and paper, petroleum, and plastic 

                                                 
9 WSDOT/WPPA 2009 Marine Cargo Forecast. 
10 Twenty-Foot-Equivalent Unit. The 8-foot by 8-foot by 20-foot intermodal container is 
used as a basic measure in many statistics. 
11 Port of Seattle and Port of Tacoma. 
12 The section is adopted from Statewide Rail Capacity and System Needs Study. 
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products.  In 2008 the largest tonnage volumes of outbound shipments 
from these industries were waste and scrap materials; pulp, paper, and 
allied products; transportation equipment; primary metal products; and 
chemicals and allied products.13  Inbound manufactured or industrial 
products included coal; chemicals; clay, concrete, glass, and stone; pulp 
and paper; and primary metal products.14 
 
The volume of shipments of manufacturing goods is expected to grow 
steadily.  However, many of the shippers reported that they were paying 
higher prices, were getting lower quality service, and were often having 
business turned away by the railroads.15  These shippers will substitute 
truck for rail when they can, but for shippers of bulky, semi-finished 
products, or primary materials, trucking may not be feasible or cost 
effective.  Hence, there is a risk that the state will lose some of the 
businesses, such as coal and gravel that depend on carload shipments, to 
relocation or closure.  
 
A key feature of rail is the ability to move heavy and high/wide 
manufacturing products that cannot be moved via truck. 

Economic Impacts of Freight Rail  

Freight rail has significant economic impacts.  In 2007 total state rail 
freight revenue, including rail-only and rail intermodal, amounted to 
$2 billion.  Freight rail employed 4,207 people in the state and contributed 
$533 million to the state’s GDP directly.  The state’s freight rail system 
also supports other economic sectors.  Exhibit 4-13 provides an overview 
of the economic impacts of freight rail in the state. 

Major Drivers in Freight Rail Demand  
There are four major drivers that determine freight demand: 
 
 Population size and trends; demographic changes. 
 Economic activity, both domestic and international. 
 Trade activity, both domestic and international. 
 Supply chain practices. 

                                                 
13 Goods shipped from this state to other states and countries by rail.  
14 Goods shipped from other states and countries to this state by rail.  Do not confuse this 
with state import. 
15 Shippers’ survey conducted by researchers of 2006 Statewide Rail Capacity and 
System Needs Study. 
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Exhibit 4-13: Economic Impacts of Freight Rail Transportation – 
Washington State 2007 

Impact Category Direct* Indirect** Total

Employment (Jobs) 4,207 6,057 10,264

Business Revenue ($ Million) *** $1,154 $884 $2,038

Employee Compensation ($ 
Million)

$417 $259 $676

GDP ($ Million) **** $533 $383 $916

Tax Impact ($ Million) N/A N/A $271
 

* Directly related to freight rail transportation industry. 

** Jobs that support freight rail transportation but not hired by rail transportation 
industry. 

*** Business revenue of an industry is total sales of all business in the industry. 

**** GDP is value-added or the difference between the value of its output and the 
value of its input. GDP of an industry is measured as sum of values added by all 
businesses in the industry. It is sales of goods minus purchase of intermediate 
goods to produce the goods sold. 

Sources: Association of American Railroads, WSDOT State Rail and Marine 
Office - IMPLAN Input-Output model for Washington State and its local areas. 
 

Population Growth and Trade Growth 

As Exhibit 4-14 shows, the population of the state is projected to grow at 
1.2 percent a year.  However, freight rail demand in the state is tied both 
to U.S. population growth and to state population growth, due to the fact 
that the state is one of the major global gateway states and plays an 
important role in the national economy and international trade. Therefore, 
freight rail demand grows faster in Washington State than the national 
average. 
 
It is estimated that one in four jobs in the state is trade related.16  Thus, for 
the import side of the equation, it is the growth in the total U.S. population 
and their consumption that drives the demand for freight rail in this state.  
On the export side of the equation, the demand is built on world 
population growth of developing countries in Asia and their need to feed 
their people.  U.S. imports grew at an annual pace of 8.8 percent between 

                                                 
16 www.washingtonports.org and www.portjobs.org/. 
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1992 and 2008, and U.S. exports grew at 7.0 percent during the same 
period (Exhibit 4-15). 
 

Exhibit 4-14: Population Growth – Washington State 2007-2030 
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Source: Washington State Office of Financial Management 
 

Exhibit 4-15: U.S. Export and Import, 1992 to 2008 
($ Million) 
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Source: U.S. Census Bureau, Foreign Trade Division 
 
Most trade forecasters agree that the degree of foreign trade dependency 
on the world’s major economies will continue to grow.  That is the U.S. 
and its major trading partners will continue to become more “open” 
economies. This trend will continue because the developing world 
continues to offer increasingly advantageous locations for production. 
Economic efficiency is the driver for economic globalization.  As a 
consequence, the ability to produce lower cost goods and services in 
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different locations leads to more trade and transportation. While the past 
growth rate is not expected to be sustainable, it is believed the trend of 
imports and exports is likely to continue to grow at a slow but steady pace. 
 
The state, as a major global gateway state, shared a significant portion of 
such growth in 2008, ranking sixth in exports (Exhibit 4-16). 
 
Imports drive the demand for rail service in the state as the fast growth of 
international container traffic through state gateways to U.S. markets 
continues.  However, the trend has been slowing lately and future growth 
is likely to continue at a slower pace (Exhibit 4-17). 
 

Exhibit 4-16: Top Ten Export States in the United States – 2008 
($ Millions) 
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Source: U.S. Census 

Economic Growth 

The economic growth of many sectors of the state economy is dependent 
on freight.  Most of these freight-dependent sectors at some point depend 
on the rail system within the state to move their goods.  The growth of 
freight dependent sectors in the state is faster than that of the U.S. 
(Exhibits 4-18 and 4-19).  
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Exhibit 4-17: Container Traffic Through Puget Sound Ports 
1998–2008 (1000 TEUs) 
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Source: Port of Seattle and Port of Tacoma 
 

Exhibit 4-18: GDP Growth of Freight-Dependent Sectors – 
Washington State vs. United States, 1997 to 2008 
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Note: Freight-dependent sectors include agriculture, mining, construction, 
manufacturing, wholesale, retail and transportation, and warehousing. 

Source: U.S. Department of Commerce, Bureau of Economic Analysis 
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Exhibit 4-19: GDP Growth by Freight-Dependent Sectors – 
Washington State 1997 to 2008 ($ Million) 
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Source: U.S. Bureau of Economic Analysis 

Future Demand – Washington State Rail Forecast 

Sources 

Future demand of rail freight services are assessed based on five main 
studies (Appendix 4): 
 
 Washington State Transportation Commission (WSTC): Statewide 

Rail Capacity and System Needs Study – Freight Transportation 
Demand Forecasts (2006). 

 USDOT Federal Highway Administration: 2007 Updates of Freight 
Analysis Framework Forecast. 

 WSDOT/WPPA: 2009 Washington State Marine Cargo Forecast. 
 U.S. STB: 2007 Rail Waybill Sample Data. 
 American Association of State Highway and Transportation Officials 

(AASHTO): Freight Demand and Logistic Bottom Line Report 
(Draft), 2006. 

Methodology and Forecasts 

The WSDOT State Rail and Marine Office adopted the forecast results 
from the above sources.  For rail mode related forecasts, 2007 Waybill 
data are used as a base for projections, since data for 2008 was not 
available at the time of forecasting.  
 
However, the 2008 and 2009 recession has had profound impacts on the 
U.S. and world economies and many effects are likely to take many years 
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to understand.  Therefore, the results of the forecasts in this plan could be 
slightly optimistic from a long-term forecast perspective.  The forecasts 
will be updated as necessary as the data for 2008 and 2009 become 
available. 
 
While the most recent recession data for freight is not available and 
therefore not incorporated into most of the analytical models, the sources 
used for the forecasts are long-term data.  Historical data used in those 
models reflect the effects of previous recessions.  In addition, while the 
economy went into recession in 2008, state port-related imports and 
exports started to decline in 2007.  Rail traffic in 2007 was not as strong as 
the economy itself in that year.  Therefore, the correction factor of this 
recession to the forecast results may not be dramatic, but could be 
significant when the data are incorporated into the long-term trends. 

Summary of Rail Freight Forecast 

The state’s mainline freight rail demand can expect continued growth over 
the next 10 to 20 years.  The railroads are expected to need to move more 
than 152.1 million domestic tons of freight in 2020, up from 116.3 million 
in 2007, a 2.1 percent compound annual growth rate.  In 2030, it is 
projected that there will be close to 189.9 million tons needing to be 
moved, a 2.2 percent annual growth over the 10 years from 2020 to 2030, 
and a steady 2.2 percent growth rate over the 23 years between 2007 and 
2030.  Exhibit 4-20 shows the growth of rail tonnage in the forecast years.  
While local and inbound traffic continue to grow, they will slow to 
slightly lower levels of growth from 2020 to 2030 compared to 2007 to 
2020 growth levels.  Outbound and through traffic will both grow at 
higher rates in the more distant future as compared to the next 10 years. 
 
Exhibit 4-21 shows the projected distribution of the inbound, outbound, 
through, and local shares of the state’s total freight rail tonnage for both 
forecast years of 2020 and 2030.  Of all shares, outbound traffic is 
projected to continue to grow the most between 2020 and 2030, growing 
from 23 percent to 27 percent between 2007 and 2020, and expanding to 
35 million tons.  Local and through traffic is projected to continue to 
maintain approximately 6 percent and 27 percent of the tonnage, 
respectively, over the next 10 and 20 years.  Inbound traffic is projected to 
encompass a smaller percent of the traffic, as it will claim 44 percent of 
the tonnage in 2020 and only 40 percent in 2030. 
 



December 2009 Washington State 2010-2030 Freight Rail Plan 
Page 4-20 Chapter 4: Freight Rail Services – Effects on the Economy and Society 

Exhibit 4-20: Washington State Rail Freight 
2007, 2020, and 2030 (Million Tons) 
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Source: WSDOT State Rail and Marine Office 
 

Exhibit 4-21: Rail Freight Distribution (Million Tons) 
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Source: WSDOT State Rail and Marine Office 
 
The distribution of traffic tonnage by commodity through the forecast 
years is shown in Exhibit 4-22.  Farm products shipped by rail are 
projected to continue to be a significant tonnage commodity group, 
growing to more than 64.7 million tons in 2030, up from 36.1 million tons 
in 2007.  Miscellaneous mixed shipments, primarily in the form of 
imports, are projected to increase from 11.9 million tons in 2007 to 
14.3 million in 2020 and 17.6 million in 2030.  
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Exhibit 4-22: Projected Rail Freight Growth of Top 10 Commodities – 
Washington 2007-2030 (Million Tons) 

2007 2010 2015 2020 2025 2030

Farm products 36.1 38.8 42.8 48.1 55.2 64.7

Lumber or wood products, 
excluding furniture

12.9 12.8 12.0 11.2 10.2 9.2

Miscellaneous mixed shipments 11.9 12.6 13.4 14.3 16.0 17.6

Coal 10.6 11.0 12.7 14.8 17.1 19.9

Food and kindred products 7.3 7.2 7.9 9.3 11.0 13.2

Chemicals or allied products 6.8 7.8 8.2 8.7 9.1 9.5

Waste or scrap materials not 
identified by producing industry

5.1 5.1 5.8 6.6 7.6 8.9

Pulp, paper, or allied products 4.1 4.1 4.2 4.2 4.2 4.3

Clay, concrete, glass, or stone 
products

3.1 3.4 3.9 4.5 5.1 6.0

Transportation equipment 2.5 2.5 2.3 2.3 2.5 2.8

State Total 116.3 122.2 131.9 145.7 161.9 183.0

Commodity
Year

 
Source: WSDOT State Rail and Marine Office - Analysis and forecast based on 
FHWA Freight Analysis Framework Data and 2007 Surface Transportation Board 
Waybill data. 

2009 Marine Cargo Forecast  

In 2009 the WPPA and WSDOT jointly conducted a 5-year update of the 
2004 Marine Cargo Forecast.  These two organizations have been 
providing joint cargo forecasts since 1985.  The purpose is to assess the 
expected flow of waterborne cargo through the state port system and to 
evaluate the distribution of cargo through the rest of the state’s 
transportation network.  The current report is a 20-year forecast of trade 
(2008 to 2030) moving through the state by water, rail, roads, and current 
capacity of transportation infrastructure. 
 
The Marine Cargo study found that rail freight is likely to play an 
increasingly important role in marine cargo movement.  As Exhibit 4-23 
and Exhibit 4-24 demonstrate, rail freight demand is expected to account 
for a larger share of marine cargo movement in the future, due to a higher 
growth rate than other modes over the forecast period. 
 
Three factors drive increased marine cargo growth.  First, U.S. 
consumption increases as population and living standards increase.  
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Second, economic globalization makes countries more specialized in 
production to achieve efficiency.  As a result of this globalization, exports 
and imports increase.  Last, containerization of the transportation industry 
generates more intermodal traffic that demands rail services.  
 
However, the recent economic recession is likely to have impacts on long-
term growth potential.  Forecast results presented in this section, which 
did not include the data of this severe recession, are likely to be optimistic.  
This plan will be updated as the new data and forecast results become 
available. 
 

Exhibit 4-23: Marine Cargo Trends – Rail vs. Other Modes 
2002 to 2030 (Million Tons) 

25 29 37 40 39 41 40 45 51 58 66

51
54

57
64 61 59 62

65
63

74

86

0

20

40

60

80

100

120

140

160

2002 2003 2004 2005 2006 2007 2010 2015 2020 2025 2030

Other Modes
Rail

 
Source: 2009 WPPA/WSDOT Marine Cargo Forecast  
 
Findings identified by the 2009 Marine Cargo Forecast are as follows: 
 
 State public ports have experienced strong and steady growth during 

the past quarter of a century.  State ports have experienced the 
following increases over the last 16 years: 
o Almost all cargo types have shown substantial gains, with the 

exception of timber. 
o Cargo volumes at deep water ports have tripled. 
o Containerized cargo has increased 500 percent. 

 The study suggests that strong growth can be anticipated into the 
future.  The state’s waterborne commerce is expected to grow at 
slightly less than 2 percent per year through 2030.  Growth is 
anticipated within all cargo categories, although it will vary by 
commodity type. 
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Exhibit 4-24: Marine Cargo Port Modal Distribution 
Washington State 2007, 2020, and 2030 (Million Tons) 
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Source: 2009 WPPA/WSDOT Marine Cargo Forecast  
 
 
Highlights of the forecast include the following: 
 
 Containers are projected to continue to be the fastest growing 

cargo type.  State ports can expect continued competition, but the 
growth opportunities are projected to remain positive for the next 
20 years.  Container traffic grew from nearly 2.9 million TEUs in 2002 
to nearly 3.9 million TEUs in 2007.  Puget Sound containerized trade 
is projected to grow by an average of 4.1 percent per year in the 
forecast period, reaching 9.7 million TEUs in 2030, given the three 
drivers (population growth, globalization, and containerization) 
explained in the previous section. 

 Auto imports will experience rapid growth.  Auto imports are 
expected to more than double from 690,000 units in 2007 to 
approximately 1.5 million units in 2030.  Competitive rail service will 
be essential to meeting this demand, as three quarters of auto imports 
currently move to inland locations by rail. 

 Log exports will level off.  After decades of decline, log exports are 
expected to level off and remain flat through the forecast period.  The 
loss of log exports has affected many ports, which have responded 
with successful diversification programs.  Many have found niche 
opportunities, such as importing wind energy equipment. 
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 Break-bulk cargo volumes will grow slowly.17  Metal, forest 
products, and other break-bulk cargo will grow slowly due to 
containerization and structural changes in the industries that produce 
these cargoes.  Much of the expansion will occur as ports diversify.  
As a result, break-bulk traffic through state ports is projected to grow 
from 2.3 million metric tons in 2007 to around 3.0 million metric tons 
in 2030. 

 Grain shipments will expand moderately.  After increasing 
substantially in recent years, grain shipments are likely to grow 
modestly in the face of significant domestic and international 
competition, maximum yields per acre, and maximum acres in 
production. 

 Dry bulk trends will continue.  Some stalwart cargoes (such as 
bauxite) have decreased while others (such as petroleum coke) have 
increased.  These trends will continue. 

 Liquid bulk will shift from domestic to foreign.  Both crude oil and 
petroleum product imports will shift from domestic to foreign sources 
as Alaskan production tapers off. 

Update on National Trends 

The demand for freight rail services will grow because the rail freight is 
driven by three factors (population growth, globalization, and 
containerization).  Assuming moderate rates of economic growth, the 
tonnage of freight moved in the U.S. is likely to increase three quarters in 
30 years (2006 to 2035)  (Exhibit 4-25).  This rate of growth is about the 
same as the last 20 years and roughly tracks growth in the U.S. Gross 
Domestic Product.  The following section first looks at the projected 
growth in the demand for freight traffic (both total and for rail) and then 
discusses the rail industry response to this demand growth. 
 
The growth in freight tonnage is expected to continue at 2.5 percent to 
3 percent per year at least through 2035.  The demand for freight rail 
services is projected to increase by a total of 73 percent based on tons 
through 2035, assuming continued investment in the rail system to handle 
growth.  Despite this, the rail share of national freight shipments is 
shrinking slightly.  By 2035 rail’s share of total freight tonnage is 
expected to decline from 9.7 percent to 9.5 percent, and rail’s share of 
value could decline from 2.9 percent to 2.8 percent.  Exhibit 4-26 shows 
freight modal distribution in 2006 and 2035. 
 

                                                 
17 Break-bulk cargo is cargo that is too big or too heavy to fit into a container or 
traditionally cannot be vacuumed out of a ship. 
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Exhibit 4-25: U.S. Shipments by Mode – 2006 and 2035 (Millions of Tons) 

Total Domestic Exports3 Imports3 Total Domestic Exports3 Imports3

Total 20,974 18,985 620 1,369 (R) 37,212 33,668 (R) 1,112 (R) 2,432

Truck 12,659 12,389 169 101 22,814 22,231 262 320

Rail 2,040 1,905 41 95 3,525 3,292 57 176

Water 688 582 48 58 1,041 874 114 54

Air, air & truck 15 5 4 6 (R) 61 10 (R) 13 (R) 38

Intermodal1 1,503 194 353 956 2,598 334 660 1,604

Pipeline & unknown2 4,068 3,909 6 153 7,172 6,926 5 240

Mode
2006 2035

 
1 Intermodal includes U.S. Postal Service and courier shipments and all intermodal combinations, 
except air and truck. 
2 Pipeline and unknown shipments are combined because data on region-to-region flows by 
pipeline are statistically uncertain. 
3 Data do not include imports and exports that pass through the U.S. from a foreign origin to a 
foreign destination by any mode. 

(R) Revised 

Note: Numbers may not add to total due to rounding. 

Source: USDOT, FHWA, Office of Freight Management and Operations, FAF, Version 2.2, 2007 
 

Exhibit 4-26: U.S. Freight Tons and Value by Mode, 2006 and 2035 
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Source: USDOT FHWA, FAF, 2007 
 
Rail market share is also shrinking in part because of structural changes in 
the economy.  The U.S. is producing and shipping more value-added 
products and fewer heavy manufactured goods.  Freight shipments are 
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lighter, less bulky, and higher in value, making them better suited to 
highway container transport or truck than rail.  This trend is expected to 
continue, with the value per ton going up over the next decade, suggesting 
more growth in high-value commodities than low-value commodities and 
more demand for trucking services. 
 
Rail market share also may be shrinking because of the slow pace of rail 
investment.  The industry is purposefully operating near capacity because 
of its capital intensity, and it is using demand management as well as 
investment to respond to traffic volumes.  This means that some customers 
are not well served by the market.  Railroads, like all private industry, will 
continue to make capital decisions based on private financial returns, and 
public benefits will be just an incidental part of the decision unless public 
capital plays a role.  Demand for rail transportation is driven by the 
commodity markets it serves, as well as by carrier performance.  Almost 
three-quarters of the current national rail tonnage and revenue come from 
four market groups: coal, farm and food products, chemicals and 
petroleum, and the intermodal business (listing them in order of tonnage 
size).  Some 40 percent of the physical volume is in coal alone, but the 
revenue picture is different and more balanced: intermodal and coal each 
comprise about 20 percent of the revenue (with intermodal somewhat the 
larger), while the farm and food group and the chemicals and petroleum 
group comprise about 15 percent each.  Roughly 60 percent of all new rail 
tonnage is attributable to coal and intermodal, and although the top four 
markets remain the same, by 2035 intermodal should be second only to 
coal in terms of physical volume, and will be substantially the most 
important source of rail revenue.  The intermodal business is projected to 
maintain a 3.8 percent compound annual growth rate over the next three 
decades, causing it to more than triple in size, primarily because of its role 
in carrying containerized imports for the globalizing economy.  Traffic in 
transportation equipment will also grow at an above-average pace, 
expanding by 2.6 percent per year and more than doubling in volume by 
2035.  This business is chiefly automotive products.  
 
Bulk services are dedicated unit trains hauling a single bulk commodity, 
such as coal or grain.  Intermodal services, as defined by the rail industry, 
are trains hauling international and domestic containers and trailers.  All 
other rail freight, such as chemicals, forest products, and automobiles, 
move as general merchandise.  The long-term prospects of national growth 
for selected rail commodities through the year 2035 are:18 
 
 Coal – Rail should remain its primary mode of transport, with a 

62 percent cumulative growth in national rail tonnage by 2035. 

                                                 
18 Forecasts developed by Global Insight and obtained from the AASHTO Freight 
Demand and Logistic Bottom Line Report (Draft), 2006 
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 Farm and Food Products – Modest growth of slightly less than 
1 percent per year, with cumulative growth in 2035 projected to be 
21 percent larger than today. 

 Chemical and Petroleum – Slow growth of less than 1 percent per 
year and accumulating to a 27 percent increase by 2035. 

 Lumber and Forest Products – Slow growth around or just above 
1 percent per year, and a total increase in rail shipments of 40 percent 
to 49 percent by 2035. 

 Transportation Equipment (Automobiles) – Solid growth of 
123 percent in tonnage through 2035. 

 Intermodal – Prospects for rail intermodal business are robust, with 
tonnage volumes rising 213 percent by 2035. 

 
Exhibit 4-27 demonstrates the projected growth demand for rail in the 
U.S. between 2005 and 2035.  More capacity will have to be developed in 
the rail network in this state.  This topic will further be explored in 
Chapter 5. 

Impacts of Freight Rail on Society 

All transportation modes (motor vehicles, rail, air, barge, and so on) 
produce externalities—unintended consequences or indirect effects that 
are created by some activity.  The costs associated with these externalities 
are not directly charged to any specific individual, but are borne by 
society as a whole.  The negative health impacts associated with air 
pollution are a classic example of such an externality.  Although travel by 
air, car, or rail creates air pollution impacts, riders, in general, are not 
charged for their contribution to decreasing air quality.  How are these 
externalities assessed to society?  This can be explained by a classic 
theory in benefit/cost analysis or project investment analysis—with or 
without analysis—as shown in Exhibit 4-28. 
 
As the chart shows, pollution is likely to increase over time because of 
current practices.  With a project that could lead to less pollution created, 
society gets benefits by having fewer negative impacts.  The reduction in 
cost of loss would be the benefits of the project invested.  This principle 
applies to freight rail investment.  In general, rail has less negative impacts 
on society.  Since rail generates fewer emissions per ton-mile, using rail as 
an option to ship heavy goods helps reduce pollution.  This emission 
reduction would be the benefit of investment in freight rail. 
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Exhibit 4-27: Comparison of Total Rail Flow Railcars per Year – 2005 and 2035 

 
Source: AASHTO Freight Demand and Logistic Bottom Line Report (Draft), 2006 



Washington State 2010-2030 Freight Rail Plan December 2009 
Chapter 4: Freight Rail Services – Effects on the Economy and Society Page 4-29 

Exhibit 4-28:  Principle of With/Without Analysis 
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There are multiple benefits associated with freight rail.  The magnitude of 
benefits received by the people of this state depends on how freight rail 
will be integrated into the policies.  These policies should embrace 
integrated solutions for interconnected problems.  In general freight rail 
has been identified by many studies to have four categories of societal 
impacts: transportation benefits; economic impacts; safety, energy, and 
environmental impacts; and land use impacts. 

Transportation Benefits 

Low Shipping Costs 
Rail provides shippers of heavy materials or large volumes of materials 
with a transportation option that can be significantly cost effective.  
Depending on the density of the commodity, one railcar may move the 
same weight or volume as four or five trucks.  For such shippers, rail is 
usually the low-cost option, and rail rates have been dropping.  On 
average, it costs 29 percent less to move freight by rail today than in 1981, 
adjusted for inflation.  The associated cost savings (in the billions of 
dollars annually) are vital to the viability of these businesses.  The 
availability of rail service can be an important factor for states and 
municipalities interested in retaining and attracting these types of 
businesses.  Availability of freight rail can improve the competitiveness of 
our economy by reducing overall shipping costs. 

Intermodal Connectivity and International Trade 
Freight-rail service provides a critical link in the nation’s intermodal 
freight transportation system, serving the trucking and maritime shipping 
industries, and supporting the nation’s international trade and global 
competitiveness.  The rail and trucking industries are competitors, but they 
are also partners.  Unless a rail move is “door-to-door,” it begins or ends 
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with a truck move.  This could involve the transfer of an intermodal 
container or the transfer of bulk and carload commodities via transload or 
transflow operations.  Rail and trucking companies are partnering to 
provide integrated door-to-door intermodal services that optimize the 
relative strengths and efficiencies of each mode.  

Congestion Relief 
As the economy and population continue to grow, freeway traffic 
congestion problems, particularly in the I-5 corridor, will increase.  
Freight rail can help share some incremental demand, which otherwise 
would be picked up by trucks.  However, the substitutability between 
highway freight and rail freight is limited.  The potential of freight rail as 
part of the solution for congestion needs further examination. 

Transportation Choice 
Freight rail provides shippers another transportation option, especially for 
long-distance and intermodal shipping.  

Economic Benefits 

Supports Local Communities 
Freight rail construction projects bring jobs and revenue to local 
communities and businesses.   

Supports Economic Viability 
Freight rail that serves an underserved market can help maintain economic 
viability of local economies. 

Generates Tax Revenues for Public Programs 
Rail supports growth of many businesses in various industries that pay 
business taxes to governments. 

Safety, Energy, and Environmental Benefits 

Public Safety 
Rail transportation has a strong safety record with a lower national 
accident fatality rate.  Freight rail provides an option for policymakers 
who would like to improve public safety.19 

Energy Benefit 
Freight rail is much more efficient than airplanes and motor vehicles in 
terms of energy use per ton hauled.  Increasing rail capacity will reduce 

                                                 
19 Government statistics show that freight rail is safer in terms of both fatality and 
injuries. See Texas Transportation Institute: A Modal comparison of domestic freight 
transportation effects on the general public. 2007. 
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the growth of other energy-inefficient modes and help tackle the energy 
dependence problems. 

Pollution Reduction 
Emission reduction is an important environmental issue facing 
transportation operators.  The environment plays a fundamental role in 
determining quality of life and economic well-being for state citizens.  
The level of released toxic substances and greenhouse gas emissions for 
freight rail is low.20  Increasing the use of rail for long-haul freight is an 
option that would help reduce environmental pollution. 

Land Use and Community Impacts 

Rail helps reduce land use impacts because it uses less right of way than 
highway for the same carrying capacity.  It also requires less land for 
yards than the trucking industry based on per ton-mile freight.  Rail also 
releases fewer harmful substances into the environment. 
 
State land use planning authority primarily resides within local 
government.  WSDOT, local governments, and regional governments have 
a shared responsibility to enhance the quality of life and economic vitality 
for all state residents while providing a safe and efficient transportation 
network.  Because land use decisions and patterns of land development 
can significantly influence the safety and efficiency of the transportation 
system, local government land use decisions, both individually and 
collectively, are matters of critical importance to WSDOT and freight 
owners.  The Growth Management Act, the Shorelines Management Act, 
and the State Environmental Policy Act provide WSDOT with 
opportunities to coordinate and communicate with local governments as 
they draft plans and regulations that may affect the state transportation 
system.  These acts ensure the needs of both the communities and the 
freight owners are met.  

                                                 
20 AASHTO: Railroads provide significant environmental benefits.  The U.S. 
Environmental Protection Agency estimates that for every ton-mile, a typical truck emits 
roughly three times more nitrogen oxides and particulates than a locomotive. Related 
studies suggest that trucks emit six to 12 times more pollutants per ton-mile than do 
railroads, depending on the pollutant measured. According to the American Society of 
Mechanical Engineers, 2.5 million fewer tons of carbon dioxide would be emitted into 
the air annually if 10 percent of intercity freight now moving by highway were shifted to 
rail. 
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Chapter 5: The Changing Rail System – Issue 
Discussion and Needs Assessment 

Overview of Issues and Needs Assessment 
This section presents short- and long-term freight rail needs in 
Washington State (state).  The assessment is based on data provided 
directly by the state’s freight railroads, ports, public agencies, and other 
key stakeholders.  In total, this needs assessment identifies 109 short- and 
long-term capital improvement projects and other initiatives.  Several 
freight rail needs have been included in this total, even though they have 
not progressed to the point of having full solutions and cost estimates.  
The total cost for the projects, where cost estimates are available, is 
$2.0 billion.1 

Key Issues 

The key issues addressed in this section are rail system needs, 
abandonment, port access and competitive needs of the ports, intermodal 
connectors, and emerging issues and data needs.  Each of these topics is 
described in detail in this chapter. 

Purpose of the Needs Assessment 

The primary purpose of the needs assessment is to develop a reasonably 
comprehensive list of necessary or desired freight rail improvements.  This 
list will allow the Washington State Department of Transportation 
(WSDOT) to gauge the condition of the system and assess potential public 
involvement.  Railroad needs, for the purposes of this rail plan, are 
restricted to capital needs and do not include operating expenses or 
subsidies.  A need for this plan is defined as a need regardless of whether 
it is privately- or publicly-funded or remains unfunded.  Thus, the needs 
included in this assessment should be considered “unconstrained” needs 
and not a funding commitment.  
 
WSDOT will review and evaluate these needs when determining 
appropriate levels of public support for a project.  Inclusion of a need in 
the Washington State 2010-2030 Freight Rail Plan does not constitute a 
commitment on the part of WSDOT or the state to provide funding.  As 
comprehensive as this plan attempts to be, it must be noted that this 
document does not include all freight rail needs. 
 

                                                 
1 Twenty-one projects did not report a cost for their project.  
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The freight railroads are private, for-profit businesses and in some cases 
did not submit all their capital needs for inclusion in this public document.  
This is especially true in cases where private capital is available to fully 
fund planned improvements.  Traditionally, railroads are less likely to 
submit projects where the railroads believe that public involvement in 
specific projects is less likely or where disclosure of a need could 
adversely affect their strategic business ventures.  Therefore, the needs 
that are listed in this section are only those projects that have been 
specifically submitted for inclusion in this list of projects. 

Methodology 

WSDOT compiled a list of needs for the state’s freight rail system from 
prior studies, a survey, and a set of interviews and reviews with key 
stakeholders.  Specifically, the freight railroads, the ports, and other 
stakeholders were engaged in this effort.  The needs range from well 
developed plans that have been through a full planning and design 
process, to new concepts, to a wish list of projects.  This is why not all 
projects have full information in the list contained in Appendix 8-A.  The 
only restrictions on the needs submitted for inclusion in the list were: 
 
 The needs focus on freight rail projects, since passenger rail needs 

continue to be identified in other studies.  Although some passenger 
rail needs were included, especially when they also impact freight 
operations, this list should not be considered a comprehensive list of 
passenger rail needs. 

 The needs focus on projects that improve the movement of rail freight.  
For example, improvement of a road-rail grade crossing to help 
mitigate highway congestion is not a freight rail need; it is generally 
classified as a safety issue. 

 The needs focus on capital improvements, and do not include 
operating expenses for the freight railroads.  The freight rail system is 
dynamic and driven by customer demands and trends. 

 
Therefore, needs continually change.  The needs in this plan are current 
through October 2009, and were assembled with the procedure outlined in 
Exhibit 5-1 below. 
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Exhibit 5-1: Procedure for Collecting Freight Rail Needs 
Timeframe Activity 
June 2009 Held initial stakeholder meeting. 
August 2009 Requested railroads, ports, and other stakeholders fill out 

survey of needs. 
September 2009 Conducted initial in-person interviews with some of the 

railroads and ports. 
October 2009 Reviewed the list of needs for duplicates and incomplete 

information. 
Followed up with reminder telephone calls and clarified 
any questions. 

November 2009 Sent out to the railroads, ports, and stakeholders for final 
review, and conducted final round of follow-up questions 
as necessary. 

Rail Abandonments: Recent, Proposed, and At-Risk Lines 

Abandoned Rail Lines 

Current Abandoned Lines 

Exhibit 5-2 shows the abandoned rail lines 1998 and before, and the 
current abandoned rail lines (1999 to 2009) in the state. 
 
As of the Washington State Freight Rail Plan 1998 Update, there had 
been a total of 1,975 miles of rail lines (132 segments) abandoned from 
1953 to 1998.  Since 1998 there has been an additional 70.23 miles 
abandoned.  A list of abandonments from 1953 to 2009 can be found in 
Appendix 5-A. 
 
This state has one of the best state rail preservation and development 
programs in the country.  The state has invested $99 million in its rail 
freight infrastructure since 1980.  An additional $35 million in investment 
is anticipated from 2010 to 2012 (see Exhibit 5-3). 
 
These investments include the Freight Rail Assistance Program 
($6 million 2007-2011) and Freight Rail Investment Bank Program (Rail 
Bank) loans.  The Rail Bank has $7.5 million in funding available from 
2007-2011, with a maximum loan of $250,000.  All of these investments 
have been in regional and small railroads, in recognition of the fact that 
these railroads are a vital component of the state’s transportation system 
and economic well-being.  
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Exhibit 5-2: Abandoned Rail Lines 
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Exhibit 5-3: Washington Rail Investments ($ Millions) 
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Rail abandonments have been widespread in the United States (U.S.) since 
the passage of the national railroad reform legislation, ending most federal 
regulation of railroads, over 20 years ago.  Given a greater opportunity to 
control costs and generate revenues, Class I railroads sold, abandoned, or 
leased their less profitable lines.  This proved to be an opportunity for 
others; a great many short-line railroads were formed to operate lines 
divested by Class I railroads.  In other cases, rail lines were abandoned 
and the real estate was used for other purposes.  
 
The state’s rail abandonment program is assisted by the federal 
government through the Local Rail Freight Assistance program.  The state 
has been one of several states that has worked to preserve rail 
infrastructure.  This program has preserved and developed rail lines that 
would otherwise have been abandoned.  This has been very important in 
meeting present and future transportation needs. 
 
Many of the short lines around the nation and in the state were created 
from branch or light density lines of the larger Class I railroads.  These 
lines were either abandoned or sold by the Class I railroads during their 
industry restructuring of the 1980s and 1990s.  Most of the lines sold 
through the abandonment process by Class I railroads were in poor2 
physical condition at the time of abandonment.  Many of these branch 
lines have sections of lighter rail than is necessary for today’s new railcar 
load limits and weight-restricted bridges. 
 

                                                 
2 Poor physical condition is track that is in disrepair from wear and tear or has 
deteriorated due to lack of maintenance. 
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As illustrated in Exhibit 3-5 in Chapter 3, there are 19 active short-line 
railroads operating in the state.  The majority of these railroads operate on 
light density lines that were divested by the Class I (mainline) railroads.  
They are located throughout the state and play a critical role in moving a 
wide variety of products, including agricultural products, frozen foods, 
lumber, gravel, and petroleum products.  Often locally-owned and 
operated, many short-line railroads in the state keep hundreds of small 
businesses and communities connected to the national mainline rail 
system. 
 
Many of these branch lines were sold by the Class I railroads because they 
could not make a profit operating these light density lines.  Nearly every 
short-line railroad began its existence with track that had received little 
investment under previous owners.  Whether they are municipally or 
privately held, many short lines are in need of infrastructure funding for 
rehabilitation or improvement. 
 
These existing lines present an opportunity to the state.  In many cases, 
improvements for the state’s short lines involve upgrades to existing 
infrastructure, rather than capacity expansion projects that involve more 
significant environmental issues.  They should therefore be able to move 
more readily from planning to construction.  A review of the most recent 
WSDOT short-line funding proposals indicates that most of these projects 
involve improvements to existing infrastructure.  In many cases these 
improvements involve increasing track capacity maximums from 
263,000 pounds per car to 286,000 pounds per car to meet Class I railroad 
requirements.  Upgrading track to handle the heavier cars may make 
economic sense, if it results in an increase in the amount of traffic on a 
line.  However, if cargo volumes remain the same, but the number of 
carloads decreases due to the heavier loading, the benefit is less clear.  
This is especially the case if the contract between the short-line operator 
and the Class I railroad is on a per-car basis, in which case the reduced 
number of cars would result in reduced revenue.  Some short lines are 
more successful than others, and the viability of each depends on its own 
particular circumstances.  Those short lines that have faced ongoing 
problems with cash flow and capital for infrastructure improvements are 
the ones most at risk.  WSDOT has been able to assist many of the short 
lines with project funding, but these infrastructure investments may not be 
sufficient to make each short line economically viable.  However, even if 
lines are marginal, there may be a compelling state interest in supporting 
these lines in order to reduce truck traffic or to maintain jobs, among other 
reasons that serve the public interest. 
 
To determine future potential abandonments, the WSDOT State Rail and 
Marine Office surveyed the rail industry with the results below in 
Exhibit 5-4.  The exhibit shows the results of the survey taken in summer 
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2009, which reported that there are four potential future abandonments 
and one anticipated re-opening. 
 

Exhibit 5-4: Abandonment Survey List – Likely Abandonments 
 

Submitted by 
Railroad 
Owner

Railroad 
Operator

 
Location 

Port of Grays Harbor PSAP PSAP West of Hoquiam River 

Port of Othello State of 
WA/ 
Columbia 
Basin RR 

Closed Reopen Milwaukee Line 

Port of Seattle BNSF BNSF Eastside Line: 
Woodinville/Renton and 
Woodinville/ Redmond 

Union Pacific UP None Yakima Industrial Lead, 
MP 57.3 to MP 58.75 

Union Pacific UP None Yakima Industrial Lead, 
MP 62.75 to MP 63.55 

Projection of Future Abandonments and Their Impacts, Capacity, 
and Needs Forecasts 

When a rail line is abandoned, it is critical that the integrity of the right of 
way be maintained.  If an abandoned line ends up parceled off piece by 
piece, it would be extremely difficult, if not impossible, to reconstruct the 
line for a future transportation use.  Given the limited opportunity to 
expand the highway system, an abandoned railroad right of way represents 
an extremely valuable transportation resource. 
 
As a result of the decrease in route miles, many of the state’s communities 
no longer have access to rail service.  To counter that trend and support 
economic development initiatives of the state, the WSDOT State Rail and 
Marine Office has implemented a rail line preservation initiative to retain 
the potential of rail service along these abandoned routes. 

Examples of Successes 

Purchase of the Palouse River and Coulee City Rail System 
The state currently owns the former Palouse River and Coulee City Rail 
System, which consists of three branches (see Exhibit 5-5).  WSDOT 
purchased the rights of way and rail on the P&L Branch and PV Hooper 
Branch of the rail system in November 2004.  WSDOT purchased the CW 
Branch and the remaining rights in the other two branches in May 2007.  
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WSDOT contracted with private railroads to operate each of the branches.  
The Palouse River and Coulee City Railroad operates the PV Hooper 
Branch; the Eastern Washington Gateway Railroad operates the CW 
Branch; and the Washington and Idaho Railway operates the P&L Branch.  
 

Exhibit 5-5: Palouse River and Coulee City Rail System 

 
 
WSDOT oversees the facilities and regulatory portions of the operating 
leases.  The Palouse River and Coulee City Rail Authority (an 
intergovernmental entity formed by Grant, Lincoln, Spokane, and 
Whitman Counties) oversees the business and economic development 
portions of the operating leases.  
 
The Palouse River and Coulee City Rail System currently provides local 
rail service to grain shippers and other businesses in Whitman, Lincoln, 
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Grant, and Spokane Counties.  The three lines require rehabilitation to 
remain commercially viable. 
 
Public ownership of the Palouse River and Coulee City Rail System 
capital assets provides an opportunity for private operators to provide 
economically viable rail service to shippers along the lines.  Rehabilitation 
is needed to correct the effects of decades of deferred maintenance.  Many 
places along the lines must be operated at a speed lower than would be 
allowed if the lines had been properly maintained on an ongoing basis.  
Rehabilitation will prevent further deterioration, help raise operating 
speeds in some locations, and make the operation of the lines more 
efficient and commercially viable. 

Rail Banking 
Rail banking is used by the state when the state has an interest in retaining 
rail lines that have been abandoned, should they become economically 
viable at a future date.  If it appears that a line could become economically 
viable within ten years, the line may be rail banked or purchased by the 
state to prevent its loss as a rail corridor.  A rail banked line may be used 
as a trail on an interim basis.  Maintenance or other changes on a rail 
banked line used as a trail must preserve the ability to use the line as a 
railroad in the future. 
 
A good example of this is the Milwaukee Road Corridor (Milwaukee 
Road).  In the 1980s, the state acquired the abandoned Milwaukee Road 
and, through legislation, gave much of the line to the Washington State 
Parks and the Department of Natural Resources.  Both segments are 
managed by their respected departments as a recreation trail.  Washington 
State Parks created a trail along the railbed with their part of the line.  It is 
now known as part of the John Wayne Trail.  In its heyday, the Milwaukee 
Road was a vital trade link between Seattle and the Midwest and was the 
world’s longest electric rail line at the time.  The railroad bed follows I-90 
across Snoqualmie Pass.  The 100-mile portion from Cedar Falls (near 
North Bend) to the Columbia River near Vantage has had the tracks 
removed and the area has been turned into a state park, known as Iron 
Horse State Park.  On average, the trail is about a half mile from the 
highway and about 300 feet higher.  The trail follows the former railbed of 
the Chicago, Milwaukee, St. Paul, and Pacific Railroad two-thirds of the 
way across the state.  The gravel pathway offers hikers, bicyclists, 
equestrians, and cross-country skiers a chance to travel along the historic 
Milwaukee Road right of way on a gentle, easy-to-negotiate grade.  In 
2006 WSDOT was given the authority to enter into a franchise agreement 
for a rail line over the portions of the Milwaukee Road between 
Ellensburg and Lind by July 1, 2019.3 

                                                 
3 RCW 79A.05.120. 
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Port Access 
Port access to rail service is very important to the vitality of the ports in 
the state.  As economic development agencies, ports are a fundamental 
part of the state’s economy.  State ports face substantial competition from 
other ports and shipping routes.  The majority of the cargo that comes 
through state ports is discretionary cargo (i.e., containers, autos, grain, dry 
bulks, and break-bulk cargos) that can shift to other gateways, if shipping 
through these other ports becomes more efficient or cost effective than 
using state ports.  To be competitive, ports must have good rail access.  As 
an added benefit, rail is a community-friendly mode, as it is a safe, 
energy-efficient way to move goods along major corridors. 

Washington State Ports 

The state has 75 ports, not all with water access, as shown in Exhibit 5-6.  
The state has 11 deep-draft ports, a tremendous asset for the state’s 
economy.  Seven of these ports are on the Puget Sound.  The largest ports, 
the Ports of Seattle and Tacoma, together comprise the third largest 
container load center in the nation—behind the load center complexes of 
Los Angeles/Long Beach and New York/New Jersey.  One deep-draft 
port, the Port of Grays Harbor, is located on the coast; and three are 
located on the Columbia River.  Together, these ports create a seamless 
network that sends goods to global markets, and imports goods from other 
countries, bound for in-state stores and other destinations across the U.S. 
 
The Columbia/Snake River system stretches 365 miles inland from the 
Pacific Ocean.  The three deep-draft ports along this system—Longview, 
Kalama, and Vancouver, Washington (WA)—are major shipping centers 
for the state.  Upstream, the Ports of Klickitat, Pasco, Kennewick, and 
Benton are served by barge along the Columbia River.  The Ports of 
Whitman County, Walla Walla, and Clarkston are served by barge along 
the Snake River. 
 
Although there are many ways to classify ports in the state, this plan has 
selected four classifications: 
 
 Intermodal Ports. 
 Agricultural and Bulk Ports. 
 Rail-Dependent Break-Bulk and Industrial Ports. 
 Rail-Serviced Industrial Ports. 
 
The following is a listing of ports by category.  It should be noted that 
some of the larger ports will be listed multiple times depending on their 
diversity. 
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Exhibit 5-6: Washington State Ports 
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Intermodal (Container) Ports – Seattle and Tacoma 

These ports have on-dock and off-dock intermodal rail yards, where 
containers are loaded directly from ships to rail, removing the need for 
truck drayage.  The cargo is transported from ship to rail either by truck or 
yard equipment (in the case of on-dock rail).  Unit trains of containers are 
built by destination and usually depart within 24 hours of ship arrival.  
The majority of these containers are destined for the Midwest and Upper 
East Coast regions. 

Agricultural and Bulk Ports, (primarily grain elevator facilities) – 
Garfield, Grays Harbor, Longview, Kalama, Seattle, Tacoma, 
Vancouver (WA), Snake River Elevators: Almota, Clarkston, 
Lewiston, Walla Walla, Whitman, and Wilma 

By tonnage, 36 percent of all state agricultural shipments move by rail.  
Agricultural rail traffic outbound from this state is expected to grow at a 
compound annual growth rate of 3.3 percent over the next 20 years.  The 
state also has a growing food products industry with particular strengths in 
frozen foods (7.3 percent of U.S. output) and wine production. 
 
Agriculture and food product manufacturers are an important economic 
sector in the state, generating 3 percent of the gross state product and 
accounting for 6 percent of the employment.  Agriculture is the major 
source of employment in many of the state’s rural counties. 
 
However, most of the agricultural tonnage moving on the state rail system 
is Midwestern grain moving to the Lower Columbia River and Puget 
Sound ports for export.  And because Midwestern grain is moving long 
distances by unit train, the Midwest grain is generally more profitable for 
the railroads than local state agricultural shipments, which often are 
moving shorter distances for export or require specialized handling.  
Products such as wheat, corn, and soybeans, from the Midwest and eastern 
Washington, also travel by barge and rail to these Lower Columbia 
seaports. 
 
The Class I railroads are asking state agricultural shippers to consolidate 
their shipments at new facilities (such as the Ritzville loader), and this 
may prove economical for those shippers who can accommodate the 
changes.  These changes may affect the short lines, which could see 
declines in their market share.  There is a concern by the operators of 
small grain elevators along the short lines, who also stand to lose business.  
The remaining shippers on that line could also experience reductions in 
service and increased costs. 
 
The challenge faced by the Department of Agriculture, the Agriculture 
Commission and the WSDOT State Rail and Marine office is to maintain 
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competitive rail service as it focuses on higher value-added crops and 
produce that may not generate the volumes that are attractive to Class I 
railroads. 

Rail-Dependent Break-Bulk and Industrial Ports – Anacortes, 
Everett, Garfield, Grays Harbor, Kalama, Longview, Olympia, 
Seattle, Tacoma, and Vancouver (WA) 

Break-bulk cargo is too big or too heavy to fit into a container or 
traditionally cannot be vacuumed out of a ship.  There are, however, 
exceptions, such as “identity preserved” or “designer” bulk grain that is 
blown into containers for transportation in order to keep the origin of the 
crop separated from other production sources.  Historically, the major 
commodity groups moved in break-bulk form to and from Pacific 
Northwest ports have included apples and other fruit, metals, and forest 
products.  Apples were at one time one of the most important break-bulk 
cargos, but they have essentially become 100 percent containerized.  Some 
cargos that move in break-bulk form can also move in containers (so-
called “swing” cargos), and the differences in pricing between the two 
modes can lead to cargo shifting from one to the other, while others have 
moved completely to containers.  Although a number of factors influence 
whether swing cargos are shipped in break-bulk or containerized form—
such as westbound trans-Pacific container rates, frequency of sailings, and 
the size of overseas orders—price is probably the most significant factor.  
Shipping lines have added so much container ship capacity to satisfy 
demand for U.S. imports from Asia that there has been substantial excess 
westbound capacity.  This resulted in a decrease in westbound container 
rates, which attracted break-bulk swing cargos.  Another general trend 
impacting break-bulk cargos has been a continuing decline in exports of 
forest products.  This decline has been offset by the increase in imports of 
metal products. 
 
Here are examples of break-bulk cargos moved by the different ports: 
 
 The Port of Port Angeles serves as a gateway for logs and lumber.  
 The Port of Anacortes exports logs, chemicals, and petroleum coke 

from the Anacortes oil refinery. 
 The Port of Bellingham handles break-bulk and liquid-bulk 

commodities.  
 The Port of Everett handles fruit, logs, general break-bulk, and some 

containers. 
 The Port of Olympia specializes in handling break-bulk, ro-ro (roll-on, 

roll-off), bulk, forest products, and containerized cargos.  
 Port of Tacoma break-bulk includes wide and heavy cargos such as 

farm machinery, large factory/production parts for the Canadian Oil 
Sands, large motorized vehicles. 
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 Port of Vancouver, USA handles a large volume of wind energy 
components and has developed a successful “land bridge” rail strategy 
for moving these components to the U.S. Midwest and western 
Canadian destinations in addition to other break bulk commodities. 

Rail-Serviced Industrial Ports – Benton, Bremerton, Chelan, 
Clarkston, Columbia, Ephrata, Garfield, Kennewick, Mattawa, 
Moses Lake, Othello, Pasco, Quincy, Ridgefield, Royal Slope, 
Shelton, Sunnyside, and Whitman County 3 & 4 

The above-named ports have rail-served industrial property.  In many 
cases these ports do not have water access although, through their 
economic development capacities, these ports are able to provide land and 
facilities that are rail-served, enabling the local community to have rail 
access. 
 
Port access issues are more closely related to location than to type of port.  
Some of the current access challenges and related projects are summarized 
below.  It should be noted that several of the ports have significant rail 
projects currently underway or scheduled for the near future. 

The Military and Rail 

Another area of break-bulk cargo that is sometimes forgotten is the U.S. 
military cargo that moves through the state annually via multiple break-
bulk ports.  The growth of the state’s bases is due in part to the freight 
infrastructure system’s ability to support the U.S. military’s readiness and 
operational movements.4  Military facilities in the state are important 
contributors to the U.S. defense and national security system.  This state is 
home to the largest Army base on the West Coast, two Air Force bases, 
six critical Navy facilities, and two military medical centers.  The 
military’s ability to efficiently move freight in and through the state is 
dependent on an effectively functioning intermodal freight movement 
system.  Specific freight mobility issues for the military in the state are 
summarized below. 
 
Puget Sound seaports have a strategic role in support of Fort Lewis as the 
only Power Projection Platform—for gathering, staging, and mobilizing 
forces and material—on the West Coast.  If a major military conflict were 
to trigger mobilization activity, inbound cargo needed for that 
mobilization would travel by road and rail from across the U.S. to Fort 
Lewis, for shipment through the Port of Tacoma to points outside the 
country. 
 

                                                 
4 Surface Deployment and Distribution Command – Transportation Engineering Agency: 
2004.  This information is provided to the state for planning purposes. 



Washington State 2010-2030 Freight Rail Plan December 2009 
Chapter 5: The Changing Rail System – Issue Discussion and Needs Assessment Page 5-15 

Under such a scenario, it is expected that the Port of Tacoma would need 
to handle daily volumes of up to 600 containers, 350 rail cars, and 
1,100 wheeled vehicles.  This volume could create truck bottlenecks at the 
Interstate 5 (I-5)/Port of Tacoma Road exit and rail chokepoints at 
Bullfrog Junction in the Port of Tacoma tideflats.  
 
In 2004 the military also began using the Port of Olympia for shipments 
out of Fort Lewis.  The efficient movement of cargo may be hindered 
because of needed rail capacity enhancements at the ports.  There has been 
a five-fold increase in the number of rail cars that have passed through the 
Port of Olympia since 2002.  At that time 168 cars came through the Port 
of Olympia.  It increased to 876 in 2004.  The return of Army shipments 
related to the Iraq War accounted for about 17 percent of rail volume.  In 
response, the Port of Olympia spent $1.4 million to add a rail line on its 
docks closer to where ships berth.5 

 
The Port of Seattle also has as a role in supporting overseas military 
logistics.  The Port of Seattle has been designated as a sustainment port, 
one that will be used to ship consumable supplies to troops in the event of 
a major overseas conflict.  Under this scenario, 300 to 600 containers of 
supplies could arrive on 100 to 350 rail cars on a typical day, with a peak 
of up to 1,100 containers per day.  Military logistics officials have 
expressed concern about potential bottlenecks when accessing 
Terminals 5, 18, and 46 at the intersection of East Marginal Way and 
South Spokane Street, and the single railroad track access under the 
Spokane Street Bridge to the Port’s terminals.  The Port of Seattle is 
working to solve this problem through an East Marginal Way grade 
separation. 
 
In addition to the ports named above, there are Ordnance Transport 
Requirements for Bangor, provided by the state rail system.  Ordnance is 
delivered to the Port Hadlock Naval Ordnance Center via rail car to 
Bangor on the Hood Canal, and then trucked to Port Hadlock. 

Autos and Rail 

Fully assembled autos are imported primarily through the Ports of Tacoma 
and Vancouver (WA).  These are discharged from the ports on rail and 
truck.  In order for these ports to keep these auto accounts, reliable rail 
service is a must; there is also a competitive advantage compared to San 
Pedro Bay in Los Angeles, California as the Pacific crossing is one day 
less. 

                                                 
5 As reported by Szymanski, Jim, Rail cargo business chugs along at port. The 
Olympian. Sunday, February 27, 2005.  Retrieved as of February 2005 from: 
www.theolympian.com/home/news/20050227business/96117.shtml. 
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Key Needs of Ports 

Nearly all of the state’s deep-water ports are located adjacent to the I-5 
corridor, or are on short-line railroads that branch off the I-5 corridor.  As 
a result, rail connectivity issues for the ports and capacity issues on the I-5 
corridor are necessarily tied.  Along the corridor there are five main areas 
where mainline capacity needs and connectivity issues intersect, 
including: 
 
 Vancouver (WA). 
 Kalama to Longview. 
 Centralia. 
 Tacoma. 
 Seattle. 
 
Each of these is examined in more detail in Appendix 5-B. 
 
WSDOT, as the state agency that administers state and federal 
transportation funds that are spent on rail projects in the state, works 
closely with port districts to improve freight rail access throughout the 
state.  These rail projects help the state’s business community gain better 
access to rail transportation.  As referenced in other areas of this plan, 
examples of past WSDOT projects include purchases of grain hopper cars, 
rehabilitation of short lines, purchase of branch lines, and preservation of 
abandoned rail right of way. 

Intermodal Connectors  
These are locations where two modes meet and the cargo moves from one 
mode to another.  In most cases this involves transferring a piece of cargo 
from a truck to a train or vice versa. 
 
Within this label, intermodal connectors can be seen in many different 
types of facilities.  The following describes some of these facility types.  

Inland Ports 

Rail access is a significant element of port competitiveness strategy.  By 
providing an inland port service, a seaport (in theory) can make 
intermodal rail service available to a broader range of customers.  If priced 
sufficiently low, the inland port service can offer cost savings to container 
shippers and thereby increase the port’s competitiveness. 
 
Inland ports have become an increasingly popular concept as the drive for 
transportation efficiency continues.  Inland ports are perceived to reduce 
congestion, improve transit times and reliability, while at the same time 
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decreasing costs and promoting economic development.  For a detailed 
discussion of inland ports, see Appendix 5-C. 

Other Intermodal Connectors Within the State  

In addition to rail-served inland ports, the two most prominent alternatives 
for rail transportation are on-dock intermodal and near-dock intermodal. 

On-Dock Intermodal 

Port of Seattle 
Terminals 5 and 18 have on-dock intermodal facilities within the terminal 
footprint (see Exhibit 5-7).  Both on-dock intermodal yards can load 
international containers from the ship without using a public street. 

Port of Tacoma 
The Port of Tacoma has four intermodal yards; three are on-dock and one 
near-dock.  These four yards are served by Tacoma Municipal Belt Line, 
the short line that serves the Tacoma Tideflats area.  All four of these 
intermodal yards were built by the Port over the years to meet customer 
needs (see Exhibit 5-8). 

Near-Dock Intermodal 

South Intermodal Yard in the Port of Tacoma is a near-dock intermodal 
facility located on Milwaukee Avenue near the entrance of the APM 
terminal.  It is operated by a third-party operator, Pacific Rail Services, 
under the direction of the Port of Tacoma.  It has direct street access and 
has the capability of loading or unloading directly to road-ready trucks. 
 
Seattle is supported with two near-dock international intermodal facilities, 
the BNSF Railway’s (BNSF) Seattle International Gateway and the UP’s 
Argo Yard.  Both facilities are located less than two miles from 
Terminals 5 and 18 and directly across from Terminals 46 and 30.  Both 
yards have direct access to the mainlines for each railroad. 

Mainline Domestic Intermodal Terminals 

In addition to the on-dock international intermodals yards, both BNSF and 
UP have intermodal yards in the Puget Sound that cater to domestic 
intermodal cargo.  This is cargo that is in larger domestic containers, 
which are usually a 53-foot box that mirrors the domestic trucks used by 
the large retailers, such as Safeway, Target, or Wal-Mart.  Due to the 
length of the domestic container, this type of train requires dedicated rail 
cars that will hold these longer boxes. 
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Exhibit 5-7: Seattle Freight Network 
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Exhibit 5-8: Tacoma Freight Network 

 
 
BNSF has their South Seattle yard located near the south end of Boeing 
field. 
 
UP loads domestic containers at both their Seattle Agro facility and their 
new Domestic Yard in Tacoma, co-located in the South Intermodal Yard. 

Intermodal Connections 

There are other types of intermodal connectors such as rail-to-barge, 
truck-to-grain elevators, rail-to-bus, as well as airports.  In most cases 
airports are not supported by rail, although for freight there is the truck-to-
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plane intermodal connector.  Exhibit 5-9 shows all intermodal connections 
in Washington State.  Exhibit 5-10 shows intermodal facilities in the Puget 
Sound area.  Exhibit 5-11 shows intermodal facilities that include the rail 
mode.  Appendix 3-C provides a detailed commodity description for these 
intermodal facilities.  
 
Many smaller-size intermodal facilities are not included in BST’s 
database.  But, these intermodal facilities are important to the state’s 
economy and should be identified.  A study is needed to expand the 
database to include all intermodal connections. 

Rail Freight System Issues and Needs 

Mainline Freight Issues 

Capacity/Bottlenecks 

The benefits that the state can obtain from a robust rail system are 
threatened because the system is nearing capacity.  Service quality is 
strained and rail rates are going up for many state businesses.  The 
examples of rail lines that are currently running at capacity or near 
capacity are discussed in Chapter 3. 
 
The pressure on the rail system will increase in the next decades.  To 
accommodate this growth, many more rail lines within the state will be 
operating at or above their practical capacity. 
 
Growth in rail traffic and rail congestion issues are also affecting state 
communities by increasing delays for automobile and truck drivers at rail-
highway crossings, creating noise6 and safety problems, and disrupting 
communities and environmentally sensitive areas with construction 
projects.  Dealing with these problems in an uncoordinated fashion on a 
case-by-case basis is often frustrating for both the communities and the 
railroads. 

                                                 
6 The Final Horn Rule was promulgated by the Federal Railroad Administration and 
published in the Federal Register on April 27, 2005. The rule required trains to sound a 
horn or whistle when approaching a highway railroad grade crossing. The intent was to 
develop a mechanism for a public authority to authorize a whistle/horn ban at a 
crossing(s) with the authority jurisdiction under the context of an existing state law or 
modified state law. 
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Exhibit 5-9: All Intermodal Freight Connectors in Washington State 
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Exhibit 5-10: All Intermodal Freight Connectors 
in the Puget Sound Region 
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Exhibit 5-11: Rail Intermodal Freight Connectors 
in Washington State 
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Clearances 

As referenced earlier in Chapter 3, the Stampede Pass route is limited to 
single-stack trains due to the clearance restrictions of that line, as it can 
not handle the height of double-stack trains.  There are also height 
limitations caused by the Chuckanut tunnels on the I-5 rail corridor 
between Everett and Bellingham.  

Freight and Passenger Mainline Issues  

As freight and passenger trains compete for time and space on the rail 
system, the capacity constraints may also frustrate the service and 
ridership plans for the state’s passenger rail program.  The cost of 
resolving the rail chokepoints in the I-5 corridor to meet passenger service 
and ridership goals is increasing.  WSDOT continues to look for funding 
solutions to these issues.  Currently, WSDOT has $1.3 billion of grant 
applications into the federal government under the American Recovery 
and Reinvestment Act of 2009 (ARRA) programs.  Current grant requests 
are described later in this chapter under High-Speed Passenger Rail in the 
Emerging Issues section. 
 
Without capacity improvements, rail will not meet the demand of the state 
freight market, rail shipping prices will increase, and service reliability 
will deteriorate for many of the state’s industrial and agricultural shippers. 

Freight and Commuter Issues 

Sound Transit provides Sounder commuter rail services in the Puget 
Sound region, with weekday peak-period service between Seattle and 
Tacoma and between Seattle and Everett.  Both services operate over 
BNSF tracks. 
 
The ongoing improvements at King Street Station in Seattle have 
contributed to more efficient combined freight and passenger operations 
between the Seattle Tunnel and Argo Interlocking.  As with the 
Vancouver (WA) to Tacoma segment of the I-5 corridor, BNSF has no 
capacity expansion plans in its 5-year capital investment plan for this 
segment beyond that being driven by increases in intercity and commuter 
passenger growth plans. 
 
Sound Transit and BNSF are currently in discussions to update the 
operating and volume agreement between Tacoma and King Street Station 
in Seattle.  These discussions are focusing on an agreement similar to the 
one now in place between King Street Station and Everett.  Under this 
scenario, Sound Transit would purchase additional train slots rather than 
paying for specific physical improvements.  Assuming an agreement is 
reached, this arrangement would ultimately result in 15 round-trip 
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commuter trains per day between Seattle and Tacoma.  In return, BNSF 
would be expected to construct the capacity improvements necessary to 
ensure that passenger and freight movements continue to operate 
efficiently.  Ports are concerned that improvements are made in a timely 
manner, before the service starts, to avoid disrupting freight service when 
the additional commuter trips begin. 

Short-Line Freight Issues 

As regulatory changes allowed for Class I railroads to rationalize their 
networks by selling off unprofitable lines, more new enterprising, 
innovative, and customer-oriented rail companies emerged.  Although 
some have failed, many more have lowered the cost structures of 
marginal, neglected rail lines and turned them into prosperous operations.  
Short lines now comprise 37 percent of the active rail network in the state 
in terms of operational miles. 
 
However, the short-line railroads still have challenges.  Some of these are 
capacity issues at interchange points with the Class I mainline and 
handling heavier weighted rail cars.  In the case of the interchange the 
issue may only affect the short lines and may not impact Class I mainline 
capacity. 
 
In general short lines have lower operating speeds and track conditions in 
comparison to Class I railroads.  Further, it is clear that the need for 
capacity improvements are not limited to the Class I railroads.  Prior to 
being sold to a short line, the “excess” sidings and yard tracks of a Class I-
owned branch line were often removed to minimize maintenance costs and 
real property tax liabilities.  Those actions made business sense under the 
regulatory and tax framework at the time.  However, today, under the 
management of short-line operators, rail traffic has returned to these 
branch lines; the lack of runaround sidings, yard tracks, and interchange 
tracks can cause inefficient operations that increase the railroad’s cost to 
serve shippers or can decrease safety. 

Heavy-Axle Load Rail Cars 

In the 1970s, many coal-originating railroads increased rail car weight 
limits for coal cars from 263,000 pounds to 286,000 pounds, as a result of 
heavier track structures being implemented at that time.  In 1994 the 
Association of American Railroads (AAR) approved the same increase in 
weights for covered hopper cars.  The latter change had a much bigger 
impact because covered hopper cars circulate throughout the North 
American rail system, hauling a variety of commodities on Class I 
railroads, as well as on short-line railroads. 
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A lengthy and costly effort was undertaken by the Class I railroads and 
some of the short lines to upgrade their lines to carry the heavier cars.  
However, track and bridge structures of many of the short lines are still 
incompatible with the interline standard of 286,000 pounds.  
Unfortunately, these are the railroads that are the least able to afford the 
high cost of upgrading their tracks to this standard. 
 
Most recently, the Class I railroads across the nation are now carrying 
some 315,000-pound cars on main routes that have been certified for this 
new weighted car.  Again, it is unlikely that short lines will be able to 
afford to upgrade their track to handle such cars in the near future.  Even if 
they are able to upgrade the capacity of the track, it is unlikely that the 
bridges will be upgraded to this new standard.  Thus, this incompatibility 
has forced bulk cargo either into less efficient cars or on to the highways.   

System Preservation 

Many of the short-line railroads are owned by private operators, making 
information on system conditions difficult to compile.  Indications are that 
short-line rail tracks are facing large rehabilitation needs, and may be at 
least partly unfunded.  Worsening track conditions could lead to further 
abandonment. 
 
There is a no more fundamental transportation capital investment than 
system preservation to keep the physical infrastructure in good condition.7  
As transportation facilities age and are used, a regular schedule of 
rehabilitation, reconstruction, and replacement is needed to keep the 
system usable.  Timing is important: if preservation investment is 
deferred, costs increase dramatically, leading to the saying “Pay me now, 
or pay me more—significantly more—later.”  
 
“Asset management” is a term that describes a proactive approach to 
investing in preservation at the right time to optimize rail condition.  Asset 
management includes having comprehensive inventories of transportation 
facilities; a system for measuring and reporting system condition; 
predictive condition models that anticipate rehabilitation or replacement 
needs; and an investment program that ensures that the right investments 
are made at the right time. 
 
In 2002 and 2003, the legislature reinforced this state’s commitment to 
asset management.  Legislation specifically required maintenance and 
preservation to be included in state plans for highways, ferries, and rail, 
and required cities, counties, and transit agencies to manage and report 
system condition.  These requirements will help ensure that more 

                                                 
7 Good condition is defined as not needing repair or maintenance. 
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consistent condition information will exist in the future about all 
transportation assets.  
 
This chapter later discusses information needs in more detail; however the 
list below is an example of needed data and analysis related to 
abandonments and short-line railroad development.  
 
1. Abandonment – What service area did these lines serve?  Have they 

been banked or converted? 
2. Inventory – What are the current short-line facilities and conditions? 
3. Assessment – What is the short-line economic impact to the state?  

What is the short-line economic impact of the preservation or 
abandonment?  

Underserved Markets (Grain Trains and Produce Cars) 

Grain Trains 

In the early 1990s, a national shortage of rail covered hopper cars made it 
difficult and expensive for state farmers to get grain to market.  To help 
alleviate this shortage of grain cars, the Washington State Energy Office 
and WSDOT used federal funds to purchase 29 used grain cars in 1994 to 
carry wheat and barley from loading facilities in eastern Washington to 
export facilities in western Washington and Oregon.  The Washington 
Grain Train currently has 89 grain cars in the fleet (71 are owned by the 
state, and 18 are owned by the Port of Walla Walla).  The UP, BNSF, and 
state short-line railroads operate the cars and carry the grain to market.  
WSDOT is currently in the process of purchasing an additional 29 cars 
mandated by the state legislature. 
 
Serving over 2,500 cooperative members and farmers in one of the most 
productive grain-growing regions in the world, the Washington Grain 
Train helps carry thousands of tons of grain to deep-water ports along the 
Columbia River and Puget Sound for transport to ships bound for Pacific 
Rim markets. 
 
The Washington Grain Train produces a number of important public 
benefits, including: 
 
 Helps move state products reliably and efficiently to domestic and 

international markets.  
 Helps preserve the state’s short-line railroads by generating revenues 

that may be used to upgrade rail lines and support the railroad’s long-
term infrastructure needs.  

 Helps support a healthy rail network that may maintain and attract new 
businesses in rural areas of the state.  
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 Saves fuel over shipping by truck.  
 Supports air quality improvement initiatives.  
 Helps reduce wear and tear on local roadways by using rail.  
 Supports the users by using equipment not subject to market based 

premiums.  
 
The Washington Grain Train was started with federal “seed” money and 
operates without any taxpayer subsidy.  WSDOT, the Port of Walla Walla, 
the Port of Moses Lake, and the Port of Whitman County all manage the 
Washington Grain Trains.  WSDOT oversees the entire program, and the 
port districts collect monthly payments from the railroads for the use of 
the cars.  The ports can use up to one percent of the payments they receive 
from the railroads for fleet management services. 
 
The Washington Grain Train collects wheat and barley from grain 
elevators in eight cities in eastern Washington.  These are: Warden, 
Schrag, La Crosse, Prescott, Endicott, Willada, St. John, and Thornton.  
The grain is transported to export facilities in Kalama, Tacoma, Seattle, 
Vancouver (WA), and Portland, Oregon. 
 
Since its beginning, the Washington Grain Train program has carried over 
9,000 carloads totaling more than 900,000 tons of grain from the state to 
national and international markets.  Total carloads for the second quarter 
of 2009 increased 5.4 percent over the second quarter of 2008.  There 
were 412 carloads shipped in the second quarter of 2009, compared with 
391 in the second quarter of 2008.  In 2008, a total 1,332 carloads were 
shipped compared to 1,822 carloads in 2007.  

Produce Cars  

In 2003 the state legislature enacted legislation (RCW 47.76.400) that 
authorized WSDOT to established a pool of refrigerated railcars to 
transport perishable agricultural goods.  This legislation was in response 
to the state’s agricultural community’s inability to secure an adequate 
supply of refrigerated railcars during peak seasons from the railroads. 
 
WSDOT started operation of the Washington State Produce Rail Car 
Program in 2006.  Federal fund appropriations of $2 million and $200,000 
from the state for startup operations and contract monitoring enable the 
railcar pool program to start.  
 
On August 18, 2006, WSDOT signed a contract with Rail Logistics, LC to 
lease up to 50 refrigerated railcars and to manage the fleet.  This contract 
was renewed in June 2009 for two additional years.  The program is 
intended to provide the opportunity to open new markets for Washington 
State produce while maintaining economic viability for Washington’s 
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agricultural community.  The public benefit is that these rail cars minimize 
the added wear and tear on state roadways caused each year by thousands 
of heavy truckloads.   

New Services 
In October 2007, the partnership of UP, RailEx, and CSX Transportation 
initiated a new twice weekly unit train service carrying perishables (fresh 
fruit and vegetables) from Wallula, WA to Schenectady, New York.  The 
cross-country trip takes 128 hours, a time that is very competitive with an 
over-the-road truck. 
 
The 55-car train has next generation refrigerated boxcars that have the 
most efficient insulation, uses an environmentally-friendly and energy-
efficient refrigeration unit, and has a global positioning system to monitor 
the “health” of the refrigeration unit and the temperature in the car. 
 
Each train carries about the same amount of produce and perishable items 
that would have been moved by more than 200 over-the-road trucks.  With 
the produce moving by rail instead of truck, 100,000 fewer gallons of 
diesel fuel are used each time the produce unit train operates.  

Emerging Issues 
Following is a discussion of four major emerging issue categories: 
 

 Freight Rail Capacity and Competition. 
 Positive Train Control Implementation. 
 Impacts of Dam Breaching or Loss of Columbia-Snake Inland 

Waterway System. 
 Statewide Information and Data Needs. 

Freight Rail Capacity and Competition  

Challenges that the state faces to achieve continued economic growth 
include: 
 
 Increased rail competition for the Pacific Northwest (PNW) from other 

regions in the U.S. and Canada. 
 East-west rail capacity issues. 
 PNW ports serve discretionary traffic that can easily move to another 

gateway. 
 Panama Canal expansion. 
 Increasing competition from Pacific Southwest and Canadian Ports. 
 Highway congestion. 
 Restoration of Puget Sound. 
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On a per ton basis, trucking uses over 10 times more energy on average to 
transport freight than rail transportation.  However, the average truck 
carries just less than six tons of freight, while the average rail car carries a 
load of 46 tons, reflecting the heavier, bulky commodities that railroads 
generally haul.  Thus, when comparing energy intensity on a per-vehicle-
mile or per-car-mile basis, the difference between the two modes is 
significantly reduced.  It should be noted that rail is still less energy 
intensive. 
 
The National Rail Freight Infrastructure Capacity and Investment Study, 
performed by AAR, assumes the Class I railroads will be able to generate 
approximately $96 billion of the $135 billion cumulative in the 28-year 
investment indentified through increased earnings from revenue growth, 
higher freight volumes, and productivity improvements.  This would leave 
a national gap of approximately $39 billion or $1.4 billion per year to be 
funded from other sources in order to achieve performance improvements, 
while meeting the demand of the current rail market for freight shipments. 
 
BNSF’s capacity investment plan for the state over the next five years 
does not include any significant expenditure due to the current reduction 
of traffic volumes other than participation in siding extensions at Mount 
Vernon and Stanwood, and construction of a new customs inspection 
siding at Swift (Blaine) between Everett and the Canadian border. 
 
In the meantime, competition from other ports on the west coast of North 
America continues to grow.  Ports in southern California continue to 
attract a large portion of the West Coast international trade due to the huge 
local market they serve, and Oakland, while often considered less of a 
competitive threat, has continued to develop new properties as they have 
become available, and has seen growth in its international trade. 
 
Of special importance for state ports, however, is competition from the 
Canadian ports of Vancouver, British Columbia (B.C.) and Prince Rupert; 
substantial investments are being made at both of these ports in order to 
improve their competitive positioning.  Port Metro Vancouver (PMV), in 
particular, is developing ambitious plans for container facilities that could 
increase capacity by a factor of four over the next dozen years.  The Port 
of Prince Rupert (PPR) also has ambitious plans to increase container 
throughput four-fold over the foreseeable future. 
 
Both PMV and PPR have and are receiving significant support from the 
federal and provincial governments for their efforts to expand and 
improve freight mobility.  That support will potentially involve 
government investment exceeding $1 billion (Canadian) for projects 
currently identified and under consideration.  In addition, at least in 
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PMV’s case, the ports have taken a proactive role in moving a variety of 
freight mobility projects forward. 
 
The widening of the Panama Canal also provides shippers improved 
alternative routes to U.S. midwestern and eastern destinations.  It is 
currently unknown the actual impacts that this expansion will have on 
state ports.  There are numerous studies available on the subject without a 
consistent conclusion on the effects on the West Coast ports.  There are 
many criteria that will be evaluated in a shipper’s decision to use or not 
route their cargo through the expanded canal.  Some of these include time 
to destination, fully loaded cost of the transport, customer service of the 
transportation vendors, etc.  The newer, larger, more efficient ships will be 
able to use the expanded canal.  Passage through the Panama Canal is 
currently limited to Panamax ships, which are no wider than 106 feet.8  
The challenge for the shipper is that although the larger ships can transit 
the canal, port facilities that are capable of berthing these larger ships are 
limited in number.  Many West Coast ports are capable of handling these 
larger ships, but many of the gulf and East Coast ports have depth or 
height limitations at their ports that may prevent these larger ships from 
berthing. Various ports are in the process of making improvements in 
order to handle the larger ships. 
 
The recent economic downturn has resulted in both Class I railroads 
serving the state (BNSF and UP) to reduce planned 2009 capital 
expenditures by $100 to $200 million in pure capacity expansion projects.  
This brings concerns that the Class I railroads could delay capacity 
enhancements in an attempt to control capacity, which could affect the 
competitiveness of the state as compared to other states.  The capacity 
expansion projects that remain are those where previous commitments 
have been made including BNSF’s intended improvements on the 
“Transcon” between southern California and Chicago (Abo Canyon 
double-track) and UP intended double-tracking on the “Sunset Route” 
between southern California and El Paso, Texas.   
 
The positive side is that both BNSF and UP plan on continuing to invest in 
maintenance of existing track and purchase of locomotives—both are key 
components in maintaining capacity capability over existing track 
infrastructure.  This capital investment, with a view to the long term, 
provides a good example of the path that the state should pursue in 
funding rail improvements, especially for those projects where the long-
term interests of the state are clearly identifiable and the project timelines 
are long. 

                                                 
8 A Panamax ship is no larger than a ship that can carry the equivalent of 3000 Twenty 
foot Equivalent Units (TEU). A TEU is a measure used in the marine industry to measure 
a container into equivalent units of 20 feet long, 8 feet wide, and 8 feet high. 
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For the state to stay competitive, a strong coalition must be developed 
among the stakeholders.  This coalition must develop an integrated plan to 
develop the needed capacity to retain the state’s rail freight market share.  
In this chapter the needs as well as risks have been identified.  It will be 
detrimental to this state if a cohesive rail network is not maintained. 
 
Some suggest that a High-Capacity Freight Corridor be developed.  This 
High-Capacity Freight Corridor has been referenced by some stakeholders 
as the Northern Corridor and by others as the Hi-C.  These two concepts 
have slight variations, but are built on the same assumption concept that a 
high-capacity rail corridor must be maintained and improved upon from 
the Puget Sound to Chicago, Illinois.  This is not currently supported by 
either BNSF or UP.  Perhaps the designation as a Corridor of National 
Significance will meet the goal.  No matter which name or design is 
chosen, a national cohesive effort needs to be developed by both the 
public and private partners in order to achieve the economic growth that 
benefits the state’s competitive position.  The corridor will require 
infrastructure and operational improvements as well as cooperation 
between the BNSF and UP.  An agreement on the priorities would need to 
occur and a funding program developed.  Below is a selection of highly 
visible projects that need to be considered as the competitive strategy is 
developed.  

Class I Railroad Competition 

It is important to the state’s economy to have healthy railroads competing 
for business in the state.  This competitive environment will influence how 
aggressive is the rate structure offered and the level of investments the 
Class I railroads are willing to make within the state to increase their 
network capacity. 
 
BNSF and UP capital investment decisions and strategies are based upon 
capacity needs and positioning their network to be more attractive to the 
customer.  Class I railroads normally spend approximately half of their 
annual budgets for maintenance of their physical network (e.g., rail, ties, 
ballast, bridges, etc.).  With capital expenditures for UP and BNSF 
amounting to $3 billion per year over the last few years, a significant 
portion of both railways’ capital expenditures has been for maintenance of 
existing track.  This expenditure is very important to the efficiency of the 
system since deferred or reduced maintenance can result in lower 
throughput on deteriorating track. 
 
Similarly, BNSF and UP continue to make significant investments in 
locomotives.  Trains that are under-powered often cannot maintain the 
maximum allowable speed, consuming more capacity than trains that have 
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sufficient power to maintain track speed.  Both railroads continue to 
purchase locomotives that are much cleaner in emissions and more fuel 
efficient than older generations of locomotives.  For instance, the required 
use of “green” locomotives in the Los Angeles Basin has caused the 
railroads to replace older locomotives with the newer more 
environmentally-friendly engines.  In addition to locomotives, capital 
expenditures for new or improved signal systems on existing networks 
also enhance the capacity of a segment of track. 
 
Both BNSF and UP allocate 10 percent to 12 percent of annual capital 
spending to expansion of their physical networks.  This normally amounts 
to capacity expansion expenditures between $200 and $300 million spread 
across their respective 30,000 plus mile systems; though this expenditure 
accelerated somewhat in the period from 2005 to 2007.  The emphasis of 
both railways was in constructing double track on the single-track 
segments for their respective mainline routes into and out of southern 
California.  For example, BNSF’s project to construct the 3rd main track 
over Cajon Pass was a project that took four years to complete at a total 
cost of approximately $90 million.  The new mainline is 16 miles long and 
is projected to increase total train capacity by 50 trains per day to 
approximately 150 trains per day. 
 
In addition to physical capacity expansion projects—such as constructing 
new main track, building new meet/pass sidings, and extending sidings—
capacity expansion dollars are also used for expanding or constructing 
new yard and intermodal facilities.  Consequently, competition for 
expansion capital is intense each year and the railroads normally focus 
those expenditures in locations they consider to be competitively sensitive 
or have the highest return on investment. 
 
To focus BNSF and UP on the state’s rail needs, the following things must 
happen: 
 

 The state’s economy must be growing. 
 State ports must be efficient. 
 Stakeholders must demonstrate their understanding of how 

important the rail system is to both the economy and ports. 
 Rail operator’s business needs must be acknowledged. 

 
Another issue is the potential for Canadian National (CN) and Canadian 
Pacific (CP) to gain access to the state through either their current 
agreements with the BNSF and UP or through future agreements.  This 
would again change the competitive landscape of the PNW.  Depending 
on the agreement, this may be very positive or very detrimental to the 
state’s ports and their competitiveness compared to other ports. 
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Finally, there must be consensus on what are the priority projects and the 
funding mechanism to get the improvements built. 

East-West Issues 

Northern Corridor/Northern Tier/High-Capacity Freight Rail 
Corridor 
It is important for the economic growth of this state to have efficient, well-
connected east-west rail corridors leading to other population centers in 
the U.S., especially the Midwest and upper northeast regions.  As has been 
noted in Chapter 4, the state is dependent on freight movements in and out 
of the state to other mega regions where the goods are consumed or 
produced.  The concept of the Northern Corridor is built upon the current 
routes of the Class I railroads along the Northern Tier from Washington to 
Illinois.  This corridor links the two economic regions of the Pacific 
Northwest and the Great Lakes.  Unfortunately, there are limited numbers 
of markets between Spokane and Minneapolis-St. Paul.  Thus, the 
majority of the container trains leaving the state are direct trains with their 
first destination as St. Paul, before moving on to the Chicago area, where 
the train is either unloaded or switched to an eastern railroad for 
movement to the eastern or southern populated regions of the U.S.  This 
route handles a magnitude of cargo types, such as intermodal containers, 
automobiles, agricultural products, and bulk commodities, such as 
minerals and coal.  This corridor is of national significance and needs to 
be designated as such; and is essential to the competitiveness of the state’s 
ports and other industries that drive economic growth within the state.  It 
competes with six other transcontinental corridors extending from the 
Pacific to the East Coast. 
 
The importance of the Northern Corridor should be recognized as one that 
connects Asian and North American markets together.  This corridor 
competes with the central and southern U.S. rail corridors.  In addition, the 
Canadian, Mexican, and Panamanian corridors provide effective 
alternatives for transportation of goods to all U.S. markets. 
 
To achieve this, a coordinated approach between the corridor states and 
the private sector is needed to ensure that this corridor gets the same 
attention and funding as other parallel corridors.  The obvious partners in 
the Northern Corridor include the states of Washington, Oregon, Idaho, 
Montana, North Dakota, South Dakota, Wyoming, Minnesota, Wisconsin, 
Indiana, and Illinois.  This is the broad band of states that encompass the 
I-90 and I-95 highway corridors.  The improvements in this corridor must 
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include the improvements required at the eastern end of this corridor, 
primarily Chicago and the CREATE9 project.   
 
While this corridor has experienced satisfactory maintenance and 
modernization, no large scale capacity improvements are currently 
scheduled, unlike competing corridors in the Southwest. 
 
Regardless of the method chosen to improve capacity, there have been 
three barriers that are addressed in Chapter 8:  identifying funding sources, 
developing participation across the states within the corridor from all 
stakeholders, and reaching agreement with the private owners of the rail 
infrastructure (i.e. the mainline railroads) on the priority of necessary 
improvements.  Federal, tribal, state, local, and port governments all have 
a stake in the successful operations of railroads in the Northern Corridor.  
 
Potential railroad benefits of the high-capacity freight corridor are: 
 
 Increase east-west train capacity. 
 Improve crew utilization/reduces labor costs. 
 Improve fuel savings and locomotive use. 
 Improve mainline train velocity across the state. 
 Allow increase in train length for intermodal trains in the eastward 

direction from 7,000 feet to 8,000 feet without distributive power. 
 
Potential public benefits are: 
 
 Provide east-west rail capacity needed for port growth enabling a 

strong local economy. 
 Mitigate for increased train traffic. 
 Bypass major eastern Washington cities. 
 Tie into the WSDOT-owned short lines in eastern Washington. 
 Provide short-haul capacity to eastern Washington growers. 
 Remove trucks from I-90. 
 Spur economic development in eastern Washington. 
 Improve air quality through reduced emissions. 
 Improve national security.  
 
WSDOT State Rail and Marine Office should lead the organization of the 
corridor coalition to make sure the development of the coalition and 
corridor meet the needs of the state and its stakeholders.  The partnership 
should be formed and the cost and benefits analyzed.  The following must 
be determined: 
                                                 
9 CREATE stands for Chicago Region Environmental and Transportation Efficiency 
Program.  This is a $1.5 billion project to improve freight rail connections in and around 
Chicago, Illinois. 
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 What is considered a public benefit to be funded by public funds? 
 Which improvements are private and need private funding? 
 
Once the coalition is organized these neighboring states can develop a 
joint plan to encourage and facilitate more service to the shippers along 
the Northern Tier. 

Stampede Pass Clearance and Signal Systems 

In the Washington Public Ports Association (WPPA) Rail Capacity Study 
– 2004, an analysis was performed on two scenarios that involved 
rerouting of traffic from Stevens Pass to Stampede Pass.  The first 
anticipated the “clearing” of the Stampede Pass tunnels for double-stack 
rail cars in order to relieve capacity pressure on Stevens Pass.10  The 
second analysis involved directional running of trains between Spokane 
and the Puget Sound, with westbound trains operating via Stevens Pass 
and eastbound trains operating via Stampede Pass.11  ‘Clearing” the 
Stampede Pass tunnel will significantly increase the capacity over Stevens 
Pass.  But, BNSF has no capital investment allocated for clearing the 
tunnel in its current 5-year plan. 
 
The issue of directional running is more problematic.  This is an 
operational consideration for the private entities and cannot be enforced 
by the state.  Directional running requires a one-way westbound route and 
a separate one-way eastbound route.  Because of the grade issues on the 
two passes, it is thought that Stevens Pass would be the westbound route 
and Stampede Pass would be the eastbound direction.  The re-routing of 
trains eastbound over Stampede Pass would add 82 miles to the trip.  The 
longer distance and the lower speed per mile on the Stampede Pass route 
to Spokane require an additional crew shift to be added.  The additional 
crew is due to labor rules restricting the number of hours a crew can work.  
This extra labor cost is in addition to other operational issues this route 
presents.  Re-opening the Ellensburg to Lind cut-off would reduce the 
number of miles traveled since it would eliminate the need to go through 
Pasco.  It could also alleviate some of these operational issues.  However, 
the timing of these improvements is subject to various long-term issues 
that can’t be forecast with any sense of confidence.  The more significant 
questions, from a capacity demand perspective, are when will growth 
frequently stress the capacity on Stevens Pass and how will BNSF address 
the issue. 

                                                 
10 Clearing refers to the crowning of a tunnel to allow taller rail cars to pass through or 
“clear” under the ceiling of the tunnel. 
11 Directional running is the concept that trains are routed only one direction on a 
corridor so that operational capacity is increased due to the fact that all trains move in the 
same direction not unlike a one-way street. 
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Both the WPPA Rail Capacity Study – 2004 and the Statewide Rail 
Capacity and Systems Needs Study (2006) projected that as daily capacity 
demand on Stevens Pass reached daily sustainable capacity, overflow 
BNSF trains would be rerouted to or from the Puget Sound, either via 
Stampede Pass or the I-5 corridor to Vancouver (WA) and the Columbia 
River Gorge route. 
 
Finally, additional capacity may be achieved if some bulk trains can be 
rerouted over Stampede Pass versus their current routing along the 
Columbia River Gorge.  Currently testing is underway using mid-train 
helpers to enable heavy trains to climb steep grades.  Should the 
distributed power (i.e. mid-train helper12) test prove to be productive, 
BNSF will have the ability to allocate additional trains to Stampede Pass 
that would otherwise operate via the Columbia River Gorge between 
Pasco and Vancouver (WA). 

Bridging the Valley (Spokane to Athol) 

A series of rail and road improvements jointly referred to as the “Bridging 
the Valley” project, have been planned between Spokane, WA and Athol, 
Idaho to separate vehicle traffic from train traffic.  Where there are 
currently 75 railroad/roadway crossings, this project will construct 
approximately 19 grade-separated crossings within the BNSF corridor.  
The UP mainline will be relocated to an alignment within BNSF’s 
mainline corridor to eliminate all mainline at-grade crossings on the UP 
line between Spokane and Athol, Idaho.  However, the BNSF has 
indicated that capacity on this segment is sufficient.  BNSF supports the 
grade separations envisioned, but does not support the relocation of UP 
onto the BNSF line.  The railroad currently sees no value in participating 
in the project due to the fact that conjoining the two railroads on one line 
could damage the BNSF franchise significantly. 

North-South Issues 

North-South Corridor (I-5 Corridor Including Access to Canada) 
As discussed in earlier chapters, the fluidity of the I-5 rail corridor is 
mandatory for the economic health of the state.  This corridor can be 
classified as extending from Portland, Oregon to Vancouver, B.C.  A 
north-south corridor supporting the east-west movement of cargo moving 
through the state is required to keep the rail network flowing.  As the 
projections of cargo and passenger volumes are met, it will be especially 
important that attention is kept on the health of this north-south corridor.  

                                                 
12 Distributed power or mid-train helpers are engines that are placed in the middle of the 
train.  These additional engines help “power” a long or heavy train by distributing the 
load of the train between the front engines and those in the middle of the train. 
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Currently, BNSF has no public plans, other than those proposed to support 
intercity passenger train volumes, to increase capacity over the route.  
From a freight perspective, BNSF believes sufficient capacity exists for 
the foreseeable future.  Indeed, BNSF sees nothing in this corridor as 
“freight driven.”  BNSF indicated it will construct additional capacity in 
the corridor only as driven by growth in passenger train volumes. 
 
In the future, it will be very important to monitor the capacity and needs of 
this corridor and advocate capacity improvements to meet the growth 
projections.  This will require coordination between all stakeholders and 
partners to assure the capacity is available for this corridor and its 
communities to meet their respective needs.  This may require a true 
public-private partnership including regional agencies such as 
metropolitan planning organizations, Sound Transit, Amtrak, rail freight 
customers, ports, local communities, as well as other stakeholders.  Public 
funding could include safety improvements, such as grade separations.  
Private railroad funding could include improvements, such as longer 
sidings or additional mainline tracks. One of the options to eliminate 
passenger freight conflicts and to enhance capacity for both is to create a 
dedicated high-speed passenger rail track. 
 
In addition to the above improvements, BNSF recently constructed a 
10,000-foot clear siding at Colebrook, B.C.  Colebrook is located where 
the British Columbia Railway (BCRC)13 Port Subdivision from Roberts 
Bank merges with BNSF’s mainline to New Westminster and is 
approximately halfway between Swift and Brownsville.  Prior to 
constructing the new Colebrook siding, BNSF had no meet/pass locations 
between the border and Brownsville. 

Dedicated High-Speed Passenger Rail Track 

This is an emerging issue in the United States as 11 high-speed rail 
corridors have been identified, with projects in various stages of 
development.  One of the most ambitious, California’s high-speed rail 
system, eventually will connect San Diego with San Francisco and 
Sacramento. 
 
Here in Washington, the concept of dedicating tracks solely for high-speed 
passenger rail is under discussion.  There are many differing opinions that 
are not fact based.  Typically high-speed passenger rail is defined as trains 
that are capable of moving at a rate of speed between 150 to 180 mph.  
Currently our rail lines are limited to a maximum of 79 mph.  As has been 
discussed in this plan, the I-5 rail corridor is currently shared with 
passenger rail (both commuter and intercity) through the state from 

                                                 
13 BCRC is a class II regional railroad owned by the British Columbia provincial 
government until it was sold to CN in 2004. 
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Vancouver, WA to Vancouver, B.C.  The potential speed differential 
burdens both freight and passenger operations. 
 
Thus, the high-speed concept needs to be explored in more detail to 
determine the true pros and cons of a dedicated corridor.  One of the 
advantages of the concept of freight rail is that freight could re-gain rail 
capacity on the I-5 corridor rail line if passenger rail has its own dedicated 
rail line in that corridor. 
 
An example of separating freight from passenger within a corridor is the 
Pt. Defiance Bypass project.  This project plans to separate passenger 
trains from freight trains by re-routing passenger trains to an inland route 
that runs parallel to the I-5 highway from Tacoma to DuPont.  The line 
will be extended to reconnect with the BNSF mainline in Nisqually.  
 
The improvements will allow passenger trains to use the bypass route without 
being delayed by freight trains.  This will result in: 
 
 Improved passenger rail reliability.  
 Provide faster and more frequent Amtrak Cascades service.  Speeds will 

be increased up to 79 mph. 
 Allow increased freight rail service around Pt. Defiance and along 

southern Puget Sound by eliminating passenger trains from the BNSF 
mainline. 

Eastside Line 

BNSF is in the process of abandoning this corridor and the Port of Seattle 
has committed to acquiring it through the federal abandonment process 
and rail banking two of the lines.  The future use of the corridor has been 
discussed among various groups in the region for many years. 
 
The Eastside Rail Corridor consists of a 42-mile rail corridor stretching 
from the city of Renton to the city of Snohomish, with an 8-mile rail spur 
running between the cities of Woodinville and Redmond. The rail corridor 
passes through the cities of Newcastle, Renton, Bellevue, Kirkland, 
Woodinville, Maltby, Snohomish, and Redmond. 
 
In fall 2003, BNSF indicated its intent to divest roughly 42 miles of 
railroad corridor in east King and south Snohomish Counties from its 
operational rail lines.  BNSF asked if there was public interest in 
maintaining/preserving this extensive corridor for transportation purposes.  
The Puget Sound Regional Council (PSRC) took on the question of 
“public interest” and conducted a series of discussions with the eight 
jurisdictions along the corridor plus WSDOT, Sound Transit, and several 
of the regions’ environmental/bicycling interests.  The resulting 
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recommendation to preserve the corridor for future transportation uses was 
endorsed by PSRC’s Executive Board, who unanimously agreed that this 
regional rail corridor should be preserved for future transportation uses 
and communicated this regional interest to BNSF in July 2004. 
 
The final PSRC recommendations, completed in 2007, proposed 
transportation uses over different time periods such as short, medium, and 
long term.  The findings include: 
 

 This unique corridor should be preserved. 
 It is not a strategic regional or state freight rail corridor. 
 Freight rail access to Boeing’s Renton plant needs to be preserved. 
 Prior regional public transit studies in north-south Eastside 

Corridor need to be respected. 
 “Medium-term” timeframe is needed to achieve long-term 

passenger rail objectives. 
 The cost effectiveness of trail development should be optimized. 

 
Port of Seattle is currently in the final acquisition stages to purchase this 
corridor.  It is anticipated that this transaction will close by early 2010.  
The Eastside Corridor has two portions: the northern portion, between 
Snohomish and Woodinville, and the southern portion, which stretches 
from Woodinville to Renton and includes the Redmond spur.  Under the 
terms of the acquisition agreement, BNSF agreed to select a third-party 
rail operator to maintain the operation.  The operator will pay the Port of 
Seattle for the rights to use the land and will provide freight rail service 
for shippers in Snohomish County. 

Positive Train Control Implementation 

Both the BNSF and the UP face a new capital expenditure requirement as 
a result of the recent Federal Railroad Administration (FRA) and 
Congressional decision that mandates that Positive Train Control (PTC) 
be implemented on all mainline corridors that carry both freight and 
passenger trains.  The legislation, passed in the wake of a head-on 
collision in California between a UP freight train and a Metrolink 
commuter train, requires the installation of PTC by the end of 2015.  The 
legislation also requires that PTC be installed on all routes that handle 
certain hazardous materials. 
 
As a practical matter, this means that the U.S. freight railways will be 
required to install PTC on virtually all mainline corridors.  Nationwide, it 
has been estimated that implementation of PTC will cost billions.  The 
capital requirements needed to meet the PTC mandate is likely to place 
further pressure on discretionary capital spending for capacity expansion  
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The major U.S. railroads, including BNSF, UP, CSX Corporation, Norfolk 
Southern, and Kansas City Southern, have been in various stages of 
testing PTC for a number of years.  One of the significant issues the 
railroads have been dealing with is inter-operability, or the ability of the 
PTC systems of each railroad to communicate with another railroad’s 
system when locomotives are operating on another railroad.  As a result of 
the recent legislation, the railroads have initiated an effort to develop a 
system that will work across all of the railroads. 

Impacts of Dam Breaching or Loss of the Columbia-Snake Inland 
Waterway System 

Transportation System Impacts 

The current Columbia-Snake Inland Waterway System is efficient for 
moving cargo.  This system provides shippers with an alternative to 
shipping by rail, imposes price competition on the railroads, and supplies 
sufficient capacity to absorb substantial fluctuations in grain shipments, 
especially during peak export months and years.  The major components 
of the existing barge transportation system include: 
 
 Barge terminals and river elevators. 
 Access roads to the barge terminals and river elevators. 
 Navigation channel. 
 Locks. 
 Barge fleet. 
 Export elevators.14 
 
To complicate this issue is the fact that the waterway is owned and 
controlled by the Army Corp of Engineers.  
 
Siltation has been problematic in the McNary Dam pool, which is the first 
Columbia River dam below the Snake River.  If the Snake River dams 
were to be breached (removed), much of the grain (and other 
commodities) that is now barged on the Snake River could be expected to 
shift to loading or unloading facilities in the McNary Dam pool.  
Elimination of barge transportation on the lower Snake River will result in 
a less efficient system for moving freight. 
 
In addition to the effect that dam breaching would have on the barge 
system, transportation impacts would also be shifted to the road and rail 
systems in the region.  The mainline rail system, short-line rail system, 
and state and county road systems could all be expected to carry an 
increased share of the freight now shipped by barge.  Depending on the 

                                                 
14 Export elevators are elevators that can load export ships directly from the elevator. 
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closure all grain currently shipped by barge may be shifted to rail.  This 
could cause capacity constraints to be reached. 
 
The short-line rail system can also be expected to handle an increased 
volume of grain if the Snake River dams are breached.  Unfortunately, the 
short-line railroads that currently operate in the grain-producing region of 
eastern Washington only generate enough revenue to cover operating 
costs, and are not generally able to finance capacity upgrades.  Rail-served 
grain elevators may also require substantial capital improvements, if they 
are to handle the grain expected to shift from barge transportation.  Many 
of these elevators have not been used for rail loading in years, and the 
condition of their equipment is unknown. Additionally, the rail sidings at 
many of these elevators are only long enough for three cars, while the 
current standard for sidings is a minimum of 25 or 26 cars. 
 
The highway system will also face increased costs, due to shifting 
transportation patterns.  Roads that were not designed and constructed to 
handle large volumes of truck traffic can be expected to face increased 
maintenance costs. 
 
Other issues to be considered in this discussion are: 
 

 The need for the eastern Washington producers to continue to 
move containerized commodities such as peas and lentils. 

 The need to move products from the coast to eastern Washington 
that barges will not handle, such as fertilizers. 

 The cost of long distance trucking as compared to either rail or 
barge. 

 The transportation of products that do not have access to a 
waterway. 

 Rail competitiveness as compared to barge and truck. 

Rate Impacts 

The fact that the region served by the Snake River barge system is also 
served by railroads means that neither mode of transportation is able to 
charge monopoly rates for service.  Breaching the Snake River dams, 
however, would decrease competition and would likely lead to rate 
increases.  According to the National Corn Growers Association, “it has 
been demonstrated numerous times that areas throughout the country that 
do not have access to barge transportation have higher rail rates.”  The 
Tennessee Valley Authority examined the effect of barge transportation on 
rail rates on the upper Mississippi River, and concluded that “the 
continued availability of water transport appears to have a significant 
impact on the pricing behavior of other surface transportation modes—at 
least when these modes are reasonably close to the river.  In particular, 
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there is a large body of economic literature, which suggests that available 
barge transportation effectively constrains railroad pricing for the 
transportation of commodities that are moved by barge.  These barge-
constrained rail prices have come to be called ‘water-compelled’ rates.” 

Statewide Information and Data Needs 

The United States Department of Transportation (USDOT) and FRA are 
aware that statewide information and data is needed by the states in order 
to develop statewide rail plans.  In these plans, the states set policies for 
freight and passenger rail transportation within their boundaries, establish 
priorities and implementation strategies that enhance rail service in the 
public interest, and serve as the basis for federal and state rail investments 
within the state.  Currently, there is not enough data collected by the states 
or for the states in order for the analysis to be done to meet all of these 
expectations. 
 
It is recognized that not only does the data need to be available but this 
data needs to be centralized into a designated office within state 
Departments of Transportation.  The USDOT expects that these state rail 
plans will provide detailed insight into the concerns facing state 
transportation systems and set forth state visions of how rail transportation 
can address those issues.  An element that the USDOT views as necessary 
includes multimodal transportation, especially ways in which modes can 
be integrated to serve transportation customers more effectively and 
efficiently.  

States are in a unique position to provide information on local rail 
bottlenecks and resulting traffic congestion.  Such information can affect 
the movement of goods and people, not only in that location but 
throughout the rest of the corridor as well.  This lack of information can 
negatively affect the larger transportation network.  Resolving such issues 
can improve transportation flows and positively affect the movement of 
goods and people far beyond state borders.  
 
The current lack of a centralized point of data collection and retention 
limits the depth of the analysis that can occur on the system as a whole.  
As discussed throughout this plan, it is critical that the rail within the state 
and the nation be viewed as a total system and not individual ownerships 
or projects.  Rail is one mode in the U.S. transportation system and it must 
be viewed as a part of the whole transportation system that must 
adequately and efficiently move both goods and people. 
 
An example of the lack of critical information needed for decision makers 
is adequate data on short-line railroads within the state. 
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Short-line railroads (approximately 2,000 operating miles) are essential to 
the state economy, yet the state has virtually no physical condition 
information about these railroads.  Most short-line railroads have no 
detailed condition inventory, while others have not updated their detailed 
condition inventory for many years.  

A detailed, physical condition inventory of the state short-line railroad 
lines and facilities is needed to guide state investments for rail projects, 
specifically in the areas of project level analysis, infrastructure delivery 
planning, and decision making about rail infrastructure improvements.  
The condition inventory is estimated to cost between $1 million to 
$2 million, depending on level of detail and inclusivity required in the 
inventory.  

A Statewide Rail Information Center Is Needed 

A Statewide Rail Information Center would enable transportation planning 
and policy development to incorporate rail information to better support 
economic development and societal needs to address unexpected and 
disruptive events.  A great deal of rail information and data exists at 
national, state, and regional levels.  However, such data and information 
were not systematically organized and normalized to meet the needs of 
transportation planning and regional socioeconomic development. 
 
The fact that rail information and data was not developed in a consistent 
way over time becomes a barrier for integrating rail information in 
transportation decision making.  Gaps exist between availability of rail 
data and information and the needs for such data and information.  This 
center would be able to develop needed data systematically and 
consistently to meet WSDOT’s needs. 
 
Regional economic planning organizations, transportation planning 
organizations, local communities, private industries, and information 
producers have a strong need for a statewide information center.  This 
information center would assist these stakeholders to meet the challenges 
of systematically and consistently collecting, developing, and distributing 
freight information and data. 

Summary 
To retain the state’s ability to compete in the complex world of goods 
movement, the state and its partners must position the state to provide 
efficient rail transportation.  In order to accomplish this goal, the partners 
must work together to collect data that can be used to identify the 
chokepoints in the system.  Those chokepoints must then be evaluated to 
determine their costs and benefits to both public and private stakeholders.  
A priority list must be developed based upon this analysis so that 
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policymakers can make educated decisions on the improvements that need 
to be funded and when.  Working together the state can build an efficient 
rail network to support it citizens, businesses, and customers. 
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Chapter 6: State Roles and Partners 

Washington State’s Current Roles 
Transportation planning is an ongoing collaborative process to develop a 
multimodal transportation system that: 
 
 Supports sound transportation investment decisions as evidenced in 

the overall program and its elements.  
 Supports economic vitality.  
 Increases safety and security.  
 Increases accessibility and mobility options.  
 Protects the environment and improves quality of life.  
 Enhances system integration and connectivity.  
 Promotes efficient system management and operation.  
 Emphasizes system preservation.1  
 
“Moving Washington” articulates Washington State’s (state) vision for 
transportation.  The vision focuses on improving freight rail capacity, 
promoting public safety, maintaining economic viability, and enhancing 
environmental sustainability.  State roles support this vision through 
varied legislative statutes.  
 
Four groups within the state government have legislatively mandated roles 
and responsibilities for oversight, management, and implementation of the 
state’s interest in passenger and freight rail.  They are the Washington 
State Department of Transportation (WSDOT), the Freight Mobility 
Strategic Investment Board (FMSIB), the Utilities and Transportation 
Commission (UTC), and the Washington Community Economic 
Revitalization Board (CERB).  

Washington State Department of Transportation 

WSDOT is charged with planning, funding, implementing, constructing, 
and maintaining the multimodal transportation system in this state.  As 
such, it is the conduit for state and federal transportation dollars.  Freight 
and passenger rail programs are housed within the State Rail and Marine 
Office.  See Chapter 1 for authorizing statutes.  
 
WSDOT is the steward of a large and robust transportation system, and is 
responsible for ensuring that people and goods move safely and 
efficiently.  In addition to building, maintaining, and operating the state 

                                                 
1 WSDOT Planning Office, www.wsdot.wa.gov/planning/.  
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highway system, WSDOT is responsible for the state ferry system, and 
works in partnership with others to maintain and improve local roads, 
railroads, airports, multimodal transportation facilities, and promote 
programs that encourage citizens to use alternatives to driving alone.  
 
WSDOT works towards supporting the following statewide transportation 
policy goals established by the state legislature for all public investments 
in transportation:  
 
 Safety. 
 Preservation. 
 Mobility. 
 Environmental quality. 
 System stewardship. 

State Rail Transportation Authority 

WSDOT is the agency that oversees multimodal planning, including rail, 
at a statewide level.  The WSDOT State Rail and Marine Office provides 
project management, oversight capacity, and editorial control over the 
Washington State 2010-2030 Freight Rail Plan.  

State Rail Approval Authority 

The WSDOT Secretary of Transportation is the state-designated 
approving authority for the Washington State 2010-2030 Freight Rail 
Plan.  

State Freight Rail Plan Advisory Committee 

The State Freight Rail Plan Advisory Committee serves as the external rail 
advisory body for the Washington State 2010-2030 Freight Rail Plan. 

Internal Advisory Group 

The WSDOT Strategic Planning and Programs Office coordinates 
statewide multimodal transportation planning, priorities, and issues, 
including programming and financial planning.  

WSDOT State Rail and Marine Office  

The State Rail and Marine Office, which is part of the WSDOT Freight 
Systems Division, has a strategic leadership role for freight rail investment 
that is essential to manage the state’s freight and passenger rail capital 
programs and operations.  
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Strategic Planning 
The State Rail and Marine Office coordinates with public and private 
sector partners to develop strategic rail plans, policies, and legislative 
proposals that guide strategic investment in freight rail transportation.  
The office conducts legislative-directed policy and legislation analyses 
and strategic investment assessments.  It develops and uses benefit/cost 
tools that reflect legislative priorities and stakeholder interests to prioritize 
freight projects and evaluate funding requests.  It also develops strategic 
plans, such as the Washington State 2010-2030 Freight Rail Plan.  

Program and Project Management 
The State Rail and Marine Office manages freight rail programs and 
projects (i.e. capital construction projects, Freight Rail Investment Bank, 
Freight Rail Assistance Program, Grain Train program, Produce Railcar 
program, and state-owned rail lines discussed in Chapters 3, 5, and 8) that 
promote the goals of the freight rail system. Some increase public safety 
by reducing at-grade crossings with high accident potential 
(WSDOT/FMSIB projects), while others enhance capacity or leverage 
federal funding sources that enhance economic viability to meet the needs 
of the overall state economy.  

Statewide Freight Rail System Utilization Data and Information 
The State Rail and Marine Office helps stakeholders build an 
understanding of the issues and think about the potential of freight rail as 
part of a strategic multimodal transportation system.  The office conducts 
research and analyses for freight policies and legislations.  It develops and 
provides statewide freight rail system utilization data and information that 
is essential for regional and local freight planning and operations.  
Examples include freight rail system databases, physical and condition 
inventories, maps, needs assessment analysis, capacity studies, commodity 
flow and socioeconomic impact analyses, and freight modeling to forecast 
future capacity and needs.  

Public Outreach 
The State Rail and Marine Office provides outreach consistent with state 
and federal policies to increase public awareness and to broaden the 
understanding of railroad system costs, benefits, and investments 
necessary to form a cohesive and efficient multimodal transportation 
network. 
 
In the past 18 years, the State Rail and Marine Office has used its powers 
and authorities under Chapter 47.79 RCW (high-speed ground 
transportation), Chapter 47.76 RCW (rail freight service), and Chapter 
47.06 RCW (statewide transportation planning) in the following ways: 
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 To develop the Amtrak Cascades service as part of its high-speed 
intercity rail program. 

 To acquire and preserve rail lines and rights of way abandoned by 
Class I railroads (and other railroads). 

 To provide assistance to short-line railroads to maintain service for 
shippers and receivers who do not have access to mainline rail service. 

 To lease specialized railcars (e.g. hopper cars for the Washington 
Grain Train program, refrigerated cars for the Produce Rail Car 
program) to ensure an adequate pool of equipment for state growers. 

 To develop Amtrak Cascades long-range and mid-range plans, and 
coordinate with other statewide planning efforts. 

 To develop a benefit/cost methodology to evaluate projects for 
potential investment. 

 
The State Rail and Marine Office is currently managing more than 
50 capital rail projects that are proposed, funded, or underway, and 
support freight and passenger rail mobility in the state.  When completed, 
these rail projects will result in improved freight mobility, improved 
safety, reduced rail congestion, upgraded tracks, and improved frequency 
of Amtrak Cascades passenger rail service.  
 
The State Rail and Marine Office follows a rail improvement strategy for 
state participation that is consistent with the Washington State 
Constitution.  There are a number of provisions in the constitution that 
limit the state’s involvement in the private rail system.  The guidelines 
outlined in Article VIII of the constitution, “State, County, and Municipal 
Indebtedness,” limit the extent to which the state, counties, or cities can 
give or loan credit to corporations.  The provisions of RCW 47.76.250 
(essential rail assistance account - purposes) address this limitation by 
clarifying how a state may participate in projects with private ownership.  
This RCW also allows private entities that meet minimum eligibility 
criteria to receive grant funds, if contractual consideration is provided in 
return.  At a minimum, such contractual consideration shall consist of 
defined benefits to the public with a value equal to or greater than the 
grant amount, and where the grant recipient provides the state a contingent 
interest adequate to ensure that such public benefits are realized. 

Freight Mobility Strategic Investment Board 

FMSIB was created by the Washington State Legislature in 1998 and is 
established as a rule-making board by RCW 47.06A.030. Its purpose is to 
administer projects and strategies that lessen the impacts of freight 
movement on local communities and facilitate efficient and profitable 
freight movement in the state.  The 10-member board has representatives 
from state ports, railroads, cities, counties, WSDOT, the Governor’s 
Office, truckers, marine operators, and private citizens.  Periodically, 
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FMSIB issues a call for projects in order to maintain a 6-year list of active 
projects.  FMSIB’s past rail funding has primarily supported grade 
separation and crossing improvement projects.  

Utilities and Transportation Commission  

The UTC protects consumers by ensuring that utility and transportation 
services are fairly priced, available, reliable, and safe.  The UTC is 
responsible for railroad safety under Title 81 RCW (transportation).  The 
rail group is part of the UTC Safety and Consumer Protection Division, 
but separate from the Transportation Safety Group, which covers persons 
and property traveling on state roads.  A primary responsibility of the rail 
group is to work with the Federal Railroad Administration (FRA) to 
inspect rail shipments of hazardous materials.  There are more than 
300 inspection points throughout the state, including shippers’ facilities, 
railroad yards, and terminals.  

Washington Community Economic Revitalization Board  

CERB is a statutorily authorized state board.  CERB is the state’s strategic 
economic development resource, focused on creating and retaining jobs in 
partnership with local governments, and financing public infrastructure 
that encourages new development and expansion in targeted areas.  It 
receives administrative support from the state Department of Commerce.  
It issues grants and loans that will retain existing jobs and create new 
ones, boosting business growth across the state.  CERB can provide 
funding for rail projects that promote industrial development and has done 
so in the past.  An example of this type of project was its $1,000,000 low-
interest loan to the Port of Longview to help construct a second rail line 
and rail spurs serving a planned new facility for processing newly 
imported cars.2 

Summary 

Each of these groups within state government has knowledgeable staff that 
carries out its mandates effectively.  However, the lack of a central point 
of contact and coordination makes it difficult for businesses, communities, 
and the railroads to work with the state.  In some cases, it weakens the 
state’s negotiating position.   
 
The existing statutes, in Appendix 1-A, define the state interest in freight 
and passenger rail, assign roles and responsibilities for the oversight of the 
state’s interest in rail, and establish a number of specific passenger and 
freight investment programs.  The statutes provide a broad foundation for 
continued state participation in the preservation and improvement of the 
                                                 
2 Statewide Rail Capacity and System Needs Study, Final Rail Study Report, Section 4.3, 
pp. 36-37, 2006. 
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rail transportation system, where there are public benefits to the state, its 
businesses, and its communities.  

Washington’s Strategic Partners 
The state has a leadership role to encourage and build strong partnerships 
within the public and private sectors that ensures future economic 
competitiveness and viability among the railroads, ports, shippers, 
governments, communities, and other key stakeholders.  Such partnerships 
are built on common interests, common understandings, and existing 
relationships.  Appendix 6 contains a list of WSDOT freight partnerships.  
Some of these partners and partnerships are discussed below. 

Freight Railroads 

Freight railroads are business ventures.  Their motivation to work with the 
state originates from the possibility of improved financial return.  They 
increasingly recognize their important role in meeting public goals, such 
as improved air quality.  Freight rail projects and policies that 
simultaneously boost a railroads’ bottom line and advance the public 
interest may merit greater attention and resources from the state during the 
planning processes as railroads are more likely to reciprocate.  Chapter 3 
describes the state’s railroads in more detail.  

Ports 

Ports are the only public agencies whose primary mission is to promote 
economic development, and the related businesses and jobs.3  According 
to the Washington Public Ports Association (WPPA), there are 75 port 
districts in the state that were originally authorized in 1911 to provide 
maritime shipping facilities and rail/water transfer facilities.  Since then, 
many additional authorities have been granted, such as building and 
operating airports (1941); establishing industrial development districts 
(1955); developing trade centers (1967); and developing economic 
development programs and promoting tourism (1980s).  Ports provide the 
public a direct way to own and manage important community assets such 
as waterfront land and airport facilities.  Chapter 5 describes the state’s 
ports in more detail. 

Shippers 

Shippers are the public and private sector customers of the statewide rail 
system.  They move a wide variety of goods, including raw materials, 
finished goods, and waste, from origin to destination, using rail and other 
modes of transportation.  Top shippers are the manufacturers/industrial 
                                                 
3 WPPA, Commissioner Resource Guide, 
www.washingtonports.org/downloads/commissionerresourceguide.pdf/.  
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carload shippers, the ports and international trade sector/intermodal 
container shippers, and the agricultural and foods products industry/bulk 
and specialized carload shippers.4  Chapters 3 and 4 describe shipping 
demand and rail freight services in more detail. 

Other Partners 

Federal Railroad Administration 

The FRA was created by the Department of Transportation Act of 1966 
(49 United States Code 103, Section 3(e)(1)).  The purpose of the FRA is 
to promulgate and enforce rail safety regulations; administer railroad 
assistance programs; conduct research and development in support of 
improved railroad safety and national rail transportation policy; provide 
for the rehabilitation of Northeast Corridor rail passenger service; and 
consolidate government support of rail transportation activities.  Today, 
the FRA is one of ten agencies within the United States Department of 
Transportation (USDOT) concerned with intermodal transportation.  It 
operates through seven divisions under the offices of the Administrator 
and Deputy Administrator.5 
 
The federal government, through the Passenger Rail Investment and 
Improvement Act of 2008 (PRIIA), requires coordination of the state rail 
plan with state transportation planning goals and programs.  It also 
requires coordination of rail transportation roles within the state 
transportation system.  Under the “Intergovernmental Coordination” 
section of PRIIA, the state should also review freight and passenger 
service activities and initiatives with regional planning agencies, regional 
transportation authorities, and municipalities.  

Regional Planning Organizations 

There are two types of transportation planning organizations in the state 
with coordination and development roles for projects and programs by 
region.  A Metropolitan Planning Organization (MPO) is comprised of 
elected officials in an urbanized region with 50,000 or more in population.  
MPOs provide a forum for local decision making on transportation issues 
of a regional nature.  Under the Safe, Accountable, Flexible, and Efficient 
Transportation Equity Act: A Legacy for Users (SAFETEA-LU), the 
policy for the metropolitan planning process is to promote consistency 
between transportation improvements and state and local planned growth 
and economic development patterns.6 

                                                 
4 Statewide Rail Capacity and System Need Study, Tech Memo 10.1, Analytical Plan, 
pages 4-5, 2006.  
5 FRA, www.fra.dot.gov/.  
6 MPO, www.wsdot.wa.gov/planning/metro/.  
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A Regional Transportation Planning Organization (RTPO) is formed 
through a voluntary association of local governments within a county or 
contiguous counties.  RTPO members include cities, counties, WSDOT, 
tribes, ports, transportation service providers, private employers, and 
others.  RTPOs were authorized by the state as part of the 1990 Growth 
Management Act to ensure local and regional coordination of 
transportation plans.7  
 
MPOs and RTPOs are organized by function into executive, boards, 
policy boards, and technical assistance committees with supporting staff.  
Exhibit 6-1 is a map of the MPO and RTPO coverage across the state. 
 

Exhibit 6-1: Regional and Metropolitan Transportation Planning 
Organizations 

 

 
The MPO/RTPO Coordinating Committee includes a representative from 
each MPO and RTPO.  It also includes a representative of the Tribal 
Transportation Planning Organization (TTPO).  The TTPO is an advisory 
committee comprised of designated transportation planners from each 
tribe along with state and federal government representatives.  The TTPO 
serves in a technical assistance and advisory capacity for tribal, state, and 
federal governments.  

                                                 
7 RTPO, www.wsdot.wa.gov/planning/Regional/.  
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Tribal Governments 

WSDOT maintains government-to-government relations with 35 federally 
recognized tribal governments. Twenty-nine tribes are located in the state; 
the additional six tribes have reservations outside the state, but have 
traditional homelands, treaty rights, or other interests within the state.  
Tribes may have public and private interests in freight rail development 
through the community and economic development arms of their 
governments.  
 
Many tribes, including Chehalis Confederated Tribes, Colville 
Confederated Tribes, Kalispel Tribe, Nisqually Indian Tribe, Puyallup 
Tribe, Squaxin Island Tribe, Swinomish Tribe, Tulalip Tribes, and 
Yakama Nation, have reservation lands that are on or near railroad main 
lines or spurs.  WSDOT will work with tribes to develop any potential 
rail-related projects and develop a detailed map that shows tribal 
reservation boundaries in relation to rail access. 
 
WSDOT is committed to working with tribes to build durable 
intergovernmental relationships that promote coordinated transportation 
partnerships in service to all citizens.  The WSDOT Centennial Accord 
Plan was created in accordance with the 1989 Centennial Accord and the 
1999 Centennial Accord Implementation Guidelines.  The Centennial 
Accord mandated that each state agency must have a procedure to 
implement effective government-to-government relations.  The WSDOT 
Centennial Accord Plan includes the WSDOT Secretary’s Executive 
Order on Tribal Consultation, a Dispute Resolution Policy, and detailed 
descriptions of the programs, services, and funding available to tribes 
from key WSDOT divisions and offices.8  

Public-Private Partners 

With funding limited for any infrastructure project, future investments 
may require involvement in public-private partnerships.  Public-private 
partnerships are defined as a cost-sharing method of funding a project 
between public and private entities based on expected benefits.  They may 
use a combination of funding sources and may include an integration of 
tax exempt bond financing (when available), state and federal loan 
guarantees, grants, or contributions from the railroads, as well as 
dedicated funding sources.  Public ports use public-private partnerships, 
for example, in their lease arrangements for joint development of a 
terminal or facility.  Ports transfer the future services rendered by a fixed 

                                                 
8 WSDOT Centennial Accord Plan, March 2009, 
www.wsdot.wa.gov/tribal/Centennial_Accord.htm/.  
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asset (e.g., a container crane or other terminal facility) to a private 
organization, while retaining the title to that fixed asset.9 

Strategic Rail Corridor Network  
The Railroads for National Defense (RND) Program ensures the readiness 
capability of the national railroad network to support defense deployment 
and peacetime needs.  The RND Program, in conjunction with the FRA, 
established the Strategic Rail Corridor Network (STRACNET) to ensure 
that FRA minimum rail needs are identified and coordinated with 
appropriate transportation authorities.  STRACNET is a nationwide, 
interconnected, and continuous rail line network serving defense 
installations.  STRACNET works with the FRA and USDOT’s Surface 
Transportation Board, state departments of transportation, American 
Association of Railroads, American Railway Engineering and 
Maintenance of Way Association, Railway Industrial Clearance 
Association, and individual railroad companies to protect this railroad 
infrastructure.10  

West Coast Corridor Coalition  
The West Coast Corridor Coalition (WCCC) is a partnership of state 
departments of transportation, regional and local transportation agencies, 
ports, and related transportation organizations (both public and private) 
from Alaska to California.  The WCCC has begun to identify regional, 
system-wide issues and develop a foundation allowing the coalition and its 
members to address issues and chokepoints that cross jurisdictional 
interests and financial boundaries.11  

Strategic Planning 
The State Rail and Marine Office recently participated in an FRA meeting 
as part of the development of a preliminary national rail plan.  The issues 
discussed were summarized in the 2009 Preliminary National Rail Plan 
(below).12  
 
 Collaboration and stakeholder agreements.** 
 Implementation timeline and evaluation criteria.*** 
 Need for public education/outreach.* 
 Livability issues.  
 Interconnectivity.* 
 Sustainable federal funding.** 

                                                 
9 Statewide Rail Capacity and System Needs Study, Tech Memo 6, p, 25, 2006.  
10 RND, www.tea.army.mil/DODProg/RND/default.htm/.  
11 West Coast Corridor Coalition Trade and Transportation Study, 
www.wsdot.wa.gov/NR/rdonlyres/5A019EA4-50EF-4286-96F9-
05398B52608A/0/_DR1_WCCC_TradeandTransportationStudy_COMPLETEweb.pdf.  
12 2009 Preliminary National Rail Plan, page 32.  
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 Sustainable state funding.* 
 National equipment standards.** 
 Environmental processes.  
 Positive Train Control.* 
 
* Issue was briefly discussed at the Seattle meeting.  
** Issue was raised multiple times/discussed in greater detail at the 

Seattle meeting. 
*** Most prominent issue discussed at the Seattle meeting.  
 
The 2009 Preliminary National Rail Plan addresses the need to rebalance 
the transportation system by strategically aligning the state rail plans and 
the national rail plan.  It requires states to provide key leadership in 
developing common understandings, aligning goals, and taking actions 
that further state and national policy goals.  
 
PRIIA (PL 110-432, Division B, Section 303) contains a legislative 
mandate that directs the FRA to develop a long-range national rail plan 
consistent with state-approved plans.  PRIIA requires states to establish or 
designate a state rail transportation authority.  This authority is responsible 
for: 
 
 Developing statewide rail plans and policies for freight and passenger 

rail transportation within their boundaries. 
 Establishing priorities and implementing strategies that enhance rail 

service in the public interest. 
 Serving as the basis for federal and state rail investments within the 

state. 
 
The FRA expects state rail plans to provide detailed insight into the 
concerns facing state transportation systems and to set forth their vision of 
how rail transportation can address those issues.  
 
In addition to PRIIA requirements, the 2009 Preliminary National Rail 
Plan provides the states with a framework of elements that the FRA views 
as necessary for creating a viable national rail plan.  The FRA encourages 
states to collaboratively raise additional issues and provide other relevant 
information.  States need to consider all other modes of transportation, 
especially ways in which modes can be leveraged to serve transportation 
customers more effectively and efficiently.  
 
The National Rail Plan will examine passenger and freight corridors 
running through and between states, and coordinate the states’ plans into a 
blueprint for an efficient national system, thereby meeting both regional 
and national goals.  The majority of the infrastructure is owned and 
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maintained by the freight railroads.  Therefore, the FRA will continue to 
work with states to develop plans that contain proposals or initiatives for 
partnering with freight carriers and other stakeholders in the development 
of plans and objectives.  
 
The National Rail Plan will likely encourage rail development and growth, 
much like the model of the interstate highway system.  The plan will also 
recognize that the traffic flow of passengers and freight rely on the 
connectivity of regional corridors that pass through several states. 

Future Roles 

Washington State 

The Statewide Rail Capacity and System Needs Study (2006) made the 
following recommendations about building and aligning existing state 
powers and authorities to further the state interest in the rail system (some 
recommendations have been implemented):  
 
 Influence the investment decisions of the Class I railroads to resolve 

rail chokepoints of critical importance to key rail user groups in the 
state and, thereby, provide more capacity for state rail users.  This will 
generally involve public-private partnerships in which the state is a 
minority partner, but the state’s investment can influence the timing 
and priority of the Class I railroads’ investment decisions. 

 Increase advocacy for a federal program that addresses critical 
national rail capacity needs.  Many of the key capacity chokepoints in 
the state rail system affect the national economy and shippers outside 
of the state.  The state should look for federal action and funding to 
address these chokepoints. 

 Work with rail users in industrial and agricultural markets to assist in 
the transition to rail service models that preserve high quality, 
reasonably priced, rail service options.  The state can help ensure that 
these transitions occur in a timely fashion before the lack of action has 
negative economic consequences for the state. 

 Work with third-party service providers and advocate for innovative 
operations practices and services that support the economic 
development goals of the state and its communities. 

 Establish local governance models that allow shippers and affected 
communities to be involved directly in the resolution of short-line 
problems. 

 Support cost-effective intercity passenger rail options that improve the 
overall balance and performance of the state’s highway and air 
passenger systems. 
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 Create a more effective, centralized, rail management function within 
state government with authority to advocate and negotiate state 
interests with the railroads.13 

 
The study recommended that the state continue to participate in the 
preservation and improvement of the freight and passenger rail 
transportation system where there are public benefits to state businesses 
and communities.  The study also recommended that state decisions to 
participate in projects, programs, and other rail initiatives be based on a 
systematic assessment and comparison of benefits and costs across users 
and across modes. 

State Rail and Marine Office  

Based on recommendations of this study and previous studies, the State 
Rail and Marine Office should continue to preserve and improve the rail 
transportation system, guided by the following general principles.14 
 
1. Emphasize operations and nonfinancial participation in projects before 

capital investment. 
2. Preserve and target competition. 
3. Encourage private investment that advances state economic 

development goals. 
4. Leverage state participation by allocating cost responsibility among 

beneficiaries. 
5. Require projects to have viable business plans. 
 
The State Rail and Marine Office should be designated by legislation as 
the single entity to coordinate and direct the state’s participation in the 
preservation and improvement of the rail transportation system.  The 
office should have the authority to negotiate directly with the railroads. 
 
As a single entity performing these duties, the State Rail and Marine 
Office should be able to: 
 
1. Represent the interests of multiple stakeholders in negotiations with 

rail carriers more effectively than individual stakeholders by 
themselves. 

2. Develop strategic packages of projects and actions across the state that 
would effectively promote state interest and be more attractive to the 
rail carriers than dealing with projects on a case-by-case basis. 

                                                 
13 Statewide Rail Capacity and System Needs Study, Final Rail Study Report, Section 4.4 
through Section 5.6, pp. 37-55, 2006. 
14 Statewide Rail Capacity and System Needs Study, Final Rail Study Report, Section 4.4 
through Section 5.6, pp. 51-52, 2006.  



 

December 2009 Washington State 2010-2030 Freight Rail Plan 
Page 6-14 Chapter 6: State Roles and Partners 

3. Better serve the interests of multiple communities in resolving 
common rail issues. 

4. Work more effectively with partners in other states and at the national 
level. 

 
The State Rail and Marine Office should continue its leadership role to 
influence and shape state and national level development of rail policies 
and programs, including the coordinated development of multistate 
coalitions to address rail system needs across the Pacific Northwest.  
 
The State Rail and Marine Office should continue its leadership role to 
work with the railroads to identify, prioritize, and implement the most 
cost-beneficial regional improvements.   
 
The State Rail and Marine Office should also implement an asset 
management plan to govern investment and management decisions for 
state-owned rail assets.  Guiding principles should include: 
 
1. Decisions based on a business-case analysis of the goals and 

objectives for each class of assets. 
2. Clear performance measures and a monitoring system to determine 

how assets are performing. 
3. Benchmarks for each performance measure based on industry 

standards. 
4. Development and use of an inventory management system, including 

information about condition and disposition of assets. 

Continued Statewide Coordination and Partnerships  
Public-public, public-private, and private-private partnerships of the future 
will increase in importance and include new financing mechanisms that 
involve multistate, multimodal coordination.  The Statewide Rail Capacity 
and System Needs Study (2006) includes examples of innovative 
partnerships, such as rural rail transportation districts, multistate 
consortiums, statewide strategic partnership board, and rail operations 
forums.  Rail operations forums, for example, are meetings of public and 
private sector rail stakeholders that are held on a monthly or quarterly 
basis.  At the meetings, stakeholders discuss, plan, and implement 
operational actions that can improve the efficiency or velocity of the rail 
operations of the group.15 
 
Investments in big projects with statewide public benefits will require 
public leadership and partnerships driven by public interest.  With the 
American Recovery and Reinvestment Act of 2009 Track 3 and 4 grant 

                                                 
15 Statewide Rail Capacity and System Needs Study, Tech Memo 10.3, pp. 1-8, (2006).  
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applications, for example, the lead agency of each project would need to 
develop a funding plan and partnership profile in order to demonstrate the 
50 percent funding match and leverage funds for public funding support.  
To enable effective corridor-level system development with impacts 
beyond the confines of state boundaries, multistate multimodal coalitions 
and plans are needed.  Such coalitions and partnerships, using a sound 
benefit/cost methodology based on goals and legislative priorities, will 
provide input into the state prioritization and investment processes to 
prioritize projects in the statewide public interest.  The state will have an 
important leadership role to encourage partnerships that succeed in 
meeting future rail infrastructure priority needs.  

Conclusion 
The WSDOT State Rail and Marine Office has an increasing strategic 
planning role in statewide passenger rail and freight rail development.  
Clarification is needed to align the office’s role and authority with the 
vision and goals developed earlier in this plan.  To be in alignment with 
other state plans, the state passenger and freight rail plans should be 
combined into a “one-rail” plan and updated frequently in the future.  
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Chapter 7: Investment Prioritizing and Project 
Evaluation  

 
Freight rail has many benefits.  With its cost effectiveness, fuel efficiency, 
safety records, and lower environmental impacts, freight rail is a viable 
option to help solve economic, social, and environmental problems with 
integrated solutions. 
 
The freight railroads in Washington State (state) are owned mainly by 
private entities and for-profit companies.  Despite primarily private 
ownership, freight rail transportation provides public benefits that warrant 
taxpayer participation in improvements at both federal and state levels.  
The common public benefits associated with freight rail include 
stimulating the state’s economy, supporting local communities and 
businesses with jobs and revenues, reducing congestion, improving public 
safety, offering a transportation choice for shippers, reducing 
environmental pollution, and saving energy. 
 
Investment policies in freight rail are developed by both public and private 
policymakers.  However, the benefits and costs from public perspectives 
are very different than those from private perspectives.  Therefore public 
investment priorities, criteria, and decision-making processes are also 
different from those of private investment.  
 
Decision makers of public investment include federal agencies, state 
agencies, tribal agencies, and regional and local public entities, such as 
counties, cities, and ports.  Private investment decision makers include 
private entities and individuals, such as railroads. 

Public and Private Benefits 
For rail-related investment, private benefits have typically accrued to rail 
carriers, shippers, rail property owners, and other non-governmental 
groups.  Public benefits are broadly assigned to government agencies that 
represent taxpayers.  
 
The Passenger Rail Investment and Improvement Act of 2008 (PRIIA)1 
definitions of public and private benefit are described below:  

                                                 
1 PRIIA (Public Law No. 110-432, Division B, enacted Oct. 16, 2008, Amtrak/High-
Speed Rail). 
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Private Benefit 

Private benefit is a benefit accrued to a person or private entity, other than 
Amtrak, that directly improves the economic and competitive condition of 
that person or entity through improved assets, cost reductions, service 
improvements, or any other means as defined by the Secretary. 

Public Benefit 

Public benefit is a benefit accrued to the public, in the form of enhanced 
mobility of people or goods, environmental protection or enhancement, 
congestion mitigation, enhanced trade and economic development, 
improved air quality or land use, more efficient energy use, enhanced 
public safety or security, reduction of public expenditures due to improved 
transportation efficiency or infrastructure preservation, and any other 
positive community effects as defined by the Secretary.2 

Federal Requirements 

The new law (PRIIA) requires the project list, in states’ long-range service 
and investment programs, to document the anticipated public and private 
benefits and the public investment benefit-cost correlation for each 
project.  PRIIA also specifies that states consider additional economic and 
societal impacts of investment projects (Exhibit 7-1). 
 

Exhibit 7-1: Federal Requirements for Benefit Assessment and 
Documentation 

  
Anticipated 
private benefits 

 Economic competitiveness 
 Cost reductions 
 Improved assets 
 Service improvements 

 
 
 
Required 
Documentation for 
Each Project 

 
 
 
 
Anticipated public 
benefits 

 Congestion mitigation 
 Enhanced trade and economic 

development 
 Improved air quality 
 Improved land use 
 Enhanced public safety 
 Enhanced public security 
 Reduction in public expenditures 
 Community effects 

 Correlation 
between public 
funding 
contributions and 
public benefits 

Statement and/or benefit/cost ratio 

Source: American Association of State Highway and Transportation Officials 
(AASHTO) State Rail Planning Guidebook September 2009 

                                                 
2 2009 AASHTO State Rail Planning Guidebook  
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State Requirements 

Under ESHB 1094, the Washington State Legislature required the 
Washington State Department of Transportation (WSDOT) to develop and 
implement the benefit/impact evaluation methodology recommended in 
the Statewide Rail Capacity and System Needs Study, which was published 
December 2006. 
 
The study recommended that three categories of public benefits should be 
included in benefit/cost (B/C) analysis (Exhibit 7-2). 
 
The study also recommended that the state measure benefits in terms of 
each user group.  The measures that best describe the potential benefits 
and impacts to each group are presented in Exhibit 7-3. 

Freight Rail Investment Analysis in Washington State 

Priorities and Criteria 

Projects should be evaluated using the same methodology that would 
provide consistent and objective comparisons to federal grants, state 
funds, local public entities, and private partners.  The value of a standard 
methodology, or at least broadly accepted factors or parameters, is to 
establish mutually acceptable benefits vernacular for evaluating the 
projects side-by-side. 
 
Priorities and criteria for evaluation reflect public investment policies and 
determine how the evaluation will be performed. 
 
Benefit evaluation in this state will follow both federal and state priorities 
and criteria.  PRIIA does not specifically require states to prioritize 
projects, but it does require a prioritization of options to increase 
intermodal connectivity.  State legislation requires that WSDOT develop a 
B/C methodology and use it to evaluate state projects based on six clearly 
specified legislative priorities: 
 
 Economic, safety, or environmental advantages of freight movement 

by rail compared to alternative modes. 
 Self-sustaining economic development that creates family-wage jobs. 
 Preservation of transportation corridors that would otherwise be lost. 
 Increased access to efficient and cost-effective transport to market for 

the state’s agricultural and industrial products. 
 Better integration and cooperation within the regional, national, and 

international systems of freight distribution. 
 Mitigation of impacts of increased rail traffic on communities. 
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Exhibit 7-2: Variables for the State Benefit/Cost Analysis 
Variable Description Explanation 

Transportation and Economic Benefits 

Avoided maintenance costs If the project preserves rail service, the 
no-action alternative may put more 
trucks on the highway.  This may 
produce a net positive or negative 
benefit, to be evaluated based on the 
type of road affected and the cost of 
maintaining the rail line. 

Reduction in shipper costs (for 
shipments originating in state) – freight 
only 

Benefits are derived from lower 
logistical costs to the shippers, which 
ultimately can lead to lower consumer 
prices. 

Reduction in automobile delays at 
grade crossings 

Benefits result from improving grade 
crossings and decreasing automobile 
delays. 

Economic Impacts 

New or retained jobs Jobs that a particular project/action 
may keep from moving out of the state 
(e.g., by construction of a rail spur 
serving a factory or warehouse, etc.), 
or new jobs that are created within the 
state.  Also to be considered are 
changes in job quality and pay levels 
(e.g., adding, losing, or changing union 
jobs).  This measure accounts for both 
retained and new jobs. 

Tax increases from industrial 
development 

A rail action/project may foster 
industrial development that results 
ultimately in increased industrial 
property taxes to the state. 

External Impacts 

Safety improvements By diverting truck freight to rail, 
savings on highway safety 
improvements can occur. 

Environmental benefits Railroads are on average three or 
more times more fuel efficient than 
trucks.  The state can benefit from 
savings due to environmental 
improvements. 

Source: Statewide Rail Capacity and System Needs Study (2006) 
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Exhibit 7-3: Benefit and Cost Measures 
Rail User Benefit and Cost Measures 

State  Jobs created/retained (private sector, public sector, and 
impact on rail-related union jobs). 

 Tax benefits (through new or retained businesses). 
 Contribution to transportation system efficiency/balance 

(measured in terms of reduced travel delays, improved 
system reliability, or system redundancy as appropriate). 

 Environmental benefits (air pollution and water quality 
impacts). 

 Safety benefits (reduced property damage, injuries, and 
fatalities). 

 Availability of partner funding. 
 Cost to state. 
 B/C ratio (using recommended B/C analysis methodology) 

Shippers  Business cost impact (through impact on cost of service). 
 Access to service (does project increase rail/transportation 

service options). 
 Service reliability (on-time performance). 
 Transit time. 

Passengers  Rail capacity for passenger trains. 
 Travel costs. 
 Travel time. 
 Increased modal choice/access. 

Railroads  System velocity improvements. 
 Hours of train delay. 
 Yard dwell time. 
 Increased revenue traffic. 
 Equipment availability. 

Ports  Throughput. 
 Market share. 

Communities 
(similar to 
state) 

 Environmental benefits. 
 Safety benefits. 
 Reduced roadway delays and truck/auto delay at grade 

crossings. 
 Local jobs created or retained. 

Source: Statewide Rail Capacity and System Needs Study (2006) 
 
These priorities are in order of relative importance specified by the 
legislature.  This requirement also directed WSDOT to evaluate rail 
project benefits compared to alternative modes. 
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Understanding Principles in Assessing Public Investment 

Investment analysis in the public sector is very different from private 
sector analysis.  There are several principles that must be understood in 
analyzing public investment and public benefits. 

Discounting 

Discounting addresses the problem of translating values from one time 
period to another.  The larger the discount rate, the more weight that is 
placed on benefits and costs in the near-term, over benefits and costs in 
the future.  Long-term benefits, such as environmental quality, are 
important public policymaking criteria.  Consequently, public investment 
analysis usually uses a relatively lower discount rate than the private 
sector. 

Leveraging 

Public projects usually involve multiple sources of investment and 
partnership.  While the analysis of such an investment assesses the 
efficiency, it also assesses the effectiveness of public investment only.  In 
other words, a measure of the effectiveness of public investment is how 
much additional investment a public investment can bring into a specific 
project.  This measure is called leveraging. 

Distributional Benefits 

Many public investment projects provide distributional benefits to the 
public by transferring public resources to where they are needed most.  
Such a transfer payment is not a traditionally defined benefit.  It could be 
measured as a public benefit, if it helps reach the goal of public policy to 
benefit the targeted public group.  

With/Without Principle 

Many public investment projects provide benefits to the public by 
mitigating negative impacts.  While such investment does not create 
positive value, it reduces the negative value.  The difference between the 
larger negative value and the smaller negative value is defined as a benefit 
based on the with/without principle.  For example, a freight rail capital 
project could lead to removal of some trucks from a highway.  This will 
reduce environmental emissions since rail, in general, has less emission 
per ton-mile.  Without such an investment project, societal loss due to 
higher emissions would be much larger.  The reduced societal loss would 
be the benefit of the investment project.  
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Period of Analysis 

The length of a period used for analyzing benefits and costs is very 
important.  Many public benefits last for a long period of time, while 
investment occurs in early stages of a project life.  Therefore, a full 
lifecycle is preferred in public investment analysis. 

Evaluation Strategies and Methods 

PRIIA-Defined Benefits and Potential Project Evaluation Strategies 

Exhibit 7-4 outlines each of the PRIIA-defined benefits and potential 
project evaluation strategies for these benefits. 
 

Exhibit 7-4: PRIIA-Defined Benefits and Evaluation Strategies 
 
Benefits 

Source of Benefits  
or Impacts 

 
Potential Measurement 

Economic competitiveness Improved assets and service 
reliability or frequency allows 
companies to do business more 
efficiently. 

Lower business costs (e.g., 
savings resulting from faster 
travel time and other 
improvements) increase the 
competitiveness and business 
attraction to the state. 

Improved assets Infrastructure, rolling stock, or 
facilities improvements. 

Lower costs for capital 
maintenance of assets. 

Cost reductions Time savings provides unit cost 
reductions (labor, inventory, etc.) 
accruing to carriers, shippers, and 
passengers. 

Lower total business costs 
(from all categories) and lower 
personal travel costs (e.g., 
less auto maintenance and 
gasoline; fewer hours of 
highway delay). 

Service improvements Time savings, improved reliability, 
new access, increased frequency, 
added capacity. 

Time savings due to increased 
speed, reliability, and 
frequency accruing to rail 
passengers, carriers, and 
shippers. 

Enhanced mobility of 
people and goods 

Improved mode choice options 
and services. 

Reduced distance to 
passenger stations or freight 
terminals and improved 
intermodal linkages. 

Environmental protection 
or enhancement 

This consideration is closely 
related to air quality effects 
(below) but could measure other 
benefits to water quality, wildlife, 
noise, historic resources, or other 
factors outlined in National 
Environmental Policy Act (NEPA). 

States should use existing 
study information from 
Environmental Impact 
Statements (EIS), 
Environmental Assessments 
(EA), or other resources and 
customize to the unique 
characteristics of the project. 
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Benefits 

Source of Benefits  
or Impacts 

 
Potential Measurement 

Congestion mitigation Highway-to-rail diversion of 
passengers and freight decreases 
highway congestion.  Investment 
in rail capacity decreases rail 
congestion. 

Some statewide or multi-state 
highway models can predict 
change in hours of delay.  
Other tools, including FHWA’s 
HPMS or HERS can be used 
to estimate delay effects.  Rail 
carriers can predict similar 
measures. 

Enhanced trade and 
economic development 

Similar to the economic 
competitiveness measure with 
benefits originating from improved 
travel time, capacity, or improved 
access or connectivity. 

Estimated increase in tonnage 
or value of commodities due to 
rail improvement. 

Improved air quality Changes in mode share are the 
chief drivers of air quality benefits.  
On a per-passenger-mile and per-
ton-mile basis, rail generally 
produces more savings than other 
modes. 

Use the change in miles 
traveled by mode to estimate 
the net reduction in emissions 
from standard factors for 
pollutants produced on a per-
mile basis for passengers or 
freight. 

Improved land use Better coordination of 
transportation and land use. 

Percentage of residents and 
businesses with good access 
to rail facilities/stations.  Cost 
savings by reducing average 
trip distance to rail by auto or 
commercial vehicle. 

Enhanced public safety Reduced highway vehicle miles 
traveled (VMT) for truck and auto, 
lowering crash exposure. 

Savings resulting from lower 
medical care, vehicle repair, 
highway delay, and legal costs 
associated with crashes.  
Standard cost of crash rates 
per mile. 

Enhanced public security Protecting the public from crime or 
terrorist events results in public 
cost savings similar in scope to 
those associated with safety. 

Reduced risk of security 
incident resulting from 
investment in surveillance, 
physical barriers, or other 
measures. 

Reduction in public 
expenditures 

Improved transportation efficiency 
or infrastructure preservation from 
decreased highway VMT. 

Savings from lower 
maintenance and safety 
directly resulting from lower 
auto and truck VMT. 

Community effects Enhanced livability provided by 
expanded transportation options, 
including intermodal linkages, 
walk-ability, and local commerce. 

New or improved linkages 
between modes, high-density 
development, and non-
motorized transport (e.g., 
walking paths, bike trails). 

Source: AASHTO State Rail Planning Guidebook September 2009 
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Methods Recommended in the Statewide Rail Capacity and System 
Needs Study (2006) 

The Washington State Transportation Commission (WSTC) Statewide 
Rail Capacity and System Needs Study used several sources of information 
to determine the variables to measure public benefits in the state, 
including the following: 
 
 Best practices review of rail B/C methodologies used by other states 

and organizations. 
 Consultation with area experts—including shippers, community 

association representatives, ports, railroads, and others—who are 
members of the Washington State Rail Study Technical Resource 
Panel. 

 Metrics derived from established state policy as captured in the 
Revised Code of Washington and in previous case studies of state 
participation in the rail system. 

 
The study recommended that B/C ratio be applied to all projects, both 
passenger and freight.  The B/C ratio would enable state decision makers 
to evaluate cost-benefit tradeoffs and not focus solely on benefits.  The 
precise calculation methodology for the B/C ratio is left to WSDOT to 
finalize and may vary depending on the project type and the level of 
investment.  The study also recommended that the three category benefits 
(in Exhibit 7-2) are quantified in the benefit/impact methodology to be 
developed by WSDOT. 
 
However, the B/C ratio is only one of the measures used to evaluate 
benefits and impacts to the state.  Some of the other measures are also 
included within the B/C calculation, but they are also broken out 
separately so that decision makers can weight these more heavily when 
making decisions than they would be in a true B/C ratio.  The framework 
does not recommend a specific weighting procedure, but leaves this 
decision to the legislature or the WSTC. 
 
The study also recommended user group benefit assessment.  Measures 
that best represent public benefit are determined for each user group.  The 
metrics to characterize and measure the public benefit of a rail action are 
presented in Exhibit 7-3.  The metric selection reflects the stakeholder 
involvement process in WSTC’s study.  Benefits and impacts of individual 
projects or groups of projects are evaluated for each of four groups of 
affected parties: 1) the state; 2) users (shippers and passengers); 3) carriers 
(railroads and ports); and 4) communities (affected by rail service to or 
through the community).  The idea of the framework is to determine 
whether the impacts of the project or package on each group is positive or 
negative, and if the impact is high, medium, or low, relative to the needs 
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of that group.  The results of this evaluation tell whether other parties 
should be involved in the project and what type of partnership 
arrangement is most appropriate.  The evaluation of a project as having 
high, medium, or low benefits/impacts is always based on a comparison 
with some other action—at least a no-action scenario, but preferably at 
least one other option that may or may not involve providing the 
transportation service by another mode (Exhibit 7-5). 
 

Exhibit 7-5: Possible Methodology to Measure Public Benefit in 
Washington State 

  
Measures 

No 
action 

Alternative 
A 

Alternative 
B 

State Jobs    

 Tax/Fee Benefits    

 System Efficiency    

 Environmental 
Benefits 

   

 Safety Benefits    

 Partner Funding    

 Cost to State    

 Benefit/Cost    

 Transit Time    

Summary State    

Shippers Business Cost 
Impacts 

   

 Access to Service    

 Service Reliability    

Summary Shippers    

Passengers Rail Capacity for 
Passenger Trains 

   

 Travel Costs    

 Travel Time    

 Increased Modal 
Choice/Access 

   

Summary Passengers    
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Measures 
No 

action 
Alternative 

A 
Alternative 

B 

Railroads System Velocity 
Improvements 

   

 Hours of Train Delay    

 Yard Dwell Time    

 Increased Revenue 
Traffic 

   

 Equipment Utilization    

Summary Railroads    

Ports Throughput    

 Market Share    

Summary Ports    

Communities Environmental 
Benefits 

   

 Safety Benefits    

 Reduced Roadway 
Delays 

   

 Local Jobs    

Summary Communities    

National Percent Benefits in 
Washington State 

   

 Other States 
Benefiting 

   

Summary National    

Source: WSTC Statewide Rail Capacity and System Needs Study (2006) 

Rail Benefit/Impact Evaluation Methodology – Description 
The benefit/impact evaluation method was developed in 2007, based on 
legislative direction and priorities specified by the legislature. 

Stakeholder Involvement 

WSDOT formed an advisory group that includes a broad range of 
stakeholders to guide the development of Rail Benefit/Impacts 
Methodology.  The Advisory Committee consisted of the Freight Mobility 
Strategic Investment Board, Department of Commerce, Department of 
Agriculture, WSTC, labor, mainline railroads, short-line private railroads, 
representatives from cities and counties, various ports, legislative and 
Governor’s staff, and WSDOT staff. 
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Guiding Principles 

The Advisory Committee developed six guiding principles for the 
development process: 
 
 Provide a benefit/impact evaluation methodology and supporting tools 

as recommended in the Statewide Rail Capacity and System Needs 
Study (2006). 

 Develop a benefit/impact evaluation methodology that includes the 
priorities set forth in ESHB 1094.  

 Develop a benefit/impact evaluation methodology that includes 
measurable public benefits.  

 The Statewide Rail Capacity and System Needs Study (2006) 
recommends using only a few good measures, including applying 
qualitative analysis techniques.  

 This document is dynamic and proposed alternative evaluation 
methods should be reviewed for incorporation or used as supplements. 

 Decision makers will take into account the public interest and good, 
going beyond analysis of single stakeholder interests. 

Rail Benefit/Impact Evaluation Methodology 

The Rail Benefit/Impact Evaluation Methodology is comprised of the 
following components: 
 
 Rail Benefit/Impact Evaluation Methodology (Guidance Document) 
 Proposal Application 
 Rail Benefit/Impact Evaluation Workbook 

o Legislative Priority Matrix 
o Project Management Analysis 
o User Benefit Levels Matrix 
o Benefit/Cost Analysis Calculator 
o Benefit/Cost Analysis Summary Sheet 
o Benefit/Impact Evaluation Summary Sheet 

 
The components of the methodology are intended to assist the decision 
maker in the evaluation and recommendation process.  The level of rigor 
applied to the use of any tool should recognize the type, size, and 
complexity of project and expectations of results. 

Application Process 

The application for a rail grant or loan is the document that gathers the 
initial information that will be evaluated for possible selection.  The 
application needs to collect enough information to effectively start the 
evaluation and selection process.  It also needs to contain information for 
follow-up calls to users and applicants.  
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Since calls for projects may be driven by a variety of factors and 
limitations, there needs to be clear communication on the application 
document to ensure the right information is gathered.  A standard 
application may not fit all calls for projects; therefore the application may 
need to be modified to gather the appropriate information. 
 
At other times, a project may simply be assigned without an application 
process through legislation.  Such a project still requires that a 
benefit/impact evaluation be conducted and the results and 
recommendations shared with the appropriate parties to validate the 
project or show the level of impacts and alternatives.  

Benefit/Cost Calculator 

The B/C Analysis is a major component of the Rail Benefit/Impact 
Evaluation Methodology that will be used when evaluating rail projects.  
The calculation (B/C ratio) produced will also be supplemented with an 
assessment of other benefit categories.  That supplemental information 
will be generated by the requested project information in the application 
form.  The major categories for B/C Analysis will be: 
 
 Transportation and economic benefits. 
 Economic impacts. 
 External impacts. 
 
The Benefit/Cost Analysis Calculator was created to assist in a fast 
evaluation of benefits as specified in the previous section.  The 
Benefit/Cost Analysis Calculator is a spreadsheet with areas of benefit, 
equations for calculations, and benefit parameters to calculate the B/C 
ratio for a given project or action on a project. 
 
The defined equations and input areas in the calculator are based on 
documented standards, research, and common practice.  These equations 
will be periodically reviewed and updated with changes in industry 
practices, price indexes, and new accepted standards.  The input values 
must be verified based on actual data and verifiable field information in 
consideration of expected project results, freight logistics, user logistics, 
local economic influences, current costs, impacts to industries, and 
historical data.  The Benefit/Cost Analysis Calculator uses default values 
that are included in the equations contained in the Benefit/Cost Instruction 
sheet.  They are used to calculate a dollar value for benefits.  These default 
values are based on generally accepted practices and some may need to be 
adjusted for project specific goals and objectives.  For more detailed 
information on the application of values to specific project objectives and 
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goals, a review of NCHRP Report 586 should be done.3  WSDOT 
economists will update these default values every biennium. 

Legislative Priority Matrix 

This qualitative evaluation tool was also developed to help policymakers 
understand the results and effects of proposed investment.  One of these 
qualitative matrices is Legislative Priority Matrix.  The Legislative 
Priority Matrix worksheet is intended to help the evaluator determine how 
a project aligns with the legislative priorities.  The priorities were 
provided in a relative order of importance.  Each priority area is weighted 
based on that order.  
 
The benefit measures that have been identified for each priority are to be 
used as a baseline of measures.  In the future, there may need to be other 
or different measures considered for a project.  As the new measures and 
their parameters are identified and proven, they should be included for use 
on future projects.  This matrix is used to aid benefit/impact evaluation in 
terms of state priorities and to provide additional information based on 
expert and value judgments to determine a project’s public value. 

Project Management Assessment Matrix 

The Project Management Assessment Matrix is intended to help determine 
the current status of the project and how likely it can successfully be 
delivered within the constraints of scope, schedule, and budget.  The 
scores are compiled to determine a project management score.  The 
comment box should note how a score was determined. 

User Benefit Levels Matrix 

The User Benefit Levels Matrix is intended to help determine who 
benefits from the project and at what level.  Each measure of the matrix is 
to be completed by assigning a percentage that represents the amount of 
benefit for each user.  The percentage of benefits is then added for each 
user and divided by the number of measures used, to provide an overall 
project benefit for each user. 

Project Evaluations 

A project evaluation may begin with a proposal application or by a request 
from the legislature.  Both will require evaluation steps to be completed as 
indicated in Exhibit 7-6 and as described below:  

                                                 
3 TRB NCHRP Report 586: Rail Freight Solutions to Roadway Congestion - Final 
Report and Guidebook. 
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Exhibit 7-6: Benefit Impact Evaluation Process 
 

 
 
1. Review the application or obtain information to conduct the 

evaluation.  If there is no application, use the current general project 
application, eliminating superfluous questions.  This is a tool to 
identify what information is needed from the project stakeholders.  

2. Next, the WSDOT State Rail and Marine Economist will compile data 
for a B/C analysis and use the Benefit/Cost Analysis Calculator.  Any 
additional data or information necessary to analyze the true benefits 
and costs will be included.  This may require a qualitative analysis and 
summary.  

3. If the Benefit/Cost Analysis Calculator indicates a ratio greater than 
one, then the Legislative Priority Matrix should be used.  The 
evaluator should use the tool as indicated in its guidance for each 
priority measure.  Once complete, justification for selections and a 
score will become part of the project documentation. 

4. The evaluator will use the Project Management Assessment Matrix.  If 
the evaluator has questions on any of the project management 
assessment areas, they should contact one of the State Rail and Marine 
Office Project Managers.  This will ensure consistent interpretation 
with adopted standard operating procedures. 

5. The final tool to be used is the User Benefit Levels Matrix.  This tool 
helps determine which users are receiving a benefit and at what level.  
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6. Once a project has been through the above steps, the evaluator needs 
to compile all of the information to generate a score and to develop a 
recommendation.  Depending on the project, a qualitative summary 
may need to be included to convey benefits that are not easily 
quantifiable. 

7. If there are multiple recommendations, a summary should be written to 
incorporate all recommendations for easy review. 

Decision Documentation 

While the workbook spreadsheets provide documentation and justification 
for the decisions made, there may be additional documentation 
requirements.  Documentation on value judgments that are qualitative 
rather that quantitative will need to have supporting information about the 
decision.  When required, the decision documentation package should 
include: 
 
1. Summary of spreadsheet determinations including alternatives. 
2. Additional social or economical values considered. 
3. Justification for value judgment determinations. 

a. Benefits and impacts reviewed. 
b. How the reviewed benefits and impacts apply. 
c. Determination considerations. 
d. Justification documentation. 

 
Appendix 7 provides more details about the benefit/impact methodology. 

Limitations and Future Improvements 

Limitations 

The Rail Benefit/Impact Evaluation Methodology has limitations: 
 
 While this tool is a way to consistently evaluate proposed projects in a 

fast-paced legislative decision process, it is more suitable for smaller 
size projects that need decision support information in a short 
timeframe.  Large investment projects need customized B/C analysis 
and socioeconomic impact assessment specifically designed for the 
project, based on both federal and state requirements and other 
specific considerations. 

 While default benefit values built into the model can provide 
consistent and fast analyses to present valuable information, these 
values, in general, reflect an average of those benefits.  Some projects 
deviate greatly from the average situation and might find that the 
benefit evaluation from the tool is not accurate.  Again, large 
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investment projects need a customized B/C analysis and 
socioeconomic impact assessment to justify the size of the investment. 

 The evaluation of societal impacts is standard in this tool.  This might 
not reflect true societal impacts of some rail projects.  Large 
investment projects need a more detailed assessment of societal 
impacts of the rail project. 

Future Needs and Improvements 

The methodology was developed primarily based on state requirements 
and federal requirements before PRIIA.  The new federal requirements to 
evaluate and document project benefits have not yet been incorporated 
into the methodology.  WSDOT is prepared to update the methodology 
when federal guidelines become available. 
 
The Rail Benefit/Impact Evaluation Methodology and tools have been 
developed with the ability to expand future versions.  One such expansion 
will be the inclusion of the information from the Statewide Rail Data and 
Analytic Program.  This new information will be part of all project 
evaluations once it is available.  Incorporation of this data into project 
evaluations will generate recommendations consistent with statewide 
freight strategic goals. 
 
In addition, as changes in the economy and state goals occur, the 
methodology will need to be updated to ensure the correct benefits and 
measures are being used.  The methodology addresses the need to use 
lessons learned for improvement as well as being dynamic enough to stay 
current.  A technical work group will be put in place to periodically 
review baseline evaluation results and the latest evaluation results to 
ensure that the correct measures and benefits for the current freight 
conditions are being used. 
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Chapter 8: Financing Washington’s Freight Rail 
System  

 
This chapter reviews the needs of Washington State’s (state) freight rail 
system as identified by the stakeholders and Washington State Department 
of Transportation (WSDOT) staff.  The project list is discussed followed 
by a synopsis of funding sources.  The chapter concludes with the vision 
of future funding for state freight rail investments. 

Needs for Investment 
This section presents short- and long-term freight rail needs in the state.  
The needs assessment is based on unconstrained capital projects submitted 
directly by the state’s railroads, ports, public agencies, and other key 
stakeholders.  The needs assessment identifies 109short- and long-term 
statewide capital improvement projects and initiatives.  The total 
investment needed for the projects, where cost estimates are available, is 
$2.0 billion.   
 
Driven by customer demands and changing trends, freight rail needs 
constantly change.  The primary purpose of the needs assessment is to 
develop a comprehensive project list of unconstrained, current priority 
freight rail improvements as identified by the stakeholders.  This list will 
allow WSDOT to gauge the condition of the system and assess potential 
public involvement.  The freight railroad system needs include both 
private and public sector capital improvement projects. 
 
Inclusion of a need/project in the Washington State 2010-2030 Freight 
Rail Plan does not constitute a commitment on the part of WSDOT or the 
state to provide funding.  
 
Exhibit 8-1 describes the needs identification process to develop the 
project list. 
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Exhibit 8-1: Needs Identification Process 
Timeframe Activity 

March through June 2009 Develop the Projects Survey (online and PDF file 
formats) based on American Association of State 
Highway and Transportation Officials (AASHTO) 
guidelines, model rail plans, and key stakeholder 
interviews. 

 Introduce the needs assessment and survey tool 
at the June 11 Advisory Committee kick-off 
meeting. 

July through December 2009 E-mail the Projects Survey to Advisory 
Committee, railroads, ports, shippers, 
Metropolitan Planning Organizations 
(MPO)/Regional Transportation Planning 
Organizations (RTPO) Coordinating Committee, 
and associated organizations. 

 Use e-mail, Web site, and e-newsletter to 
promote the survey and encourage responses.  

 Open the survey to maximize responses.  The 
survey was originally opened from July 31 to 
August 19, extended to August 21, then left 
open.  

 Review survey responses and clarify any 
questions.  Present a project list summary for 
discussion and suggestions at the September 30 
and October 6 Advisory Committee meetings.  

 Augment the project list and needs assessment 
based on suggestions, prior studies, sources, 
and knowledge of WSDOT project team.  

 Evaluate and analyze the project list for inclusion 
in the plan.  

 Review the project list with stakeholders as part 
of the overall plan review process.  

Source: WSDOT State Rail and Marine Office 
 
The plan does not include all of the statewide freight rail needs for several 
reasons.  First, the freight railroads are private, for-profit businesses.  In 
some cases, they did not submit all their capital needs for inclusion in this 
public document.  This is especially true in cases where private capital is 
available to fully fund planned improvements, where railroads believe that 
public involvement in specific projects is less likely, and where disclosure 
of a need could adversely affect strategic business ventures.  Second, the 
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outreach effort to develop the needs assessment/project list was limited 
due to resources available.  Increased outreach to stakeholders could 
encourage respondents (i.e. more interviews, more rounds of review) to 
identify more projects.  Therefore, the needs/projects list in this plan 
represents those projects that have been submitted and do not involve 
speculation or rumors.  
 
The project list includes project information about the organization and 
railroad, project type, public benefits, private benefits, and project 
estimates and funding details.  Projects range from well-developed 
projects to new concepts.  Chapter 5 includes a discussion of large-scale 
emerging projects that are not included in the project list.  

Projects Survey 

The project list contains the detailed needs submitted by freight 
stakeholders participating in developing the Washington State 2010-2030 
Freight Rail Plan.  Appendix 8-A contains the project list that was 
generated by the Projects Survey with the following data collection fields:  
 
 Respondent Information.  Organization, name, title (optional), e-mail 

address, and phone number.  
 Project Information.  Railroad owner (list of railroads was provided), 

railroad operator (list of railroads was provided), and any others 
involved in the project (optional).  

 Project Details.  Project name, location, description (optional). 
 Project Benefits.  Project type (list of project types was provided), 

public benefits (list of public benefits was provided, optional), and 
private benefits (list of private benefits was provided, optional).  

 Project Estimates and Funding Details.  Estimated total project cost, 
cost breakdown (preliminary engineering, right-of-way, construction, 
unknown), committed funds (federal, state, local, tribal, private, other), 
additional funds needed (federal, state, local, tribal, private, other), 
start dates (preliminary engineering, right-of-way, construction), and 
estimated project completion date.  

 
The project list has been edited for length and clarity, but otherwise 
represents the extent of information provided by the stakeholder 
participants in the needs identification process.  Thus, some cells are blank 
and, for some needs, there is a lack of cost estimates and other information 
that may become available in the future.  The amount of detail provided 
varies by stakeholder.  For example, a railroad may have included 
milepost information as part of the location description while another 
stakeholder may have referenced only the county. 
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Project Summaries 

A general project assessment is provided below.  Exhibit 8-2 shows the 
project respondents.  Note that top respondents are ports, railroads, and the 
state.  

Exhibit 8-2: Survey Respondents 

Private, 1, 1%

Federal, 1, 1%

Tribe, 1, 1%

County, 4, 4%

Region, 7, 6%

City, 16, 15%

State, 22, 20%

Railroad, 33, 30%

Port, 24, 22%

 
Source: WSDOT State Rail and Marine Office 

Estimated Completion Dates 

Exhibit 8-3 shows a summary of projects and their project completion 
dates.  Note that most of the reported project completion dates are 2010 
and 2011.  
 

Exhibit 8-3: Estimated Completion Dates 
Year of Expected Completion Number of Projects 

2010 12 
2011 21 
2012 5 
2013 4 
2014 6 
2015 2 
2016 2 
2018 1 
2020 2 

Not Specified 54 

Source: WSDOT State Rail and Marine Office 
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Project Types 

Exhibit 8-4 shows a summary of projects that reported project types 
(multiple choices are possible).  Note that the top project types are line 
upgrade or expansion; safety and security; maintenance, repair and rehab; 
mainline capacity expansion, port-to-rail access, and grade separation 
projects. 
 

Exhibit 8-4: Project Types  

0% 5% 10% 15% 20% 25% 30% 35%

Signal system

Bridge rehab/replace

High-speed passenger rail

Facility upgrade or expansion

Grade separation

Port-to-rail access

Mainline capacity expansion

Maintenance, repair, and rehab

Safety and Security

Line upgrade or expansion

 
Source: WSDOT State Rail and Marine Office 

Public Benefits 

Exhibit 8-5 shows a summary of projects that reported public benefits 
(multiple choices are possible).  The most common public benefit is 
enhanced mobility of goods, followed by enhanced trade and economic 
development, enhanced public safety, and reduced congestion.  
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Exhibit 8-5: Public Benefits  

0% 10% 20% 30% 40% 50% 60% 70%

Reduced Public Expenditures

Environmental Protection/ Enhancement

Enhanced Public Security

Enhanced Mobility of People

Improved Air Quality

Improved Land Use

Reduced Congestion

Enhanced Public Safety

Enhanced Trade and Economic Development

Enhanced Mobility of Goods

 
Source: WSDOT State Rail and Marine Office 

Private Benefits 

Exhibit 8-6 shows a summary of projects that reported private benefits 
(multiple choices are possible).  The top benefit is improved service, 
followed by improved economic competitiveness, reduced costs, and 
improved assets.  
 

Exhibit 8-6: Private Benefits 

0% 10% 20% 30% 40% 50% 60%

Improved Assets

Reduced Costs

Improved Economic
Competitiveness

Improved Service

 
Source: WSDOT State Rail and Marine Office 
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Mainline Summary 

Class I railroad owner or operator projects that reported project type 
(multiples are possible) are primarily mainline capacity upgrade and 
safety and security projects.  The top public benefits are moving goods, 
trade and economic development, and safety and security.  The top private 
benefits are economic competitiveness and improved service.  

Short-Line Summary 

Class II or Class III railroad owner or operator projects (not in the 
summary above) that reported project type (multiples are possible) are 
primarily maintenance and rehab, line upgrade, and facility upgrade 
projects.  The top public benefit is moving goods.  The top private benefits 
are economic competitiveness, reduced costs, and improved service. 

Port-to-Rail Projects Summary 

Of the reported projects, 26 percent listed port-to-rail access as one of the 
project types. 

Funding Needs Summaries 

Funding Needs by Commitment 

Of the projects that report funding needs, only 14 percent are reported as 
committed funds, 22 percent are reported as funds expected from various 
sources, and 64 percent are reported as needs that have no identified 
sources (Exhibit 8-7).  
 

Exhibit 8-7: Funding Needs by Commitment 

Unknown 
Sources

64%

Expected Funds
22%

Committed 
Funds
14%

 
Source: WSDOT State Rail and Marine Office 
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Committed Funds by Source 

Breaking down the committed funds portion further shows that of those 
projects that reported committed funds, 57 percent reported as state funds, 
24 percent reported as private funds, 11 percent was reported as federal 
funds, 8 percent reported as local funds, and 2 percent reported tribal 
funding needs (Exhibit 8-8).  
 

Exhibit 8-8: Committed Funds by Source 

Other
0%

Private
24%

Tribal
0%

Local
8%

State
57%

Federal
11%  

Source: WSDOT State Rail and Marine Office 

Expected Funds by Source 

Of the projects that reported expected funds, 51 percent are expected from 
federal sources, 37 percent are expected from state, 7 percent are expected 
from private sources, 2 percent are expected from local funds, and 
3 percent are expected from other sources (Exhibit 8-9).  
 
The expectation of a 51 percent share from federal sources is very 
optimistic.  This is 11 percentage points higher than the average federal 
aid of 40 percent for highway capital expenditure projects over the last 50-
year history of that program.1 

                                                 
1 TRB Special Report 297, Funding Options for Freight Transportation Projects, 
November 2009 pg 25. 
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Exhibit 8-9: Expected Funds by Source 

Federal
51%

State
37%

Local
2%
Tribal
0%

Private
7%

Other
3%

 
Source: WSDOT State Rail and Marine Office 

Funding Needs by Area 

In Exhibit 8-10, about half of the projects are located in western 
Washington, one-third is located in Puget Sound area, and most of the 
remaining projects are located in eastern Washington.  
 

Exhibit 8-10: Funding Needs by Area 
Other
0%

Puget Sound
34%

Eastern 
Washington

15%

Western 
Washington

51%

 
Source: WSDOT State Rail and Marine Office 

Funding Needs by Phase 

Of the projects reporting funding needs by project phase, 83 percent of the 
funding needs are associated with the construction (CN) phase of 
development.  Right-of-way (ROW) and preliminary engineering (PE) 
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phases have funding needs of 9 percent and 8 percent, respectively, as 
shown in Exhibit 8-11. 
 

Exhibit 8-11: Funding Needs by Phase 

CN
83%

PE
8%

ROW
9%

 
Source: WSDOT State Rail and Marine Office 
 
The summaries above are very rough indicators, in part, due to the limited 
amount of data processing completed at this stage of freight rail statewide 
needs assessment.  However, they do provide some value and insight into 
statewide need.  The State Rail and Marine Office will continue to work 
with stakeholders to further clarify statewide need, improving the quality 
and quantity of the project information and analysis. 

Funding for Freight Rail 
All state and federal governments must address the needs for rail within 
the United States (U.S.).  At the federal level, there has not been a 
dedicated nor consistent source of funds for rail development.  This has 
resulted in rail receiving only 1 percent of the governmental expenditures 
as compared to the other transportation modes as shown in Exhibit 8-12 
below.  From 1995 to 2006, overall actual government funding for all 
modes has increased by 40 percent, with air transport doubling.  
Governmental support of rail expenditures remained at 1 percent of the 
total expenditure.  Highway funding, as the largest sector at $99 billion, 
lost expenditure shares over a 10-year period, dropping from 63 percent of 
the total down to 50 percent.  
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Exhibit 8-12: Governmental Transportation Expenditure by Mode 
($ Millions) 

Mode 1995 % of Total 2006 % of Total 

Highway $90,075 63% $99,784 50% 

Transit 25,460 18% 44,097 22% 

Rail 1,049 1% 1,548 1% 

Air 19,250 13% 41,195 21% 

Water 6,623 5% 10,888 5% 

Pipeline 24 0% 91 0% 

General Support  775 1% 1,795 1% 

Total $143,256 100% $199,398 100% 

Note: Percentages may not add correctly due to rounding. 

Source: U.S. Department of Transportation (USDOT), Bureau of Transportation 
Statistics, 2009 
 
Numerous studies have identified the need for increased rail investment 
nationwide.  Many of these studies called for the federal government to 
become a stronger rail investment partner. 
 
On the passenger rail side, the Passenger Rail Investment and 
Improvement Act of 2008 (PRIIA) authorized slightly more than 
$13 billion over a 5-year period to Amtrak and states to encourage the 
development of new and improved intercity rail passenger services.  The 
American Recovery and Reinvestment Act of 2009 (ARRA) provides the 
ability for states to apply for funds to design and build high-speed rail 
corridors for passenger movement.   
 
In addition to the high-speed rail grants, there are $27 billion of highway 
infrastructure funds available to states for “shelf” ready highway projects.  
States will receive the funds and will have 120 days to allocate those 
funds—each state has a large degree of freedom on what projects to fund.  
The $27 billion constitutes the majority of the funds destined for highway 
infrastructure spending under the stimulus act. 
 
A third source of grant funds under ARRA is Transportation Investment 
Generating Economic Recovery (TIGER) grants.  Eligible projects for this 
grant program include highway or bridge work normally funded under 
programs like the Surface Transportation Program; public transportation 
projects, such as those funded by the New Starts or Small Starts program; 
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passenger and freight rail infrastructure projects; and port infrastructure 
projects. 
 
Eligible TIGER grantees include state, local, tribal, and territorial 
government entities, such as transit agencies, port authorities, and 
multijurisdictional coalitions.  Award amounts will range from a minimum 
of $20 million to a maximum of $300 million, though the USDOT may 
waive the minimum threshold in the case of small projects. 
 
These are examples of a substantially increased role of the federal 
government in funding the nation’s passenger rail network.  At the state 
level, the state funding has been accomplished through small funding 
sources that need to be reauthorized every couple of years. 
 
Within the state the majority of the rail lines are privately owned and the 
majority of the passenger rail movements share these rail lines with 
freight.  The efforts of the federal government has helped leverage other 
limited resources to improve our rail systems.  But the needs for these rail 
system improvements always exceed the funding available for these 
improvements. 
 
The state has had a longstanding involvement in passenger rail service, 
investing heavily to develop the Amtrak Cascades intercity passenger rail 
service.  Since 1994 it has also provided emergency funding to failing 
short-line railroads and purchased specialized freight cars to ensure that 
agricultural shippers in the state have access to service and equipment. 
 
The Washington State Transportation Commission prepared and submitted 
the Statewide Rail Capacity and System Needs Study in 2006.  The key 
question asked by the legislature of this study was: “Should the state 
continue to participate in the freight and passenger rail system, and if so, 
how can it most effectively achieve public benefits?”  The conclusion was 
that the state should continue to participate in freight and passenger rail 
systems. 
 
The study concludes that the economic vitality of the state requires a 
robust rail system capable of providing its businesses, ports, and farms 
with competitive access to North American and overseas international 
markets.  However, it also concludes that the mainline rail system is 
nearing capacity.  Service quality is strained and rail rates are going up for 
many state businesses.  The pressure on the rail system will increase as the 
state economy grows over the long term.  It is recognized that although the 
long-term trend increases over time, there are major fluctuations year to 
year in the growth pattern.  The total freight tonnage moved over the state 
rail system is expected to increase by 2 to 3 percent per year for the next 
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20 years.  The state’s role is necessarily shaped by the fact that nearly all 
freight railroads are privately-owned, for-profit companies. 
 
The major freight railroads are investing to add capacity and improve 
service in the state, but their business practices and investment priorities 
are understandably driven primarily by the railroads’ national-level needs 
and competition.  The needs of state businesses and communities are just 
one part of the railroads’ considerations.  Additional investment and 
incentives for investment are needed to ensure a robust rail system that 
meets the state’s economic needs, as well as the railroads’ business needs. 
 
A carefully planned program of state investments, and other actions that 
are consistent with the policies recommended by that study, will allow the 
state to realize a higher level of public benefits—in economic growth, 
jobs, tax revenues, and reduced community impacts—from the rail system 
than would be obtained without state participation.  However, the state 
should invest only when it has been demonstrated that projects will deliver 
public benefits to the citizens and businesses of this state, and when it has 
been demonstrated that there is a low likelihood of obtaining those 
benefits without public involvement. 
 
Advances towards a national rail policy and funding framework were 
more modest in the federal Safe, Accountable, Flexible, and Efficient 
Transportation Equity Act: A Legacy for Users (SAFETEA-LU)2 than 
many had hoped for.  However, there is a growing recognition that 
multistate coalitions and the federal government will play a role in the 
future of the nation’s rail system because the scale of the rail system 
transcends state boundaries.  Recently, there has been emphasis in national 
transportation policy discussions of the need for a national rail policy to 
ensure that there is adequate investment to eliminate critical rail 
chokepoints and add needed capacity.  The emphasis has increased as 
states have considered the difficulties of accommodating more truck 
traffic on highways and as shippers and motor carriers face increased fuel 
costs and labor shortages. 
 
WSDOT is very active with the Federal Railroad Administration (FRA) in 
the development of the mandated National Rail Plan.  This participation at 
the national level will enable the state to influence the plan development 
so that the state’s needs are supported as well as the corridors and markets 
that are connected to the state’s economy.  

                                                 
2 SAFETEA-LU was the federal surface transportation authorization act that provides 
federal funding to state transportation agencies.  SAFETEA-LU was enacted in 2005 and 
expired in 2009. 
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Current Funding Sources 

State 

The state provides several funding sources for priority freight rail 
investment projects that provide statewide public benefits.  They are 
described by agency below. 
 
Each of these agencies has knowledgeable and effective staff, and each 
carries out its mandates effectively; however, the lack of a central point of 
contact and coordination makes it difficult for businesses, communities, 
and the railroads to deal with the state, and in some cases, weakens the 
state’s negotiating position. 

Washington State Department of Transportation 

WSDOT has the following funding programs: 

Freight Rail Investment Bank Program 
This grant program is managed by the State Rail and Marine Office.  The 
Governor and legislature provided $5 million for the Freight Rail 
Investment Bank (Rail Bank) grant program for the 2009-2011 biennium.  
It is anticipated the Washington State Legislature will continue allocating 
$5 million for Rail Bank projects in the following biennia.  The goal of the 
Rail Bank is to assist with the funding of smaller capital rail projects.  
Funds will be available for up to $250,000 and must be matched by at 
least 20 percent of funds from other sources. 
 
The Governor and legislature expect these projects to be prioritized using 
the following priorities, in order of relative importance: 
 
1. Economic, safety, or environmental advantages of freight movement 

by rail compared to alternative modes. 
2. Self-sustaining economic development that creates family-wage jobs. 
3. Preservation of transportation corridors that would otherwise be lost. 
4. Increased access to efficient and cost-effective transport to market for 

the state’s agricultural and industrial products. 
5. Better integration and cooperation within the regional, national, and 

international systems of freight distribution. 
6. Mitigation of impacts of increased rail traffic on communities.  
 
Prior to 2009 the Rail Bank program was open to public sector 
participants only, participants such as publicly-owned railroads, port 
districts, rail districts, and local governments.  However, in 2009 the 
legislature opened the loan program to eligible private sector 
organizations with projects that will further the state interest.  
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Eligible projects must have one or more of the following state benefits: 
 
 Advance the state economic development goals. 
 Leverage state participation by allocating cost responsibilities among 

beneficiaries. 
 Demonstrate that there is a low likelihood of obtaining public benefits 

without public involvement. 
 
Project examples include: 
 
 Strategic multimodal consolidation centers.  Project proponents to 

provide: 
o Service agreement from the BNSF Railway and/or the Union 

Pacific Railroad. 
o Volume commitment from shippers. 
o Business analysis of value offered. 

 Rail rolling stock purchases (powered or unpowered). 
 Intermodal transfer or transload facilities or terminals, including 

attached fixtures and equipment used exclusively for this facility. 
 Terminals, yards, roadway buildings, fuel stations, or railroad wharves 

or docks, including attached fixtures and equipment used exclusively 
in the facility. 

 Railroad signal, communication, or other operating systems, including 
components of such systems that must be installed on locomotives or 
other rolling stock. 

 Siding track. 
 Railroad grading or tunnel bore. 
 Track including ties, rails, ballast, or other track material. 
 Bridges, trestles, culverts, or other elevated or submerged structures. 

Freight Rail Assistance Program 
This is a grant program where the Washington State Legislature 
authorized WSDOT to provide grants to: 
 
 Support branch lines and light density rail lines. 
 Provide or improve rail access to ports. 
 Maintain adequate mainline capacity. 
 Preserve or restore rail corridors and infrastructure. 
 
As required by Revised Code of Washington Chapter 47.76, projects must 
be shown to maintain or improve the freight rail system in the state and 
benefit the state’s interests.  Project proposals may be submitted if they 
include one or more of the following benefits to the state: 
 
 Improve freight mobility. 
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 Increase economic development opportunities. 
 Increase domestic and international trade. 
 Preserve or add jobs. 
 Reduce roadway maintenance and repair costs. 
 Reduce traffic congestion. 
 Improve port access. 
 Enhance environmental protection. 
 Enhance safety. 
 Support economic viability of branch lines or light density lines. 
 Maintain adequate mainline capacity. 
 Preserve or restore rail corridors and infrastructure. 
 
Project examples include: 
 
 Rehabilitate tracks or restore tracks that were removed. 
 Upgrade tracks to handle heavier rail cars and/or improve system 

velocity. 
 Provide a rail connection to existing industries not currently served by 

rail. 
 Develop rail infrastructure that can be proven essential to attract new 

businesses. 
 Repair damaged rail infrastructure. 
 Increase rail system capacity and/or velocity in general. 
 Preserve a rail corridor. 
 Improve connections to a port or transload facility. 
 Construct transload or other facilities. 
 Purchase or rehabilitate railroad equipment. 
 
The Washington State Legislature has allocated $2.75 million for freight 
rail assistance projects in 2009-2011.  The legislature will determine how 
those funds will be spent based upon the applications submitted through 
WSDOT.  Appendix 8-B shows a list of historical and planned projects 
managed by WSDOT. 
 
Two other boards that were created by the Washington State Legislature 
as mentioned in Chapter 6 are the Freight Mobility Strategic Investment 
Board (FMSIB) and Washington Community Economic Revitalization 
Board.  Both agencies have grant programs for qualified projects. 

Grain Train Revolving Fund 
This revolving fund is a financially self-sustaining transportation program 
that supports Washington’s farmers, short-line railroads, and rural 
economic development.  The Washington State Grain Train Program 
operates without taxpayer subsidy.  Operations of the Grain Train began in 
1994 and it has grown to a 89-grain car fleet (71 are owned by the state, 
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and 18 are owned by the Port of Walla Walla).  Currently, WSDOT is in 
the process of acquiring an additional 29 cars. 
 
The grain train’s day-to-day business operations support a unique 
revolving fund that pays for fleet expansion.  It is an excellent example of 
a self-sustaining state financing model.  The expansion financing is set up 
as follows: 
 
 The grain shippers pay the railroads a haulage fee for the grain 

movement to the deepwater ports.  The Class I railroads and the short 
lines share these haulage fees. 

 The Class I railroads then pay the short line a “rental” fee for the use 
of the publically-owned grain hopper cars.  These rental fees are 
deposited directly into the accounts managed by each of the three port 
districts; a portion of these funds are used for grain car maintenance, a 
portion is set aside for eventual car replacement (estimated 20-year 
life), and the rest is set aside and used as a “revolving’ fund that is 
periodically tapped for fleet expansion. 

 Once the revolving fund has grown large enough to purchase used 
grain hopper cars (a standard 26-car set plus three extras), a process is 
put into place to locate and purchase the said cars. 

Federal 

The funding sources described in this section are continuations of existing 
programs or were newly created by the SAFETEA-LU legislation.  There 
had been high hopes that Congress would take a bolder stance on funding 
flexibility as part of the reauthorization process and allow funding of rail 
projects from highway provisions as was done for transit; however, this 
did not happen.  There were successes, including the new provisions for 
Transportation Infrastructure Finance and Innovation Act (TIFIA) loans 
that allowed funding of freight projects.  However, there continues to be a 
lack of diversity of funding sources for freight projects.  This continues to 
be an obstacle to a major national funding program for rail.  Highway 
agencies, much of the trucking industry, and portions of the construction 
industry are opposed to changing federal law to allow the Highway Trust 
Fund to be used for investments in non-highway projects, fearing that this 
will aggravate the current and expected shortfalls in investments in 
highways.   
 
Another disappointing aspect of the 2005 federal surface transportation 
reauthorization process was the degree to which promising new programs 
were subject to project earmarks and how little discretion the USDOT was 
given in implementing these programs.  This was particularly true of the 
National Corridor Infrastructure Improvement Program, the Projects of 
National and Regional Significance, and the Freight Intermodal 
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Distribution Pilot Grant Program.  Almost all funds in those programs 
were earmarked by Congress to specific projects. 
 
Nonetheless, the Federal Highway Administration (FHWA) is preparing 
regulations for these programs with the intent of influencing the character 
of the projects that were earmarked by Congress.  While this might seem 
to be of little importance, it may still be beneficial for the state to 
comment on the regulations and to meet with the FHWA staff to influence 
the regulations for these programs and their future directions.  This could 
set the stage for a more favorable outcome in the next reauthorization (as 
well as ensure that any project earmarks received by the state can be 
implemented consistent with the state’s rail policies). 

Congestion Mitigation and Air Quality Program 

The Congestion Mitigation and Air Quality (CMAQ) Program was created 
in 1991 by the Intermodal Surface Transportation Efficiency Act.  CMAQ 
was created to provide innovative funding for transportation projects that 
improve air quality and help achieve compliance with national air quality 
standards set forth by the Clean Air Act.  CMAQ funds are often used for 
freight and passenger projects, including priority control systems for 
transit vehicles, intermodal facilities, rail track rehabilitation, and new rail 
sidings.  CMAQ funds also can be used for construction activities that 
benefit private companies; if it can be shown that the project will improve 
air quality by removing trucks off the road.  SAFETEA-LU provided 
$8.6 billion for the CMAQ program for the FY2006 through FY2009 
period.  The funds were fully allocated to the individual states.  The state 
received approximately $153.241 million for FY2004 to FY2009.  
 
Because CMAQ funds are allocated to states based on the population of 
local areas in the state that are in noncompliance, or seeking to maintain 
compliance with national standards for ozone and carbon monoxide, there 
is little that the state can do to increase its share.  However, it can estimate 
its next CMAQ allotment and make plans for packaging funds with other 
sources to create the largest benefit to the rail system.  Projects that will 
result in either maintaining or adding to the amount of traffic diverted 
from autos and trucks to rail would be particularly well suited for these 
funds. 

Capital Grant Program for Rail Line Relocation and Improvement 
Projects 

The Capital Grant Program for Rail Line Relocation and Improvement 
Projects was created under Section 9002 of SAFETEA-LU to fund local 
rail line relocation and improvement projects.  States were eligible to 
receive grant funds from this program for the following types of rail 
projects: 
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 Rail line improvement projects serving the purpose of mitigating the 

impacts of rail traffic on safety, motor vehicle traffic flow, community 
quality of life, and/or economic development. 

 Rail line relocation projects involving a lateral or vertical relocation of 
any portion of the rail line. 

 
Section 9002 of SAFETEA-LU3 authorized, but did not appropriate, 
$350 million per year for the FY2006 through FY2009 period.  According 
to the grant allocation requirements slated under this program, at least 
50 percent of the grant funds awarded under this program in a fiscal year 
must have been provided as grant awards, not to exceed $20 million each.  
The state or non-federal entity receiving the grant was required to pay at 
least 10 percent of the total cost of the project being funded by this grant 
program. 

Projects of National and Regional Significance Program 

The Projects of National and Regional Significance (PNRS) Program was 
created by Section 1301 of SAFETEA-LU to provide grant funds for high-
cost projects of national or regional significance.  Projects eligible for 
funding under this program included any surface transportation project 
authorized under 23 United States Code (USC) for assistance, including 
freight rail projects.  In addition, projects must have had a total eligible 
project cost greater than or equal to the minimum of $500 million; or 
75 percent of the total federal highway funds apportioned to the state 
where the project was located (in the most recent fiscal year).  Federal 
shares for this program were generally 80 percent of total project cost. 
 
Eligible project activities included development phase activities, right-of-
way acquisition, construction, reconstruction, rehabilitation, 
environmental mitigation, construction contingencies, equipment 
acquisition, and operational improvements.  Funds were allocated to 
projects based on a competitive evaluation process based on the ability of 
projects to satisfy criteria that included, but were not limited to, generating 
national economic benefits, reducing congestion, and improving 
transportation safety. 
 
SAFETEA-LU authorized $1.602 billion for this program from FY2006 to 
FY2009.  In the future, the state should consider positioning several of the 
larger rail infrastructure projects for PNRS funding, if available under the 
next transportation funding authorization.  The state also should consider 
supporting projects under this program that are located in other states, but 
have significant benefits to this state.  
                                                 
3 SAFETEA-LU authorization ended September 2009; no reauthorization has been 
passed at this time. 
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Freight Intermodal Distribution Pilot Grant Program 

The Freight Intermodal Distribution Pilot Grant Program was created 
under Section 1306 of SAFETEA-LU to provide grant funds to states to 
facilitate and support the development of intermodal freight transportation 
initiatives at the state and local levels.  This Pilot Grant program was for 
congestion reduction and safety enhancements, and to provide capital 
funds to address freight distribution and infrastructure needs at intermodal 
freight facilities and inland ports.  This was a pilot program and Congress 
earmarked all the grant funds from this program, totaling $30 million, to 
five states (Alaska, California, Georgia, North Carolina, and Oregon) for 
six projects, with each project receiving $1 million for the five years from 
FY2005 through FY2009. 

United States Department of Commerce 
Economic Development Administration Funds 

The United States Department of Commerce’s Economic Development 
Administration (EDA) provides grants for economic development projects 
in economically distressed industrial sites.  A critical objective of the 
program is to promote job creation and/or retention in the region.  Eligible 
projects must be located within an EDA-designated redevelopment area or 
economic development center.  Freight-related projects that are eligible 
for funding from this program include industrial access roads, port 
development and expansion, and railroad spurs and sidings. 
 
Evidence of the economic distress that the project is intended to alleviate 
is required of the grantees.  The program provides grant assistance up to 
50 percent of a project cost; however, it can provide up to 80 percent of 
cost for projects located in severely depressed areas.  During the fiscal 
year 2008, the EDA awarded 146 grants for $281 million.  EDA funds 
have been used as a funding source by at least one rail project in the state 
in the past.4  This funding source should be considered for state rail 
improvement projects, such as industrial rail spurs and sidings in 
industrial areas, that can be shown to support employment growth and 
contribute to economic development. 

U.S. Department of Agriculture 
Community Facilities Program 

The U.S. Department of Agriculture Community Facilities Program 
provides three types of funding for the construction, enlargement, 
extension, or improvement of community facilities in rural areas and 
towns with a population of 20,000 or less.  The three programs are: 
 

                                                 
4 D St. Project in Tacoma, WA. 
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1. Direct Community Facility Loans. 
2. Community Facility Loan Guarantees. 
3. Community Facility Grant Program. 
 
Grant assistance is available for up to 75 percent of project cost.  Rail-
related community facilities eligible for funding from this program include 
rail spurs serving industrial parks, and other railroad infrastructure in the 
region, such as yards, sidings, and mainline tracks. 
 
The Community Facility Program amounted to $297 million in direct 
loans, $208 million in loan guarantees, and $17 million in grants for 
FY2007.  The average loan, loan guarantee, and grant amounts are 
estimated to be $442,000, $860,000, and $32,000, respectively.  This 
funding source could be used by the state for rail improvement projects in 
rural agricultural and industrial regions. 

Produce Rail Car Program 

This project, modeled on the successful Washington Grain Train project, 
provides refrigerated rail cars to help address the critical shortage of 
railcars for Washington farmers and agricultural shippers.  These farmers 
and shippers need to move perishable commodities like fruit and 
vegetables to ports and other markets. 
 
In 2001, the Washington State Potato Commission and Washington Potato 
& Onion Association proposed the program because rail-car shortages 
were becoming an annual problem for perishable product shippers. 
 
Washington legislators passed a produce rail car law in 2003.  Senator 
Murray secured $2 million in funding from the 2004 and 2005 omnibus 
appropriation bills to make this project fully operational.  

Federal Rail Assistance Program 

This is a state administered federal matching program for projects 
associated with light density rail lines that is currently not funded. The 
program was originally established in 1973 to provide financial assistance 
to states for the continuation of rail freight service on abandoned light 
density lines in the Northeast. The Railroad Revitalization and Regulatory 
Reform Act of 1976 expanded the program to all states and to lines 
threatened with abandonment.  Funding for this program has not been 
re-authorized since 1989.  However, some states used Local Rail Freight 
Assistance Program funds to create revolving loan programs, which 
permitted new loans to be made as existing loans were repaid. 
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Federal Loans and Tax Credits 

The funding programs described in this section include both loans and 
credit enhancement programs.  In the case of loans, a project sponsor 
borrows funds directly from a state Department of Transportation (DOT) 
or the federal government under the condition that the funds will be 
repaid.  Credit enhancement involves the state DOT or the federal 
government making the funds available on a contingent, or standby, basis.  
An example of this is a TIFIA loan guarantee.  This type of credit 
enhancement helped to reduce the risk to investors and, thus, allowed the 
project sponsor to borrow at lower interest rates. 
 
Several loan and credit programs that can be used to finance freight rail 
projects at the state level were created or changed substantially in 
SAFETEA-LU.  These include: 
 
 The Railroad Rehabilitation and Investment Financing Program 

(RRIF), which saw a tenfold increase in funding, from $3.5 billion to 
$35 billion between 2000 and 2006. 

 TIFIA, which widened the definition of eligible projects to include 
freight rail projects.  Eligible projects included projects that 
improved/facilitated public or private freight rail facilities that 
provided benefits to highway users, intermodal freight transfer 
facilities, and port terminals and port access. 

 Private Activity Bonds (PABs) were established as a new source of 
funding in SAFETEA-LU.  This reauthorization of the surface 
transportation bill amended the Internal Revenue Service (IRS) code 
to allow use of PABs for highway and freight transfer facilities.  
PABs, otherwise known as tax-exempt facility bonds, were qualified 
bonds, which meant that interest on the bonds was excluded (not 
subject to income reporting) for federal income tax purposes in the 
gross income of recipients.  With this qualified status and the resulting 
tax benefit to investors, exempt facility bonds was offered at lower 
interest rates, reducing the cost of financing projects for the bond 
issuer. 

 
These three actions helped to widen the pool of funding available to 
freight rail projects.  They are explained in greater detail below. 

Railroad Rehabilitation and Investment Financing Program 
Section 9003 of SAFETEA-LU amended the RRIF program, which was 
created originally under Section 7203 of the 1998 Transportation Equity 
Act for the 21st Century (TEA-21).  The RRIF program, administered by 
the FRA, provided financial assistance in the form of direct loans and loan 
guarantees to eligible recipients for the following types of rail projects: 
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 Acquisition, improvement, or rehabilitation of freight (intermodal or 
carload) and passenger rail equipment and facilities, including tracks, 
yards, bridges, etc. 

 Refinancing of outstanding debt incurred in the acquisition, 
improvement, or rehabilitation of freight and passenger rail equipment 
and facilities. 

 Development of new freight and passenger rail facilities. 
 
The RRIF program did not provide financial assistance for rail operating 
expenses.  Recipients eligible for direct loans and/or loan guarantees from 
the program included public and private entities, railroads, joint ventures 
(including at least one railroad), limited-option freight shippers (e.g., 
shippers who owned a plant or facility served by no more than a single 
railroad), and interstate compacts consented to by Congress under 
Section 410(a) of the Amtrak Reform and Accountability Act of 1997.  
Thirteen loans, totaling $517 million, have been issued since 2002.  The 
smallest and largest loans approved were $2.1 million for the Mount Hood 
Railroad and $233 million for the Dakota, Minnesota, and Eastern 
Railroad. 
 
Direct loans from the program were used to finance 100 percent of the 
total project cost, while loan guarantees were made for up to 80 percent of 
the cost of a loan, for terms up to 35 years.  The program required 
applicants to cover the subsidy costs through payment of a “credit risk 
premium” equal to a fraction of the loan amount calculated based on the 
financial viability of the applicant and the value of the collateral provided 
to secure the debt. 

Transportation Infrastructure Finance and Innovation Act 
TIFIA was created in 1998 by TEA-21.  The strategic goal of this program 
was to leverage limited federal resources and stimulate private capital 
investment by providing credit assistance (up to one-third of the project 
cost) for major transportation investments of national or regional 
significance.  The program had a project cost threshold for eligibility, 
which is the lower of $50 million or 33 percent of a state’s annual federal-
aid apportionment for highway projects. 
 
SAFETEA-LU expanded TIFIA eligibility to certain private rail projects.  
Eligibility for freight facilities included the following: 
 
 Public or private freight rail facilities providing benefits to highway 

users. 
 Intermodal freight transfer facilities. 
 Access to freight facilities and service improvements, including capital 

investments for Intelligent Transportation Systems. 
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 Port terminals, but only when related to surface transportation 
infrastructure modifications to facilitate intermodal interchange, 
transfer, and access into and out of the port. 

 
The TIFIA credit program offered three distinct types of financial 
assistance: secured (direct) federal loans to project sponsors; loan 
guarantees by the federal government to institutional investors; and 
standby lines of credit in the form of contingent federal loans.  
 
Federal credit assistance from this program could not exceed 33 percent of 
the total project cost.  SAFETEA-LU authorized $122 million per year to 
pay the subsidy costs of supporting federal credit under TIFIA.  There was 
no limit on amount of credit assistance that was provided to borrowers in a 
given fiscal year.  Repayment of TIFIA loans came from tolls, user fees, 
or other dedicated revenue sources.  As of July 2006, TIFIA assistance 
amounted to $3.2 billion, leveraging $13.2 billion of investment in 
14 transportation projects.  
 
TIFIA has been a promising funding source that should be reviewed for 
applicability by the state during authorization of the successor bill to 
SAFETEA-LU. 

State Infrastructure Bank 
The State Infrastructure Bank (SIB) program was started as a pilot 
program that was authorized under Section 350 of the National Highway 
System Designation Act of 1995 (NHS).  SIBs are revolving infrastructure 
investment funds, which are established and administered by states and are 
eligible for capitalization with federal-aid highway apportionments and 
state funds.  The purpose of SIBs is to provide innovative and flexible 
financial assistance to states for rail, highway, and transit projects in the 
form of loans and credit enhancements.  The state should consider 
establishing an SIB.  Financial assistance is available to public and private 
entities through SIBs.  The assistance includes below market rate 
subordinate loans, interest rate buy-downs on third-party loans, loan 
guarantees, and line of credit.  Law makers should be encouraged to 
include this program in reauthorization packages.  The following federal 
transportation funds may be used to capitalize SIBs: 
 
 Highway Account.  Up to 10 percent of the federal-aid highway 

apportionments to the state for the NHS program, Surface 
Transportation Program, Highway Bridge Program, and the Equity 
Bonus. 

 Transit Account.  Up to 10 percent of the federal funds for transit 
capital projects under Urbanized Area Formula Grants, Capital 
Investment Grants, and Formula Grants for other than Urbanized 
Areas. 
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 Rail Account.  Federal funds for rail capital projects under Subtitle V 
(Rail Programs) of Title 49 USC. 

 
A state that sets up and uses an SIB is obliged to match the federal SIB 
capitalization funds on an 80 to 20 federal/non-federal basis.  The 
exception is funds from the highway account, where a sliding-scale 
matching provision applies. 

Railroad Track Maintenance Credit 

The Railroad Track Maintenance Credit authorized under Section 45G of 
the IRS Code provides tax credits to qualified taxpayers for expenditures 
on railroad track maintenance on railroad tracks owned or leased by a 
Class II or a Class III railroad. 
 
The amount of tax credit provided equals 50 percent of the qualified 
railroad track maintenance and rehabilitation expenditures.  Qualified 
railroad track expenditures include all expenditures towards maintenance 
and rehabilitation of railroad track, including roadbed, bridges, and related 
track structures. 
 
Eligible taxpayers qualifying for this credit include any Class II or 
Class III railroad, and any person transporting property on a Class II or a 
Class III railroad facility, or furnishing railroad-related property or 
services to a Class II or a Class III railroad on miles of track assigned to 
such person by the Class II or Class III railroad.  The maximum credit 
allowed under this program is $3,500 per mile of railroad track owned or 
leased by an eligible taxpayer, or railroad track assigned to the eligible 
taxpayer by a Class II or a Class III railroad that owns or leases the 
railroad track.  This credit program, which was released in 2004, was for a 
3-year period from December 31, 2004 to December 31, 2007. 
 
However, for eligible taxpayers not having enough taxable income to 
make full use of the credit, the credits can be carried forward for a 20-year 
period. 

Ports 

Ports have multiple external financing options.  One of these is the ability 
to issue private activity bonds. 

Private Activity Bonds (Tax Exempt Bonds) 

Title XI Section 11143 of SAFETEA-LU amended Section 142(a) of the 
IRS Code to allow the issuance of tax-exempt private activity bonds for 
highway and freight transfer facilities.  States and local governments were 
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allowed to issue tax-exempt bonds to finance highway and freight transfer 
facility projects sponsored by the private sector. 
 
SAFETEA-LU included a cap of $15 billion on private activity bonds.  
Passage of the private activity bond legislation reflected the federal 
government’s desire to increase private sector investment in U.S. 
transportation infrastructure.  Providing private developers and operators 
with access to tax-exempt interest rates lowered the cost of capital 
significantly, enhancing investment prospects.  Increasing the involvement 
of private investors in highway and freight projects also generated new 
sources of money, ideas, and efficiency. 
 
A tax-exempt bond is an obligation issued by a state or local government, 
where the interest received by the investor is not taxable for federal 
income tax purposes.  Because of the exception of federal income tax on 
the interest earned, these bonds have a lower cost of financing compared 
to taxable bonds.  Section 11143 of SAFETEA-LU created a new type of 
exempt facility eligible to be financed with tax-exempt bonds—the 
qualified highway or surface freight transfer facility.  The new type of 
exempt facility bonds could be used to finance certain projects for surface 
transportation, projects for certain international bridges or tunnels, or 
facilities to transfer freight from truck to rail or rail to truck, provided the 
project or facility received federal assistance.  In general, the law limited 
the total amount of such bonds to $15 billion and directed the Secretary of 
Transportation to allocate this amount among qualified facilities. 
 
Section 142(m) 1) defines “qualified highway or surface freight transfer 
facilities” as: 
 
(A) Any surface transportation project that receives federal assistance 

under Title 23 USC (as in effect on August 10, 2005, the date of the 
enactment of Section 142(m)); 

(B) Any project for an international bridge or tunnel for which an 
international entity authorized under federal or state law is responsible 
and which receives federal assistance under Title 23 USC (as so in 
effect); or 

(C) Any facility for the transfer of freight from truck to rail or rail to truck 
(including any temporary storage facilities directly related to such 
transfers) that receives federal assistance under Title 23 or Title 49 as 
so in effect. 
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Private 

Other Funding Sources 

The other source of funding for freight rail projects that must not be 
overlooked is investments by the railroads.  In 2006 U.S. Class I freight 
railroads spent more than $8.3 billion laying new track, buying new 
equipment, and improving infrastructure.  This was a 21 percent increase 
from 2005 and represented record levels of investment.5  Much of this 
money went toward maintenance of existing facilities, but there was 
significant double-tracking and siding construction to expand freight rail 
capacity along several high-density routes. 
 
The emergence of both the public and private sectors to enter into new 
partnerships, such as the Alameda Corridor in southern California and the 
Chicago Region Environmental and Transportation Efficiency (CREATE) 
project in Chicago, are the most likely scenario of the future funding for 
large-scale rail projects.  Multistate coalitions, such as those pioneered by 
the I-95 Corridor Coalition with its Southeastern Rail Operations Study 
(SEROps), hold promise as models for how states and private freight 
railroads can work together in the future.  AASHTO’s new Freight Bottom 
Line Report is attempting to define directions for national rail freight 
policy, recognizing the need to define a national rail network and better 
understand the chokepoints in this network.  Recent funding increases 
proposed for Amtrak and the strong role that a number of states have taken 
in intercity passenger rail also suggest directions for future public funding 
of the passenger rail system. 
 
The state continues to take an aggressive position in promoting an 
appropriate role for the public sector in shaping the future of the private 
rail system.  By clearly defining when and how the public sector should 
play a constructive role in partnership with the private sector to advance 
rail system goals, this state is a leader in the national rail policy 
discussion.  By examining emerging directions in this national discussion, 
the state also can position itself effectively to take advantage of emerging 
funding opportunities and offer itself as a model for the rest of the nation.  
As growth in trade and passenger travel put increasing pressure on the 
state’s rail system, the necessity of protecting, maintaining, and growing 
the system will be viewed as a crucial aspect of the state’s economic well 
being. 

                                                 
5 Association of American Railroads, “Major Freight Railroads to Invest $8.3 Billion in 
Infrastructure in 2006,” March 16, 2006, retrieved from 
www.aar.org/Index.asp?NCID=3582. 
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Public-Private Partnerships 

Public-Private Partnerships (PPP) are contractual agreements formed 
between a public agency and a private-sector entity that allow for greater 
private-sector participation in the delivery of transportation projects.  
Expanding the private-sector role allows the public agencies to tap 
private-sector technical, management, and financial resources in new ways 
to achieve certain public agency objectives, such as greater cost and 
schedule certainty, supplementation of in-house staff, innovative 
technology applications, specialized expertise, or access to private capital. 
 
To address future capacity issues from the growth in freight, the freight 
railroads have indicated an interest in participating in PPPs that provide 
tangible benefits for both the public and private sectors.  As referenced 
above, the Alameda corridor is an example of a PPP—it is a $2 billion, 
20-mile rail expressway connecting the Ports of Los Angeles and Long 
Beach with rail yards near downtown Los Angeles.  Some other successful 
freight rail related PPPs are:6 
 
 CREATE – a $1.5 billion project to improve rail freight connections 

involving the state of Illinois, city of Chicago, and major freight and 
passenger railroads serving the region. 

 Heartland Corridor – a $200 million multistate partnership with 
Norfolk Southern to increase the flow of goods between the East Coast 
and Chicago. 

 Reno Trench – a multimillion-dollar project that separates trains 
running through downtown Reno, Nevada from motor vehicle traffic. 

Strategies 
State Rail and Marine Office actions should be guided by the general 
principles in the Statewide Rail Capacity and System Needs Study (2006).  
These principles should be followed when sufficient public benefits are 
identified to justify public participation in the preservation and 
improvement of the rail transportation system: 
 
 Emphasize operations and nonfinancial participation in projects 

before capital investment.  The state should give priority to 
preserving and improving rail transportation through leadership, 
planning, permitting, maintenance, and operations that leverage 
existing rail infrastructure and services rather than through capital 
investment. 

                                                 
6 Association of American Railroads, “Public-Private Partnerships for Freight Rail 
Infrastructure Projects”, February 2008. 
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 Preserve and encourage competition.  Investment in one railroad’s 
infrastructure can change the competitive balance among railroads to 
the detriment of the overall system.  Before making an investment that 
directly benefits only one rail company, the state should conduct a 
comprehensive analysis of competitive impacts on other rail carriers 
and users. 

 Target actions to encourage private investment that advances the 
state’s economic development goals.  State actions should influence 
railroad investment decisions so that rail improvements generate 
greater benefits to the state than could be achieved if the state did not 
invest. 

 Leverage state participation by allocating cost responsibility 
among beneficiaries.  The state should not invest in the private rail 
system unless the railroads and other beneficiaries participate in 
proportion to their benefits and risks. 

 Require projects to have viable business plans.  Funding from the 
state should be contingent upon demonstration that the project 
proponent has rail service and customer agreements in place in order 
to make the project financially viable.  

 
Additional strategies that WSDOT should consider are: 
 
 Establish a State Infrastructure Bank.  Refer to page 8-24 for more 

information on the State Infrastructure Bank program. 
 Continue as a leader in the development of the National Rail Plan.  

This leadership role is an important asset for the state as the 
development of the plan can be influenced to make sure that the final 
plan supports the needs of the state, the corridors that carry the state’s 
cargo, as well as the markets that are the foundation for the state’s 
economy. 

 Maximize the use of federal funding available through federal 
transportation funding programs.  This is especially true for 
intercity passenger rail and for multistate initiatives.  Federal funding 
support for freight rail investments has traditionally been offered 
through a mixture of grants, loans, and credit enhancement programs. 

 Be active in the development of the authorization of the next 
surface transportation bill advocating for programs that benefit 
Washington State’ rail programs.  Position WSDOT for any pilot 
projects that become available in the authorization, such as the state of 
Oregon involvement in the Freight Intermodal Distribution Pilot Grant 
Program under SAFETEA-LU.  

 Continue to engage the railroads in public-private partnerships, 
with a goal of sustaining a freight and passenger rail system that 
provides benefits to both. 
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 Remain active in regional and national rail issues, to ensure that 
state investments achieve maximum value, and to ensure that 
efficient access to and from the state is maintained.  States have 
been very effective at supporting and funding improvements on short-
line railroads and funding spot improvements on Class I lines solely 
within their jurisdictions, but states have been less effective at funding 
corridor-scale rail improvements that cross state boundaries.  The 
Class I railroads long ago reorganized themselves to invest and operate 
at the regional and national scale.  The states and the federal 
government have not built comparable institutional mechanisms to 
plan, negotiate, and finance large multistate rail projects.  WSDOT 
should pursue multistate projects that sufficiently benefit the state. 

 Strengthen coordination with state economic development 
agencies to ensure that rail investments are supporting and 
spurring the desired economic growth.  Evaluation of rail 
investments need to consider the type of business, so focus is placed 
on industries important to the state’s current economy, or are targeted 
as important to sustain the state’s future economy.  These include, but 
are not limited to, agriculture, international trade, energy, and 
construction. 

 Continue to support maintenance and modernization of the rail 
system to enhance local freight and passenger rail service, when 
public benefits to the state, residents, and shippers can be 
demonstrated.  It also includes supporting new technologies, 
especially when those technologies support WSDOT long-term 
transportation goals. 

 Support investment in freight and passenger rail projects that 
enrich quality of life and support responsible environmental 
stewardship.  This includes projects that reduce transportation delays, 
improve transportation safety, improve air quality, reduce noise, and 
reduce other negative transportation impacts to communities. 

 Develop a strategy for passenger rail services in the state outside 
the intercity (Amtrak Cascades) and Sound Transit areas.  This 
would address the growing requests and needs and establish a 
methodology for integrating this into future rail plans. 

Vision for Future Funding 
For the state rail system to serve the many roles described in this plan, the 
system must be maintained and expanded when and where necessary.  As 
the past has shown, leaving this funding responsibility to the private 
railroads alone may not result in a rail system that meets the needs of the 
state and the nation.  These needs include the ability to compete in the 
global economy by improving the intermodal connectivity and assuring 
both public and private benefits to all stakeholders.  The responsibility for 
funding the necessary investments for the rail system to serve both state 
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and interstate commerce should be shared, where appropriate, among the 
private railroads that own much of the rail infrastructure and the various 
levels of government. 
 
There needs to be a stable, predictable funding partnership consisting of 
the railroads (including Amtrak), the federal government, and state 
government to invest in rail transportation.  This is in parallel to funding 
mechanisms for other modes of transportation, such as highways, transit, 
and aviation.  The state’s investment policy supports sharing of project 
funding among the partners in relation to the benefits received.  The share 
of funding for specific projects will differ based upon the specific type of 
investment and benefit attributes.  The funding package must be 
developed on the demonstrated benefits received by all parties. 

Federal 

The enactment of PRIIA and ARRA are examples of the expansion of the 
federal role in this partnership.  These two authorizations are examples of 
good models that should be expanded into the freight rail funding arena.  
These models would provide infusion of federal funding for freight rail 
investments that benefit interstate commerce, the environment, and the 
public.  Funding infrastructure projects—such as the removal of network 
bottlenecks that impede interstate commerce, last mile access to ports of 
entry, and constructing rail-truck or rail-barge intermodal transfer 
facilities—have these interstate commerce and public benefits. 
 
Funding from government should be dedicated and predictable so that rail 
investments can be adequately included in transportation plans and 
programs.  New federal funding programs should be multi-year and not 
depend on annual appropriations from Congress.  A dedicated, predictable 
funding source for future rail investments is needed at both the federal and 
state level.  Continuing and supplementing state funding with a dedicated 
funding source for rail will provide an advantage to the state in the ability 
to leverage future federal aid as well as leverage longer-term 
commitments from the private railroads. 

State 

The current dependency on bi-annual appropriations from state 
government makes funding for longer-term rail investments difficult to 
predict.  In addition, similar to capital program development for other 
modes, rail projects start as proposals and require planning and 
engineering during the early project development process in order to result 
in a specific project with detailed cost and schedule.  A dedicated funding 
source needs to be indentified and implemented. 
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This plan contains the results of the survey of the rail industry’s 20-year 
needs for freight-related infrastructure improvements and presents the 
WSDOT State Rail and Marine Office’s rail investment strategy for 
freight rail infrastructure improvements.  The strategy presented in 
Chapter 4 is intended as a guide for WSDOT in selecting future freight 
projects. 
 
Freight rail investments identified in the rail needs survey total more than 
$2.0 billion over the next 20 years.  The project sponsors as a whole have 
only identified committed funds for 10 percent of the total need.  Thus, 
90 percent of the $2 billion, or $1.8 billion, is needed to complete the 
funding packages of the identified projects.  Many of the projects do not 
even have a targeted funding plan.   
 
In addition,the listing is an underestimate of the total need, due to the fact 
that it does not include projects that are private in nature or are joint 
investments that benefit both freight and passenger service.  It should be 
noted that the list does not include the cost of Mega projects, such as the 
crowning of Stampede Pass tunnel, or the investments required to develop 
the multistate national corridor from the Puget Sound to Chicago. 
 
Traditionally, the state, through WSDOT’s State Rail and Marine Office 
and FMSIB, has assisted the freight railroads in improving their 
infrastructure where there is a clear public benefit.  Projects that improve 
the railroads’ ability to divert truck traffic from overburdened highways, 
construct intermodal facilities, reduce vehicle emissions, and increase 
safety rail-highway crossings all have public benefits.  Many rail 
investments have significant economic development benefits such as port 
access improvements.  While many projects have public benefits, the rail 
freight infrastructure investments will continue to be a primary benefit to 
the railroads and their stakeholders and should be funded as such. 
 
This rail plan recommends that the state continue to support freight rail 
infrastructure improvements that have demonstrated public benefit.  
Future federal funding programs to increase investment in freight service 
should also be implemented. 

Summary 
There are existing funding programs at the federal and state levels that 
provide some opportunity of funding freight rail projects.  However, these 
programs are relatively small or narrowly focused, while there is a rapidly 
growing need to increase investment in rail transportation.  The enactment 
of PRIIA is an excellent example of a multi-year authority for Amtrak and 
creates new federal funding programs for intercity passenger rail.  PRIIA 
authorizes a rail passenger funding program for states to use to improve 
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and expand passenger rail service, similar to federally funded programs 
for other transportation modes.  A comparable program for freight rail 
should be enacted at the federal level. 
 
Additional investment from both public and private sources will be needed 
in the future to address existing freight rail infrastructure needs and allow 
for growth in freight rail systems to serve the economy. 
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Chapter 9: Challenges and Opportunities  
 
The proceeding chapters of this plan have indentified and discussed a 
number of freight rail issues in Washington State (state).  The majority of 
the issues concern rail capacity of the rail system and funding for the 
needed infrastructure improvements.  The challenges are summarized 
below followed by an action plan formulated around the six goals that 
have been developed by the State Rail and Marine Office in conjunction 
with the State Freight Rail Advisory Committee (Advisory Committee). 

Transportation Challenges 
This chapter is developed as guidance for future Washington State 
Department of Transportation (WSDOT) actions.  The following trends 
were taken into consideration: 

Population Growth 

The state’s growth puts pressure on all aspects of the state’s infrastructure, 
especially the transportation system.  A growing population not only 
needs to move people, it also increases the economic activities required to 
support this growth and generates freight requirements to support this 
expanded population base.  Thus, this population growth challenges our 
transportation capacity, with the demands to move people and goods. 

Safety and Security 

The state puts a high priority on the safety and security of its 
transportation system.  However, as the demand for mobility grows, so 
does the incident of accidents.  To this end, it is beneficial to move as 
much freight and people as economically feasible as possible on rail.  As 
more goods and people are moved on our rail system, it will be even more 
important to retain the high level of safety and security the system 
currently achieves. 

Preservation and Maintenance 

As documented in earlier chapters there is a significant level of investment 
needed in the state rail system for both expansion and maintenance of the 
current system.  It is mandatory that the system is kept up to modern 
standards, especially the supporting short lines.  In addition, as rail 
corridors are abandoned or freight services suspended, it is important that 
the state plan for long-term preservation of these rail corridors and rights 
of way for future use. 
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Rail’s Role in the State’s Economy 

A large part of the state’s economy depends on freight for its 
competitiveness and growth.  Freight-dependent sectors, in general, 
include agriculture, mining, construction, manufacturing, wholesale, retail, 
transportation, and warehousing.  In 2008 freight-dependent sectors 
accounted for 33 percent of the state’s Gross Domestic Product, 
71 percent of business income, and 39 percent of the state’s employment.  
These sectors will demand faster and more reliable transportation options 
in the future for both their employees and their freight.  Significant 
increases in freight are forecast both for the state and nationally.  
Although trucks will continue to handle the majority of the freight, 
highway congestion, climate concerns, and energy costs will influence 
more freight to be moved by rail within the state. 

Capacity Constraints in the Transportation System 

The urban and interregional highway corridors are currently heavily 
congested during peak periods and are forecast to be increasingly 
congested over the next 20 years.  Significant additional capacity is 
required at our ports to meet the future forecasts for international cargo 
flows.  Freight rail capacity will have to grow to meet this demand, if the 
state wants to retain their competitive edge as a gateway to the Midwest 
and Upper East Coast of the United States. 

Rising Cost of Transportation 

Although the current economic downturn has resulted in a very 
competitive cost environment in which to provide transportation 
infrastructure, it is forecast that these costs will rise in the future.  As 
energy costs rise and state revenues decline, transportation budgets are 
strained during the same time that capacity improvements are needed.  

Energy Efficiency and Climate Change Concerns 

The Governor’s 2008 Climate Action Team – Transportation 
Implementation Working Group (Climate Team) identified that emissions 
from transportation related activities account for nearly half of the total 
greenhouse gas (GHG) emissions in the state.  The Climate Team stated 
that achieving significant reductions related to GHG emissions is critical 
for the state and will require meeting the short- and long-term vehicle 
miles traveled benchmark.  The challenge is compounded by the paradox 
that transportation funding is dependent on the gas tax, while the goal of 
the Climate Team is to reduce the amount of miles traveled.  The ultimate 
goal is to build, operate, and maintain a transportation infrastructure that is 
efficient and effective at moving people and goods. To achieve this vision, 
the state must reexamine how investments in transportation infrastructure 
and services are made.  The state needs to make funding decisions and 
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pursue revenue generating strategies that stimulate behaviors that support 
climate change solutions and discourage behaviors that contribute to the 
problem.  One of the solutions recommended by the Governor’s Climate 
Action Team is rail transportation, as it is one of the most energy-efficient 
ways to move people and goods along major corridors. 

Balancing Transportation and Community Livability 

The balance between transportation and community livability continues to 
be a challenge in this state.  As demand for mobility of people and freight 
continues to increase and choices for locating new development in or near 
urban areas becomes more constrained, investing in rail creates an 
opportunity.  Rail transportation can be the solution to meeting mobility 
needs while promoting and retaining livable communities. 

Transportation Funding 

The Governor has announced that there is a transportation funding crisis 
in this state.  As mentioned above the state budget is under pressure from 
reduced revenues, not only from gas taxes but all general fund revenues.  
This is a challenge both for the state as it attempts to meet citizen and 
business needs, but also as it pursues funding from other sources that 
require matches from the state.   

Transportation Opportunities:  Implementation of the Plan 

Economic Competitiveness and Viability 

Goal:  Support Washington’s economic competitiveness and 
economic viability through strategic freight rail partnerships.  

Next Steps:  
 WSDOT’s State Rail and Marine Office should prepare a “needs” 

analysis on the project list to determine which infrastructure 
improvements can be financially supported. 

 The State Rail and Marine Office needs to lead the planning effort to 
integrate individual plans into a system plan by: 
o Working with the state’s Metropolitan Planning Organizations 

(MPOs), Regional Transportation Planning Organizations 
(RTPOs), and tribes to integrate freight rail into future regional 
transportation plans. 

o Working with the Department of Commerce and Department of 
Agriculture to develop a coordinated economic development 
approach, including infrastructure funding options for economic 
viability programs, such as grain trains and produce rail cars. 
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o Working with the federal government to get the Northern Tier 
route designated as a National Rail Corridor. 

o Developing a plan to eliminate bottlenecks and improve capacity 
and velocity inside and outside of the state.  The office needs to 
work with public and private sector partners in states along the I-5 
rail corridor as well as newly designated East/West national 
corridor. 

o Using the Advisory Committee to enhance communication with 
the railroads, ports, shippers, industry representatives, and local 
communities and coordinate activities at the regional, state, and 
national level on needed projects, programs, and policy decisions. 

 The State Rail and Marine Office should create a Rail Data Center to 
improve the state capacity to develop and manage freight rail system 
information, research capacity, and data capacity that support federal 
and state decision making and policy development in freight rail, 
enhance state and local freight rail planning and statewide 
coordination, and evaluate funding priorities of freight rail 
development. 

 State agencies need to increase awareness of freight rail, when 
appropriate, as a vital mode of transportation within the supply chain 
through a public education process coordinated with other freight 
partners. 

Preservation 

Goal:  Preserve the ability of Washington’s freight rail system to 
efficiently serve the needs of its customers. 

Next Steps:  
 WSDOT’s State Rail and Marine Office should confirm the at-risk 

system components that can benefit from public support. 
 The State Rail and Marine Office should support the efforts of Class I 

railroads to compete for state and federal funding for major capacity 
preservation projects, when appropriate. 

 The state should provide financial assistance to short-line railroads to 
maintain and preserve essential rail lines and prevent abandonment, 
when appropriate. 

 The state should lead the coordination of plans involving rail corridor 
maintenance and preservation, including the identification of funding 
strategies for implementation of these plans. 

 State agencies should integrate freight rail system development, land 
use planning and policies, public-private partnerships, and funding 
strategies consistent with the state vision and policy goals to protect 
and grow freight mobility. 
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 The State Rail and Marine Office should work with ports and railroads 
to project the functionality and viability of existing port access 
connections between port terminals, intermodal rail yards, and 
mainline tracks. 

 The State Rail and Marine Office should create criteria to be used to 
evaluate at-risk rail corridors for public investment. 

 The State Rail and Marine Office should consider acquiring rail 
corridors scheduled for abandonment that have met public investment 
criteria and have the potential to be reactivated in the future. 

 The State Rail and Marine Office should work with short-line and 
mainline railroads to enable compatible interim use of a rail corridor 
right of way (i.e. rail/trails) within statutory limits, until such time that 
the right of way is returned to active rail use. 

Capacity 

Goal:  Facilitate freight rail system capacity increases to improve 
mobility, reduce congestion, and meet the growing needs of 
Washington's freight rail users, when economically justified.  

Next Steps:  
 The state should designate a single entity to coordinate and direct the 

state’s participation in the preservation and improvement of the rail 
transportation system.  This entity should have the authority to 
negotiate directly with the railroads. 

 WSDOT’s State Rail and Marine Office should develop a 
comprehensive strategy to increase the state’s east/west and 
north/south rail capacity in partnership with Class I railroads, ports, 
communities, and the federal government. 

 The State Rail and Marine Office should continue to pursue passenger 
rail funding for the north/south Interstate 5 (I-5) corridor at the federal 
level that either maintains or creates freight rail capacity, such as the 
American Recovery and Reinvestment Act of 2009 application for a 
dedicated high-speed rail corridor.  

 The State Rail and Marine Office should develop a comprehensive 
strategy for the coordination and support of positive train control 
systems development within the state. 

 WSDOT should develop data and information, through a Statewide 
Rail Information Center, for freight rail demand, rail capacity 
constraints, and capacity use information needed for statewide 
planning and operation to enhance freight capacity. 

 The State Rail and Marine Office should continue pursuance of 
funding for a rail facility inventory to include assessments for location 
of rail facilities and condition of physical assets. 
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 The State Rail and Marine Office should provide technical assistance 
to public and private entities such as the Freight Mobility Strategic 
Investment Board, Puget Sound Regional Council, and local 
communities for evaluation and prioritization of freight rail projects. 

Energy Efficiency and Environmental 

Goal:  Take advantage of freight rail’s modal energy efficiency to 
reduce the negative environmental impact of freight movement in 
Washington.  

Next Steps:  
 WSDOT should implement rail projects that reduce truck traffic, when 

economically feasible. 
 The state should encourage use of environmentally-friendly equipment 

to decrease fuel consumption and air emissions such as: 
o “Green” switching locomotives in port areas and other rail yards 

close to residential areas, including the use of locomotive anti-
idling devices. 

o Technologies that reduce wheel/track friction. 
 The state should assess the effects of climate change on the rail system 

and identify where weather and climate events can impact rail 
infrastructure and operation.  The state should coordinate these 
findings with the capacity needs and prioritization of improvements.  

 The Department of Ecology and the State Rail and Marine Office 
should provide assistance in evaluating benefits of reducing 
environmental emissions and energy savings of rail-mode based 
options in intermodal and multimodal transportation planning. 

Safety and Security 

Goal:  Address the safety and security of the freight rail system and 
make enhancements, where appropriate.  

Next Steps:  
 The state should expand education outreach to new and existing 

stakeholder groups, such as working with railroads and other partners 
to reduce pedestrian trespassing through joint public awareness efforts. 

 The state should continue to support safety improvements of rail-
highway crossings, signal systems, rail lines, and rail facilities, 
through regulations and partnership. 

 WSDOT should review best practices, consult with area experts, work 
with partners, and develop a list of temporary rail-highway grade 
crossing closures and alternative routes in the event of natural and 
man-made disasters. 
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 WSDOT’s State Rail and Marine Office should work with partners to 
plan for rail safety measures and routing before, during, and after 
emergencies. 

 The State Rail and Marine Office should support railroads, Amtrak, 
local law enforcement agencies, and others to identify and implement 
rail security measures based on guidance from existing federal law (PL 
110-432), identifying partnerships and other funding sources to 
enhance rail system security. 

Livable Communities 

Goal:  Encourage livable communities and family-wage jobs 
through freight rail system improvements.  

Next Steps:  
 The state should support strategic partnerships along the state’s rail 

corridors that improve the quality of life for the state’s citizens. 
 The state should encourage rail partners to implement projects on the 

project list that would improve the livability of a community by 
reducing emissions and noise.  

 The state should encourage rail partners to implement projects that 
provide wages and jobs for local economies and communities. 

 The state should encourage rail partners to involve local communities 
in program planning and project implementation processes. 

 The state should encourage private investment that advances state 
economic development goals. 

Conclusion 
The Washington State 2010-2030 Freight Rail Plan lays the foundation 
for an improved and sustainable freight rail system in the state by 
identifying a vision for the state’s freight rail service and establishing 
goals, objectives, strategies, and actions to achieve that vision.  This has 
been accomplished by working with various stakeholders, including the 
rail industry, rail advocates, ports, governments, elected officials, and 
many other concerned groups and individuals.  This collaboration is 
essential to creating a vision that reflects the needs of the community and 
ultimately to having a responsive, efficient, and sustainable rail 
transportation network.  
 
Dedicated investment by government and the private railroads will be 
required to reach these goals and accomplish all of the rail improvements 
identified in this plan.  
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Americans with Disabilities Act Information: Materials can be provided in 
alternative formats: large print, Braille, cassette tape, or on computer disk for 
people with disabilities by calling the Office of Equal Opportunity (OEO) at 
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Appendix 1-A: State and Federal Requirements 

State Requirements 

RCW 47.76.220 
State rail plan – Contents. 

(1) The department of transportation shall prepare and periodically update 
a state rail plan, the objective of which is to identify, evaluate, and 
encourage essential rail services.  The plan shall: 

(a) Identify and evaluate mainline capacity issues; 

(b) Identify and evaluate port-to-rail access and congestion issues; 

(c) Identify and evaluate those rail freight lines that may be abandoned 
or have recently been abandoned; 

(d) Quantify the costs and benefits of maintaining rail service on those 
lines that are likely to be abandoned; 

(e) Establish priorities for determining which rail lines should receive 
state support.  The priorities should include the anticipated benefits 
to the state and local economy, the anticipated cost of road and 
highway improvements necessitated by the abandonment or 
capacity constraints of the rail line, the likelihood the rail line 
receiving funding can meet operating costs from freight charges, 
surcharges on rail traffic, and other funds authorized to be raised 
by a county or port district, and the impact of abandonment or 
capacity constraints on changes in energy utilization and air 
pollution; 

(f) Identify and describe the state’s rail system; 

(g) Prepare a state freight rail system map; 

(h) Identify and evaluate rail commodity flows and traffic types; 

(i) Identify lines and corridors that have been rail banked or 
preserved; and 

(j) Identify and evaluate other issues affecting the state's rail traffic. 

(2) The state rail plan may be prepared in conjunction with the rail plan 
prepared by the department pursuant to the federal Railroad 
Revitalization and Regulatory Reform Act. 
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Federal Requirements 

Passenger Rail Investment and Improvement Act of 2008 
PL 110-432 

 
H. R. 2095 

One Hundred Tenth Congress of the United States of America 
AT THE SECOND SESSION 

Begun and held at the City of Washington on Thursday, the third day of January, two thousand and eight 
An Act 

To amend title 49, United States Code, to prevent railroad fatalities, injuries, and hazardous materials releases, to authorize the  
Federal Railroad Safety Administration, and for other purposes. 

Be it enacted by the Senate and House of Representatives of the United States of America in Congress assembled, 
 

DIVISION B—AMTRAK 
SEC. 1. SHORT TITLE; TABLE OF CONTENTS. 

(a) SHORT TITLE.—This division may be cited as the “Passenger Rail 
Investment and Improvement Act of 2008”. 

(b) TABLE OF CONTENTS.—The table of contents for this division is as 
follows: 
Sec. 1. Short title; table of contents. 
Sec. 2. Amendment of title 49, United States Code. 
Sec. 3. Definition. 

TITLE I—AUTHORIZATIONS 

Sec. 101. Authorization for Amtrak capital and operating expenses. 
Sec. 102. Repayment of long-term debt and capital leases. 
Sec. 103. Authorization for the Federal Railroad Administration. 

TITLE II—AMTRAK REFORM AND OPERATIONAL 
IMPROVEMENTS 

Sec. 201. National railroad passenger transportation system defined. 
Sec. 202. Amtrak board of directors. 
Sec. 203. Establishment of improved financial accounting system. 
Sec. 204. Development of 5-year financial plan. 
Sec. 205. Restructuring long-term debt and capital leases. 
Sec. 206. Establishment of grant process. 
Sec. 207. Metrics and standards. 
Sec. 208. Methodologies for Amtrak route and service planning 

decisions. 
Sec. 209. State-supported routes. 
Sec. 210. Long-distance routes. 
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Sec. 211. Northeast Corridor state-of-good-repair plan. 
Sec. 212. Northeast Corridor infrastructure and operations 

improvements. 
Sec. 213. Passenger train performance. 
Sec. 214. Alternate passenger rail service pilot program. 
Sec. 215. Employee transition assistance. 
Sec. 216. Special passenger trains. 
Sec. 217. Access to Amtrak equipment and services. 
Sec. 218. General Amtrak provisions. 
Sec. 219. Study of compliance requirements at existing intercity rail 

stations. 
Sec. 220. Oversight of Amtrak’s compliance with accessibility 

requirements. 
Sec. 221. Amtrak management accountability. 
Sec. 222. On-board service improvements. 
Sec. 223. Incentive pay. 
Sec. 224. Passenger rail service studies. 
Sec. 225. Report on service delays on certain passenger rail routes. 
Sec. 226. Plan for restoration of service. 
Sec. 227. Maintenance and repair facility utilization study. 
Sec. 228. Sense of the Congress regarding the need to maintain 

Amtrak as a national passenger rail system. 

TITLE III—INTERCITY PASSENGER RAIL POLICY 

Sec. 301. Capital assistance for intercity passenger rail service. 
Sec. 302. Congestion grants. 
Sec. 303. State rail plans. 
Sec. 304. Tunnel project. 
Sec. 305. Next generation corridor train equipment pool. 
Sec. 306. Rail cooperative research program. 
Sec. 307. Federal rail policy. 

TITLE IV—MISCELLANEOUS PROVISIONS 

Sec. 401. Commuter rail mediation. 
Sec. 402. Routing efficiency discussions with Amtrak. 
Sec. 403. Sense of Congress regarding commuter rail expansion. 
Sec. 404. Locomotive biofuel study. 
Sec. 405. Study of the use of biobased technologies. 
Sec. 406. Cross-border passenger rail service. 
Sec. 407. Historic preservation of railroads. 

TITLE V—HIGH-SPEED RAIL 

Sec. 501. High-speed rail corridor program. 
Sec. 502. Additional high-speed rail projects. 
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TITLE VI—CAPITAL AND PREVENTIVE MAINTENANCE 
PROJECTS FOR WASHINGTON METROPOLITAN AREA 
TRANSIT AUTHORITY 

Sec. 601. Authorization for capital and preventive maintenance 
projects for Washington Metropolitan Area Transit 
Authority. 

. 

. 

. 

SEC. 303. STATE RAIL PLANS. 

(a) IN GENERAL.—Part B of subtitle V is amended by adding at the 
end the following: 
“CHAPTER 227—STATE RAIL PLANS 
“Sec. 
“22701. Definitions. 
“22702. Authority. 
“22703. Purposes. 
“22704. Transparency; coordination; review. 
“22705. Content. 
“22706. Review. 
“§ 22701. Definitions 
“In this subchapter: 
“(1) PRIVATE BENEFIT.— 
“(A) IN GENERAL.—The term ‘private benefit’— 
“(i) means a benefit accrued to a person or private entity, other than 
Amtrak, that directly improves the economic and competitive condition of 
that person or entity through improved assets, cost reductions, service 
improvements, or any other means as defined by the Secretary; and 
“(ii) shall be determined on a project-by-project basis, based upon an 
agreement between the parties. 
“(B) CONSULTATION.—The Secretary may seek the advice of the 
States and rail carriers in further defining this term. 
“(2) PUBLIC BENEFIT.— 
“(A) IN GENERAL.—The term ‘public benefit’— 
“(i) means a benefit accrued to the public, including Amtrak, in the form 
of enhanced mobility of people or goods, environmental protection or 
enhancement, congestion mitigation, enhanced trade and economic 
development, improved air quality or land use, more efficient energy use, 
enhanced public safety or security, reduction of public expenditures due to 
improved transportation efficiency or infrastructure preservation, and any 
other positive community effects as defined by the Secretary; and 
“(ii) shall be determined on a project-by-project basis, based upon an 
agreement between the parties. 
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“(B) CONSULTATION.—The Secretary may seek the advice of the 
States and rail carriers in further defining this term. 
“(3) STATE.—The term ‘State’ means any of the 50 States and the 
District of Columbia. 
“(4) STATE RAIL TRANSPORTATION AUTHORITY.—The term 
‘State rail transportation authority’ means the State agency or official 
responsible under the direction of the Governor of the State or a State law 
for preparation, maintenance, coordination, and administration of the State 
rail plan. 
“§ 22702. Authority 
“(a) IN GENERAL.—Each State may prepare and maintain a State rail 
plan in accordance with the provisions of this chapter. 
“(b) REQUIREMENTS.—The Secretary shall establish the minimum 
requirements for the preparation and periodic revision of a State rail plan, 
including that a State shall:  
“(1) establish or designate a State rail transportation authority to prepare, 
maintain, coordinate, and administer the plan; 
“(2) establish or designate a State rail plan approval authority to approve 
the plan; 
“(3) submit the State’s approved plan to the Secretary of Transportation 
for review; and 
“(4) revise and resubmit a State-approved plan no less frequently than 
once every 5 years for reapproval by the Secretary. 
“§ 22703. Purposes 
“(a) PURPOSES.—The purposes of a State rail plan are as follows: 
 “(1) To set forth State policy involving freight and passenger rail 
transportation, including commuter rail operations, in the State. 
“(2) To establish the period covered by the State rail plan. 
“(3) To present priorities and strategies to enhance rail service in the State 
that benefits the public. 
“(4) To serve as the basis for Federal and State rail investments within the 
State. 
“(b) COORDINATION.—A State rail plan shall be coordinated with other 
State transportation planning goals and programs, including the plan 
required under section 135 of title 23, and set forth rail transportation’s 
role within the State transportation system. 
“§ 22704. Transparency; coordination; review 
“(a) PREPARATION.—A State shall provide adequate and reasonable 
notice and opportunity for comment and other input to the public, rail 
carriers, commuter and transit authorities operating in, or affected by rail 
operations within the State, units of local government, and other interested 
parties in the preparation and review of its State rail plan. 
“(b) INTERGOVERNMENTAL COORDINATION.—A State shall 
review the freight and passenger rail service activities and initiatives by 
regional planning agencies, regional transportation authorities, and 
municipalities within the State, or in the region in which the State is 
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located, while preparing the plan, and shall include any recommendations 
made by such agencies, authorities, and municipalities as deemed 
appropriate by the State. 
“§ 22705. Content 
“(a) IN GENERAL.—Each State rail plan shall, at a minimum, contain the 
following: 
“(1) An inventory of the existing overall rail transportation system and rail 
services and facilities within the State and an analysis of the role of rail 
transportation within the State’s surface transportation system. 
“(2) A review of all rail lines within the State, including proposed high-
speed rail corridors and significant rail line segments not currently in 
service. 
“(3) A statement of the State’s passenger rail service objectives, including 
minimum service levels, for rail transportation routes in the State. 
“(4) A general analysis of rail’s transportation, economic, and 
environmental impacts in the State, including congestion mitigation, trade 
and economic development, air quality, land use, energy-use, and 
community impacts. 
“(5) A long-range rail investment program for current and future freight 
and passenger infrastructure in the State that meets the requirements of 
subsection (b). 
“(6) A statement of public financing issues for rail projects and service in 
the State, including a list of current and prospective public capital and 
operating funding resources, public subsidies, State taxation, and other 
financial policies relating to rail infrastructure development. 
“(7) An identification of rail infrastructure issues within the State that 
reflects consultation with all relevant stakeholders. 
“(8) A review of major passenger and freight intermodal rail connections 
and facilities within the State, including seaports, and prioritized options 
to maximize service integration and efficiency between rail and other 
modes of transportation within the State. 
“(9) A review of publicly funded projects within the State to improve rail 
transportation safety and security, including all major projects funded 
under section 130 of title 23. 
“(10) A performance evaluation of passenger rail services operating in the 
State, including possible improvements in those services, and a 
description of strategies to achieve those improvements. 
“(11) A compilation of studies and reports on high-speed rail corridor 
development within the State not included in a previous plan under this 
subchapter, and a plan for funding any recommended development of such 
corridors in the State. 
“(12) A statement that the State is in compliance with the requirements of 
section 22102. 
“(b) LONG-RANGE SERVICE AND INVESTMENT PROGRAM.— 
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“(1) PROGRAM CONTENT.—A long-range rail investment program 
included in a State rail plan under subsection (a)(5) shall, at a minimum, 
include the following matters: 
“(A) A list of any rail capital projects expected to be undertaken or 
supported in whole or in part by the State. 
“(B) A detailed funding plan for those projects. 
“(2) PROJECT LIST CONTENT.—The list of rail capital projects shall 
contain:  
“(A) a description of the anticipated public and private benefits of each 
such project; and 
“(B) a statement of the correlation between— 
“(i) public funding contributions for the projects; and 
“(ii) the public benefits. 
“(3) CONSIDERATIONS FOR PROJECT LIST.—In preparing the list of 
freight and intercity passenger rail capital projects, a State rail 
transportation authority should take into consideration the following 
matters: 
“(A) Contributions made by non-Federal and non-State sources through 
user fees, matching funds, or other private capital involvement. 
“(B) Rail capacity and congestion effects. 
“(C) Effects on highway, aviation, and maritime capacity, congestion, or 
safety. 
“(D) Regional balance. 
“(E) Environmental impact. 
“(F) Economic and employment impacts. 
“(G) Projected ridership and other service measures for passenger rail 
projects. 
“§ 22706. Review 
“The Secretary shall prescribe procedures for States to submit State rail 
plans for review under this title, including standardized format and data 
requirements. State rail plans completed before the date of enactment of 
the Passenger Rail Investment and Improvement Act of 2008 that 
substantially meet the requirements of this chapter, as determined by the 
Secretary, shall be deemed by the Secretary to have met the requirements 
of this chapter.” 
(b) CONFORMING AMENDMENT.—The chapter analysis for subtitle V 
is amended by inserting the following after the item relating to chapter 
223: 
Chapter 227, § 22701 Definitions.  
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Appendix 1-B: Public Participation and 
Stakeholder Involvement 

 
The Washington State Department of Transportation (WSDOT) benefits 
from broader interaction with the public and rail stakeholders.  The public 
participation and stakeholder involvement component of this plan meets 
state and federal requirements.  It educates citizens and rail stakeholders 
about the role of rail in a balanced transportation system.  And it collects 
and synthesizes comments from the public and rail stakeholder groups to 
assist in developing the vision, projects, prioritization, financing, and 
implementation of the state rail plan. 
 
In the development of the plan, an advisory committee was formed, 
involving as many stakeholders as possible.  Three advisory committee 
meetings were held, along with one workshop and one public open house.  
Progress reports and opportunities for public comments and discussion 
were provided.  After the advisory committee meetings, the draft plan was 
available for two weeks of public review and comment.   

State Freight Rail Plan Advisory Committee 
WSDOT is required by federal and state statutes to provide “adequate and 
reasonable notice and opportunity for comment and other input to the 
public, rail carriers, commuter and transit authorities operating in, or 
affective by rail operations within the state, units of local government, and 
other interested parties in the preparation and review of the state rail 
plan.”  Ideally much of the opportunity for comment and review takes 
place through the State Freight Rail Plan Advisory Committee (Advisory 
Committee), which is the rail advisory body for this planning project.   
 
The Advisory Committee is a group of key stakeholder representatives 
focused on plan development.  The Advisory Committee roles are: 
 
1. To help develop a vision for the freight rail plan. 
2. To provide assistance to update information for the freight rail system, 

capacity, and needs. 
3. To help identify and assess port access and rail abandonment issues. 
4. To help WSDOT understand concerns of local communities and 

organizations. 
5. To facilitate information sharing. 
 
Stakeholders invited to participate in the Advisory Committee included 
Class I railroads, short-line railroads, other carriers, public transportation 
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providers, rail operators, rail logistics, rail and other transportation mode 
advocates, rail research, ports, cities, towns, counties, tribes, federal and 
state agencies, WSDOT offices, regional planning organizations (e.g. 
MPO/RTPOs), shippers, and labor.  A list of Advisory Committee 
member organizations that accepted the invitation for participation in this 
plan is provided in Exhibit 1B-1.  
 

Exhibit 1B-1: Advisory Committee Member Organizations 
AgVentures NW, LLC 
All Aboard Washington 
Ballard Terminal RR. (BDTL) 
Benton-Franklin Council of Gov. 
BNSF Railway (BNSF) 
Brotherhood of Locomotive Engineers and Trainmen 
CWCOG/SWRTPO 
City of Richland 
Clark County 
Columbia Basin Railroad (CBRW) 
Cowlitz Indian Tribe 
Eastern Washington Gateway Railroad (EWG) 
Eastside Transportation Assoc. 
Freight Mobility Strategic Investment Board (FMSIB) 
ILWU Puget Sound Dist. Council 
Kalispel Tribe 
Lummi Nation and TTPO 
McGregor Company 
Meeker Southern Railroad  
Nisqually Tribe 
NW Grain Growers 
NW Tribal Technical Assist. Pgm.  
Pacific Northwest Farmers Coop 
Parsons Brinckerhoff 
Port of Everett 
Port of Grays Harbor 
Port of Kalama 
Port of Moses Lake 
Port of Olympia 
Port of Ridgefield 
Port of Royal Slope 
Port of Seattle 

Port of Tacoma 
Port of Vancouver 
Portland Vancouver Junction RR (PVJR) 
Puget Sound & Pacific RR (PSAP) 
Puget Sound Regional Council (PSRC) 
Rail Management, Inc. (RMI) 
Spokane Regional Trans. Council  
SW WA Regional Trans. Council 
Tacoma Rail 
Thurston Regional Plan Council (TRPC) 
Tulalip Tribes 
Union Pacific Railroad UP 
Utilities & Transportation Comm. (UTC) 
Washington Dept. of AHP (DAHP) 
Washington Dept. of Commerce 
Washington Legislature  
Washington Public Ports Assoc. (WPPA) 
Washington St. Dept. of Ag. (WSDA) 
WA St. Transportation Comm. (WSTC) 
Whatcom Council of Governments 
Woodland Trail Greenway Assoc 
WSDOT – Budget Office 
WSDOT – Environmental Svcs.  
WSDOT – Freight Systems Div. 
WSDOT – Government Relations 
WSDOT – Hwys. & Local Pgms. (H&LP) 
WSDOT – Northwest Region 
WSDOT – Public Transportation (PTD) 
WSDOT – South Central Region 
WSDOT – State Rail and Marine Office 
WSDOT – Strat. Planning & Pgms 
WSDOT – Urban Planning Office (UPO) 
YVCOG 

 
Three Advisory Committee meetings were held: 
 
 June 11 at WSDOT Headquarters in Olympia. 
 September 30 at WSDOT Headquarters in Olympia. 
 October 6 in Moses Lake. 
 
In addition, a workshop was held with Advisory Committee participants 
and other stakeholders on August 5 at WSDOT Headquarters in Olympia. 
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The Advisory Committee participants for the meetings are shown in 
Exhibits 1B-2, 1B-3, and 1B-4. 

Electronic Communication Standards 
WSDOT uses a standard set of electronic communication tools for 
communication and outreach that includes a project Web page 
(www.wsdot.wa.gov/Freight/Rail/WashingtonStateFreightRailPlan.htm), 
e-mail, and a monthly e-newsletter.  The State Freight Rail Plan Web page 
includes information and links to the meeting information, the surveys, 
and contacts.  E-mail is the primary communication tool between WSDOT 
and stakeholders; e-mail is sent as early as possible to provide ample 
response time.  Mail is used occasionally.  The WSDOT State Rail and 
Marine Office monthly e-newsletter provides planning project updates to 
registered subscribers.  

Outreach Activities 
Outreach activities offer additional opportunities to engage a larger group 
of stakeholders as well as the general public and receive their feedback. 

Key Stakeholder Interviews and Presentations  

WSDOT State Rail and Marine Office staff and management conducted a 
limited amount of interviews to collect specific information about the state 
freight rail plan.  Phone and in-person interviews included key external 
stakeholders (Port of Tacoma, Tacoma Rail, Port of Seattle, Benton-
Franklin-Walla Walla Regional Transportation Planning Organization) 
and internal stakeholders (WSDOT Freight Systems Division, WSDOT 
Strategic Planning and Programs Office).  WSDOT management also gave 
presentations to internal and external organizations (WSDOT Executive 
Team, American Association of State Highway and Transportation 
Officials (AASHTO) Standing Committee on Rail Transportation, 
Western Freight Roundtable) about the planning project.  Documentation 
about these interviews and presentations is provided later in this appendix.  
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Exhibit 1B-2: June 11, 2009 Advisory Committee Meeting Attendees 
Attendee Organization 

Lloyd H. Flem All Aboard Washington 
James Forgette BDTL 
Terry Finn BNSF 
Rosemary Siipola CWCOG/SWRTPO 
John Howell EWG 
Steve Gibson EWG 
Karen Schmidt FMSIB 
Gary Nelson Port of Grays Harbor  
Mindi Linquist Port of Kalama  
Brent Grening Port of Ridgefield  
Dan Burke Port of Seattle  
Brian Mannelly Port of Tacoma  
Mike Reilly Port of Tacoma  
Wayne Harner Port of Tacoma  
Todd Coleman Port of Vancouver  
Kevin Spradlin PSAP 
Sean Ardussi PSRC 
Eric Temple PVJR 
Steve Murray RMI 
Lynda David RTC 
Dale King Tacoma Rail 
Richard Myers WPPA 
Brad Avy WSDA 
Eric Hurlburt WSDA 
Elizabeth Phinney WSDOT 
Jeff Schultz WSDOT 
Julie Rodwell WSDOT 
Kevin Jeffers WSDOT 
Megan Beeby WSDOT 
Mike Rowswell WSDOT 
Aaron Butters WSDOT – H&LP 
Jerry Ayres WSDOT – PTD 
Thomas Noyes WSDOT – UPO 
WSDOT State Rail and Marine Office Staff 
Andrew Wood Lynn Scroggins 
Brent Thompson Scott Witt 
Brian Calkins Teresa Graham 
George Xu  
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Exhibit 1B-3: September 30, 2009 Advisory Committee 
Western Washington Meeting Attendees 

Attendee Organization 
Terry Finn BNSF 
Mike Elliott Brotherhood of Locomotive Engineers 

& Trainmen 
Fred Abraham Clark County  
Russ Holter DAHP 
Will Knedlik Eastside Transportation Assoc. 
Mark K. Ricci Endeavors Consulting 
Jeff Davis ILWU 
Jim Longley Nisqually Tribe 
Mike Zachary Parsons Brinkerhoff 
Gary Nelson Port of Grays Harbor  
Mark Wilson Port of Kalama  
Jim Knight Port of Olympia  
Clare Gallagher Port of Seattle  
Dan Burke Port of Seattle  
Sean Eagan Port of Tacoma  
Wayne Harner Port of Tacoma  
Alan Hardy Tacoma Rail 
Jailyn Brown TRPC 
Brock Nelson UP 
Eric Johnson WPPA 
Eric Hurlburt WSDA 
Jerry Ayres WSDOT – PTD 
Thomas Noyes WSDOT Urban Planning 
WSDOT State Rail and Marine Office Staff 
George Xu Scott Witt 
Lynn Scroggins Teresa Graham 
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Exhibit 1B-4: October 6, 2009 Advisory Committee 
Eastern Washington Meeting Attendees 

Attendee Organization 
Len Pavelka Benton-Franklin COG 
Scott Williams CBRW 
Tim Kelly CBRW 
John Howell EWG 
Dave Gordon Northwest Grain Growers 
Norm Ruhoff PNW Farmers Coop 
Craig Baldwin Port of Moses Lake 
Alan Schrom Port of Royal Slope 
Steve Murray RMI 
Glenn Miles SRTC 
John Gruber WSDOT South Central 
WSDOT State Rail and Marine Office Staff 
George Xu Teresa Graham 
Lynn Scroggins  

Surveys 

WSDOT designed and conducted two surveys in Web-based and PDF 
formats to collect information about statewide needs for freight rail capital 
improvements (Projects Survey) and to identify railroad lines at-risk of 
abandonment (Abandonment Survey).  Notices and links were sent to the 
Advisory Committee and key stakeholders using WSDOT electronic 
communication standards that included e-mail, Web page links, and e-
newsletter.  The surveys were also promoted at Advisory Committee and 
other key stakeholder meetings.  Chapter 5 contains Abandonment Survey 
result summaries.  Chapter 8 contains project list summaries that were 
based, in part, on the Projects Survey.  

Public Open House 

WSDOT held a public open house on October 22, 2009, to meet federal 
and state requirements and to provide information about the freight rail 
plan to stakeholders and the general public.  The event included displays 
from past Advisory Committee meetings, handouts, sample documents, 
and comment sheets.  In addition to electronic communication, the open 
house was advertised in Seattle, Vancouver, Olympia, Spokane, and Tri-
Cities newspapers.  WSDOT State Rail and Marine Office staff and 
management were on-hand to answer questions and discuss the planning 
project.  The list of attendees is shown in Exhibit 1B-5.  
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Exhibit 1B-5: October 22, 2009 Open House Attendees 
Attendees 

Adele McCormick Jailyn Brown 
Cathrine Martin Jerry Ayres 
Cecelia Jenkins Jim Amador 
Cliff Hall Jim Zabel 
Curtis Shuck Kari Qvigstad 
Cyndi Booze Kathy Murray 
David Smelser Mike Beehler 
Don Miller Mindi Linquist 
Edward Berntsen Paula Connelley 
Ernest W. Combs Russell Holter 
Forest Sutmiller Scott Mills 
Frank Kirkbride Teri Hotsko 
George L. Barner, Jr. Thomas Hume 
Greg Roche Tom Palmateer 
J. T. Wilcox Virginia Stone 

Workshop 

WSDOT held a workshop on August 5, 2009, at WSDOT Headquarters in 
Olympia to help develop the vision statement and goals matrix for the 
state freight rail plan.  The Advisory Committee and other key 
stakeholders were invited to participate in the workshop.  The workshop 
attendees are shown in Exhibit 1B-6.  

FRA Reporting 
WSDOT submitted three progress reports and will submit the final plan to 
the United States Department of Transportation (USDOT) Federal 
Railroad Administration (FRA) for review.  The progress reports 
documented activity to date and sought guidance and feedback.   

Government-to-Government Tribal Consultation 
The WSDOT Secretary’s Executive Order requires WSDOT employees to 
consult with tribes on all decisions that may affect tribal rights and 
interests.  Per tribal protocol, WSDOT mailed two sets of letters to 
statewide tribal leaders and their planning managers informing them about 
the State Freight Rail Plan, inviting their participation, and announcing 
meetings.  WSDOT also offered to meet with tribes individually to discuss 
their comments or concerns with the plan.  Chapter 6 contains information 
about tribal governments. 
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Exhibit 1B-6: August 5, 2009 Advisory Committee 
Workshop Attendees 

Attendee Organization 
Lloyd H. Flem All Aboard Washington 
Terry Finn BNSF 
Rosemary Siipola CWCOG/SWRTPO 
Russ Holter DAHP 
Win Knedlik Eastside Transportation Assoc. 
John Howell EWG 
Steve Gibson EWG 
Karen Schmidt FMSIB 
Jeanine Viscount Parsons Brinkerhoff 
Carl Wollebek Port of Everett  
Mark Wilson Port of Kalama  
Mindi Linquist Port of Kalama  
Craig Baldwin Port of Moses Lake 
Jim Amador Port of Olympia  
Christine Wolf Port of Seattle  
Clare Gallagher Port of Seattle  
Brian Mannelly Port of Tacoma  
Sean Egan Port of Tacoma  
Curtis Shuck Port of Vancouver  
Eric Temple & kids PVJR 
Lynda David RTC 
Glenn Miles SRTC 
Dale King Tacoma Rail 
Jailyn Brown TRPC 
Brock Nelson UP 
Eric Johnson WPPA 
Brad Avy WSDA 
Jerry Ayres WSDOT – PTD 
John Gruber WSDOT – South Central 
WSDOT State Rail and Marine Office Staff 
George Xu Scott Witt 
Lynn Scroggins Teresa Graham 
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Appendix 2: Detailed Goal Matrix 
 
The detailed goals matrix includes the goals, objectives, strategies, and 
actions necessary to achieve the vision of the Washington State 2010-2030 
Freight Rail Plan.  It was developed in the stakeholder and public 
involvement process described in Chapter 2. 
 
Please Note: The detailed goals matrix in this appendix is an interim 
document. The final set of goals, objectives, strategies, and actions are 
described in Chapter 2.  
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Objectives Strategies Actions
To better understand the statewide industry needs for rail transportation. Increase understanding of the competitive positions of the state’s 

shippers and ports using Washington’s freight rail system vs. other 
modes of transportation.

Carry out needs analysis to support emerging and existing industries to 
ensure the freight rail system supports Washington's ports and rail-
dependent industries, where financially supported.

To better integrate freight rail planning at all levels of government. Increase coordination of corridor-level freight rail planning within 
Washington State.

Work with Washington’s MPOs, RTPOs, and Tribes to integrate freight rail 
into future regional transportation plans.

To provide access to national markets for Washington products and 
cargo entering the US through Washington ports.

Support multistate freight rail corridor strategic planning partnerships. Work with public and private sector partners in states along any appropriate 
national corridor to eliminate bottlenecks and improve capacity and velocity 
inside and outside of Washington State.

To better coordinate with private sector partners. Support and enhance economic partnerships between Washington 
State and the rest of the nation and its trading partners.  

Establish a process or committee to work and communicate with the ports 
and industry representatives to coordinate activities at the regional, state, 
and national level on needed projects, programs, and policy decisions.

To better address barriers to efficient use of freight rail in Washington. Lead and coordinate with Washington’s ports, shippers and industry on 
a continuing basis to identify infrastructure, regulatory, and 
administrative barriers to their efficient use of the freight rail system.

On an ongoing basis and at designated intervals, update information with 
representatives from ports, shippers, railroads, and industry to identify 
constraints. Develop an action plan to address those issues over which 
WSDOT has authority.

To have a strategic prioritization of barriers to efficient use of freight rail 
in Washington State, with stonger public-private partnerships and freight 
rail infrastructure at the local, regional, corridor, national, and 
international levels. 

Expand the state role to manage, coordinate, and facilitate strategic 
freight rail infrastructure improvements and investments that are in the 
public interest.  

Increase the state capacity to develop and manage freight rail system 
information, research capacity, and data capacity that improves oversight 
and encourages funding for priority freight rail development.

To improve system and project assessment and evaluation processes 
to support state goals and assist the decision-making process. 

To have a broader understanding of railroad system benefits and 
investments.

Increase public awareness of freight rail as a vital mode of transportation 
within the supply chain. 

To have an integrated plan that is recognized within the National Rail 
Plan. 

Develop the criteria for corridor level freight rail transportation to 
integrate into the National Rail Plan. 

Lead the planning effort to integrate with partners. 

Goal 1: Support Washington's economic competitiveness and economic viability through strategic freight rail partnerships.

 

Draft – Interim Document 
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Objectives Strategies Actions
To preserve the functionality of the existing system. Assist the Class 1 railroads’ efforts to maintain and preserve the 

functionality of mainline tracks, bridges, and rail yards.
Work with the Class 1 railroads and other partners to identify those system 
components at risk that can benefit from public support.

Support the efforts of Class 1 railroads to compete for state and federal 
funding for major capacity preservation projects, when appropriate.

To continue to provide access to the mainline rail system. Assist short-line railroads in preserving efficient access to the mainline, 
ensuring system viability and continuity.

Provide financial assistance to short-line railroads, maintaining and 
preserving essential rail lines to prevent abandonment, when appropriate.

To create sustainable funding sources for rail preservation and 
maintenance

Lead the development of rail corridor maintenance and preservation plans 
that include funding strategies

To support long-term economic vitality and diversity. Work with stakeholders and partners to ensure long-term preservation 
of existing industrial land, freight rail corridors, and rights of way for 
future use.

Integrate freight rail system development, land use planning and policies, 
public-private partnerships, and funding strategies consistent with the state 
vision and policy goals to protect and grow freight mobility.  

 To retain industrial lands and the jobs needed to support them. Work with ports and railroads to protect the functionality and viability of 
existing connections between port terminals, intermodal rail yards, and 
mainline tracks.

To better manage state-owned railroad corridors, returning them to 
active service as soon as feasible.

Work with short-line and mainline railroads to allow compatible interim use 
of rail corridor right of way (i.e. rail trails) within statutory limits, until such 
time that the right of way is returned to active rail use.  

To preserve opportunities of abandoned lines for future rail service. Acquire rail corridors scheduled for abandonment that have the potential to 
be reactivated in the future. 

To preserve opportunities of abandoned lines for other public use of 
corridors (i.e. rail trails).

Goal 2: Preserve the ability of Washington's freight rail system to efficiently serve the needs of its customers.
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Objectives Strategies Actions

To better understand future freight rail demands. Continue efforts to regularly evaluate freight rail capacity needs. Continue working with partners with an interest in freight rail capacity to 
determine future needs. Assess capacity and use the results to support 
prioritized investment in freight rail capacity improvements.

To continue reducing congestion, eliminating port access bottlenecks, 
and increasing reliability and mobility.

Create additional capacity, improve connectivity, and improve 
operational efficiency by making, or supporting targeted infrastructure 
investments.

Invest in infrastructure development projects that enable cost effective, 
smooth, and efficient transport of freight through multimodal corridors and 
hubs (i.e. lines, ports, industrial areas).
Identify and prioritize projects that improve mainline capacity, eliminate 
bottlenecks and improve mainline access for ports and other freight rail 
traffic generators.

To continue making process improvements. Support the efforts of Washington’s freight rail providers to solicit state or 
federal funds for projects that provide needed new capacity, where 
strategically appropriate.

To reduce idling of cars and trucks and improve overall safety on rail and 
roads, where appropriate. 

Pursue grade separation of roads and rails, where appropriate. Identify grade separation projects that should be included in national, tribal, 
state, regional, and local transportation plans. 

To improve freight and passenger rail mobility. Support the implementation of passenger rail projects where 
investments also improve freight rail mobility.

Work with passenger rail agencies and support funding of projects that 
support freight movement.

To increase public support for public investment in the freight rail 
system.

Utilize and update existing project assessment tools to include 
performance measures and benefit-cost analysis to prioritize projects.

Utilize and update the current freight rail project evaluation methodology to 
prioritize projects.  

Promote public awareness of and support for freight rail investments 
that provide economic, mobility, safety, and environmental benefits.

The process should include an effort to seek public input and develop public 
support for priority projects.

To increase federal freight rail funding and increase ability to develop 
multi-year projects.  

Support efforts to develop viable federal funding sources for freight rail 
projects with public benefits.

Lead efforts to position Washington’s freight rail system for future federal 
funding with railroads, ports, shippers, and industry.

Coordinate with multistate stakeholders to obtain federal funding for priority 
projects along multistate corridors (Northern Tier).

Work with MPOs to facilitate inclusion of appropriate freight rail projects in 
regional transportation plans.

Review programs like the FAST corridor program and determine WSDOT’s 
role in facilitating public-private partnerships in funding freight rail projects in 
Washington.

To increase state funding and implementation of priority freight rail 
projects. Support efforts to enhance state funding sources for freight rail projects 

with public benefits.  

Develop a statewide freight rail advisory body to promote freight rail 
development

Goal 3: Facilitate freight rail system capacity increases to improve mobility, reduce congestion, and meet the growing needs of Washington's freight rail users, when economically justified.
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Objectives Strategies Actions
To improve community environment and health. Identify and implement freight rail projects which will reduce truck trips 

and decrease targeted emissions, where economically viable.  
Implement rail projects that reduce truck traffic when ecnomically feasible. 

Encourage rail partners to invest in technologies to reduce their fuel 
consumption and related air emissions.

Encourage increased use of locomotive anti-idling devices, electric support 
equipment and reduction of wheel/track friction to decrease fuel 
consumption and air emissions.

Encourage use of environmentally friendly switching locomotives in port 
areas and other rail yards close to residential areas.

Goal 4: Take advantage of freight rail’s modal energy efficiency to reduce the negative environmental impact of freight movement in Washington.
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Objectives Strategies Actions
To reduce numbers of rail-highway incidents.  Continue to identify new areas of focus to enhance rail transportation 

safety.
Continue to support safety improvements of rail-highway crossings, signal 
systems, rail lines, and rail facilities.  

To reduce the numbers of rail-highway, rail-pedestrian, rail-rail, and 
trespassing incidents.

Expand outreach and education to new and existing stakeholder groups.

To meet federal requirements. Partner with the Class 1s’ efforts to meet the federal mandate and a 
support railroad requirement to install positive train control systems on 
mainlines

Continue coordination and support of positive train control systems 
development.  

To improve pedestrian safety and reduce liability. Continue the Operation Lifesaver partnership to educate the public about 
rail safety.

Work with railroads and other partners to educate the public and reduce 
pedestrian trespassing.

To improve emergency recovery and prevention. Continue emergency management development. Work with partners to address rail safety before, during, and after 
emergencies.  

Review best practices, consult with area experts, and develop a list of 
temporary rail-highway grade crossing closures and alternative routes in the 
event of natural and man-made disasters.   

To improve the security of the state rail system in its ability to deter or 
respond to attacks on rail facilities or domestic targets, while ensuring 
mobility for all users.

Address rail system security and homeland security. Support railroads, Amtrak, and local law enforcement agencies to identify 
and implement rail security measures based on guidance from existing 
federal law (PL 110-432). Identify partnerships and other funding sources to 
enhance rail system security.

To reduce the negative impacts from storm-related emergencies. Assess the effects of climate change where weather and climate events 
can impact rail infrastructure and operation. 

Goal 5: Address the safety and security of the freight rail system and make enhancements, where appropriate.

 

Draft – Interim Document 



November 2009 Washington State 2010-2030 Freight Rail Plan 
Appendix 2-8 Appendix 2: Detailed Goal Matrix 

Objectives Strategies Actions
To sustain communities through reduced congestion, preserved and 
expanded infrastructure, economic growth, and optimized safety, 
secruity, and environmental impacts. 

Continue to support local community development improvements that 
consider feight rail development options. 

Support strategic partnerships along Washington's rail corridors that 
improve the quality of life of Washington's citizens. 

Goal 6: Encourage livable communities and family-wage jobs through freight rail system improvements. 
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Appendix 3-A: Passenger Rail Service and 
Ridership in Washington State – A Brief 

 
Passenger rail, once used as a means to address only mobility problems, is 
increasingly viewed and used, at both national and regional levels, as an 
integrated part of robust and resilient multimodal transportation systems.  
Such transportation systems will help policymakers achieve multiple 
policy ends, including economic viability, societal mobility, 
environmental sustainability, and public safety. 

25BAmtrak Intercity Passenger Rail 
Amtrak, partnered with the states of Washington and Oregon and the 
Province of British Columbia, provides intercity rail passenger service in 
the Pacific Northwest.  Passenger rail services operate exclusively over 
rail lines owned by freight railroads.  Sound Transit serves the Puget 
Sound urban area with commuter rail services.  Along the I-5 corridor, 
passenger intercity passenger rail services share track with freight on the 
BNSF Railway (BNSF) mainline.  The Union Pacific Railroad (UP) also 
has operating rights on this mainline from Vancouver, Washington (WA) 
to Tacoma.  Between Tacoma and Everett, Sound Transit commuter rail 
operates on the BNSF tracks.  Freight, intercity passenger, and commuter 
operations share common infrastructure to meet their customers’ needs.  
Exhibit 3A-1 shows the ridership of the three intercity passenger rail 
services in 2008. 

Amtrak Cascades 

Since 1994 the Washington State Department of Transportation (WSDOT) 
has partnered with Amtrak, the state of Oregon, the Province of British 
Columbia, the railroads, and others to provide fast, reliable, and more 
frequent intercity passenger rail service along the 466-mile Pacific 
Northwest Rail Corridor (PNWRC).  As one of 11 federally designated 
corridors, the PNWRC extends from Eugene, Oregon (OR) to Vancouver, 
British Columbia (B.C.).  The service, known as Amtrak Cascades, 
provides travelers with a viable transportation alternative for their intercity 
trips. 
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Exhibit 3A-1: Ridership of Intercity Passenger Rail Service –  
Washington State 2008 

Rail Service Description Ridership 
  Arrive in Washington State from Oregon or Vancouver, B.C. 245,531 

  Departure from Washington State to Oregon or Vancouver, B.C. 239,547 

Amtrak Cascades Travel Within Boundaries of Washington State 189,916 

  Travel Through Washington State Without Stopping in State 0 

  Total Riders 674,994 

  Arrive in Washington State from Oregon or Vancouver, B.C. 51,565 

  Departure from Washington State to Oregon or Vancouver, B.C. 62,707 

Coast Starlight Travel Within Boundaries of Washington State 9,007 

  Travel Through Washington State Without Stopping in State 0 

  Total Riders 123,279 

  Arrive in Washington State from Oregon or Vancouver, B.C. 68,791 

  Departure from Washington State to Oregon or Vancouver, B.C. 70,177 

Empire Builder Travel Within Boundaries of Washington State 37,562 

  Travel Through Washington State Without Stopping in State 46,464 

  Total Riders 222,994 

Total Intercity Passenger Rail Riders 1,021,267 

Note: A state intercity passenger rail rider is defined as a passenger rail rider who arrives, 
departs, travels within and travels through the state using intercity passenger rail services, 
including Amtrak Cascades, Coast Starlight, and Empire Builder. 

Source: WSDOT State Rail and Marine Office 
26B 
 
Amtrak Cascades intercity passenger rail service in the state is operated 
over the BNSF mainline.  Amtrak Cascades intercity passenger rail 
service in Oregon is operated over the UP mainline.  The alignment 
roughly parallels Interstate 5 (I-5) and runs through western Washington 
and western Oregon.  The Washington portion includes nine counties: 
Clark, Cowlitz, Lewis, Thurston, Pierce, King, Snohomish, Skagit, and 
Whatcom.  In addition, a number of cities and towns are also traversed by 
the rail line, including Vancouver (WA), Kelso/Longview, Centralia, 
Olympia/Lacey, Tacoma, Tukwila, Seattle, Edmonds, Stanwood, Everett, 
Mt. Vernon, and Bellingham.  In Oregon, the alignment travels through 
Portland, Oregon City, Salem, Albany, and Eugene.  The corridor is 
diversely populated and contains a mixture of farmlands, small 
communities, natural habitats, and large metropolitan areas.  Corridor 
development is a cooperative effort between the states of Oregon and 
Washington, BNSF, UP, Amtrak, Sound Transit, the Province of British 
Columbia, ports, local communities, passengers, and the general public. 
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Ridership for Amtrak Cascades on the PNWRC has been increasing.  The 
following paragraphs highlight the changes in ridership between 1994 and 
2008. 
 
Amtrak Cascades ridership has risen steadily on the PNWRC from 
Eugene, OR to Vancouver, B.C., from less than 200,000 annual 
passengers in 1994 to 774,536 passengers in 2008.  A complete history of 
the Amtrak Cascades annual ridership is shown in Exhibit 3A-2. 
 

Exhibit 3A-2: Amtrak Cascades Annual Ridership – 1994 to 2008 
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Source: WSDOT State Rail and Marine Office 
 
Since 1994 when Washington State began financially supporting Amtrak 
service, consumers have responded to the increased frequency of daily 
train service.  In every case when or where the supply of passenger train 
capacity increased higher ridership has quickly followed.  Ridership 
increases are most significant between Seattle and Portland, with four 
daily Amtrak Cascades regional round trips. 

Commuter Rail 
Sound Transit provides Sounder commuter rail service in the Puget Sound 
area.  Sounder commuter rail is a regional rail service operated by BNSF 
on behalf of Sound Transit.  Service operates Monday through Friday 
during peak hours from Seattle, north to Everett and south to Tacoma.  As 
of 2008, schedules serve the traditional peak commutes, with most trains 
running inbound to Seattle in the morning and outbound in the afternoon.  
Two daily round trips run the “reverse commute” to and from Tacoma.  
Additional Sounder trains operate on some Saturdays and Sundays for 
travel to and from Seahawks games at Qwest Field and Mariners games at 
Safeco Field.  Both stadiums are a short walk from King Street Station. 
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Ridership has steadily increased year after year with the addition of new 
service.  In 2008 Sounder’s ridership was 16.13 million, up 17 percent 
over 2007.  One of the key benefits to Sounder travel has been the on-time 
performance of the trains.  Performance has reached the level of 
99.85 percent in 2008. 
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Appendix 3-B: Railroad History, Profiles, Service 
Corridors, and Safety Regulatory History  

 
This appendix contains a brief national and state freight rail history, 
Washington State (state) freight railroad profiles and service corridors, 
and a summary of safety regulations and history.  

14BNational Freight Rail History1 
Construction of the nation’s rail network started in 1828.  The system 
expanded rapidly in the late 1800s and early 1900s.  System mileage 
peaked in the 1920s at approximately 380,000 miles of track.  Since then 
the rail network has been downsized and modernized to a core network 
whose route system is descended directly from its 19th century design. 
 
The Class I railroad system today has 160,734 miles of track, less than 
half the number of miles it had in the 1920s.2  The reduced size of the 
nation’s freight rail network is the result of three factors: competition with 
the trucking industry, deregulation, and railroad efficiency. 
 
Private businesses face stiff rate competition from trucks and shareholder 
pressure to generate profits.  As a result, the nation’s major railroads have 
divested in lines and services with insufficient traffic density to adequately 
cover their operating and maintenance costs.  To improve productivity and 
profitability, they have invested in double-stack cars, larger hopper and 
tank cars, and higher boxcars and auto-rack cars, which in turn require 
investment in high-clearance tunnels, higher-weight-capacity track, and 
stronger bridges.  The high cost of these improvements has limited 
railroads to upgrading only the highest volume and most profitable lines.  
Other lines have been downgraded or abandoned. 
 
Abandonment has also occurred as a result of mergers and consolidations 
among railroads, which have led to duplicative or redundant lines.  The 
merger trend began in the mid-19th century as railroads struggled to build 
networks and access profitable routes and markets.  
 
Railroad abandonments began in the 1920s and continued steadily up to 
1980, when many of the railroads were spiraling into bankruptcy.  The 
Staggers Act of 1980 deregulated the railroad industry, helping railroads 
continue the process of merging, restructuring, and reorganizing.  Since 
                                                 
P

1
P AASHTO, Transportation – Invest in America: Freight Bottom Line Report (2001), 

pp. 32-33. 
2 Association of American Railroads, www.aar.org/. 
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railroad deregulation in 1980, the pace of abandonments has slowed as 
more lines have been sold to create short-line and regional railroads.  The 
result of these changes is a modern, efficient “core” network geared 
towards profitably serving today’s freight-rail markets.  But this efficiency 
has come at a cost.  Railroad service has been withdrawn from many 
areas, forcing businesses to relocate or shift to truck service. 

15BWashington State Rail History 
In 1851 the first “railroad” in Washington Territory appeared along the 
north bank of the Columbia River near present-day Stevenson and used 
mule power to pull flatcars along six-inch square wooden rails topped 
with strap iron.  This line covered a distance of roughly two miles and was 
later expanded to six miles. 
 
Two years later Congress authorized the United States (U.S.) Army to 
conduct five transcontinental railway surveys to find a feasible route to the 
Pacific Ocean.  Isaac I. Stevens led the northern survey, which headed 
west from St. Paul, Minnesota, looking for a suitable crossing of the 
Cascade Mountains.  Isaac Stevens later became the first Governor of 
Washington State. 

16BAbraham Lincoln and the Northern Pacific Railroad 

In 1864 Congress and President Abraham Lincoln used the findings of the 
Army’s northernmost survey to charter the Northern Pacific Railroad.  The 
route loosely followed that of Lewis and Clark’s 1804-1806 Corps of 
Discovery expedition to the Pacific Northwest.  The Northern Pacific was 
charged with “constructing a railroad and telegraph line from Lake 
Superior to Puget Sound,” in order to “secure the safe and speedy 
transportation of the mail, troops, munitions of war, and public stores.”  
The Northern Pacific Railroad used the sale of huge federal land grants to 
finance its construction.  
 
In 1870 the Northern Pacific began construction on its first set of tracks in 
Washington Territory, near present-day Kalama on the Columbia River.  
A fierce competition to determine where the tracks would connect to the 
Puget Sound ensued, and the communities of Olympia, Steilacoom, 
Seattle, and Whatcom, on Bellingham Bay, were all considered by the 
railroad.  In July 1873, the railroad’s Board of Directors selected Tacoma 
as its western terminus. 
 
In 1874 regular train service began between Kalama and Tacoma.  Despite 
major financial setbacks, the vision for a northern transcontinental railroad 
was kept alive and small portage railroads3 along the southern shore of the 
                                                 
3 Car ferries were used to cross the river from one track to another.  
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Columbia River were linked together to create a continuous set of tracks.  
In September 1883, Portland, Spokane Falls, and the cities of the upper 
Midwest were linked by rail for the first time when the final spike on the 
Northern Pacific mainline was driven near Gold Creek in Montana. 
 
In 1873 residents of Seattle—upset with the Northern Pacific Railroad’s 
selection of Tacoma as its western terminus—announced their intention to 
build a railroad to Walla Walla.  Though Seattle’s effort only made it to 
the western foothills of the Cascade Mountains, the declaration caused the 
owners of the Northern Pacific to take another look at a direct rail line 
between the eastern segment of Washington Territory and Puget Sound.  
When Congress indicated that the railroad would have to construct a direct 
route from the mouth of the Snake River to Tacoma—or risk losing large 
segments of its original land grant—the Northern Pacific began 
construction west from present-day Pasco through the Yakima Valley.  At 
the same time, track work began near Tacoma in an easterly direction.  
The two rail lines were to meet at Stampede Pass.  

17BStampede Tunnel and Statehood 

In May 1888, the 1.8-mile-long Stampede Pass tunnel was completed.  
The completion of the Northern Pacific’s rail line between Pasco and 
Tacoma supported Washington’s application for statehood.   
 
In November 1889, Washington became the nation’s 42 P

nd
P state.  Railroads 

now connected growing communities like Tacoma, Seattle, Ellensburg, 
North Yakima, Pasco, and Spokane with the rest of the nation.  The new 
rail crossing of the Cascade Mountains also reduced the total freight costs 
for many American businesses trading in the Far East, which led to more 
port activity, business development, and population growth in Puget 
Sound.   

18BThe Great Northern Railway Comes to Washington 

In the early 1890s, Nelson Bennett used some of the money he had earned 
overseeing the construction of the Stampede Tunnel to form the Fairhaven 
and Southern Railway on Bellingham Bay.  The new rail line stretched 
north into British Columbia and south into the Skagit Valley.  It was 
hoped that this rail line would lure the westward reaching Great Northern 
Railway to the Bellingham area.  
 
At the same time, the Seattle, Lakeshore, and Eastern Railway began to 
build north from Seattle toward the Canadian border.  The owners 
intentionally constructed the line several miles inland from Puget Sound 
(the part of the route is now the Burke Gilman Trail in Seattle) to prevent 
other speculators from building new port facilities along Puget Sound that 
would compete with Seattle.  The line extended across the Skagit River to 
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Sedro-Woolley and on to Sumas City on the Canadian border.  In August 
1891, the line connected with the Canadian Pacific Railway, Canada’s 
first transcontinental railroad. 
 
The Great Northern Railway reached Spokane in 1892, continued west 
through Wenatchee, and completed a series of switchbacks across the 
Cascades Mountains near Stevens Pass.  The railroad purchased the 
Fairhaven and Southern Railway, built tracks to Everett, and reached 
Seattle in 1893.  In 1900, the Great Northern Railway completed their first 
Cascades Tunnel at Stevens Pass, which cut the travel time between 
Seattle and the rest of the nation by several hours. 
 
At the turn of the twentieth century, the people of the state had rail access 
to commercial centers across North America.  Passengers and freight came 
to the new state on the Canadian Pacific, the Northern Pacific, the Great 
Northern, and the Union Pacific railroads.  The state’s population 
continued to grow as immigrants from around the world came to work the 
land, the forests, the waters, and in thousands of small businesses across 
the state. 

19BMore Railroads and New Stations 

In 1908 the Spokane, Portland, and Seattle Railway (SP&S) completed a 
new rail line along the north bank of the Columbia River, connecting 
Vancouver, Pasco, and Spokane.  Later that same year, the railroad 
finished construction of a rail bridge across the Columbia River just west 
of the business district of Vancouver.  The new steel bridge created a 
continuous rail link between Portland, Tacoma, Seattle, and British 
Columbia for the first time.  
 
In 1909 the last of the major transcontinental railroads reached Seattle and 
Tacoma.  The Chicago, Milwaukee, St. Paul, and Pacific (Milwaukee 
Road) completed track work and began operating trains across 
Snoqualmie Pass.  The first Milwaukee Road train arrived in Seattle on 
June 14, 1909, and terminated at the temporary station at Washington 
Street and Railroad Avenue.4  The arrival of the Milwaukee Road further 
intensified the railroads’ competition for freight and passengers.  The 
Milwaukee Road operated transcontinental passenger trains to both Seattle 
and Tacoma and operated transcontinental freight service into Tacoma, 
where their main freight yard was located. 
 
The Milwaukee Road’s line across Snoqualmie Pass and all lines in the 
state were embargoed5 in 1979, and the last Milwaukee Road freight train 

                                                 
P

4
P Milwaukee Road Historical Association The Milwaukee Railroader – Volume 39, 

Number 3/Third Quarter 2009 – White River Productions. 
5 An embargo is a complete ban on economic exchange.  
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left Tacoma on March 15, 1980.  The rail line across Snoqualmie Pass was 
sold to the Burlington Northern Railroad, but was ultimately abandoned 
and the trackage was removed by the end of 1987.  This line is now part of 
the John Wayne Trail owned by Washington State Parks.  Several portions 
of the old Milwaukee trackage in Moses Lake and in eastern/northeastern 
Washington have been picked up and operated by short-line or regional 
railroads.  However, most of the old Milwaukee Road rail line across the 
state has been abandoned. 

20BThe Decline of Passenger Rail Service in Washington 

In the early 1920s, automobile and truck transportation began to become 
very popular.  The Washington Department of Highways and local 
highway districts often followed travel corridors developed by the 
railroads as they paved new roads between major cities.  The completion 
of the first Pacific Highway between Seattle and Portland in 1924 lured 
away more passengers and freight traffic from the rails.  For many people, 
this shift was inspired by the fact that automobile and truck transportation 
provided a greater degree of flexibility and freedom than was available 
with rail transportation.  Travelers and shippers were no longer dependent 
upon the schedules and rates offered by the railroads.  
 
The completion of the original Pacific Highway in western Washington 
caused the Great Northern, the Northern Pacific, and the Union Pacific 
railroads to pool their passenger services between Seattle and Portland and 
reduce the number of trains from 22 to 12 trains per day.  
 
The federal government, which had required the railroads to continue to 
provide passenger service to communities across the nation, finally agreed 
to relieve the railroads from this obligation.  In exchange, the railroads 
gave most of their old passenger equipment to the newly formed National 
Railroad Passenger Corporation, more commonly known as Amtrak (for 
American travel by track).  Operating agreements between the private 
railroads and Amtrak were finalized, and national service began on May 1, 
1971. 
 
For more information about passenger rail history, see the Amtrak 
Cascades Mid-Range Plan, Appendix 3A.6  
 
The following railroad profiles contain freight railroad history, 
descriptions, and maps for each railroad in Washington State.  

                                                 
6 2008 Amtrak Cascades Mid-Range Plan Appendix 3A, 
www.wsdot.wa.gov/Freight/publications/PassengerRailReports.htm. 
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Class I Railroad Profiles 

29BBNSF Railway 

On March 3, 1970, the Great Northern; Northern Pacific; the Spokane, 
Portland, and Seattle; and the Chicago, Burlington, & Quincy Railroads 
merged and become the Burlington Northern Railroad. 
 
In 1980 the Staggers Rail Act deregulated rail transportation in the U.S. 
causing the largest railroads to sell off branch lines to smaller railroad 
companies.  In 1983 the Burlington Northern Railroad discontinued rail 
service across the Stampede Pass.  In 1995 the Burlington Northern 
Railroad merged with the Santa Fe Railroad and became the Burlington 
Northern and Santa Fe Railway, which later became the BNSF Railway 
Company (BNSF).  And in 1996 the BNSF repaired and reopened the 
Stampede Pass line. 
 
The BNSF is one of the four largest railroads operating in the U.S. (the 
largest U.S. railroad by 2009 revenue).  BNSF, as it stands today, is the 
product of some 390 different railroad lines that merged or were acquired 
over more than 150 years. 
 
Service is provided over seven major corridors, and nine low-density 
corridors.  The major corridors provide the primary conduits to the North 
American rail network, while the low-density corridors offer 
collection/distribution services.  The major corridors are: 
 

 Seattle-Spokane 
 Seattle-Portland, OR 
 Portland, OR-Pasco 
 Auburn-Pasco 
 Pasco-Spokane 
 Spokane-Sandpoint, ID 
 Everett-Vancouver, B.C. 

 
BNSF operates over 1,640 miles in Washington State, which represents 
almost ten percent of their total system route miles operated. 
 
An average of 220,000 rail cars operates on the BNSF network daily.  
Primary commodities include coal, agricultural products, intermodal 
(containers/trailers), forest products, chemicals, metals, and minerals.  
BNSF is one of the largest haulers of agricultural products.  Chemicals 
hauled by the BNSF include propane, lube oil, petroleum, and asphalt. 
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According to the BNSF 2008 Annual Report to the UTC, revenue totaled 
$17.5 billion.7  BNSF reported total interstate operating revenue of 
$1,040,184 and total gross intrastate operating revenue of $97,876,862. 
 

 

Union Pacific Railroad 

The Union Pacific Railroad (UP) was originally founded through the 
passage of the Pacific Railroad Act of 1862.  This act designated the first 
transcontinental railroad line across the United States and chartered the 
UP and Central Pacific Railroads to build this line.  The nation’s first 
transcontinental railroad line was completed on May 10, 1869, when the 
UP and Central Pacific Railroads met at Promontory Summit, Utah. 
 
The first UP line arrived in the Washington Territory in 1881 in the form 
of the Oregon Railway and Navigation Company (O-WR&N) with a line 
from Bonneville, Oregon (OR) to Walla Walla, Washington Territory.  
This line was extended further into Washington Territory with 
connections to Dayton in 1882, Riparia/Moscow in 1885, and Colfax and 
Spokane by 1890.8

F  Line extensions were also built from Walla Walla to 
Pasco and ultimately Yakima/Selah and Sunnyside.  The O-WR&N was 
sold in foreclosure to the Oregon-Washington Railway and Navigation 
Company, which became a fully-owned subsidiary of the UP in 1936. 

                                                 
7 www.bnsf.com/investors/investorreports/2Q_2009_Investors_Report.pdf 
8 Encyclopedia of Western Railroad History – Volume III Oregon – Washington, Donald 
B. Robertson, The Caxton Printers Ltd. 1995 



December 2009 Washington State 2010-2030 Freight Rail Plan 
Appendix 3-B8 Appendix 3-B: Railroad History, Profiles, Service Corridors, & Safety Regulatory History 

 
The UP considered building a parallel north-south mainline from Portland 
to Tacoma/Seattle in the early 1900s.  However the UP ended up 
negotiating trackage rights over the Northern Pacific Railway mainline 
between Portland, OR and Tacoma, Washington (WA) through its 
O-WR&N subsidiary.  The Union Pacific’s O-WR&N subsidiary 
constructed a joint line with the Chicago, Milwaukee, St. Paul, and Pacific 
Railroad between Tacoma Junction and Black River Junction, near Seattle, 
providing access to the Seattle area.  Further access to downtown Seattle 
was provided via trackage rights on the Northern Pacific and the Pacific 
Coast Railway.  The UP/O-WR&N and the Milwaukee Road passenger 
trains called at Union Station in Seattle, which opened in 1911. 
 
The Spokane International Railroad Company built a railroad line from 
Spokane up to the Canadian border at Eastport, ID and commenced 
operations on November 1, 1906.  The Spokane International Railroad 
entered bankruptcy in 1933 and was re-organized as the Spokane 
International Railroad (SI).  The UP acquired full control of the SI in 
1958, and presently operates the Spokane to Eastport, ID line as part of 
the UP system.  The UP operates a number of run-through international 
trains with the Canadian Pacific Railway via the connection at Eastport, 
ID.  
 
The UP and the Southern Pacific Railroads (SP) merged on September 11, 
1996.  The SP only operated as far north as Portland, OR and never came 
into Washington State.  The merger allowed the UP to offer some longer 
distance one-railroad routings, such as Seattle to Los Angeles and Seattle 
to San Francisco Bay area.  The UP/SP merger also re-configured some of 
their adjacent terminal operations in Portland.  This merger then resulted 
in the largest Class I railroad in the U.S., as measured by total route miles. 
 
The railroad is still the largest railroad in North America by trackage, 
serving 23 states, operating over 32,000 miles in the western U.S., linking 
every major West Coast and Gulf Coast port, and providing east-west 
service through four major gateways (Chicago, St. Louis, Memphis, and 
New Orleans) with the eastern railroads.  UP also operates key north-south 
corridors with several connections at the Mexican and Canadian borders.9 
 
The UP operates on 678 route miles in the state with operating rights on 
BNSF tracks between Portland and Tacoma, and between Tukwila and the 
Port of Seattle.  It operates on its own right-of-way between Tacoma and 
Tukwila.  In eastern Washington, UP operates on its own tracks between 
Hinkle, OR and Spokane, and also to the “funnel” between Spokane and 
Sandpoint, ID.  

                                                 
P

9
P Introductory material adapted from www.up.com/.  
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The UP transports many commodities including chemicals, coal, food and 
food products, forest products, grain and grain products, intermodal, 
metals and minerals, and automobiles and parts.  The UP is also one of the 
largest intermodal carriers (containers and trailers).  
 
Revenue in 2008 totaled $18 billion per UP’s 2008 Report to the UTC.  
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Class II and Class III Railroad Profiles  

28BBallard Terminal Railroad 

The Ballard Terminal Railroad (BDTL10), a Class III railroad in Seattle, 
was formed in 1997 to operate trains on three miles of track on the north 
side of Salmon Bay.  The BDTL runs from NW 40th Street and 6th 
Avenue NW, just south of its Bright Street Yard and on the edge of 
Fremont Avenue, northwest toward Ballard proper.  There, it passes the 
Hiram M. Chittenden Locks and runs along Seaview Avenue NW to its 
Shilshole Yard, where it joins the BNSF mainline just north of NW 68th 
Street.  Most of the railroad was originally part of the Great Northern 
Railway’s mainline, which moved to the west when the Lake Washington 
Ship Canal was built.11   
 
The BDTL reported total interstate operating revenue of $6,148 and 
$70,012 for total gross intrastate operating revenue in their 2008 Annual 
Report to the Utilities and Transportation Commission (UTC). 

                                                 
10 BDTL is the reporting mark for Ballard Terminal Railroad. A reporting mark is a two-
to-four-letter alphabetic code used to identify owners or lessees of rolling stock and other 
equipment used on the North American railroad network. The marks are stenciled on 
each piece of equipment, along with a one-to-six-digit number, which together uniquely 
identify every such rail car. This allows the cars to be tracked by the railroad they are 
traveling over, which shares the information with other railroads and customers.  
P

11
P http://en.wikipedia.org/wiki/Ballard_Terminal_Railroad/. 
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Cascade and Columbia River Railroad 

The Cascade and Columbia River Railroad (CSCD) is a Class III railroad 
that interchanges with BNSF in Wenatchee and runs north to Oroville.  
This line was originally built in 1914 by the Great Northern Railroad to 
link the mainline at Wenatchee to the Washington & Great Northern/ 
Vancouver, Victoria & Eastern line at Oroville.  The major commodities 
carried on the CSCD are limestone, pulpwood, and lumber products.  The 
CSCD offers transload locations on its line to assist customers in getting 
their lumber to specific customers that may not be rail served or need 
additional services provided by these facilities.  The CSCD operates 
148 miles of track and moves over 5,200 cars per year to or from this area 
in the state.  The CSCD has trackage rights over six miles of BNSF’s 
Oroville Spur to Wenatchee for the purpose of performing interchange at 
Wenatchee Yard.12   
 
CSCD reported total gross intrastate operating revenue of $1,614,149 in 
their 2008 Annual Report to the UTC.  
 

                                                 
P

12
P http://www.railamerica.com/RailServices/CSCD.aspx/. 



December 2009 Washington State 2010-2030 Freight Rail Plan 
Appendix 3-B12 Appendix 3-B: Railroad History, Profiles, Service Corridors, & Safety Regulatory History 

 

31BCentral Washington Railroad 

The Central Washington Railroad (CWA), a wholly-owned subsidiary of 
the Columbia Basin Railroad (CBRW), serves with a series of former 
BNSF and UP branch lines in central Washington.  The CWA, a Class III 
railroad, consists of approximately 60 miles of track located in the Yakima 
Valley.  The CWA serves the communities of Yakima, Union Gap, 
Moxee, Granger, Sunnyside, Grandview, and Prosser.  These include:  
 
 Former North Yakima & Valley Railway (NY&V, acquired by the 

Northern Pacific in 1914) from Yakima to Moxee City, 8.6 miles 
acquired from BNSF in 2005.  

 Former NY&V from Yakima to Fruitvale, three miles acquired from 
BNSF in 2005.  

 Former NP from Gibbon to Granger, 30 miles acquired from BNSF in 
2005.  

 Numerous short stretches of former NCRR trackage between 
Grandview and Zillah, 15.6 total miles of trackage rights assigned by 
BNSF over UP-owned lines in 2005.  

 
Commodities hauled on this line include feed, propane, paper products, 
plastic pellets, cheese, juice concentrate, lumber, apples, and other 
agricultural goods.13

     
 

                                                 
P

13
P http://www.temple-industries.com/companies/central_washington_railroad.php/. 
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The CWA reported total interstate operating revenue of $1,436,210 and 
total gross intrastate operating revenue of $374,225 in their 2008 Annual 
Report to the UTC.   
 

 

32BColumbia and Cowlitz Railway 

The Columbia and Cowlitz Railway (CLC), a Class III railroad, is a 
wholly-owned subsidiary of Weyerhaeuser Company, and is 
headquartered in Longview, WA.  The railroad serves an 8.5-mile public 
route from the Weyerhaeuser Company mill in Longview to the junction 
just outside the city limits of Kelso. P

14  It also connects to a private route to 
serve Weyerhaeuser properties.  The line was completed in 1928 and hauls 
forest products, steel, and chemicals. 
 
The CLC reported total gross intrastate operating revenue of $2,654,693 in 
their 2008 Annual Report to the UTC.  
 

                                                 
P

14
P http://en.wikipedia.org/wiki/Columbia_and_Cowlitz_Railway/. 



December 2009 Washington State 2010-2030 Freight Rail Plan 
Appendix 3-B14 Appendix 3-B: Railroad History, Profiles, Service Corridors, & Safety Regulatory History 

 

33BColumbia Basin Railroad 

The Columbia Basin Railroad (CBRW) is a Class III railroad located in 
the Columbia Basin region of the state.  Interchanging with the BNSF in 
Connell, the line runs north crossing I-90 before reaching Moses Lake.  
Along the route, the CBRW also serves Warden, Bruce, Schrag, and 
Othello.  In total, the line consists of 86 track miles: 73 miles are owned 
by the CBRW and the other 13 track miles are on a long-term lease from 
the BNSF.  Presently, the main commodities hauled on this line are 
agricultural goods, in-bound fertilizer, chemicals, and processed potatoes 
and vegetables.   
 
The CBRW reported total interstate operating revenue of $4,240,109 and 
total gross intrastate operating revenue of $787,720 in their 2008 Annual 
Report to the UTC.   
 
The Portland Vancouver Junction Railroad (PVJR) is a newly formed 
subsidiary of CBRW.  It is owned by Clark County, serving the 
Vancouver (WA) area since 2004.  The Chelatchie Prairie Railroad 
(BYCX), a tourist railroad, operates passenger excursions between Lucia 
and Yacolt on weekends and holidays.   
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34BEastern Washington Gateway Railroad 

The Eastern Washington Gateway Railroad (EWG) operates a 108-mile 
Class III railroad that extends from Cheney to Coulee City.  It is one of 
three state-owned branch lines of the Palouse River & Coulee City 
Railroad System.  The primary customer is a grain cooperative, which 
ships barley and wheat from facilities located on the western portion of the 
branch.  Other grain shippers transport grain by rail to a lesser extent.  
Most of the grain cars travel all of the way to the coast for shipment 
overseas.  Other cars are taken in a 60-car shuttle operation to a loading 
operation in Ritzville, where the grain is placed in a 110-car shuttle train 
to the coast.   
 
In January 2009, a new connecting track to the existing Geiger Spur in 
Airway Heights was opened. Formerly operated by Western Rail 
Switching (WRS) and owned by Spokane County, Geiger Spur customers 
include three metal fabricators and a locomotive parts reseller.  Studies 
suggest that new industrial development in the greater Spokane area, 
including intermodal transload, will likely occur in the area served by the 
Geiger Spur. 
 
The EWG reported total interstate operating revenue of $1,803,601 in 
their 2008 Annual Report to the UTC.  WRS, in their last year of 
operation of the Geiger Spur, reported total interstate operating revenue of 
$58,500 in their 2008 report to the UTC.  
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Great Northwest Railroad 

The Great Northwest Railroad (GRNW), a Class III railroad, is located in 
the Idaho Panhandle near the state line and consists of approximately 
77 mainline miles.  From Lewiston, ID, the railroad heads west to Riparia, 
WA.  The GRNW interchanges with both the BNSF and UP at Ayer, WA, 
approximately 85 miles west of Lewiston.   
 
The Camas Prairie Railroad Company was formed in 1909, jointly owned 
and operated by the former Northern Pacific Railway, now BNSF, and the 
former Oregon-Washington Railroad and Navigation Company, now UP. 
The GRNW is a wholly-owned subsidiary of Watco Companies, which 
purchased the line in 2004, renaming it the GRNW. 15 
 
Primary commodities are forest products consisting of lumber, bark, paper 
and tissue, agricultural products, industrial and farm chemicals, scrap iron, 
and frozen vegetables.   
 
The GRNW reported total interstate operating revenue of $3,962,836 in 
their 2008 Annual Report to the UTC and reported total gross intrastate 
operating revenue of $113,584.   
 

                                                 
15 http://www.watcocompanies.com/railroads/gnr/grnw.htm 
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36BKettle Falls International Railway 

The Kettle Falls International Railway, LLC (KFR) owns and operates 
over 160 miles of former BNSF trackage in northeastern Washington State 
and southeastern British Columbia (B.C.).  KFR operates from the BNSF 
interchange at Chewelah, WA to Columbia Gardens, B.C.  A second line 
operates from Kettle Falls to Grand Forks, B.C.  KFR has a diverse traffic 
base, including lumber, plywood, wood products, minerals, metals, 
fertilizer, industrial chemicals, and abrasives.16 
 
KFR reported total interstate operating revenue of $4,319,638 and total 
gross intrastate operating revenue of $460,891 in their 2008 Annual 
Report to the UTC.   
 

                                                 
P

16
P http://www.omnitrax.com/rail_kfr.aspx 
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37BLongview Switching Company 

The Longview Switching Company (LSC), a Class III railroad, is a jointly 
owned subsidiary of BNSF and UP that performs terminal switching 
duties at the Port of Longview.  LSC was once known as the Longview, 
Portland & Great Northern Railway (LP&N).  The LP&N was owned by 
International Paper.  Like Weyerhaeuser, International Paper owned its 
own railroads.  The original LP&N went from Longview north to 
Ryderwood, but was later cut back to operate between Longview and a 
connection to the Northern Pacific (now BNSF) at Longview Junction.  As 
International Paper built more mills in other parts of the northwest, they 
built more railroads as well, and all these railroads were part of the LP&N.  
When International Paper’s Longview Mill closed, the railroad, which still 
served other customers, was sold to become Longview Switching.  
Longview Switching is a private company categorized under Railroad 
Switching and located in Longview.  It was incorporated in 1971.17   
 
The BNSF and UP mainlines run parallel to I-5, approximately five miles 
from the Port.  The Longview Switching Company switches trains from 
the railroad mainlines into the Port.  From there, Port locomotives move 
trains and rail cars to the marine terminals and industrial locations.  The 
LSC operates on 17 miles of track owned by BNSF and UP.18 
 

                                                 
17 http://people.msoe.edu/~westr/wtcx.htm 
18 http://www.manta.com/company/mtvr3mg 
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LSC reported estimated annual revenue of $1,600,000 in 2008. 

38BMeeker Southern Railroad 

The Meeker Southern (MSN) is a Class III railroad that connects Meeker 
Junction (Puyallup, WA), with an industrial park in McMillan, WA.  The 
MSN is a wholly-owned subsidiary of the BDTL.  The line is 
approximately 5 miles long, which is owned by MSN. 
 
The commodities hauled on this line are fiberboard, building materials, 
and steel products. 
 
MSN reported no total gross intrastate operating revenue, but did report 
$181,796 in interstate operating revenue. 
 

 

39BMontana Rail Link 

Montana Rail Link (MRL) is a Class II regional railroad with more than 
900 miles of track serving 100 stations in Montana, Idaho, and 
Washington.  MRL connects with the BNSF at Spokane, and at Laurel and 
Helena, Montana. 
 
MRL hauls a variety of commodities including agriculture, chemicals, 
fertilizers, hazardous materials, lumber, coal, scrap iron, and paper. 
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MRL operates on 16 miles of track owned by BNSF from the Idaho border 
into Spokane. 
 
MRL reported total intrastate revenue of $4,434,250 in 2008.  

40BMount Vernon Terminal Railway 

The Mount Vernon Terminal Railway (MVT), a Class III railroad serving 
Mount Vernon, was formed in 1933 by acquisition of track from the 
Pacific Northwest Traction Company.  The railroad expanded in 1939, 
when it acquired trackage abandoned by the Puget Sound & Cascade 
Railway.  The railroad provides as-needed service and interchanges with 
BNSF at Mount Vernon.  The railroad consists of a 3-track wide yard.  It 
is used for storage and transloading, no on-line customers.  
 
MVT reported total interstate operating revenue of $61,174 and no 
intrastate operating revenue. 

41BPalouse River & Coulee City Railroad System 

The Palouse River & Coulee City Railroad System is owned by the state.  
It consists of three Class III railroads operating on 279 miles of mainline 
track and 18 miles of former mainline track that is now used for rail car 
storage.  The system is divided into the following branches:  

CW Branch 

The Eastern Washington Gateway Railroad (EWG) operates this 108-
mile-long branch that extends from Cheney to Coulee City.  The primary 
customer is a grain cooperative, which ships wheat from facilities located 
on the western portion of the branch.  Other grain shippers transport grain 
by rail to a lesser extent.  Some of the grain cars travel all the way to the 
coast for shipment overseas.  Other cars are taken in a 52-car shuttle 
operation to a mega-loader operation in Ritzville where the grain is placed 
in a 110-car shuttle train to the coast. 

PV Hooper Branch 

The PCC Railroad Company (PCC), a subsidiary of Watco Companies 
operates this branch, which contains a total of 84 miles of mainline track.  
Fertilizer products are brought into a facility located in Mockonema.  
However, grain is the primary commodity.  Grain is taken to a transload 
facility in Wallula where it is loaded onto barges for transport to the coast.  
The Hooper sub-branch extends from Colfax to Hooper.  The PV Hooper 
sub-branch extends from Thornton to Winona where it connects to the 
Hooper sub-branch. 
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P & L Branch 

The Washington and Idaho Railway, Inc. (WIR) operates this branch, 
which contains a total of 87 miles of mainline operating track.  Grain is 
also the primary commodity shipped on the branch.  Fertilizer and lumber 
are also shipped.  The branch extends from Marshall through Pullman to 
Moscow, ID.  A small spur extends from Palouse to the Idaho border 
directly to the east where it continues to Princeton, ID under private 
ownership.  The operator also stores cars on an 18-mile section that 
extends from Pullman to a river crossing near Colfax where a bridge 
burned that severed the section from the PV Hooper Branch.   
 

 

42BPend Oreille Valley Railroad 

The Port of Pend Oreille owns and operates the Pend Oreille Valley 
Railroad (POVA), a Class III railroad.  Located in northeastern 
Washington, POVA-owned tracks run from Metaline Falls to Newport.  
POVA leases trackage from BNSF from Newport to Dover, ID.FP

19
PF  Most of 

the POVA customers are located near the south end of the line, and the 
north end hosts occasional tourist trains between Ione and Metaline Falls.  
 
POVA reported a total interstate operating revenue of $1,899,339 and total 
gross intrastate operating revenue of $506,001.  
 

                                                 
P

19
P http://www.povarr.com/ 
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43B 

44BPuget Sound and Pacific Railroad 

The Puget Sound and Pacific Railroad (PSAP), a Class III railroad, is 
headquartered in Elma, WA.  PSAP interchanges with the BNSF and UP 
Class I railroads.  PSAP runs through forest lands and serves major lumber 
customers.  PSAP owns 109 miles of track and operates on 178 miles of 
track in Washington.  
 
The line consists of the following segments: 1) Centralia to Elma to 
Aberdeen-Hoquiam, which connects with the Port of Grays Harbor; 
2) Elma to Shelton, which connects with the U.S. Navy line that PSAP 
operates from Shelton to Bremerton and Bangor; and 3) Centralia to 
Chehalis to Curtis.  The Port of Chehalis owns the section between 
Chehalis to Curtis.  PSAP provides switching and haulage for UP at 
Aberdeen, Hoquiam, Grays Harbor, Shelton, and McCleary via Centralia.   
 
The major commodities include lumber, logs, chemicals for the pulp and 
paper mills forest products, scrap metal, grains, aluminum, chemicals, and 
military cargo.  
 
PSAP reported interstate operating revenue of $8,115,618 and total gross 
intrastate operating revenue of $64,840. 
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45BRoyal Slope Line 

The 26-mile WSDOT-owned Royal Slope Line (RS) is a remnant of the 
former Chicago, Milwaukee, St. Paul, and Pacific Railroad (Milwaukee 
Road).  The eastern 20.5 miles were constructed as part of the “Pacific 
Extension,” which was built between 1906 and 1909.  The northwestern 
5.5-mile spur was built by the Milwaukee Road in 1967.  The line 
connects Royal City to the CBRW at Othello.  The line currently is 
dormant, but could play important roles in two projects under 
consideration by the state: 
 
 Construction of a freight bypass between Ellensburg and Lind.  

This project would rebuild the abandoned Milwaukee Road mainline 
to increase capacity on BNSF’s Auburn-Pasco route and avoid the 
slow, circuitous routing through the Yakima River Valley.  Some 
mitigation efforts would be necessary due to the line’s passage through 
the Yakima Firing Range and steep grades on the original route. 

 Redevelopment of the Hanford Site as a large industrial complex.  
If the federal government decides to redevelop the site as a large 
industrial complex, an alternative to reconstructing the original 
Milwaukee Road line between Beverly and Lind may be a bypass.  
The bypass would travel through the Hanford Site to Pasco, opening 
up the site to direct Class I rail service and addressing the capacity and 
environmental issues that affect the existing BNSF Ellensburg-
Yakima-Pasco mainline. 
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Tacoma Rail 

Tacoma Rail is a municipally held Class III and terminal switching 
railroad which is comprised of three distinct and separate divisions—
Tidelands Division, Mountain Division, and the Capital Division. 

Tacoma Municipal Belt Line 

The Tacoma Municipal Belt Line (TMBL) is an operating division of the 
Tacoma Public Utilities.  The Tidelands and Capital Divisions are under 
the governance of the Tacoma Public Utility Board.  
 
Tacoma Rail does the switching for TMBL’s Tidelands Division, which 
includes the Port of Tacoma. 
 
In 2004 TMBL formed its Capital Division by leasing three miles of 
BNSF’s Lacey Spur (St. Clair-Quadlok) and 10 miles of the remaining 
original Northern Pacific mainline (Olympia-Belmore), in conjunction 
with obtaining a freight service easement over seven miles of BNSF’s 
Lakeview Subdivision (South Tacoma-Lakeview) and 11 miles of BNSF’s 
Lakeview Spur (Lakeview-Nisqually). 
 
BNSF retains trackage rights over these lines to access the portion of the 
Lakeview Subdivision south of Lakeview that it still serves.   
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In addition to containerized cargo, TMBL’s freight includes chemicals, 
automobiles, scrap metal, feed, grain, frozen food, lime, petroleum 
products, and lumber products. 
 
TMBL had total interstate operating revenue of $14,359,192 and total 
gross intrastate operating revenue of $785,908 in 2008. 
 

 

Tacoma Rail Mountain Division 

The Tacoma Rail Mountain Division (TRMW) is owned by the city of 
Tacoma, Public Works and operated by Tacoma Rail under the 
governance of the Tacoma City Council. 
 
Tacoma Rail started operating the Mountain Division in November 1998 
to provide freight rail service along the 132 miles of track connecting 
Tacoma with Frederickson in South Pierce County, Morton, and Chehalis. 
 
It’s called Mountain Division because the rail grade from Freighthouse 
Square up the gulch and south through the McKinley District is 
considered mountain grade.  The 3.3 percent grade means the rail gains 
three and a third feet in altitude for every 100 feet in distance. 
 
Current customers include Boeing, Hardie Building Products, MacMillan-
Piper, Medallion Foods, and Harris Rebar.  The Mountain Division also 
provides storage services for BNSF and UP.  Commodities handled 
include forest products, chemicals, and airplane components. 
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TRMW reported a total interstate operating revenue of $539,950 and total 
gross intrastate operating revenue of $118,641 in 2008. 
 

 

48BTri-City and Olympia Railroad 

The Tri-City and Olympia Railroad (TCRY) is a Class III railroad 
company that operates near Richland serving the Port of Benton and the 
U.S. Department of Energy, interchanging with BNSF and UP railroads in 
Richland.  In 2009 TCRY ceased its Olympia operation.  The TCRY 
provides repair shop services, on-site freight car switching, and rail-
related services.  
 
The TCRY transports many commodities including food, produce, 
military equipment, nuclear waste, feed, consumer products, beverages, 
agricultural commodities, grain, wood products, paper, coal and minerals, 
building materials, machinery and equipment, vehicles, chemicals, 
fertilizer as bulk goods, break bulk materials, feed stock, waste and scrap, 
liquids.20     

 

 

 
The TCRY reported no total gross intrastate operating revenue in their 
2008 Annual Report to the UTC.  
 

                                                 
P

20
P http://www.tcry.com  
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50B 

Washington and Idaho Railway, Inc. 

The Washington and Idaho Railway (WIR) is a Class III railroad that 
operates in the area south of Spokane, WA, connecting BNSF at Marshall 
to Palouse, WA, Harvard, ID, and Moscow, ID.  It began operations in 
2006 on ex-Northern Pacific Railway and Washington, Idaho and 
Montana Railway trackage.   
 
The WIR reported total gross intrastate operating revenue of $824,945 in 
their 2008 Annual Report to the UTC.   
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52BWestern Rail Switching 

Western Rail Switching (WRS) is a switching and terminal railroad owned 
by Western Rail, Inc., a used locomotive seller located on the line.  In 
2004, Spokane County bought BNSF’s Geiger Spur and designated WRS 
to operate it.  In January 2009, realignment bypassed Fairchild Air Force 
Base, through which the spur had run.  The west end of the spur now 
connects to the Eastern Washington Gateway Railroad (EWG) near 
Medical Lake.  EWG now operates the Geiger Spur.  WRS continues as an 
operating business.   

Rail Service Corridors  
The state currently has ten major rail corridors and 12 low-density 
corridors.  These corridors are defined and operated by BNSF and UP.  
Exhibit 3B-1 lists all these corridors.  While these rail corridors are 
defined by private railroads, the state has an interest to define rail 
corridors in terms of public benefits.  The Freight Mobility and Strategic 
Investment Board (FMSIB) is authorized to define strategic rail corridors 
and update them periodically.  Some short-line routes are critical to the 
economic viability of local communities and certain industries.  The state 
needs to develop criteria to define rail corridors in terms of their impacts 
on the state’s economic societal needs.  A brief description of each rail 
service corridor is shown after the exhibit. 
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Exhibit 3B-1: Rail Service Corridors in Washington State 
Railroads Major Corridors Low-Density Corridors 

 Seattle-Spokane Tukwila-Snohomish 

 Seattle-Portland, Oregon 
(OR) 

Woodinville-Redmond 

 Portland, OR-Pasco Burlington-Sumas 

 Auburn-Pasco Sumas-Lynden 

BNSF Pasco-Spokane Burlington-Anacortes 

 Spokane-Sandpoint, 
Idaho (ID) 

Intalco-Cherry Point 

 Everett-Vancouver, 
British Columbia (B.C.) 

Marysville-Arlington 

  Lakeview-Roy 

  Spokane-Chewelah 

 Hinkle, OR-Spokane Spokane-Plummer, ID; Manito-Fairfield 

UP Spokane-Eastport, ID Ayer Junction-Riparia 

 Tacoma-Seattle Wallula-Kennewick 

BNSF Rail Service Corridors 

BNSF operates over 1,604 miles in the state, which represents almost ten 
percent of their total system route miles operated.  Service is provided 
over seven major corridors, and nine low-density corridors (Exhibit 3B-1).  
The major corridors provide the primary conduits to the North American 
rail network, while the low-density corridors offer collection/distribution 
services.   

Seattle-Spokane Mainline 

This 331-mile corridor consists of BNSF’s Scenic Subdivision (Seattle-
Everett-Wenatchee) and Columbia River Subdivision (Wenatchee-
Spokane).  The line traverses the longest railroad tunnel in the United 
States, the 7.8-mile Cascade Tunnel under the summit of Stevens Pass.  
Between Seattle and Everett, there are an average of 50 trains per day, 
with 25 per day operating between Everett and Spokane.  Four Amtrak 
Cascades trains operate daily between Seattle and Everett, along with 
eight Sounder commuter trains each weekday.  Amtrak’s Empire Builder 
connecting Seattle and Chicago, operates once each way per day along the 
length of the corridor. 
 
The line over Stevens Pass was completed in 1893 by the James Hill’s 
Great Northern Railway (GN), creating a single-carrier link between 
Seattle and St. Paul, Minnesota.  The GN later acquired control of the 
Chicago, Burlington, and Quincy Railroad (CBQ) to provide a direct 
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connection between the Northwest and Chicago, the railroad hub of the 
nation.  Today, the line serves the same role for BNSF, conveying their 
highest-priority traffic to and from the west coast ports. 
 
With only a few local exceptions, the corridor is controlled entirely by 
Centralized Traffic Control (CTC).21  The portion of the line between 
Seattle and Everett is mostly two main tracks, and the majority of the 
Everett-Spokane segment is single-tracked.  Maximum passenger train 
speed is 79 mph, maximum track speeds for freight trains are 60 mph 
between Wenatchee and Spokane and 50 mph between Seattle and 
Wenatchee, and railcars weighing up to 143 tons are permitted.  The 
traffic base is primarily bridge movement of intermodal, agricultural and 
forest products, chemicals, automobiles, and other merchandise between 
the Northwest and the Midwest. 

Seattle-Portland Mainline 

BNSF’s 177-mile Seattle Subdivision, connecting Seattle with Portland, 
OR, is the most heavily trafficked rail line in Washington State, conveying 
BNSF and UP trains (the latter via trackage rights) to and from the major 
Pacific Coast ports.  The corridor hosts an average of 58 freight trains 
each day, with eight Amtrak Cascades trains operating daily, and 18 
Sounder commuter trains connecting Seattle and Tacoma on weekdays.  
Amtrak’s Coast Starlight, connecting Seattle and Los Angeles, operates 
once each way per day along the length of the corridor. 
 
The portions of the corridor from Vancouver to Tenino and Tacoma to 
Seattle were completed by the Northern Pacific Railway by 1877, with the 
Oregon-Washington Railroad and Navigation Company obtaining 
trackage rights over the line.  These segments were connected with the 
construction of the Port Townsend Southern Railroad along the shore of 
Puget Sound, with service beginning in 1914.  It is this route via Point 
Defiance that carries the contemporary joint BNSF and UP mainline, with 
the Tenino-Yelm-Lakeview segment no longer hosting through traffic. 
 
The entire corridor is two main tracks controlled by CTC, with the 
exception of short stretches in the Tacoma and Seattle terminals.  
Maximum train speeds are 79 mph for passenger and 60 mph for freight, 
with 143-ton-capacity cars permitted.  Freight traffic includes intermodal, 
forest and agricultural products, refuse, chemicals, and finished 
automobiles. 

                                                 
21 Railroad signaling systems are discussed in Chapter 5.  
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Portland-Pasco Mainline 

The 233-mile BNSF Fallbridge Subdivision connects Portland, OR with 
Pasco—the junction with mainlines to Seattle and Spokane and location of 
an important classification yard.  The line closely follows the Columbia 
River for its entire length, connecting with the Oregon Trunk Subdivision 
(BNSF’s sole connection between the Northwest and California) at 
Wishram.  An average of 31 freight trains traverse the line daily, with the 
Portland section of Amtrak’s Empire Builder running once each way per 
day. 
 
Seeking a water-level line to the Pacific coast to complement his Cascade 
crossings at Stampede and Stevens Passes, James Hill constructed the 
Spokane, Portland and Seattle Railway along the north bank of the 
Columbia River, completing the line between Pasco and Portland in 1908.  
The line is essentially level, with a maximum eastward grade of 
0.20 percent, and today continues to be a vital link in BNSF’s national 
network. 
 
The Fallbridge Subdivision is almost entirely single-track mainline, with 
short stretches of two main tracks around Portland and Wishram.  Traffic 
control over the entire line is via CTC.  Passenger trains are permitted to 
operate at 79 mph and freight trains at 60 mph; the maximum allowable 
railcar weight is 143 tons.  Annual freight traffic consists of intermodal, 
forest and agricultural products, refuse, coal, chemicals and finished 
automobiles.   

Auburn-Pasco Mainline 

BNSF’s 227-mile mainline across central Washington consists of the 
Stampede Subdivision between Auburn and Ellensburg, and the Yakima 
Valley Subdivision connecting Ellensburg and Pasco.  The Stampede 
Subdivision crosses the Cascade Mountains at Stampede Pass, entering the 
height-restricted Stampede Tunnel at the summit.  The Yakima Valley 
Subdivision traverses the twisting Yakima River Canyon, which limits 
train velocity and line capacity.  An average of six trains a day use this 
freight-only corridor. 
 
Required by the federal government to connect Puget Sound to its eastern 
lines, or face the consequence of losing land grants, the Northern Pacific 
completed its link between Tacoma and Pasco in 1888.  Decades later, 
after a merger which combined the Northern Pacific; Great Northern,; 
Spokane, Portland, and Seattle Railway; and Chicago, Burlington, and 
Quincy Railroad to form the Burlington Northern, and in response to the 
declining rail traffic of the early 1980s and the high cost of maintaining 
three mainlines across the state, Burlington Northern moth-balled the line 
over Stampede Pass in 1982; the majority of the corridor was sold to the 
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Washington Central Railroad.  The line lay essentially dormant until the 
mid-1990s, when a period of unexpected growth stretched to the limit the 
capacity of BNSF’s Stevens Pass and Columbia River routes, culminating 
in the decision to reacquire and reopen the line to allow the diversion of 
low-priority traffic from the vital intermodal corridors. 
 
The corridor is almost entirely single track, except for a short stretch of 
two main tracks at Easton.  Traffic control is via Track Warrant Control 
(TWC), with CTC islands in place at passing sidings.  Maximum 
permitted train speed is 49 mph, and railcar weights up to 143 tons are 
allowed.  Freight traffic includes forest, agricultural, and chemical 
products.   

Pasco-Spokane Mainline 

The 149-mile BNSF Lakeside Subdivision is a vital line connecting Pasco 
and Spokane, and its eastern 12 miles also hosts UP trains operating 
between Hinkle, OR, and Spokane.  The line traverses rolling farmland as 
it skirts north of the Palouse Region.  Approximately 33 BNSF freight 
trains operate on the line daily, along with a daily average of 11 UP trains 
on the shared line near Spokane.  In addition, the Portland section of 
Amtrak’s Empire Builder runs once each way per day. 
 
The Lakeside Subdivision was Northern Pacific’s original mainline from 
the east, completed between Spokane and Wallula in 1882.  After the 
Burlington Northern merger of 1970, the line was operated in tandem with 
the parallel Spokane, Portland, and Seattle Railway route between Pasco 
and Spokane, before the latter was abandoned in the early 1990s in favor 
of the Northern Pacific route.  The line currently is a vital link in BNSF’s 
east-west network. 
 
The corridor is primarily single-track, with short stretches of two main 
tracks in the vicinity of Spokane, Beatrice, and Pasco.  Except for a short 
segment of Automatic Block Signaling (ABS) at Pasco, the entire line is 
controlled by CTC.  Passenger trains are permitted to operate at 79 mph 
and freight trains at 60 mph; the maximum allowable railcar weight is 
143 tons.  Annual freight traffic consists of intermodal, forest and 
agricultural products, coal, chemicals and finished automobiles.  

Spokane-Sandpoint, Idaho Mainline 

BNSF’s Kootenai River Subdivision between Spokane and Sandpoint, ID, 
commonly known as the “Funnel,” is the second-busiest rail corridor in 
the state.  The 69-mile line hosts an average of 46 freight trains each day, 
along with daily operation of Amtrak’s Empire Builder service connecting 
Seattle and Portland to Chicago.  Sandpoint also is the western end of the 
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Montana Rail Link (MRL) system; the MRL has operating rights over 
BNSF into Spokane. 
 
The Funnel was part of the original Northern Pacific mainline, completed 
to Spokane in 1881.  After the 1970 Burlington Northern merger, the 
Northern Pacific route was selected over the parallel ex-Great Northern 
route as the primary mainline from the east into Spokane, a function that it 
retains today for BNSF.  Portions of the original Great Northern route 
continue under operation as segments of the Pend Oreille Valley Railroad 
and BNSF’s Kettle Falls Subdivision, but abandonments have rendered 
that line no longer viable as a through route. 
 
As the corridor experienced substantial growth in recent years, BNSF 
began to increase capacity by adding a second main track.  As of April 
2005, only 20 miles remained under single-track operation.  Except for a 
short stretch in Spokane, the entire line is controlled by CTC.  Annual 
freight traffic consists of intermodal, forest and agricultural products, coal, 
chemicals, and finished automobiles.  

Everett-Vancouver, British Columbia Mainline 

The 152-mile corridor spanning the Bellingham and New Westminster 
Subdivisions is the only remaining mainline link between the Washington 
State rail network and Canada (low-volume connections are served by 
BNSF at Sumas and KFR at Columbia Gardens, B.C.).  An average of 
23 freight trains operates on the line daily, with approximately 12 running 
through to Vancouver, B.C.  Four daily Amtrak Cascades trains run 
between Everett and Vancouver, B.C. 
 
This stretch of U.S. and Canadian railroad was completed by the Great 
Northern in 1891.  From Blanchard to Bellingham, the line closely follows 
the shores of Samish and Bellingham Bays, a condition that limits both 
train speed and the ability to increase capacity without incurring great 
expenses.  Additional delays are encountered while passing through 
Customs at the Blaine/White Rock border crossing.  BNSF also operates a 
2-mile stretch of former Milwaukee Road trackage in Bellingham that is 
owned by the Bellingham International Railroad (BIRR); the BIRR was 
formed for the purpose of preventing an industry from losing service on a 
line that BNSF intended to abandon. 
 
The corridor is single-track CTC from Everett to New Westminster, with 
the exception of a few short stretches of Automatic Block Signaling/ 
Occupancy Control System (ABS/OCS).  From New Westminster to 
Vancouver, the line is double-track CTC.  Maximum train speeds are: 
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 Everett to Delta Junction: Talgo22 50 mph, passenger 35 mph, freight 
15 mph. 

 Delta Junction to Blaine: Talgo 79 mph, passenger 79 mph, freight 
60 mph. 

 Blaine to Vancouver, B.C.: Talgo 60 mph, passenger 60 mph, freight 
40 mph. 

 
Freight traffic includes intermodal, forest and agricultural products, 
refuse, chemicals, and finished automobiles.  

Tukwila-Snohomish Branch Line 

BNSF’s 51-mile Woodinville Subdivision traverses the east side of the 
Seattle metropolitan area, connecting Tukwila, Renton, Bellevue, 
Woodinville, and Snohomish.  BNSF operates one round-trip local on 
weekdays that serves industrial customers along the line, including 
delivery of 737 fuselages to Boeing’s assembly plant in Renton.   
 
The Woodinville Subdivision is a remnant of the former Northern Pacific 
(NP) mainline from Seattle to Sumas.  The line to Sumas and a connection 
with the Canadian Pacific Railroad was completed by the Seattle, Lake 
Shore, & Eastern Railroad (SLS&E) in 1891; the SLS&E was 
subsequently absorbed into the NP in 1901.  In the wake of the 1970 
Burlington Northern merger, the Sumas line from Snohomish Junction to 
Sedro-Woolley was abandoned.  In 2006 a study was conducted on the 
segment from Tukwila to Snohomish to consider potential future uses, 
including a parallel bicycle/pedestrian trail, mass transit, and as an 
emergency bypass route for freight traffic normally operating via Interbay, 
Edmonds, and Everett. 
 
Traffic on the Woodinville Subdivision operates via TWC.  Maximum 
permitted train speeds are 30 mph for passenger and 25 mph for freight.  
Railcar weights up to 143 tons can be operated from Snohomish Junction 
to Woodinville, while the remainder of the line is restricted to 134 tons.  
Tukwila-Woodinville freight corridor traffic consists of aircraft fuselages, 
forest products, and chemicals. 

                                                 
22 Talgo, Inc. manufactures high-speed articulated trains. These operate as a set, with 
adjacent cars sharing axles and wheels and functioning as a single unit. This technology 
increases stability and improves safety and the smoothness of the ride. Talgo trains were 
initially allowed into the United States on a temporary basis and were leased for use in 
the Pacific Northwest from 1994 through 1998. Today, five trains built by Talgo operate 
in the Pacific Northwest and British Columbia as the Amtrak Cascades service. 
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Woodinville-Redmond Branch Line 

Splitting from the Woodinville Subdivision at Woodinville, BNSF’s 
Issaquah Spur runs seven miles to Redmond.  There is rarely a demand for 
service, and trains operate on an as-needed basis. 
 
The line was constructed by the SLS&E to compete with NP’s line to 
Tacoma, but construction towards Snoqualmie Pass stalled in 1890 at 
North Bend, and the focus of the SLS&E was adjusted to continue its 
efforts to build to Sumas.  The east end of the line, between Snoqualmie 
and North Bend, has been maintained as a tourist railroad (the Snoqualmie 
Valley Railroad) since 1957 by The Northwest Railway Museum.  The 
remaining trackage between Snoqualmie and Redmond has been 
abandoned. 
 
BNSF operates the line via TWC, with permitted track speeds of 25 mph 
for passenger and 10 mph for freight.  The line is restricted to 134-ton 
railcars. 

Burlington-Sumas Branch Line 

BNSF’s Sumas Subdivision connects Burlington and Sumas via Sedro-
Woolley.  It is served by a daily round-trip to and from Everett, and a local 
that switches on-line industries.  The 4.7 miles between Burlington and 
Sedro-Woolley are the easternmost surviving segment of a former Great 
Northern branch that connected Anacortes and Rockport; the remaining 
40 miles of the subdivision are formed from the north end of the NP’s ex-
SLS&E line from Seattle to Sumas.  BNSF interchanges with Canadian 
Pacific Railway and the Southern Railway of British Columbia at Sumas. 
 
Train operation on the line is via TWC, with a maximum permitted train 
speed of 40 mph.  The line is restricted to 134-ton railcars from Burlington 
to Lawrence, but 143-ton cars are permitted from Lawrence to Sumas.  
Freight traffic includes forest and agricultural products, and chemicals. 

Sumas-Lynden Branch Line 

Breaking off the Sumas Subdivision at Sumas, BNSF operates a short 
stretch of former Bellingham Bay & British Columbia Railway trackage 
southwest to Lynden.  The Lynden Spur, constructed in 1889, is served as-
needed by the road switcher based at Sumas.  Track speed on the TWC-
controlled line is 10 mph, with cars limited to 131.5 tons.  

Burlington-Anacortes Branch Line 

The Anacortes Spur of BNSF’s Bellingham Subdivision extends 
12.4 miles west from Burlington to serve a Texaco refinery at Fidalgo, and 
hosts daily rail service.  This line segment is the westernmost surviving 
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segment of a former Great Northern branch that connected Anacortes and 
Rockport. 
 
The line is operated as an industrial track with a speed limit of 10 mph, 
and railcars up to 134 tons are permitted.  Traffic includes petrochemicals.  

Intalco-Cherry Point Branch Line 

BNSF’s Cherry Point Subdivision splits off the Bellingham Subdivision at 
Intalco, near the town of Custer, and runs southwest to serve a collection 
of industries at Cherry Point.  BNSF operates two daily round trips on the 
line. 
 
The Cherry Point Subdivision is operated by TWC, with a speed limit of 
25 mph and a maximum railcar weight of 143 tons.  The line was built in 
1965 to serve the Intalco aluminum smelter, and later a series of 
petroleum-related industries were constructed on the line.  Traffic includes 
metals and petrochemicals. 

Marysville-Arlington Branch Line 

Breaking off the Bellingham Subdivision at Kruse Junction, BNSF’s 
Arlington Spur connects Arlington to the national rail network, and is 
classified by BNSF as an industrial spur.  The line is served twice weekly 
by a road switcher based in Everett.  Track speed on the line is 10 mph, 
and 143-ton railcars are permitted. 

Lakeview-Roy Branch Line 

Although BNSF sold freight rights on the north end of its Lakeview 
Subdivision and the entire length of the connecting Lakeview Spur to 
Tacoma Rail in 2004, it retained the remainder of the Lakeview 
Subdivision from Lakeview to Roy.  The customers on the line are the 
U.S. Army’s Fort Lewis, which occasionally ships or receives military 
equipment, and Wilcox Farms, which receives feed at Roy twice a week.  
Track speed on the line is 10 mph, and 143-ton railcars are permitted; 
however, as of spring 2006, the only connection to the rest of the BNSF 
network, via the Lakeview Spur and Nisqually, is restricted to 134-ton 
railcars. 

Spokane-Chewelah Branch Line 

BNSF’s Kettle Falls Subdivision was constructed in 1889 by the Spokane 
Falls and Northern Railway, and came under control of James Hill’s Great 
Northern in 1898.  In late 2004, BNSF sold the Kettle Falls and San Poil 
Subdivisions north of Kettle Falls to OmniTRAX’s Kettle Falls 
International Railway (KFR), and leased the Kettle Falls-Chewelah 
segment to the KFR; the two railroads interchange daily at the latter 
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location.  BNSF’s remaining Kettle Falls Subdivision trackage, between 
Spokane and Chewelah, is rated at 40 mph with 143-ton railcar weights, 
and is controlled by TWC.  

UP Service Corridors 

Union Pacific (UP) operates over 678 miles in the state, which represents 
less than three percent of their total system route miles.  Service is 
provided over two major corridors, and three low-density corridors.  The 
major corridors provide the primary conduits to the nationwide rail 
network, while the low-density corridors offer collection/distribution 
services.  These corridors are summarized in Exhibit 3B-1. 

Hinkle, OR-Spokane Mainline 

UP’s 171-mile Ayer Subdivision connects Hinkle Yard in Hermiston, OR 
to the Spokane terminal.  At Fish Lake, the north end of the line, UP uses 
trackage rights on BNSF’s Lakeside Subdivision to access Spokane.  The 
Ayer Subdivision hosts an average of 11 freight trains per day, and does 
not have passenger service. 
 
The “Washy” line is comprised of four segments: 
 
1. Hinkle, OR to milepost (MP) 201 was completed in 1951 by the 

Oregon-Washington Railroad and Navigation Company. 
2. MP 201 to Wallula (MP 215) was constructed by the U.S. government 

and completed in 1952. 
3. Wallula to MP 264 (near Ayer) was completed by the Snake River 

Valley Railroad Company in 1899, with much of the line being rebuilt 
by the U.S. government in the 1960s as a result of their Snake River 
Dam projects. 

4. MP 264 to Fish Lake (MP 355) was completed in 1914 by a joint 
venture between the Oregon-Washington Railroad and Navigation 
Company and the North Coast Railroad. 

 
BNSF has trackage rights over the line from Pasco to Ayer Junction, and 
then down the Riparia Subdivision to its namesake city, for the purposes 
of interchange with the Great Northwest Railroad. 
 
The Ayer Subdivision is operated by CTC from Hinkle, OR to Page and 
for four miles between Ayer Junction and Joso; the remainder of the line is 
controlled by TWC/ABS. Maximum permitted train speed is 40 mph, 
except for a 30-mile stretch of 50 mph trackage between Page and Ayer 
Junction.  Maximum railcar weights are 158 tons between Hinkle, OR and 
Wallula Junction, and 143 tons between Wallula Junction and Spokane.  
Freight traffic is primary forest and agricultural products, potash, and 
chemicals. 



December 2009 Washington State 2010-2030 Freight Rail Plan 
Appendix 3-B38 Appendix 3-B: Railroad History, Profiles, Service Corridors, & Safety Regulatory History 

Spokane-Eastport, Idaho Mainline 

The Spokane Subdivision of UP roughly parallels BNSF’s Kootenai River 
Subdivision for 74 miles from Spokane to Sandpoint, ID then heads north 
to Eastport, ID.  Since this line is not an essential component of UP’s 
transcontinental mainline, quite unlike the parallel BNSF route, UP 
operates an average of only seven trains per day east of Spokane. 
 
Completed in 1906 by the Spokane International Railroad and acquired by 
UP in 1958, the route retains a reminder of its origins through the 
commonly used “SI” nickname.  Train operation on the single-track line is 
via TWC, with infrequent sidings.  To address slow-speed issues, UP 
performed upgrades, added a siding just east of Spokane, and added CTC 
islands at existing passing sidings.  
 
Freight traffic is primary overhead tonnage connecting with Canadian 
Pacific Railway at Eastport, ID, and includes forest and agricultural 
products, potash, and chemicals. 

Tacoma-Seattle 

UP travels over BNSF track between Portland, OR and Tacoma.  From 
Tacoma, the UP switches to its own rail line to reach Seattle.  This 
corridor was once owned by the Milwaukee Road and purchased by UP. 

Spokane-Plummer, Idaho & Manito-Fairfield Branch Lines 

UP operates two branch lines southeast of Spokane.  The 45-mile Wallace 
Subdivision runs from Spokane to Plummer, ID, crossing the state line 
five miles east of Manito.  Interchanges with the St. Maries Railroad 
(STMA) are performed at Plummer.  The 13-mile Fairfield Industrial Lead 
departs the Wallace Subdivision at Manito and heads south to its 
namesake town. 
 
The Spokane-Manito and Manito-Fairfield segments were constructed in 
1888 to 1889 by the Washington & Idaho Railroad, while the Manito-
Plummer segment was constructed between 1909 and 1914 by the Idaho & 
Western Railway (which was merged into the Chicago, Milwaukee, & 
Puget Sound Railway in 1912).  These two branch lines serve the 
agricultural region of eastern Washington and western Idaho. 

Ayer Junction-Riparia Branch Line 

UP’s 11-mile Riparia Subdivision connects the Ayer Subdivision to the 
Great Northwest Railroad (GRNW) at Riparia.  BNSF has trackage rights 
over this line for the purpose of interchange with the GRNW, and the 
GRNW has trackage rights to MP 267.1 on the Ayer Subdivision to 
perform interchanges at Ayer (see the GRNW section for more 
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background information).  The line was constructed in 1899 by the Snake 
River Valley Railroad, and was relocated in 1968 by the U.S. government. 

Wallula-Kennewick Branch Line 

The 19-mile UP Kalan Industrial Lead extends from the junction with the 
Ayer Subdivision at Wallula to the connection with the Tri-City & 
Olympia Railroad at Richland Junction.  The line, which once extended 
west to Yakima, was completed in 1911 by the Oregon-Washington 
Railroad and Navigation Company and the North Coast Railroad. 

Safety Regulatory History23 
The state has very little safety jurisdiction over rail operations, except for 
public highway-rail crossings.  In 1980 Congress passed sweeping 
legislation, which essentially pre-empted states from most areas of safety 
regulation (as well as rates and service regulation).  States can conduct 
inspections in various safety disciplines as part of a state-federal 
participation program, but any enforcement is done by the FRA.  
Washington currently employs four FRA-certified state inspectors.  They 
are certified in hazardous materials, track, signals, and operating practices. 
 
Any changes in regulation, through legislation or rulemaking at the state 
level, is therefore fairly limited and generally handled through the 
Washington Utilities and Transportation Commission (UTC). 

57BRail Employee Safety 

For the most part, safety regulation of railroad employees is done at the 
federal level.  The state does have some limited jurisdiction, which is split 
between the UTC and the Washington State Department of Labor and 
Industries (L&I) by a Memorandum of Understanding (MOU).  In 2000 
the UTC completed a rulemaking on safety in rail yards.  The primary 
emphasis was on walking surfaces or “walkways,” where there was strong 
evidence of injuries to employees from uneven, unstable, or muddy 
walkways in the rail yards and around switches.  The UTC also addressed 
other tripping/falling hazards such as excess debris laying around, 
overgrown vegetation, and other obstructions that got in the way of 
employees doing their jobs safely.24  

58BRemote Control Operations 

In the late 1990s, railroad companies developed technology for operating 
locomotives from remote locations with no engineers or other employees 

                                                 
P

23
P Utilities and Transportation Commission, Paul Curl, email dated 9/24/2009. 

24 The Washington Administrative Code (WAC) 480-60-035 addresses railroad company 
employee walkways. 
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on board.  For the most part, remote control operations are conducted in 
rail yards to move equipment around, but the UTC had concerns about 
operations over public highway-rail grade crossings.  The UTC completed 
a rulemaking in 2001 to address these issues.25   

59BCommunity Notice 

In the late 1990s, the UTC heard from a number of cities and towns that 
railroad companies were shutting down grade crossings, or otherwise 
disrupting traffic flow for routine construction and maintenance work, 
without any advance notice.  The UTC addressed this issue with a 
rulemaking in 2001.26   

60BBlocked Crossings 

Another issue that came up in the late 1990s was blocked crossings.  The 
UTC received a high number of citizen and local government complaints 
about trains blocking grade crossings for long periods of time.  The UTC 
addressed this issue with a rulemaking in 2001.27   

61BTrain Speeds 

Throughout the 1990s and early 2000s, the UTC reviewed petitions from 
railroads that wanted to increase speeds in certain areas to expand capacity 
and improve service.  The UTC had, over the years, issued orders limiting 
train speeds in 162 communities around the state.  Some of the orders 
dated back to the 1940s.  The process for speed limit changes was 
extremely burdensome for the railroads, and local governments and their 
constituents had unrealistic expectations on what the UTC could do.  
Essentially, state law was obsolete and had not kept up with modern rail 
operations, safety improvements, changed circumstances, and federal law.  
In 2006 the UTC assisted the railroads in successful legislation that 
addressed the issue.  The new law28 established a procedure for changing 
speed limits in cities and towns that was substantially streamlined, but 
retained notice and opportunity to be heard for local governments and the 
public.  The new law also effectively canceled the 162 speed limit orders 
in effect at that time. 

62BGrade Crossing Protective Fund 

The UTC had administered a grant program for upgrading and improving 
safety at public grade crossings since the 1960s.  The program had been 

                                                 
25 WAC 480-62-320 addresses railroad company remote controlled operations. 
26 WAC 480-62-305 addresses railroad company accident reports. 
27 WAC 480-62-220 addresses public grade crossings blockages (i.e. crossings shall not 
be blocked for more than ten consecutive minutes, if reasonably possible). 
P

28
P RCW 81.48.040, transportation law specifying a procedure to fix or change speed 

limits.  
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successful, but was essentially declining by the late 1990s due to changes 
in federal funding, eligibility for funding, and limited purpose.  In 2003 
the UTC successfully proposed legislation that changed the eligibility to 
any public or private entity and expanded the purpose to include any rail 
safety related project.  The program has been revitalized and since 2003, 
the UTC has awarded grants for hundreds of projects that would not have 
otherwise been done.  Examples include trespass prevention, private 
crossing improvements, education, and sign replacement.29   

Statutes Housekeeping 

In 2007 the UTC successfully proposed legislation to clean up the statutes 
related to railroads.  Many of the state laws were obsolete, pre-empted, or 
otherwise useless and confusing.  Some of these laws had been on the 
books since the early 1900s.  While this legislation appears mundane, it 
has proven useful in reflecting current reality and making it clear to the 
railroads, public, and local governments what the UTC can and cannot do.  

64BQuiet Zones 

As communities have grown, especially along the railroad tracks, many 
people have complained about the noise of train horns at rail crossings.  
Many rail lines run right along Puget Sound and the Columbia River 
where new homes have been built.  As rail traffic increased, the noise 
became a significant issue in some communities where the horn sounds 
24 hours a day.  No reasonable alternative existed, even though the noise 
was bothersome, because the train horns at crossings were an important 
safety feature.  In 2006 the FRA adopted a rule which allowed 
communities to establish “quiet zones,” where railroads would be 
prohibited from blowing the horn except in an emergency.30  In order to 
establish a quiet zone, the community is required to ensure continued 
safety at the affected crossings.  While the rule is federal, the UTC has a 
role in the process of making sure the crossings meet federal guidelines, as 
well as suggesting changes and improvements to the crossings. 

65BCrossing Consolidation/Closure 

Since about 1994, the FRA, Federal Highway Administration (FHWA), 
railroads, and state regulatory agencies have encouraged closure or 
consolidation of both private and public grade crossings.  The theory is 
that the safest grade crossing is no grade crossing and the UTC has 

                                                 
P

29
P RCW 81.53.281 and WAC 480-62, addressing railroad crossings and operations.  

P

30
P The Final Horn Rule was promulgated by the FRA and published in the Federal 

Register on April 27, 2005. The rule required trains to sound a horn or whistle when 
approaching a highway railroad grade crossing. The intent was to develop a mechanism 
for a public authority to authorize a whistle/horn ban at a crossing(s) with the authority 
jurisdiction under the context of an existing state law or modified state law. 
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participated in projects over the last 15 years to close or consolidate 
crossings in Washington.  Nationally some 40,000 grade crossings have 
been closed over the last 15 years.  During that time, the UTC has been 
supportive of the effort and BNSF has been the most aggressive of any 
railroad in the country in eliminating grade crossings, including in 
Washington.  In the last few years, the UTC has taken a more proactive 
approach to crossing closures and the UTC now has specific goals for 
crossing closures in their 2009-2011 strategic plan. 

66BOperation Lifesaver 

Operation Lifesaver, Inc. (OLI) is a national non-profit organization 
dedicated to providing education and outreach on rail safety issues.  The 
UTC has strongly supported OLI efforts over the years and currently a 
UTC employee serves as the Washington State Operation Lifesaver 
coordinator. 
 



 

Washington State 2010-2030 Freight Rail Plan December 2009 
Appendix 3-C: Intermodal Facility Commodity Descriptions Appendix 3-C1 

Appendix 3-C: Intermodal Facility Commodity 
Descriptions 

 
The following information was gathered from the USDOT Bureau of 
Transportation Statistics, its National Transportation Atlas Database 2009 
and Intermodal Terminal Facilities data sets.  
 

Name Type Mode Type Commodity Description 
Alaska Airlines Air Air & Truck  Meat, Fish, and Preparations 

Americold Logistics, Inc., Burlington, 
WA 

Rail Rail & Truck  Animal Feed, Pet Food, and Products of 
Animal Orig 

 Meat, Fish, and Preparations 
 Other Crops 
 Other Prepared Food Stuffs 

Americold Logistics, Inc., Pasco, WA Rail Rail & Truck  Animal Feed, Pet Food, and Products of 
Animal Orig 

 Meat, Fish, and Preparations 
 Other Crops 
 Other Prepared Food Stuffs 

Apex Cold Storage, Kent, WA Rail Rail & Truck  Alcoholic Beverages 
 Animal Feed, Pet Food, and Products of 

Animal Orig 
 Articles of Stone, Ceramic, Or Glass 
 Forest Products 
 Gravel and Crushed Stone 
 Meat, Fish, and Preparations 
 Mechanical Machinery 
 Other Crops 
 Other Prepared Food Stuffs 
 Wood Products 

Atlas Columbia Warehouse, Inc., 
Tacoma, WA 

Rail Rail & Truck  Articles of Stone, Ceramic, Or Glass 
 Chemical Preparations  N.E.C. 
 Forest Products 
 Meat, Fish, and Preparations 
 Mechanical Machinery 
 Other Crops 
 Other Metal, and Articles of Metal 
 Plastics and Rubber 
 Pulp, Newsprint, Paper, and Paperboard 
 Waste and Scrap 
 Wood Products 

Bellingham Cold Storage, Bellingham, 
WA 

Rail Rail & Truck  Animal Feed, Pet Food, and Products of 
Animal Orig 

 Furniture and Furnishings 
 Meat, Fish, and Preparations 
 Mechanical Machinery 
 Other Crops 
 Other Prepared Food Stuffs 

Blaine Harbor Port Port & Truck  Meat, Fish, and Preparations 

BNSF, Tacoma Blair, WA Rail Truck - Port - Rail  Meat, Fish, and Preparations 
 Other Crops 



December 2009 Washington State 2010-2030 Freight Rail Plan 
Appendix 3-C2 Appendix 3-C: Intermodal Facility Commodity Descriptions 

 
Name Type Mode Type Commodity Description 
Bulk Service Transport/James J. 
William's, Spokane, WA 

Rail Rail & Truck  Articles of Stone, Ceramic, Or Glass 
 Basic Chemicals 
 Fertilizers 
 Metallic Ores 
 Natural Sands Except Metal-Bearing 
 Non-Metallic Mineral Products N.E.C. 
 Waste and Scrap 

Cascade Warehouse Co., Inc., 
Chehalis, WA 

Rail Rail & Truck  Articles of Stone, Ceramic, Or Glass 
 Forest Products 
 Iron and Steel In Primary Forms and Basic 

Shapes 
 Mechanical Machinery 
 Non-Metallic Mineral Products N.E.C. 
 Plastics and Rubber 
 Wood Products 

Columbia Colstor, Inc., Kennewick, 
WA 

Rail Rail & Truck  Alcoholic Beverages 
 Other Prepared Food Stuffs 

Columbia Colstor, Inc., Quincy, WA Rail Rail & Truck  Furniture and Furnishings 
 Meat, Fish, and Preparations 
 Other Prepared Food Stuffs 

Columbia Colstor, Inc., Woodland, WA Rail Rail & Truck  Animal Feed, Pet Food, and Products of 
Animal Orig 

 Meat, Fish, and Preparations 
 Mechanical Machinery 
 Other Crops 
 Other Prepared Food Stuffs 

Continental Grain Temco, Tacoma, 
WA 

Rail Rail & Truck  Cereal Grains 
 Other Crops 

CSX Intermodal, Tacoma, WA Rail Truck - Port - Rail  Meat, Fish, and Preparations 
 Other Crops 

Daybreak Dispatch and Rail Transfer Rail Rail & Truck  Articles of Stone, Ceramic, Or Glass 
 Forest Products 
 Iron and Steel In Primary Forms and Basic 

Shapes 
 Mechanical Machinery 
 Other Metal, and Articles of Metal 
 Wood Products 

Desticon Transportation Services, Inc., 
Sumas, WA 

Rail Rail & Truck  Forest Products 

Devries Moving, Packing, Storage, 
Spokane, WA 

Rail Rail & Truck  Articles of Stone, Ceramic, Or Glass 
 Chemical Preparations  N.E.C. 
 Furniture and Furnishings 
 Mechanical Machinery 
 Non-Metallic Mineral Products N.E.C. 
 Other Metal, and Articles of Metal 
 Pulp, Newsprint, Paper, and Paperboard 

Gary Hamilton Trucking, Inc., Puyallup, 
WA 

Rail Rail & Truck  Iron and Steel In Primary Forms and Basic 
Shapes 

 Mechanical Machinery 
 Other Metal, and Articles of Metal 
 Wood Products 

GATX Terminals Corporation, Seattle, 
WA 

Rail Rail & Truck  Coal 
 Refined Petroleum Products N.E.C. 
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Name Type Mode Type Commodity Description 
Inland Empire Distribution Systems, 
Spokane, WA 

Rail Rail & Truck  Articles of Stone, Ceramic, Or Glass 
 Chemical Preparations  N.E.C. 
 Electrical Machinery and Equipment 
 Fertilizers 
 Furniture and Furnishings 
 Iron and Steel In Primary Forms and Basic 

Shapes 
 Mechanical Machinery 
 Non-Metallic Mineral Products N.E.C. 
 Other Crops 
 Other Metal, and Articles of Metal 
 Other Prepared Food Stuffs 
 Plastics and Rubber 
 Precision Instruments and Apparatus 
 Refined Petroleum Products N.E.C. 
 Wood Products 

Kenyon Zero Storage, Inc., Prosser, 
WA 

Rail Rail & Truck  Alcoholic Beverages 
 Animal Feed, Pet Food, and Products of 

Animal Orig 
 Meat, Fish, and Preparations 
 Other Crops 
 Other Prepared Food Stuffs 

Kinder Morgan Bulk Terminals, Inc., 
Vancouver, WA 

Rail Rail & Truck  Animal Feed, Pet Food, and Products of 
Animal Orig Articles of Stone, Ceramic, Or 
Glass 

 Coal Fertilizers 
 Gravel and Crushed Stone 
 Monumental Or Building Stone 
 Natural Sands Except Metal-Bearing 
 Non-Metallic Mineral Products N.E.C. 
 Other Metal, and Articles of Metal 
 Refined Petroleum Products N.E.C. 

Konoike Pacific Tacoma Terminals, 
Inc., Tacoma, WA 

Rail Rail & Truck  Animal Feed, Pet Food, and Products of 
Animal Orig 

 Articles of Stone, Ceramic, Or Glass 
 Chemical Preparations  N.E.C. 
 Forest Products 
 Furniture and Furnishings 
 Iron and Steel In Primary Forms and Basic 

Shapes 
 Meat, Fish, and Preparations 
 Mechanical Machinery 
 Milled Grain Products and Preparations and 

Bakery 
 Miscellaneous Manufactured Products 
 Non-Metallic Mineral Products N.E.C. 
 Other Crops 
 Other Prepared Food Stuffs 
 Plastics and Rubber 
 Precision Instruments and Apparatus 
 Pulp, Newsprint, Paper, and Paperboard 
 Wood Products 

Lile Logistics Service, Kent, WA Rail Rail & Truck  Articles of Stone, Ceramic, Or Glass 
 Chemical Preparations  N.E.C. 
 Engines, Parts, and Accessories For Motor 

Vehicles 
 Furniture and Furnishings 
 Mechanical Machinery 
 Pulp, Newsprint, Paper, and Paperboard 
 Textiles, Leather, and Articles 
 Wood Products 
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Name Type Mode Type Commodity Description 
MacMillan, Piper, Seattle, WA Rail Rail & Truck  Animal Feed, Pet Food, and Products of 

Animal Orig 
 Articles of Stone, Ceramic, Or Glass 
 Chemical Preparations  N.E.C. 
 Forest Products 
 Iron and Steel In Primary Forms and Basic 

Shapes 
 Meat, Fish, and Preparations 
 Mechanical Machinery 
 Other Metal, and Articles of Metal 
 Other Prepared Food Stuffs 
 Pulp, Newsprint, Paper, and Paperboard 
 Wood Products 

MacMillan, Piper, Seattle, WA Rail Rail & Truck  Animal Feed, Pet Food, and Products of 
Animal Orig 

 Articles of Stone, Ceramic, Or Glass 
 Basic Chemicals 
 Fertilizers 
 Forest Products 
 Iron and Steel In Primary Forms and Basic 

Shapes 
 Other Metal, and Articles of Metal 
 Other Prepared Food Stuffs 
 Plastics and Rubber 
 Wood Products 

MacMillan, Piper, Tacoma, WA Rail Rail & Truck  Animal Feed, Pet Food, and Products of 
Animal Orig 

 Articles of Stone, Ceramic, Or Glass 
 Chemical Preparations  N.E.C. 
 Meat, Fish, and Preparations 
 Mechanical Machinery 
 Metallic Ores 
 Other Metal, and Articles of Metal 
 Other Prepared Food Stuffs 
 Pulp, Newsprint, Paper, and Paperboard 
 Wood Products 

Mid-Columbia Warehouse, Inc., 
Pasco, WA 

Rail Rail & Truck  Articles of Stone, Ceramic, Or Glass 
 Chemical Preparations  N.E.C. 
 Converted Paper and Converted Paper 

Products 
 Iron and Steel In Primary Forms and Basic 

Shapes 
 Mechanical Machinery 
 Other Metal, and Articles of Metal 
 Other Prepared Food Stuffs 
 Plastics and Rubber 
 Pulp, Newsprint, Paper, and Paperboard 
 Waste and Scrap 
 Wood Products 

Morgan Trucking, Inc., Tacoma, WA Rail Rail & Truck  Articles of Stone, Ceramic, Or Glass 
 Forest Products 
 Iron and Steel In Primary Forms and Basic 

Shapes 
 Plastics and Rubber 
 Wood Products 
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Name Type Mode Type Commodity Description 
Oroville Bin and Pallet, Oroville, WA Rail Rail & Truck  Articles of Stone, Ceramic, Or Glass 

 Electrical Machinery and Equipment 
 Furniture and Furnishings 
 Iron and Steel In Primary Forms and Basic 

Shapes 
 Mechanical Machinery 
 Non-Metallic Mineral Products N.E.C. 
 Other Metal, and Articles of Metal 
 Other Prepared Food Stuffs 
 Plastics and Rubber 
 Wood Products 

Pacific Coast Container Northwest, 
Harbor Island, WA 

Rail Truck - Port - Rail  Articles of Stone, Ceramic, Or Glass 
 Chemical Preparations  N.E.C. 
 Furniture and Furnishings 
 Meat, Fish, and Preparations 
 Mechanical Machinery 
 Motor Vehicles 
 Other Crops 
 Other Prepared Food Stuffs 
 Pulp, Newsprint, Paper, and Paperboard 
 Wood Products 

Pacific Coast Container Northwest, 
Tacoma, WA 

Rail Truck - Port - Rail  Articles of Stone, Ceramic, Or Glass 
 Chemical Preparations  N.E.C. 
 Forest Products 
 Furniture and Furnishings 
 Meat, Fish, and Preparations 
 Mechanical Machinery 
 Motor Vehicles 
 Other Crops 
 Other Prepared Food Stuffs 
 Pulp, Newsprint, Paper, and Paperboard 

Pacific Coast Container Northwest 
Seattle, WA 

Rail Truck - Port - Rail  Articles of Stone, Ceramic, Or Glass 
 Chemical Preparations  N.E.C. 
 Forest Products 
 Furniture and Furnishings 
 Meat, Fish, and Preparations 
 Mechanical Machinery 
 Motor Vehicles 
 Other Crops 
 Other Prepared Food Stuffs 
 Pulp, Newsprint, Paper, and Paperboard 

Pacific Terminals Limited, Seattle, WA Rail Rail & Truck  Articles of Stone, Ceramic, Or Glass 
 Chemical Preparations  N.E.C. 
 Forest Products 
 Iron and Steel In Primary Forms and Basic 

Shapes Mechanical Machinery 
 Metallic Ores 
 Other Metal, and Articles of Metal 
 Other Prepared Food Stuffs 
 Plastics and Rubber 
 Pulp, Newsprint, Paper, and Paperboard 
 Refined Petroleum Products N.E.C. 

Pellissier Trucking, Inc., Dallasport, 
WA 

Rail Rail & Truck  Articles of Stone, Ceramic, Or Glass 
 Electrical Machinery and Equipment 
 Forest Products 
 Iron and Steel In Primary Forms and Basic 

Shapes 
 Mechanical Machinery 
 Other Metal, and Articles of Metal 
 Plastics and Rubber 
 Pulp, Newsprint, Paper, and Paperboard 
 Wood Products 
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Name Type Mode Type Commodity Description 
Pend Oreille Valley Railroad, Usk, WA Rail Rail & Truck  Meat, Fish, and Preparations 

 Other Crops 
Port of Anacortes Port Port & Truck  Crude Petroleum 

 Forest Products 
 Meat, Fish, and Preparations 
 Metallic Ores 
 Other Crops 
 Refined Petroleum Products N.E.C. 

Port of Bellingham Port Port & Truck  Articles of Stone, Ceramic, Or Glass 
 Basic Chemicals 
 Forest Products 
 Meat, Fish, and Preparations 
 Metallic Ores 
 Non-Metallic Mineral Products N.E.C. 
 Other Crops 
 Wood Products 

Port of Clarkston Port Truck - Port - Rail  Forest Products 

Port of Everett Port Truck - Port - Rail  Basic Chemicals 
 Engines, Parts, and Accessories For Motor 

Vehicles 
 Forest Products 
 Gravel and Crushed Stone 
 Meat, Fish, and Preparations 
 Mechanical Machinery 
 Metallic Ores 
 Miscellaneous Manufactured Products 
 Motor Vehicles 
 Natural Sands Except Metal-Bearing 
 Other Crops 
 Transportation Equipment N.E.C. 
 Wood Products 

Port of Grays Harbor Port Truck - Port - Rail  Articles of Stone, Ceramic, Or Glass 
 Cereal Grains 
 Chemical Preparations  N.E.C. 
 Converted Paper and Converted Paper 

Products 
 Forest Products 
 Iron and Steel In Primary Forms and Basic 

Shapes 
 Meat, Fish, and Preparations 
 Mechanical Machinery 
 Metallic Ores 
 Motor Vehicles 
 Other Crops 
 Other Metal, and Articles of Metal 
 Refined Petroleum Products N.E.C. 
 Wood Products 

Port of Kalama Port Truck - Port - Rail  Articles of Stone, Ceramic, Or Glass 
 Basic Chemicals 
 Cereal Grains 
 Chemical Preparations  N.E.C. 
 Forest Products 
 Meat, Fish, and Preparations 
 Mechanical Machinery 
 Metallic Ores 
 Motor Vehicles 
 Other Crops 
 Pulp, Newsprint, Paper, and Paperboard 
 Wood Products 
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Name Type Mode Type Commodity Description 
Port of Longview Port Truck - Port - Rail  Basic Chemicals 

 Motor Vehicles 
 Non-Metallic Mineral Products N.E.C. 
 Pulp, Newsprint, Paper, and Paperboard 
 Wood Products 

Port of Olympia Port Truck - Port - Rail  Forest Products 
 Fuel Oils Including Aviation Turbine 
 Gasoline 
 Metallic Ores 
 Other Crops 
 Refined Petroleum Products N.E.C. 
 Wood Products 

Port of Pasco Port Truck - Port - Rail  Meat, Fish, and Preparations 
 Refined Petroleum Products N.E.C. 

Port of Port Angeles Port Port & Truck  Pulp, Newsprint, Paper, and Paperboard 
 Wood Products 

Port of Port Townsend Port Port & Truck  Meat, Fish, and Preparations 

Port of Seattle Port Truck - Port - Rail  Articles of Stone, Ceramic, Or Glass 
 Cereal Grains 
 Gravel and Crushed Stone 
 Iron and Steel In Primary Forms and Basic 

Shapes 
 Meat, Fish, and Preparations 
 Milled Grain Products and Preparations and 

Bakery 
 Monumental Or Building Stone 
 Motor Vehicles 
 Natural Sands Except Metal-Bearing 
 Non-Metallic Mineral Products N.E.C. 
 Other Crops 
 Other Metal, and Articles of Metal 
 Other Prepared Food Stuffs 
 Pulp, Newsprint, Paper, and Paperboard 
 Refined Petroleum Products N.E.C. 
 Waste and Scrap 
 Wood Products 

Port of Tacoma Port Truck - Port - Rail  Animal Feed, Pet Food, and Products of 
Animal Orig 

 Basic Chemicals 
 Cereal Grains 
 Coal 
 Crude Petroleum 
 Engines, Parts, and Accessories For Motor 

Vehicles 
 Forest Products 
 Gravel and Crushed Stone 
 Meat, Fish, and Preparations 
 Mechanical Machinery 
 Metallic Ores 
 Miscellaneous Manufactured Products 
 Motor Vehicles 
 Natural Sands Except Metal-Bearing 
 Non-Metallic Mineral Products N.E.C. 
 Refined Petroleum Products N.E.C. 
 Textiles, Leather, and Articles 
 Waste and Scrap 
 Wood Products 
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Name Type Mode Type Commodity Description 
Port of Tacoma Alumina Handling 
Facility Terminal 

Rail Rail & Truck  Articles of Stone, Ceramic, Or Glass 
 Cereal Grains 
 Forest Products 
 Metallic Ores 
 Motor Vehicles 
 Wood Products 

Port of Vancouver, USA Port Port & Truck  Articles of Stone, Ceramic, Or Glass 
 Basic Chemicals 
 Cereal Grains 
 Fertilizers 
 Forest Products 
 Iron and Steel In Primary Forms and Basic 

Shapes 
 Meat, Fish, and Preparations 
 Mechanical Machinery 
 Metallic Ores 
 Motor Vehicles 
 Natural Sands Except Metal-Bearing 
 Non-Metallic Mineral Products N.E.C. 
 Other Crops 
 Other Metal, and Articles of Metal 
 Pulp, Newsprint, Paper, and Paperboard 
 Waste and Scrap 
 Wood Products 

Port of Wilma Port Port & Truck  Cereal Grains 
 Pulp, Newsprint, Paper, and Paperboard 
 Wood Products 

Puget Sound International, Tacoma, 
WA 

Rail Rail & Truck  Animal Feed, Pet Food, and Products of 
Animal Orig 

 Articles of Stone, Ceramic, Or Glass 
 Chemical Preparations  N.E.C. 
 Electrical Machinery and Equipment 
 Furniture and Furnishings 
 Meat, Fish, and Preparations 
 Mechanical Machinery 
 Other Metal, and Articles of Metal 
 Other Prepared Food Stuffs 
 Plastics and Rubber 
 Pulp, Newsprint, Paper, and Paperboard 
 Textiles, Leather, and Articles 
 Wood Products 

Puget Sound Packaging, Seattle, WA Rail Rail & Truck  Alcoholic Beverages 
 Articles of Stone, Ceramic, Or Glass 
 Gravel and Crushed Stone 
 Iron and Steel In Primary Forms and Basic 

Shapes 
 Mechanical Machinery 
 Motor Vehicles 
 Non-Metallic Mineral Products N.E.C. 
 Other Crops 
 Other Prepared Food Stuffs 
 Waste and Scrap 

Rainier Cold Storage, Seattle, WA Rail Rail & Truck  Animal Feed, Pet Food, and Products of 
Animal Orig 

 Furniture and Furnishings 
 Meat, Fish, and Preparations 
 Mechanical Machinery 
 Other Prepared Food Stuffs 
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Name Type Mode Type Commodity Description 
Seafreeze Cold Storage, Seattle, WA Rail Rail & Truck  Animal Feed, Pet Food, and Products of 

Animal Orig 
 Furniture and Furnishings 
 Meat, Fish, and Preparations 
 Mechanical Machinery 
 Other Prepared Food Stuffs 

Seattle Tacoma International Airport Air Air & Truck  Animal Feed, Pet Food, and Products of 
Animal Orig 

 Furniture and Furnishings 
 Meat, Fish, and Preparations 
 Other Crops 
 Other Prepared Food Stuffs 

Skog Loading, Inc., Winlock, WA Rail Rail & Truck  Forest Products 
 Wood Products 

Tidewater Terminal Co., Pasco, WA Rail Rail & Truck  Articles of Stone, Ceramic, Or Glass 
 Basic Chemicals 
 Chemical Preparations  N.E.C. 
 Coal 
 Fertilizers 
 Mechanical Machinery 
 Refined Petroleum Products N.E.C. 
 Waste and Scrap 

Tidewater Terminal Co., Pasco, WA Rail Rail & Truck  Basic Chemicals 
 Chemical Preparations  N.E.C. 
 Fertilizers 
 Fuel Oils Including Aviation Turbine 
 Refined Petroleum Products N.E.C. 

Tri Pak, Tacoma, WA Rail Rail & Truck  Articles of Stone, Ceramic, Or Glass 
 Chemical Preparations  N.E.C. 
 Gravel and Crushed Stone 
 Iron and Steel In Primary Forms and Basic 

Shapes 
 Mechanical Machinery 
 Natural Sands Except Metal-Bearing 
 Non-Metallic Mineral Products N.E.C. 
 Other Metal, and Articles of Metal 
 Plastics and Rubber 
 Pulp, Newsprint, Paper, and Paperboard 
 Waste and Scrap 
 Wood Products 

Tri-City Railroad Company, Richland, 
WA 

Rail Rail & Truck  Alcoholic Beverages 
 Articles of Stone, Ceramic, Or Glass 
 Cereal Grains 
 Electrical Machinery and Equipment 
 Forest Products 
 Furniture and Furnishings 
 Iron and Steel In Primary Forms and Basic 

Shapes 
 Mechanical Machinery 
 Miscellaneous Manufactured Products 
 Other Crops 
 Other Metal, and Articles of Metal 
 Other Prepared Food Stuffs 
 Plastics and Rubber 
 Precision Instruments and Apparatus 

Trimax, Ltd (Weyerhaeuser), Tacoma, 
WA 

Rail Rail & Truck  Articles of Stone, Ceramic, Or Glass 
 Forest Products 
 Gravel and Crushed Stone 
 Non-Metallic Mineral Products N.E.C. 
 Plastics and Rubber 
 Wood Products 
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Name Type Mode Type Commodity Description 
Trimax, Ltd (Weyerhaeuser), Tacoma, 
WA 

Rail Rail & Truck  Articles of Stone, Ceramic, Or Glass 
 Forest Products 
 Gravel and Crushed Stone 
 Non-Metallic Mineral Products N.E.C. 
 Plastics and Rubber 
 Wood Products 

United Motor Freight, Inc., Seattle, WA Rail Rail & Truck  Electrical Machinery and Equipment 
 Forest Products 
 Iron and Steel In Primary Forms and Basic 

Shapes 
 Mechanical Machinery 
 Other Metal, and Articles of Metal 

United Warehouse, Kent, WA Rail Rail & Truck  Alcoholic Beverages 
 Articles of Stone, Ceramic, Or Glass 
 Cereal Grains 
 Chemical Preparations  N.E.C. 
 Mechanical Machinery 
 Other Metal, and Articles of Metal 
 Other Prepared Food Stuffs 
 Pulp, Newsprint, Paper, and Paperboard 

United Warehouse, Seattle, WA Rail Rail & Truck  Alcoholic Beverages 
 Articles of Stone, Ceramic, Or Glass 
 Chemical Preparations  N.E.C. 
 Mechanical Machinery 
 Other Metal, and Articles of Metal 
 Other Prepared Food Stuffs 
 Pulp, Newsprint, Paper, and Paperboard 

Up, Seattle, WA Rail Rail & Truck  Meat, Fish, and Preparations 
 Other Crops 

Vanport Warehousing, Inc. Rail Rail & Truck  Articles of Stone, Ceramic, Or Glass 
 Chemical Preparations  N.E.C. 
 Forest Products 
 Meat, Fish, and Preparations 
 Mechanical Machinery 
 Other Crops 
 Other Metal, and Articles of Metal 
 Pulp, Newsprint, Paper, and Paperboard 
 Wood Products 

Washington Cold Storage, Inc., Kent, 
WA 

Rail Rail & Truck  Animal Feed, Pet Food, and Products of 
Animal Orig 

 Furniture and Furnishings 
 Meat, Fish, and Preparations 
 Mechanical Machinery 
 Other Crops 
 Other Prepared Food Stuffs 

Washington Cold Storage, Inc., 
Puyallup, WA 

Rail Rail & Truck  Alcoholic Beverages 
 Animal Feed, Pet Food, and Products of 

Animal Orig 
 Furniture and Furnishings 
 Meat, Fish, and Preparations 
 Mechanical Machinery 
 Other Crops 
 Other Prepared Food Stuffs 

Weatherproof Reload and Storage, 
Spokane, WA 

Rail Rail & Truck  Iron and Steel In Primary Forms and Basic 
Shapes 

 Meat, Fish, and Preparations 
 Mechanical Machinery 
 Other Crops 
 Other Metal, and Articles of Metal 
 Waste and Scrap 
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Name Type Mode Type Commodity Description 
Western Warehousing Services, 
Tacoma, WA 

Rail Rail & Truck  Alcoholic Beverages 
 Articles of Stone, Ceramic, Or Glass 
 Furniture and Furnishings 
 Miscellaneous Manufactured Products 
 Other Prepared Food Stuffs 
 Plastics and Rubber 
 Wood Products 

Weyerhaeuser Company Wood Chip 
Facility, Tacoma, WA 

Rail Rail & Truck  Forest Products 
 Wood Products 
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Appendix 4: Freight Forecast 

Sources 
Future demand of rail freight services are assessed based on five main 
studies, including three major data sources recommended by the 2009 
American Association of State Highway and Transportation Officials 
(AASHTO) Rail Planning Guidelines: 2007 Surface Transportation Board 
Waybill Sample Data, United States Department of Transportation 
(USDOT) Freight Analysis Framework (FAF), and Global Insight.  In 
addition, the Washington State Transportation Commission (WSTC) 
Statewide Rail Capacity and System Needs Study and Washington State 
Department of Transportation (WSDOT) and Washington State Public 
Port Association (WPPA) 2009 Marine Cargo Forecast provide 
information and data that are specific for Washington State. 
 
 WSTC: Statewide Rail Capacity and System Needs Study – Freight 

Transportation Demand Forecasts, 2006. 
 USDOT Federal Highway Administration: 2006 Updates of Freight 

Analysis Framework Forecast. 
 WPPA/WSDOT: 2009 Washington State Marine Cargo Forecast. 
 United States (U.S.) Surface Transportation Board (STB): 2007 Rail 

Waybill Sample Data. 
 AASHTO: Freight Demand and Logistic Bottom Line Report (Draft), 

2006. 

Methodology and Forecasts 
In general, the WSDOT State Rail and Marine Office adopted the forecast 
results from the above sources.  For rail mode related forecasts, 2007 
Waybill Data was used as a base for projection since data for 2008 was 
not available as we conducted the forecasts.  
 
The 2008-2009 recession had profound impacts on U.S. and world 
economies and many effects are likely to take many years to understand.  
Therefore, the forecast results in this plan could be slightly optimistic 
from the perspective of a long-term forecast.  The forecasts will be 
updated as the data for 2008 and 2009 become available. 
 
While the most recent recession data for freight is not available and, 
therefore, not incorporated into most of these analytical models, the 
sources of forecast used in this plan are long-term data.  Historical data 
used in those forecasts reflect the effects of previous recessions.  In 
addition, while the economy went into recession in 2008, state port-related 
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imports and exports started to decline in 2007.  Rail traffic in 2007 was 
not as strong as the economy itself in that year.  Therefore, the correction 
factor of this recession to the forecast results would not be dramatic, but 
could be significant when the data are incorporated into to the long-term 
trends. 

Statewide Rail Capacity and System Needs Study – Freight 
Transportation Demand Forecasts (2006) 

This study was conducted by Cambridge Systematics.  The researchers 
examined recent economic and trade forecasts for the state, the Pacific 
Northwest, and the United States focusing on four primary sectors—
agriculture and foods products, merchandise trade and retail, 
manufacturing, and lumber and wood products.  In addition, two other 
sectors of unique interest—military and municipal solid waste—were also 
examined.  Particular attention was paid to the Pacific Rim trade that will 
account for much of the volume of import containers and exports (grains, 
fertilizers, food products, wood products, etc.) that is expected to move by 
rail in the state.  
 
Among the forecasts reviewed was the 2009 Marine Cargo Forecast for 
the WPPA, which used economic and trade forecasts developed by 
consulting team member, Global Insight, as well as individual trade 
forecasts developed for the Port of Tacoma and the Port of Seattle.  Also 
reviewed were the Lower Columbia River cargo forecasts produced for 
the Port of Vancouver, Washington, and the Port of Portland, Oregon; and 
the Oregon State Commodity Flow forecasts produced for the Oregon 
Department of Transportation.  
 
Global Insight used its own forecasts and local sources to develop and 
adapt economic forecasts for industries that are domestic and local rail 
shippers.  From these and other relevant forecasts, Global Insight 
synthesized economic growth conditions and trend projections, making 
adjustments and extensions where appropriate, to bracket the most likely 
growth rates and freight forecasts for the state.  The resulting forecasts are 
annual long-term forecasts capturing the path of growth for 20 years, as 
well as the forecast endpoint level of projected economic activity and 
trade. 
 
Forecast data for the years 2015 and 2025 was created by routing the rail 
traffic and other modes across the respective modal networks.  The 
carload and IMX forecast synthesizes economic growth conditions and 
trend projections, making adjustments and extensions, where appropriate, 
to bracket the most likely growth rates and freight forecasts for the state.  
The resulting forecast projects the long-term growth through 2025. 
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Washington State’s freight railroads can expect continued growth over the 
next 10 and 20 years.  Rail freight is projected to grow at 2.2 percent 
compound annual growth rate to 2015 and at a 2.3 percent annual growth 
from 2015 to 2025.  This is a steady 2.2 percent growth rate over the next 
20 years.  Exhibit 4A-1 shows the growth of rail tonnage in the forecast 
years.  While local and inbound traffic continue to grow, they will slow to 
slightly lower levels of growth after 2015.  Outbound and through traffic 
will both grow at higher rates in the more distant future as compared to the 
next 10 years. 
 

Exhibit 4A-1: Projected Rail Freight Traffic Growth Rates 

Class 2004-2015 2015-2025 2004-2025

Through 1.90% 2.30% 2.10%

Local 3.30% 2.30% 2.80%

Inbound 1.50% 1.20% 1.40%

Outbound 3.20% 3.80% 3.50%

Total 2.20% 2.30% 2.20%

Growth Rates of Rail Traffic by Tonnage

 
Source: Cambridge Systematics, 2006 
 
WSDOT State Rail and Marine Office adapted the rail traffic growth rate 
to project future growth.  The rail freight data from the 2007 STB Waybill 
Sample is used as a base.  While the economy went into recession in 2008, 
port related imports and exports started to decline in 2007.  Rail traffic in 
2007 was not as strong as the economy in that year.  The state’s freight 
railroads activity can expect continued growth over the next 10 and 
20 years.  The railroads are expected to move more than 152.1 million 
domestic tons of freight in 2020, up from 116.3 million in 2007, a 
2.1 percent compound annual growth rate.  In 2030, it is projected that 
there will be close to 189.9 million tons moved, a 2.2 percent annual 
growth over the 10 years from 2020 to 2030, and a steady 2.2 percent 
growth rate over the 23 years between 2007 and 2030.   
 
Exhibit 4A-2 shows the growth of rail tonnage in the forecast years.  
While local and inbound traffic continue to grow, they will slow to 
slightly lower levels of growth from 2020 to 2030 compared to 2007 to 
2020 growth levels.  Outbound and through traffic will both grow at 
higher rates in the more distant future as compared to the next 10 years. 
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Exhibit 4A-2: Washington State Rail Freight 
2007, 2020, and 2030 (Million Tons) 
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Exhibit 4A-3 shows the projected distribution of the inbound, outbound, 
through, and local shares of the state’s total freight rail tonnage for both 
forecast years of 2020 and 2030.  Of all shares, outbound traffic is 
projected to continue to grow the most between 2020 and 2030, growing 
from 23 percent to 27 percent between 2007 and 2020, and expanding to 
35 million tons.  Local and through traffic is projected to continue to 
maintain approximately 6 percent and 27 percent of the tonnage, 
respectively, over the next 10 and 20 years.  Inbound traffic is projected to 
encompass a smaller percent of the traffic as it will claim 44 percent of the 
tonnage in 2020 and only 40 percent in 2030. 
 

Exhibit 4A-3: Rail Freight Distribution (Million Tons) 

2020

Local, 9.3, 
6%

Through, 
41.0, 27%

Outbound, 
35.1, 23%

Inbound, 
66.8, 44%

2030

Local, 12.3, 
6%

Outbound, 
50.9, 27%

Through, 
51.4, 27%

Inbound, 
75.3, 40%

 
Source: WSDOT State Rail and Marine Office 
 
The projected distribution of traffic tonnage by commodity through the 
forecast years is shown in Exhibit 4A-4.  Farm products are projected to 
continue to be a significant tonnage commodity group, growing to more 
than 64.7 million tons in 2030, up from 36.1 million tons in 2007.  Not 
surprisingly, miscellaneous mixed shipments, primarily in the form of 
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imports, are projected to increase from 11.9 million tons in 2007 to 
14.3 million in 2020 and 17.6 million in 2030. 
 
Exhibit 4A-4: Projected Rail Freight Growth of Top 10 Commodities 

 – Washington 2007-2030 (Million Tons) 

2007 2010 2015 2020 2025 2030

Farm products 36.1 38.8 42.8 48.1 55.2 64.7

Lumber or wood products, excluding 
furniture 12.9 12.8 12.0 11.2 10.2 9.2

Miscellaneous mixed shipments 11.9 12.6 13.4 14.3 16.0 17.6

Coal 10.6 11.0 12.7 14.8 17.1 19.9

Food and kindred products 7.3 7.2 7.9 9.3 11.0 13.2

Chemicals or allied products 6.8 7.8 8.2 8.7 9.1 9.5

Waste or scrap materials not identified 
by producing industry 5.1 5.1 5.8 6.6 7.6 8.9

Pulp, paper, or allied products 4.1 4.1 4.2 4.2 4.2 4.3

Clay, concrete, glass, or stone 
products 3.1 3.4 3.9 4.5 5.1 6.0

Transportation equipment 2.5 2.5 2.3 2.3 2.5 2.8

State Total 116.3 122.2 131.9 145.7 161.9 183.0

Commodity
Year

 
Source: WSDOT State Rail and Marine Office – Analysis and forecast based on 
FHWA Freight Analysis Framework data and 2007 Surface Transportation Board 
Waybill data. 

USDOT Federal Highway Administration: 2006 Updates of Freight 
Analysis Framework Forecast – Commodity Origin-Destination 
Database: 2002-2035 

FAF estimates commodity flows and related freight transportation activity 
among states, sub-state regions, and major international gateways.  It also 
forecasts future flows among regions and relates those flows to the 
transportation network.  FAF includes an origin-destination database of 
commodity flows among regions, and a network database in which flows 
are converted to truck payloads and related to specific routes. 
 
The FAF commodity origin-destination database includes tons and value 
of commodity movements among regions by mode of transportation and 
type of commodity.  Data sources documented in various papers are 
available at www.ops.fhwa.dot.gov/freight/freight_analysis/faf.  FAF 
statistics do not match those in mode-specific publications, primarily due 
to different definitions that were used to avoid double counting.  Methods 
in developing the 2002 base year data are transparent; and it has been 
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expanded to cover all modes and significant sources of shipments.  Future 
projected data covers years from 2010 to 2035 with a 5-year interval.  The 
approach/general procedure and assumptions used by the modeling 
packages have been documented and are available for download at 
www.ops.fhwa.dot.gov/freight/freight_analysis/faf.  Detailed methods 
about modeling are available at 
www.ops.fhwa.dot.gov/freight/freight_analysis/faf/faf2_reports/report3/in
dex.htm. 
 
The forecasts built in the FAF database were developed based on long-
term growth perspectives and did not reflect the new challenges presented 
by the current recession.  Again, the growth rates could be optimistic and 
the forecasts of this plan will be updated as the new data becomes 
available.  The WSDOT State Rail and Marine Office adapted the rail 
traffic growth rate to project future growth of the top ten state 
commodities shipped by rail.  The rail freight data from 2007 STB 
Waybill Sample is used as the base.  National growth forecasts are directly 
adopted from FAF database. 
 
The national demand for freight rail services are driven by three factors:  
population growth, globalization, and technology (primarily, 
containerization).  Assuming moderate rates of economic growth—
between 2.5 to 3 percent a year—the tonnage of freight moved in the 
United States is likely to increase 75 percent in 20 years (2006 to 2035) 
(Exhibit 4A-5).  This rate of growth is about the same as the last 20 years 
and roughly tracks growth in the U.S. Gross Domestic Product.  The 
problem is that no provisions have been made to accommodate this 
growth, and the nation is in the early stages of a freight transportation 
capacity crisis.  This section first looks at the projected growth in the 
demand for freight traffic (both total and for rail) and then discusses the 
rail industry response to this demand growth. 
 
The growth in freight tonnage is expected to continue at 2.5 percent to 
3 percent per year at least through 2035.  The demand for freight rail 
services is projected to increase by a total of 73 percent based on tons and 
through 2035, assuming continued investment in the rail system to handle 
growth.  Despite this, the rail share of national freight shipments is 
shrinking slightly.  By 2035 rail’s share of total freight tonnage could 
decline from 13.3 percent to 12.9 percent and rail’s share of value could 
decline from 4.2 percent to 2.9 percent.1  Exhibit 4A-6 shows freight 
modal distribution in 2035. 
 

                                                 
1 All forecasts in this section were developed by Global Insight and were obtained from 
the AASHTO Freight Bottom Line Report, 2006. 
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Exhibit 4A-5: U.S. Shipments by Mode – 2006 and 2035 (Millions of Tons) 

Total Domestic Exports3 Imports3 Total Domestic Exports3 Imports3

Total 20,974 18,985 620 1,369 (R) 37,212 33,668 (R) 1,112 (R) 2,432

Truck 12,659 12,389 169 101 22,814 22,231 262 320

Rail 2,040 1,905 41 95 3,525 3,292 57 176

Water 688 582 48 58 1,041 874 114 54

Air, air & truck 15 5 4 6 (R) 61 10 (R) 13 (R) 38

Intermodal1 1,503 194 353 956 2,598 334 660 1,604

Pipeline & unknown2 4,068 3,909 6 153 7,172 6,926 5 240

Mode
2006 2035

 
Key: R = revised 
1 Intermodal includes U.S. Postal Service and courier shipments and all intermodal combinations, 
except air and truck. 
2 Pipeline and unknown shipments are combined because data on region-to-region flows by 
pipeline are statistically uncertain. 
3 Data do not include imports and exports that pass through the U.S. from a foreign origin to a 
foreign destination by any mode. 

Note: Numbers may not add to total due to rounding. 

Source: U.S. Department of Transportation, Federal Highway Administration, Office of Freight 
Management and Operations, Freight Analysis Framework, Version 2.2, 2007. 
 

Exhibit 4A-6: Freight Tons, Value, and Ton-Miles by Mode, 2006 and 2035 
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Source: USDOT FHWA Freight Analysis Framework, 2007 



December 2009 Washington State 2010-2030 Freight Rail Plan 
Appendix 4-8 Appendix 4: Freight Forecast 

WSDOT/WPPA: 2009 Washington State Marine Cargo Forecast 

In 2009 the WPPA and WSDOT jointly conducted a 5-year update of the 
2004 Marine Cargo Forecast.  These two organizations have been 
providing joint cargo forecasts since 1985.  This report fulfills statutory 
requirements.  The purpose is to assess the expected flow of waterborne 
cargo through the state’s port system and to evaluate the distribution of 
cargo through the rest of the state’s transportation network.  The current 
report is a 20-year forecast of trade (2008 to 2030) moving through the 
state by water, rail, roads, and pipelines.  It forecasts future demands not 
limited by the rail infrastructure capacity. 
 
The approach used for this forecast is based on historic data trends and 
growth factor analysis of anticipated future changes.  With the assistance 
of the technical advisory group, the BST consultants developed growth 
factors to project the growths.  Many macro factors available at the 
forecast time were analyzed. 
 
The Marine Cargo report found that rail freight is likely to play an 
increasingly important role in marine cargo movement.  As Exhibit 4A-7 
and Exhibit 4A-8 demonstrate, in the future rail freight may account for a 
larger share of marine cargo movement due to a higher growth rate than 
other modes over the forecast period. 
 

Exhibit 4A-7: Marine Cargo Trends – Rail vs. Other Modes 
2002 to 2030 (Million Tons) 
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Source: WPPA/WSDOT Marine Cargo Forecast 2009 
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Exhibit 4A-8: Marine Cargo Port Modal Distribution 
Washington State 2007, 2020, and 2030 (Million Tons) 
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Source: WPPA/WSDOT Marine Cargo Forecast 2009 
 
There are three factors that drive fast marine cargo growth.  First, U.S. 
consumption increases as population and living standards increase.  
Second, economic globalization makes countries more specialized in 
production to achieve efficiency.  As a result of this globalization, exports 
and imports increase dramatically.  Last, containerization of transportation 
industry drives more intermodal traffic that demands rail services.  
 
However, the recent economic recession slowed down this growth and is 
likely to have impacts on long-term growth potential.  Economists are 
debating the long-term effect of this recession and many of them expect a 
slower growth for the next 20 years.  Therefore, forecast results presented 
in this section are likely to be optimistic, given that recent recession data 
have not been integrated into the forecast processes.  This plan will be 
updated as the new data and forecast results become available. 

AASHTO: Freight Demand and Logistic Bottom Line Report (Draft), 
2006 

This study was done by Cambridge Systematics and freight demand 
forecasts were conducted by Global Insight.  The forecasts for each mode 
are driven by the growth in the commodities that they handle.  Growth in 
freight demand, combined with forecast growth in passenger movement, 
will contribute to increased congestion and reduced performance of the 
nation’s transportation system.  However, the impacts on each mode will 
be different. 
 
Rail market share also is shrinking because of its pace of investment.  The 
industry is purposefully operating near capacity because of its capital 
intensity, and it is using demand management as well as investment to 
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respond to traffic volumes.  This means low to higher profitability as 
business is being turned away to make room for more profitable business.  
Railroads, like all private industry, will continue to make capital decisions 
based on private financial returns, and public benefits will be just an 
incidental part of the decision, unless public capital plays a role.  Demand 
for rail transportation is driven by the commodity markets it serves, as 
well as by carrier performance.  Almost three-quarters of the current rail 
tonnage and revenue come from four market groups: coal, farm and food 
products, chemicals and petroleum, and the intermodal business (listing 
them in order of tonnage size).  Some 40 percent of the physical volume is 
in coal alone, but the revenue picture is different and more balanced: 
intermodal and coal each are about 20 percent of the traffic (with 
intermodal somewhat the larger), while the farm and food group and the 
chemicals and petroleum group are about 15 percent each.  Roughly 
60 percent of all new rail tonnage is attributable to coal and intermodal, 
and although the top four markets remain the same, by 2035 intermodal 
should be second only to coal in terms of physical volume, and will be 
substantially the most important source of rail revenue.  The intermodal 
business is projected to maintain a 3.8 percent compound annual growth 
rate over the next three decades, causing it to more than triple in size, 
primarily because of its role in carrying containerized imports for the 
globalizing economy.  Traffic in transportation equipment also grows at an 
above-average pace, expanding by 2.6 percent per year and more than 
doubling in volume by 2035.  This business is chiefly automotive 
products, for which rail offers a very successful service that should be able 
to keep abreast of an evolving market in the years ahead.  Rail services 
fall into three distinct categories: bulk, general merchandise, and 
intermodal. 
 
Bulk services are dedicated unit trains hauling a single bulk commodity, 
such as coal or grain.  Intermodal services, as defined by the rail industry, 
are trains hauling international and domestic containers and trailers.  All 
other rail freight, such as chemicals, forest products, and automobiles 
move as general merchandise.  The long-term prospects for selected rail 
commodities through the year 2035 are:2 
 
 Coal – Rail should remain its primary mode of transport, with a 

62 percent cumulative growth in rail tonnage by 2035. 
 Farm and Food Products – Modest growth of slightly less than 

1 percent per year, with cumulative growth in 2035 projected to be 
51 percent larger than today. 

 Chemical and Petroleum – Slow growth of less than 1 percent per 
year and accumulating to a 27 percent increase by 2035. 

                                                 
2 Forecasts developed by Global Insight and obtained from the AASHTO Freight Bottom 
Line Report, 2006. 
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 Lumber and Forest Products – Slow growth around or just above 
1 percent per year, and a total increase in rail shipments of 40 percent 
to 49 percent by 2035. 

 Transportation Equipment – Solid growth of 123 percent in tonnage 
through 2035. 

 Intermodal – Prospects for rail intermodal business are very robust, 
with tonnage volumes rising 213 percent by 2035. 

 
Exhibit 4A-9 demonstrates the projected growth demand using FAF data 
for rail in the U.S. between 2005 and 2035.  Looking at the state, it can be 
observed that units moved on mainline railroads increase multifold to the 
10 to 20 million unit designation.  More capacity will have to be 
developed in our rail network in the state to meet this forecasted demand.  
This topic is further explored in Chapter 4. 
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Exhibit 4A-9: Comparison of Total Rail Flow Railcars per Year – 2005 and 2035 
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Appendix 5-A: Washington Historical Rail 
Abandonments 

 

Washington Historical Rail Abandonments 
Year Miles Segments 
1953 9.35 1 
1964 0.06 1 
1966 1.80 1 
1969 32.58 3 
1970 9.72 2 
1971 30.79 3 
1972 61.65 10 
1974 79.22 3 
1976 15.54 2 
1977 21.51 4 
1978 76.93 5 
1979 81.28 3 
1980 458.26 15 
1981 44.89 4 
1982 38.10 5 
1983 107.77 9 
1984 179.54 17 
1985 147.74 12 
1986 104.41 9 
1987 72.66 3 
1988 12.37 2 
1989 130.00 1 
1990 37.38 1 
1991 75.28 3 
1992 94.43 2 
1993 132.13 6 
1994 3.57 1 
1995 -104.65 1 
1996 11.20 1 
1997 1.18 1 
1998 12.45 1 
2003 0.41 2 
2004 18.14 4 
2005 0.80 1 
2006 32.11 4 
2007 1.06 2 
2008 12.55 1 
2009 5.15 3 

 



December 2009 Washington State 2010-2030 Freight Rail Plan 
Appendix 5-A2 Appendix 5-A: Washington Historical Rail Abandonments 

 



 

Washington State 2010-2030 Freight Rail Plan December 2009 
Appendix 5-B: Port Access Projects Appendix 5-B1 

Appendix 5-B: Port Access Projects 

Port Access Points 
The reduction of bottlenecks at port access points is very important to 
keep the rail systems flowing.  As a result, rail connectivity issues for the 
ports and capacity issues on the Interstate 5 (I-5) corridor are necessarily 
tied.  Along the corridor there are five main areas where mainline capacity 
needs and connectivity issues intersect: 
 
1. Vancouver, Washington (WA). 
2. Kalama to Longview. 
3. Centralia. 
4. Tacoma. 
5. Seattle. 

Vancouver (WA) 

Vancouver (WA) is a major point of congestion in Washington State’s 
(state) rail system for several reasons: 
 
 The I-5 corridor ties to the Columbia River Gorge rail corridor 

(Vancouver to Pasco) in Vancouver. 
 Port of Vancouver rail traffic moves through the area, and the BNSF 

Railway (BNSF) operates a yard in Vancouver. 
 East/west traffic crosses north/south traffic at-grade, while local traffic 

moving at slow speeds consumes mainline capacity, slowing the more 
than 100 trains that pass through the Vancouver Rail Yard every day. 

 
Two projects are planned or under construction to alleviate these conflicts.  
The first of these projects is the Vancouver Bypass.  The Vancouver 
Bypass will provide a new mainline track around the Vancouver Yard that 
allows through trains to avoid moving through the yard.  It also provides a 
grade separation between West 39th Street and the yard, improving vehicle 
and pedestrian safety.  Construction of the siding tracks along the west 
side of the rail yard began in January 2009, and construction of the 39th 
Street Bridge began in May 2009, anticipated to be completed by mid-
2011.  Full funding for the remaining rail elements of the plan is not yet in 
place. 
 
The Port of Vancouver Freight Access Project would separate port traffic 
from mainline traffic by grade-separating the primary route into the port.  
This would reduce the number of trains crossing the mainlines at grade.  
With port-related traffic exiting the Columbia River Gorge route farther 
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east, the project would also improve flow through the Vancouver Terminal 
area.  Finally, a new configuration of yard tracks and leads within the port 
will increase the ability of the facility to handle additional and longer 
trains. 

Kalama and Longview 

In the 10-mile stretch between Kalama and Longview, local traffic 
consumes mainline capacity in two ways.  First, grain trains exiting or 
entering the mainlines at Kalama must move relatively slow on or off the 
main, which delays through traffic moving along the mainline.  Second, 
local operations working from the Longview Junction rail yard must make 
some moves on the mainline, and these also move relatively slow.  The 
plan to alleviate the problems in this area involves construction of a third 
mainline between Kalama and Longview.  Construction is planned to 
begin in the 2013-2015 biennium and to be completed by mid-2017. 

Centralia 

At Centralia the short-line railroad serving the Port of Grays Harbor, 
Puget Sound and Pacific Railroad (PSAP), branches off of the BNSF I-5 
corridor mainline.  The Tacoma Rail Mountain Division (TRMW) line 
parallels the I-5 corridor mainline through Centralia, crossing the PSAP 
line at Blakeslee Junction.  The TRMW and PSAP/Centralia project will 
reconfigure Blakeslee Junction to provide TRMW access on the PSAP 
between Blakeslee Junction and the BNSF mainline, and will reconfigure 
and upgrade the PSAP line between Blakeslee Junction and the mainline.  
Once complete, the TRMW line through downtown Centralia will be 
removed.  Further phases of the project will add rail capacity in Centralia, 
a second connection between PSAP and TRMW in Grand Mound, and 
additional storage track.  Funding has not yet been secured for the full 
project.  Only partial funding for the Blakeslee Junction to mainline is 
currently in place. 

Tacoma 

In Tacoma, train movements for BNSF and the Union Pacific Railroad 
(UP) between the mainlines, yards, and port terminals are somewhat 
inefficient.  Two proposals to mitigate this have been considered in the 
past.  The first is construction of a new rail bridge linking Bullfrog 
Junction on the Tideflats to the mainlines at Reservation Interlocking.  
The second is implementation by BNSF and UP of co-production1 
between Tacoma and Tukwila.  Under the co-production proposal, UP 
port traffic to and from the south would use the BNSF line to connect 
through Bullfrog Junction, while BNSF port traffic to and from the south 

                                                 
1 Co-production is where two railroads share the same track. 



Washington State 2010-2030 Freight Rail Plan December 2009 
Appendix 5-B: Port Access Projects Appendix 5-B3 

would use the UP connection at Reservation Interlocking, and would also 
use the UP mainline between Tukwila and Reservation Interlocking.  To 
this point, the railroads have not agreed to such an arrangement, although 
dialog has taken place off and on over the last few years. 

Seattle 

In Seattle, neither the BNSF nor the UP has a direct route between the 
mainlines and on-dock intermodal facilities.  BNSF international container 
traffic first moves through the Seattle International Gateway/Stacy Yard, 
which increases transit time.  The UP line to the on-dock facilities is 
essentially a switching lead that extends through the Argo Yard, which 
significantly impacts operations at Argo.  In addition, intermodal trains 
cross East Marginal Way at-grade, creating long roadway vehicle delays. 
 
One project designed to ease part of this problem is the East Marginal 
Way Grade Separation.  This project will construct an overpass that routes 
vehicle traffic up and over railroad tracks, eliminating delays on East 
Marginal Way caused by trains crossing at grade.  Another concept for 
improving rail access to Port of Seattle facilities is the Duwamish Rail 
Corridor, which would essentially create a double-track connection 
between the UP Argo Interlocking and the Harbor Island line using one 
UP yard track and a BNSF track.  However, this project has not moved 
beyond initial discussions. 

Other Access Issues 
There are two additional areas (Everett and Bellingham) along the I-5 rail 
corridor that may need improvements in the future and one 5-phase project 
in Pasco that is currently underway. 

Everett 

In Everett, rail access is not currently an issue.  The single-track Everett 
Tunnel, which is located through Everett on the mainline south of the 
convergence of the Stevens Pass mainline and the mainline to Blaine, is 
handling an increasing number of passenger trains.  The increase of 
passenger traffic impacts freight capacity through the tunnel.  A solution 
to this conflict is the proposed Bayside Bypass that would extend a line 
from Delta Junction down the Bayside industrial track and connect back 
into the Seattle mainline at Everett Junction.  In the future the BNSF may 
construct the Bayside Bypass route, but this project is unlikely to cause 
access problems to port properties. 
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Bellingham 

In Bellingham, the city and Port of Bellingham are developing plans to 
convert the former Georgia Pacific industrial site into a mixed use 
waterfront development.  As part of this project, a sharp curve in the 
BNSF mainline track near the site will be removed and the tracks moved 
further to the east.  The relocated tracks will allow passenger and freight 
trains to travel at a slightly higher speed through this area. 

Port of Pasco Projects 

In Pasco, the Port of Pasco is making a series of improvements to the 
network of railroad tracks that serve the Big Pasco Industrial Center.  
These improvements include upgrading older track to handle heavier and 
longer trains, adding container terminal tracks along the Columbia River, 
improving road/rail crossings, and a second connection to the BNSF 
mainline.  Three of five phases have been completed, with Phase 4 slated 
for construction to start in late 2009.  
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Appendix 5-C: Inland Port Concepts 
 
Rail access is a significant element of port competitiveness strategy.  By 
providing an inland port service, a seaport (in theory) can make 
intermodal rail service available to a broader range of customers.  If priced 
sufficiently low, the inland port service can offer cost savings to container 
shippers and thereby increase the port’s competitiveness. 

Inland Ports 
Inland ports have become an increasingly popular concept as the drive for 
transportation efficiency continues.  Inland ports are perceived to reduce 
congestion, improve transit times and reliability, while at the same time 
decreasing costs and promoting economic development. 
 
Inland ports have several dimensions.  In the narrowest sense, an inland 
port is an inland container transfer facility that performs many of the cargo 
processing functions that are performed at seaports, including customs 
clearance.  Intermodal containers are moved from the seaport to the inland 
port, often in bond, thus freeing valuable land at the port for maritime 
activity.  In effect, the inland port serves as an extension of the seaport, 
although at a remote location, typically close to either a key market or 
principal components of the highway system.  If rail is used to transport 
the cargo to the inland port, trucks are removed from the highways and 
roadway congestion near the water port can be reduced.  This possibility 
has also led to the concept of moving cargo to a remote point outside of 
the immediate seaport area by a rail shuttle service and then returning it to 
truck on less congested highways. 
 
A broad array of multimodal facilities that support international trade can 
also be defined as inland ports.  An often-cited example of such a 
development is the Alliance Texas Logistics Park, a 15,000-acre 
development 15 miles north of Fort Worth that includes air, rail, and 
highway connections, a foreign trade zone, an enterprise zone, inventory 
tax exemption, and business parks, distribution areas, and other facilities. 

Rail Intermodal Transportation Moves 
Rail intermodal transportation moves involve high-fixed costs but low-
variable costs.  By contrast truck transport involves high-variable costs but 
lower-fixed costs.  Generally rail intermodal moves are considered to have 
a low line-haul cost per mile.  The challenge in Washington State (state) is 
that the railroads want a haul of at least 500 miles based upon their cost 
structure and available rail capacity.  Since the fixed costs need to be 
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defrayed over a large number of miles, railroads do not typically market 
intermodal services for short distances.  
 
Another complication is that depending on the port, these containers may 
have to be drayed to and from the intermodal facilities, and these short 
truck movements add significant costs.  Furthermore, intermodal facilities 
are expensive to build and to operate.  The cost of building a small starter-
size facility is estimated to be around $25 million and one that would 
handle a significant volume is estimated at $70 to $80 million.  In 
addition, if these terminals are operated as a shuttle service, rail 
intermodal equipment may have to be acquired, since it may be captive to 
the service. 

Status 
Due to the cost versus delivery time equation, the inland port concept has 
not come to fruition in many states, especially in Washington State.  There 
have been attempts at the concept in both Quincy and Maytown.  The 
Quincy facility is challenged by the current cost structure of rail versus 
truck.  The potential Maytown development got caught up in a political 
struggle among stakeholders. 
 
In the future, such developments could provide the base volume to 
generate the level of public benefits necessary to help justify the cost of a 
shuttle-type rail service to and from a port.  The feasibility will depend on 
a number of variables, including access, what facilities are actually 
available at a port to transfer containers to rail and inland terminals, and 
capital and operating cost provisions. 

Studies 
Multiple studies in other states have concluded that the cost premium of 
the truck/rail transportation was particularly high for the shorter 
intermodal rail moves to inland port locations close to deepwater coastal 
ports.  
 
A multi-year study1 to determine if and how inland port concepts could be 
applied to reduce drayage miles and generate other public benefits was 
conducted in southern California.  This study reached similar conclusions, 
namely the cost would be substantial, and an operating subsidy would be 
required.  The results of the study’s cost analysis suggested it would 
amount to at least $200 per container at current cost levels (2008).2 
                                                 
1 The Tioga Group, Railroad Industries, Inc, and Iteris, Inland Port Feasibility Study, 
Project No. 06-023, Tasks 3-5Draft Report, prepared for the Southern California Council 
of Governments, June 5, 2008. 
2 Ibid, p.4 
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Inland port terminals may not be justified from direct transportation 
savings, but could perhaps be with the inclusion of public benefits.  
Benefits estimated in the study equated to a range of 5 to 70 percent of the 
estimated transportation cost difference depending on inland terminal 
location and estimated cost differential range.  
 
Based on the analyses performed in other states, an inland terminal 
provides the greatest proportional share of public benefits when it is 
located near a large concentration of port customers.  It is estimated that a 
starter intermodal facility requires an initial volume of 20,000 to 
30,000 containers per year to be viable.  

Success of Inland Ports 
Under current economic conditions, trucking continues to be less costly 
and a quicker alternative within the state as compared to rail.  It is 
believed that in the future this cost structure will change as fuel and 
environmental costs of trucking drastically increase.  At that point, inland 
ports may develop in the state as they have in other parts of the country.  
 
There are a number of factors that are key to the success of an inland port 
that need to be analyzed, as the inland ports concept is considered as a 
component of the transportation network in the future.  Among these are: 

Location 

An inland port should intercept major container flows and provide easy 
access to rail and interstate highway networks that connect it with key 
markets. 

Functions 

The inland port should perform a range of functions including intermodal 
transfers, storage/warehousing, staging, inspections, parking, service, etc. 

Institutional Arrangements 

Arrangements must be made with rail carriers and port operators to 
establish the rail service, as well as the container consolidation and rail car 
loading at the port. 

Scheduled and Reliable Service 

Using the inland port cannot cause an excessive delay, either due to train 
scheduling, transfers, or the nature of the train service.  
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Costs 

The capital and operating costs of an inland port must not exceed the 
expected benefits of the service.  This does not necessarily mean that the 
service would operate without subsidies, only that the subsidies should not 
exceed the public benefit of the facility. 
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Appendix 6: WSDOT Freight Partnerships 
 
The Washington State Department of Transportation (WSDOT) works in 
partnership with a variety of freight sectors.1  Below is a list of WSDOT’s 
freight partners: 
 
 AASHTO Freight Transportation Network  
 Amtrak  
 Commercial Vehicle Information Systems and Networks  
 Federal Highway Administration  
 Federal Motor Carrier Safety Administration  
 Federal Railroad Administration  
 Freight Action Strategy Corridor  
 Freight Mobility Strategic Investment Board  
 International Mobility & Trade Corridor  
 Puget Sound Maritime Air Forum  
 TransNow (regional university transportation center administered by 

USDOT)  
 Transportation Improvement Board  
 USACE Waterborne Commerce Statistics Center  
 USDOT Bureau of Transportation Statistics  
 USDOT Hazardous Materials  
 University of Washington Global Trade, Transportation, and Logistics 

Studies  
 University of Washington Intelligent Transportation System  
 Washington Public Ports Association  
 Washington State Department of Ecology (Air Quality)  
 Washington State Patrol, Commercial Vehicle Division 
 Washington State Transportation Research Center  
 Washington State University Strategic Freight Transportation Analysis  
 Washington Trucking Associations 
 Washington Utilities and Transportation Commission  
 West Coast Collaborative (public-private partnership to reduce diesel 

emissions)  
 West Coast Corridor Coalition  
 

                                                 
1 www.wsdot.wa.gov/freight/partnerships/. 
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Appendix 8-A: Project List 
 
This project list meets the current federal requirement to identify the 
statewide rail system need; it is not a funding list.  The federal government 
is currently developing program requirements for future project lists, 
which will likely be linked to funding.  The Washington State Department 
of Transportation (WSDOT) will respond with a development process 
after the next federal development occurs.  WSDOT will also address 
emerging federal funding opportunities after information becomes 
available.  
 
The project list is shown in different exhibits to better show different 
aspects: 
 
 Exhibit 8A-1: Project List by Area, Location, and Organization 
 Exhibit 8A-2: Project List by Location, Area, and Organization 
 Exhibit 8A-3: Project List by Organization, Location, and Area 
 Exhibit 8A-4: Project List by Project Types 
 Exhibit 8A-5: Project List by Public Benefits 
 Exhibit 8A-6: Project List by Private Benefits 
 Exhibit 8A-7: Project List by Cost Estimates 
 Exhibit 8A-8: Project List by Committed Funds 
 
The areas listed in the exhibits are: 
 
 EW – Eastern Washington 
 NC – Non-Capital 
 PS – Puget Sound 
 SW – Statewide 
 WW – Western Washington 
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Exhibit 8A-1: Project List by Area, Location, and Organization 

Area Location Organization Project Name 
Estimated 

Project Cost 
Estimated

Completion 
EW Airway Heights Spokane County Geiger Spur Rehabilitation $880,000 5/1/2013 
EW Bingen SW Washington RTPO Bingen Point Rail Crossing $15,000,000   

EW Cheney 
Eastern Washington 
Gateway Railroad Cheney Siding $580,000 2/1/2012 

EW Cheney Union Pacific Railroad Extend Cheney Siding $0  
EW Cheney Union Pacific Railroad Install Centralized Train Control $0  
EW Cheney Union Pacific Railroad Power Operate Manual Sidings $0  

EW Creston 
Eastern Washington 
Gateway Railroad Webb Siding Extension $297,000   

EW Creston WSDOT Lincoln Co. PDA/Creston - New Rail Spur $346,000   

EW Davenport 
Eastern Washington 
Gateway Railroad CW Branch Rail Renewal $64,860,000 10/1/2018 

EW Ellensburg BNSF Railway Ellensburg-Lind Corridor Reactivation $0   
EW Ephrata WSDOT Port of Ephrata/Ephrata Spur Rehab Phase II $363,000 1/1/2010 
EW Kennewick BNSF Railway Vista Siding Extension $0   
EW Moses Lake Columbia Basin Railroad Bridge upgrades for 286K $0 1/1/2016 

EW Moses Lake WSDOT 
Port of Moses Lake/Northern Columbia Basin - Railroad 
Engineering and Environmental $29,650,000 6/30/2013 

EW Newport 

Port of Pend Oreille dba 
Pend Oreille Valley 
Railroad Tacoma Creek Bridge $125,000 7/31/2010 

EW Othello Port of Royal Slope Royal Rail Line Rehabilitation Project $1,750,000  
EW Pasco BNSF Railway Pasco Bridge Span Replacement $0   
EW Pasco Port of Pasco BPIC Intermodal Hub Rail Development, Phase 4 and 5 $3,100,000   
EW Quincy Port of Quincy Port of Quincy Rail Loop $0   
EW Reardon WSDOT CW Line/Lincoln County - Grade Crossing Rehab $371,000 10/31/2010 
EW Richland Richland SR240 & SR224 Interchange & Grade Crossing $9,300,000   
EW Spokane Spokane SR27-Pines Rd BNSF Grade Separation $11,720,000   
EW Spokane Spokane County Park Rd BNSF Grade Separation $32,382,000   



 

December 2009 Washington State 2010-2030 Freight Rail Plan 
Appendix 8-A4 Appendix 8-A: Project List 

Area Location Organization Project Name 
Estimated 

Project Cost 
Estimated

Completion 
EW Spokane City of Spokane Havana St. - BNSF Crossing $26,700,000 10/1/2011 

EW Spokane WSDOT 
Palouse River and Coulee City Railroad - Rail Authority-
Sponsored Rehab $8,600,000 6/1/2011 

EW Spokane WSDOT Geiger - New Transloader $4,400,000 1/1/2014 

EW 

Spokane, Whitman, 
Lincoln and Grant 
Counties WSDOT PCC Rail System Rehab $100,000,000   

EW Stampede Pass BNSF Railway Ellensburg-Lind Corridor Reactivation $0   
EW Stampede Pass BNSF Railway Stampede Pass Project $0   

EW Stevenson City of Stevenson 
Quiet zone application at the Russell Avenue Crossing, Crossing 
No. 0901 $505,000 7/1/2011 

EW Sunnyside Port of Sunnyside Port of Sunnyside $0 10/1/2014 
EW Walla Walla City of Walla Walla 13th Avenue Improvements $2,100,000   
EW Walla Walla PCC Railroad Riparia tie and surface project $880,000 8/1/2011 
EW Wallula WSDOT Port of Columbia/Wallula to Dayton - Track Rehab $11,000,000 10/31/2015 

EW Wenatchee 
Wenatchee Valley 
Transportation Council Wenatchee Hawley Street Grade Separation $22,000,000 11/1/2011 

EW Wishram BNSF Railway East Leg of Wishram Wye $0   
EW Yakima City of Yakima Yakima Grade Separated Rail Crossing $42,774,000 10/1/2011 
NC Statewide WSDOT Statewide - Washington Produce Rail Car Pool $1,974,000 12/31/2014 
NC Statewide WSDOT Statewide - Rail Bank $0   
NC Statewide WSDOT Statewide - Freight Rail Assistance Program $0   
PS Auburn Auburn M St SE Grade Separation Project $26,230,000   
PS Everett City of Everett East Everett Ave Crossing $16,520,000   
PS Everett Port of Everett Port of Everett Existing Rail Upgrades $170,000 12/1/2013 
PS Everett Port of Everett South Terminal Freight Rail Improvements $770,000 6/1/2012 
PS Everett Port of Everett Lehigh Cement Rail Extension $0   
PS Fife Fife Fife 70th Ave Grade Separation $17,500,000   
PS Fife Union Pacific Railroad Fife Yard Improvements $0  
PS Fife Union Pacific Railroad Fife Yard Improvements $0  
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Area Location Organization Project Name 
Estimated 

Project Cost 
Estimated

Completion 
PS Kent City of Kent Kent S 212th St Grade Separations  $83,170,000 10/1/2015 

PS Kent City of Kent 
Kent S 228th St Corridor Project - Phases II & III Grade 
Separations $45,600,000 7/1/2012 

PS Kent City of Kent Kent Willis St Grade Separations $81,700,000 6/1/2016 
PS Kent Union Pacific Railroad Kent Siding Extension $0  
PS Puyallup City of Puyallup Puyallup Shaw Road Extension $24,600,000 8/31/2010 
PS Puyallup Pierce County Puyallup N Canyon Rd Ext-BNSF Overcrossing $25,000,000   
PS Renton City of Renton Renton Strander Blvd-SW 27th St Connection $12,320,000  

PS Seattle Ballard Terminal Railroad 
Ballard Terminal RehabRe-rail 2 miles of mainline track on the 
BDTL $2,000,000   

PS Seattle Ballard Terminal Railroad Re-rail 4.5 miles of mainline track on the MSN $4,500,000 1/1/2010 
PS Seattle BNSF Railway BNSF Seattle PNW Shop Projects $0   
PS Seattle BNSF Railway Ballard Bridge Moveable Span Replacement $0   
PS Seattle BNSF Railway South Seattle Domestic Intermodal Facility Improvements $0   
PS Seattle BNSF Railway Bullfrog Junction Improvements $0   
PS Seattle City of Seattle South Lander Street Grade Separation $152,000,000 On hold 
PS Seattle Port of Seattle Duwamish Corridor $12,000,000   
PS Seattle Port of Seattle East Marginal Way Grade Separation $49,000,000 6/1/2011 
PS Seattle WSDOT SR519 Intermodal Access Project (Phase 2) $0   
PS Tacoma Port of Tacoma Lincoln Avenue Grade Separation $53,200,000 4/1/2011 
PS Tacoma Tacoma Rail Bridge Rehabilitation $0   

PS Tacoma WSDOT 
Tacoma Rail/Tacoma - Rail Servicing Facility Upgrade & 
Expansion $1,570,000 6/30/2011 

PS Tacoma WSDOT Tacoma Rail/Tacoma - New Refinery Spur  $825,000 4/1/2011 
SW Statewide BNSF Railway BNSF Positive Train Control Improvements $0   
SW Statewide BNSF Railway BNSF Siding Extensions and Double Track Improvements $0   
WW Aberdeen Grays Harbor COG Rail Car Storage East of Aberdeen $4,300,000   

WW Aberdeen Grays Harbor COG 
Relocate Rail Line South of Port Industrial Road and/or Create 
Loop Rail $15,000,000   

WW Aberdeen Port of Grays Harbor Port Grays Harbor Terminal 2 Grain Storage Facility $69,000,000 6/30/2011 
WW Aberdeen Port of Grays Harbor Port of Grays Harbor Terminal 4 Rail Upgrade $8,000,000   
WW Battle Ground WSDOT Clark County-Owned Railroad/Vancouver - Track Rehab $403,000 4/1/2011 
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Area Location Organization Project Name 
Estimated 

Project Cost 
Estimated

Completion 

WW Battle Ground WSDOT 
Clark County/Chelatchie Prairie Railroad/Battle Ground to 
Vancouver - Track Rehab $1,000,000 4/1/2011 

WW Battleground Clark County Chelatchie Prairie railroad rehabilitation - Phase 1 $23,000,000 9/1/2011 
WW Bellingham Port of Bellingham Bellingham Shipping Terminal Rail Spur Replacement $2,000,000   
WW Bellingham WSDOT Bellingham - Waterfront Restoration $44,602,000 7/2/2010 
WW Bremerton US Navy Repair Railroad Bridges $2,500,000 10/1/2013 
WW Burlington City of Burlington BNSF Skagit River Bridge Replacment for Flood Risk Reduction $59,800,000 9/1/2014 
WW Centralia BNSF Railway Centrailia Steam Plant Switch Upgrade $0   

WW Centralia WSDOT 
Tacoma Rail and Puget Sound and Pacific Railroad/Centralia - 
Reconfigure Rail $17,500,000 6/302021 

WW Centralia WSDOT 
Tacoma Rail and Puget Sound and Pacific Railroad/Centralia - 
Reconfigure Rail Phase 1B $9,500,000 6/302021 

WW Chehalis Port of Chehalis 
Port of Chehalis Regional Rail Reload and Freight Processing 
Facility - Rail component $2,650,000 1/1/2012 

WW Chehalis Port of Chehalis Rail spur & reload for styrofoam recycler $1,075,000 9/1/2010 
WW Deming Nooksack Indian Tribe Expansion on First Street $250,000   
WW Frederickson WSDOT Tacoma Rail/Frederickson to Morton - Track Rehab $1,485,000 12/31/2011 

WW Kelso/Longview Cowlitz-Wahkiakum COG 

Kelso to Martin's Bluff - 3rd Main Line, Kelso to Longview 
Junction, Yew Street pedestrian access, Hazel Street grade 
separation $117,000,000   

WW Kelso/Longview Port of Kalama Kelso to Martin's Bluff - 3rd Main Line and Ped Crossing $0 3/1/2011 
WW Kelso/Longview Port of Kalama Kelso to Martin's Bluff - 3rd Main Line and Grade Separation $0 12/15/2010 
WW Kelso/Longview Port of Kalama Kelso to Martin's Bluff - 3rd Main Line and Storage Tracks $47,000,000 4/1/2010 

WW Kelso/Longview Port of Kalama 
Kelso to Martin's Bluff - new siding terminating just north of 
Toteff Road $28,000,000 9/1/2010 

WW Longview BNSF Railway Interstate Yard $0   
WW Longview BNSF Railway Longview Junction Bypass $0   
WW Longview Cowlitz-Wahkiakum COG SR 432/433 Grade Separation & Rail Improvements $180,000,000 11/1/2011 
WW Longview Port of Longview Port of Longview Rail Loop Construction $900,000 7/1/2011 

WW Longview 
Swanson Bark & Wood 
Products Swanson Bark Rail Spur $2,385,000 1/31/2010 

WW Mt Vernon BNSF Railway Mt Vernon Bridge Replacement $0   

WW Olympia Port of Olympia 
Port of Olympia and East Olympia Freight Rail Enhancement 
Project $40,000,000 12/31/2014 
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Area Location Organization Project Name 
Estimated 

Project Cost 
Estimated

Completion 
WW Ridgefield Port of Ridgefield Ridgefield Rail Overpass $12,500,000 6/30/2014 

WW Roy/Yelm WSDOT 
Tacoma Rail/Roy - New Connection to BNSF and Yelm-Owned 
Spur $1,928,000 6/30/2011 

WW Roy/Yelm WSDOT Tacoma Rail/Tacoma to Morton and Yelm - Track Rehab $755,000 4/1/2011 
WW Sumner Union Pacific Railroad Extend Sumner Siding $0  
WW Vancouver Port of Vancouver West Vancouver Freight Access Schedule 2-4 $137,500,000 5/1/2010 

WW Vancouver-Clark County 
Portland Vancouver 
Junction Railroad Clark County Railroad Rehab $29,000,000 12/1/2011 

WW Washougal 
Port of Camas-
Washougal Rail Enhancement Project $1,000,000   

WW Woodland Cowlitz-Wahkiakum COG Scott Avenue Railroad Overcrossing/Grade Separation $62,000,000 2/1/2012 
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Exhibit 8A-2: Project List by Location, Area, and Organization 

Location Area Organization Project Name 
Estimated 

Project Cost 
Estimated

Completion 
Aberdeen WW Grays Harbor COG Rail Car Storage East of Aberdeen $4,300,000   

Aberdeen WW Grays Harbor COG 
Relocate Rail Line South of Port Industrial Road and/or 
Create Loop Rail $15,000,000   

Aberdeen WW Port of Grays Harbor Port Grays Harbor Terminal 2 Grain Storage Facility $69,000,000 6/30/2011 
Aberdeen WW Port of Grays Harbor Port of Grays Harbor Terminal 4 Rail Upgrade $8,000,000   
Airway Heights EW Spokane County Geiger Spur Rehabilitation $880,000 5/1/2013 
Auburn PS Auburn M St SE Grade Separation Project $26,230,000   
Battle Ground WW WSDOT Clark County-Owned Railroad/Vancouver - Track Rehab $403,000 4/1/2011 

Battle Ground WW WSDOT 
Clark County/Chelatchie Prairie Railroad/Battle Ground 
to Vancouver - Track Rehab $1,000,000 4/1/2011 

Battleground WW Clark County Chelatchie Prairie railroad rehabilitation - Phase 1 $23,000,000 9/1/2011 
Bellingham WW Port of Bellingham Bellingham Shipping Terminal Rail Spur Replacement $2,000,000   
Bellingham WW WSDOT Bellingham - Waterfront Restoration $44,602,000 7/2/2010 
Bingen EW SW Washington RTPO Bingen Point Rail Crossing $15,000,000   
Bremerton WW US Navy Repair Railroad Bridges $2,500,000 10/1/2013 

Burlington WW City of Burlington 
BNSF Skagit River Bridge Replacment for Flood Risk 
Reduction $59,800,000 9/1/2014 

Centralia WW BNSF Railway Centrailia Steam Plant Switch Upgrade $0   

Centralia WW WSDOT 
Tacoma Rail and Puget Sound and Pacific 
Railroad/Centralia - Reconfigure Rail $17,500,000 6/302021 

Centralia WW WSDOT 
Tacoma Rail and Puget Sound and Pacific 
Railroad/Centralia - Reconfigure Rail Phase 1B $9,500,000 6/302021 

Chehalis WW Port of Chehalis 
Port of Chehalis Regional Rail Reload and Freight 
Processing Facility - Rail component $2,650,000 1/1/2012 

Chehalis WW Port of Chehalis Rail spur & reload for styrofoam recycler $1,075,000 9/1/2010 

Cheney EW 
Eastern Washington Gateway 
Railroad Cheney Siding $580,000 2/1/2012 

Cheney EW Union Pacific Railroad Extend Cheney Siding $0  
Cheney EW Union Pacific Railroad Install Centralized Train Control $0  
Cheney EW Union Pacific Railroad Power Operate Manual Sidings $0  
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Location Area Organization Project Name 
Estimated 

Project Cost 
Estimated

Completion 

Creston EW 
Eastern Washington Gateway 
Railroad Webb Siding Extension $297,000   

Creston EW WSDOT Lincoln Co. PDA/Creston - New Rail Spur $346,000   

Davenport EW 
Eastern Washington Gateway 
Railroad CW Branch Rail Renewal $64,860,000 10/1/2018 

Deming WW Nooksack Indian Tribe Expansion on First Street $250,000   
Ellensburg EW BNSF Railway Ellensburg-Lind Corridor Reactivation $0   
Ephrata EW WSDOT Port of Ephrata/Ephrata Spur Rehab Phase II $363,000 1/1/2010 
Everett PS City of Everett East Everett Ave Crossing $16,520,000   
Everett PS Port of Everett Port of Everett Existing Rail Upgrades $170,000 12/1/2013 
Everett PS Port of Everett South Terminal Freight Rail Improvements $770,000 6/1/2012 
Everett PS Port of Everett Lehigh Cement Rail Extension $0   
Fife PS Fife Fife 70th Ave Grade Separation $17,500,000   
Fife PS Union Pacific Railroad Fife Yard Improvements $0  
Fife PS Union Pacific Railroad Fife Yard Improvements $0  
Frederickson WW WSDOT Tacoma Rail/Frederickson to Morton - Track Rehab $1,485,000 12/31/2011 

Kelso/Longview WW Cowlitz-Wahkiakum COG 

Kelso to Martin's Bluff - 3rd Main Line, Kelso to Longview 
Junction, Yew Street pedestrian access, Hazel Street 
grade separation $117,000,000   

Kelso/Longview WW Port of Kalama Kelso to Martin's Bluff - 3rd Main Line and Ped Crossing $0 3/1/2011 

Kelso/Longview WW Port of Kalama 
Kelso to Martin's Bluff - 3rd Main Line and Grade 
Separation $0 12/15/2010 

Kelso/Longview WW Port of Kalama 
Kelso to Martin's Bluff - 3rd Main Line and Storage 
Tracks $47,000,000 4/1/2010 

Kelso/Longview WW Port of Kalama 
Kelso to Martin's Bluff - new siding terminating just north 
of Toteff Road $28,000,000 9/1/2010 

Kennewick EW BNSF Railway Vista Siding Extension $0   
Kent PS City of Kent Kent S 212th St Grade Separations  $83,170,000 10/1/2015 

Kent PS City of Kent 
Kent S 228th St Corridor Project - Phases II & III Grade 
Separations $45,600,000 7/1/2012 

Kent PS City of Kent Kent Willis St Grade Separations $81,700,000 6/1/2016 
Kent PS Union Pacific Railroad Kent Siding Extension $0  
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Location Area Organization Project Name 
Estimated 

Project Cost 
Estimated

Completion 
Longview WW BNSF Railway Interstate Yard $0   
Longview WW BNSF Railway Longview Junction Bypass $0   
Longview WW Cowlitz-Wahkiakum COG SR 432/433 Grade Separation & Rail Improvements $180,000,000 11/1/2011 
Longview WW Port of Longview Port of Longview Rail Loop Construction $900,000 7/1/2011 
Longview WW Swanson Bark & Wood Products Swanson Bark Rail Spur $2,385,000 1/31/2010 
Moses Lake EW Columbia Basin Railroad Bridge upgrades for 286K $0 1/1/2016 

Moses Lake EW WSDOT 
Port of Moses Lake/Northern Columbia Basin - Railroad 
Engineering and Environmental $29,650,000 6/30/2013 

Mt Vernon WW BNSF Railway Mt Vernon Bridge Replacement $0   

Newport EW 
Port of Pend Oreille dba Pend 
Oreille Valley Railroad Tacoma Creek Bridge $125,000 7/31/2010 

Olympia WW Port of Olympia 
Port of Olympia and East Olympia Freight Rail 
Enhancement Project $40,000,000 12/31/2014 

Othello EW Port of Royal Slope Royal Rail Line Rehabilitation Project $1,750,000  
Pasco EW BNSF Railway Pasco Bridge Span Replacement $0   
Pasco EW Port of Pasco BPIC Intermodal Hub Rail Development, Phase 4 and 5 $3,100,000   
Puyallup PS City of Puyallup Puyallup Shaw Road Extension $24,600,000 8/31/2010 
Puyallup SW Pierce County Puyallup N Canyon Rd Ext-BNSF Overcrossing $25,000,000   
Quincy SW Port of Quincy Port of Quincy Rail Loop $0   
Reardon EW WSDOT CW Line/Lincoln County - Grade Crossing Rehab $371,000 10/31/2010 
Renton PS City of Renton Renton Strander Blvd-SW 27th St Connection $12,320,000  
Richland EW Richland SR240 & SR224 Interchange & Grade Crossing $9,300,000   
Ridgefield WW Port of Ridgefield Ridgefield Rail Overpass $12,500,000 6/30/2014 

Roy/Yelm WW WSDOT 
Tacoma Rail/Roy - New Connection to BNSF and Yelm-
Owned Spur $1,928,000 6/30/2011 

Roy/Yelm WW WSDOT Tacoma Rail/Tacoma to Morton and Yelm - Track Rehab $755,000 4/1/2011 

Seattle PS Ballard Terminal Railroad 
Ballard Terminal RehabRe-rail 2 miles of mainline track 
on the BDTL $2,000,000   

Seattle PS Ballard Terminal Railroad Re-rail 4.5 miles of mainline track on the MSN $4,500,000 1/1/2010 
Seattle PS BNSF Railway BNSF Seattle PNW Shop Projects $0   
Seattle PS BNSF Railway Ballard Bridge Moveable Span Replacement $0   
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Location Area Organization Project Name 
Estimated 

Project Cost 
Estimated

Completion 

Seattle PS BNSF Railway 
South Seattle Domestic Intermodal Facility 
Improvements $0   

Seattle PS BNSF Railway Bullfrog Junction Improvements $0   
Seattle PS City of Seattle South Lander Street Grade Separation $152,000,000 On hold 
Seattle PS Port of Seattle Duwamish Corridor $12,000,000   
Seattle PS Port of Seattle East Marginal Way Grade Separation $49,000,000 6/1/2011 
Seattle PS WSDOT SR519 Intermodal Access Project (Phase 2) $0   
Spokane EW City of Spokane Havana St. - BNSF Crossing $26,700,000 10/1/2011 
Spokane EW Spokane SR27-Pines Rd BNSF Grade Separation $11,720,000   
Spokane EW Spokane County Park Rd BNSF Grade Separation $32,382,000   

Spokane EW WSDOT 
Palouse River and Coulee City Railroad - Rail Authority-
Sponsored Rehab $8,600,000 6/1/2011 

Spokane EW WSDOT Geiger - New Transloader $4,400,000 1/1/2014 

Spokane, Whitman, 
Lincoln and Grant 
Counties EW WSDOT PCC Rail System Rehab $100,000,000   
Stampede Pass EW BNSF Railway Ellensburg-Lind Corridor Reactivation $0   
Stampede Pass EW BNSF Railway Stampede Pass Project $0   
Statewide NC WSDOT Statewide - Washington Produce Rail Car Pool $1,974,000 12/31/2014 
Statewide NC WSDOT Statewide - Freight Rail Investment Bank $0   
Statewide NC WSDOT Statewide - Emergent Freight Rail Assistance Project $0   
Statewide SW BNSF Railway BNSF Positive Train Control Improvements $0   

Statewide SW BNSF Railway 
BNSF Siding Extensions and Double Track 
Improvements $0   

Stevenson EW City of Stevenson 
Quiet zone application at the Russell Avenue Crossing, 
Crossing No. 0901 $505,000 7/1/2011 

Sumner WW Union Pacific Railroad Extend Sumner Siding $0  
Sunnyside EW Port of Sunnyside Port of Sunnyside $0 10/1/2014 
Tacoma PS Port of Tacoma Lincoln Avenue Grade Separation $53,200,000 4/1/2011 
Tacoma PS Tacoma Rail Bridge Rehabilitation $0   

Tacoma PS WSDOT 
Tacoma Rail/Tacoma - Rail Servicing Facility Upgrade & 
Expansion $1,570,000 6/30/2011 
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Location Area Organization Project Name 
Estimated 

Project Cost 
Estimated

Completion 
Tacoma PS WSDOT Tacoma Rail/Tacoma - New Refinery Spur  $825,000 4/1/2011 
Vancouver WW Port of Vancouver West Vancouver Freight Access Schedule 2-4 $137,500,000 5/1/2010 
Vancouver-Clark 
County WW 

Portland Vancouver Junction 
Railroad Clark County Railroad Rehab $29,000,000 12/1/2011 

Walla Walla EW City of Walla Walla 13th Avenue Improvements $2,100,000   
Walla Walla EW PCC Railroad Riparia tie and surface project $880,000 8/1/2011 
Wallula EW WSDOT Port of Columbia/Wallula to Dayton - Track Rehab $11,000,000 10/31/2015 
Washougal WW Port of Camas-Washougal Rail Enhancement Project $1,000,000   

Wenatchee EW 
Wenatchee Valley Transportation 
Council Wenatchee Hawley Street Grade Separation $22,000,000 11/1/2011 

Wishram EW BNSF Railway East Leg of Wishram Wye $0   
Woodland WW Cowlitz-Wahkiakum COG Scott Avenue Railroad Overcrossing/Grade Separation $62,000,000 2/1/2012 
Yakima EW City of Yakima Yakima Grade Separated Rail Crossing $42,774,000 10/1/2011 
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Exhibit 8A-3: Project List by Organization, Location, and Area 

Organization Location Area Project Name 
Estimated 

Project Cost 
Estimated

Completion 
Auburn Auburn PS M St SE Grade Separation Project $26,230,000   

Ballard Terminal Railroad Seattle PS 
Ballard Terminal RehabRe-rail 2 miles of mainline track on 
the BDTL $2,000,000   

Ballard Terminal Railroad Seattle PS Re-rail 4.5 miles of mainline track on the MSN $4,500,000 1/1/2010 
BNSF Railway Centralia WW Centrailia Steam Plant Switch Upgrade $0   
BNSF Railway Ellensburg EW Ellensburg-Lind Corridor Reactivation $0   
BNSF Railway Kennewick EW Vista Siding Extension $0   
BNSF Railway Longview WW Interstate Yard $0   
BNSF Railway Longview WW Longview Junction Bypass $0   
BNSF Railway Mt Vernon WW Mt Vernon Bridge Replacement $0   
BNSF Railway Pasco EW Pasco Bridge Span Replacement $0   
BNSF Railway Seattle PS BNSF Seattle PNW Shop Projects $0   
BNSF Railway Seattle PS Ballard Bridge Moveable Span Replacement $0   
BNSF Railway Seattle PS South Seattle Domestic Intermodal Facility Improvements $0   
BNSF Railway Seattle PS Bullfrog Junction Improvements $0   
BNSF Railway Stampede Pass EW Ellensburg-Lind Corridor Reactivation $0   
BNSF Railway Stampede Pass EW Stampede Pass Project $0   
BNSF Railway Statewide SW BNSF Positive Train Control Improvements $0   
BNSF Railway Statewide SW BNSF Siding Extensions and Double Track Improvements $0   
BNSF Railway Wishram EW East Leg of Wishram Wye $0   

City of Burlington Burlington WW 
BNSF Skagit River Bridge Replacment for Flood Risk 
Reduction $59,800,000 9/1/2014 

City of Everett Everett PS East Everett Ave Crossing $16,520,000   
City of Kent Kent PS Kent S 212th St Grade Separations  $83,170,000 10/1/2015 

City of Kent Kent PS 
Kent S 228th St Corridor Project - Phases II & III Grade 
Separations $45,600,000 7/1/2012 

City of Kent Kent PS Kent Willis St Grade Separations $81,700,000 6/1/2016 
City of Puyallup Puyallup PS Puyallup Shaw Road Extension $24,600,000 8/31/2010 
City of Renton Renton PS Renton Strander Blvd-SW 27th St Connection $12,320,000  
City of Seattle Seattle PS South Lander Street Grade Separation $152,000,000   
City of Spokane Spokane EW Havana St. - BNSF Crossing $26,700,000 10/1/2011 



 

December 2009 Washington State 2010-2030 Freight Rail Plan 
Appendix 8-A14 Appendix 8-A: Project List 

Organization Location Area Project Name 
Estimated 

Project Cost 
Estimated

Completion 

City of Stevenson Stevenson EW 
Quiet zone application at the Russell Avenue Crossing, 
Crossing No. 0901 $505,000 7/1/2011 

City of Walla Walla Walla Walla EW 13th Avenue Improvements $2,100,000   
City of Yakima Yakima EW Yakima Grade Separated Rail Crossing $42,774,000 10/1/2011 
Clark County Battleground WW Chelatchie Prairie railroad rehabilitation - Phase 1 $23,000,000 9/1/2011 
Columbia Basin Railroad Moses Lake EW Bridge upgrades for 286K $0 1/1/2016 

Cowlitz-Wahkiakum COG Kelso/Longview WW 

Kelso to Martin's Bluff - 3rd Main Line, Kelso to Longview 
Junction, Yew Street pedestrian access, Hazel Street 
grade separation $117,000,000   

Cowlitz-Wahkiakum COG Longview WW SR 432/433 Grade Separation & Rail Improvements $180,000,000 11/1/2011 
Cowlitz-Wahkiakum COG Woodland WW Scott Avenue Railroad Overcrossing/Grade Separation $62,000,000 2/1/2012 
Eastern Washington 
Gateway Railroad Cheney EW Cheney Siding $580,000 2/1/2012 
Eastern Washington 
Gateway Railroad Creston EW Webb Siding Extension $297,000   
Eastern Washington 
Gateway Railroad Davenport EW CW Branch Rail Renewal $64,860,000 10/1/2018 
Fife Fife PS Fife 70th Ave Grade Separation $17,500,000   
Grays Harbor COG Aberdeen WW Rail Car Storage East of Aberdeen $4,300,000   

Grays Harbor COG Aberdeen WW 
Relocate Rail Line South of Port Industrial Road and/or 
Create Loop Rail $15,000,000   

Nooksack Indian Tribe Deming WW Expansion on First Street $250,000   
PCC Railroad Walla Walla EW Riparia tie and surface project $880,000 8/1/2011 
Pierce County Puyallup PS Puyallup N Canyon Rd Ext-BNSF Overcrossing $25,000,000   
Port of Bellingham Bellingham WW Bellingham Shipping Terminal Rail Spur Replacement $2,000,000   
Port of Camas-Washougal Washougal WW Rail Enhancement Project $1,000,000   

Port of Chehalis Chehalis WW 
Port of Chehalis Regional Rail Reload and Freight 
Processing Facility - Rail component $2,650,000 1/1/2012 

Port of Chehalis Chehalis WW Rail spur & reload for styrofoam recycler $1,075,000 9/1/2010 
Port of Everett Everett PS Port of Everett Existing Rail Upgrades $170,000 12/1/2013 
Port of Everett Everett PS South Terminal Freight Rail Improvements $770,000 6/1/2012 
Port of Everett Everett PS Lehigh Cement Rail Extension $0   
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Organization Location Area Project Name 
Estimated 

Project Cost 
Estimated

Completion 
Port of Grays Harbor Aberdeen WW Port Grays Harbor Terminal 2 Grain Storage Facility $69,000,000 6/30/2011 
Port of Grays Harbor Aberdeen WW Port of Grays Harbor Terminal 4 Rail Upgrade $8,000,000   
Port of Kalama Kelso/Longview WW Kelso to Martin's Bluff - 3rd Main Line and Ped Crossing $0 3/1/2011 

Port of Kalama Kelso/Longview WW 
Kelso to Martin's Bluff - 3rd Main Line and Grade 
Separation $0 12/15/2010 

Port of Kalama Kelso/Longview WW Kelso to Martin's Bluff - 3rd Main Line and Storage Tracks $47,000,000 4/1/2010 

Port of Kalama Kelso/Longview WW 
Kelso to Martin's Bluff - new siding terminating just north of 
Toteff Road $28,000,000 9/1/2010 

Port of Longview Longview WW Port of Longview Rail Loop Construction $900,000 7/1/2011 

Port of Olympia Olympia WW 
Port of Olympia and East Olympia Freight Rail 
Enhancement Project $40,000,000 12/31/2014 

Port of Pasco Pasco EW BPIC Intermodal Hub Rail Development, Phase 4 and 5 $3,100,000   
Port of Pend Oreille dba 
Pend Oreille Valley 
Railroad Newport EW Tacoma Creek Bridge $125,000 7/31/2010 
Port of Quincy Quincy EW Port of Quincy Rail Loop $0   
Port of Ridgefield Ridgefield WW Ridgefield Rail Overpass $12,500,000 6/30/2014 
Port of Royal Slope Othello EW Royal Rail Line Rehabilitation Project $1,750,000  
Port of Seattle Seattle PS Duwamish Corridor $12,000,000   
Port of Seattle Seattle PS East Marginal Way Grade Separation $49,000,000 6/1/2011 
Port of Sunnyside Sunnyside EW Port of Sunnyside $0 10/1/2014 
Port of Tacoma Tacoma PS Lincoln Avenue Grade Separation $53,200,000 4/1/2011 
Port of Vancouver Vancouver WW West Vancouver Freight Access Schedule 2-4 $137,500,000 5/1/2010 
Portland Vancouver 
Junction Railroad Vancouver-Clark County WW Clark County Railroad Rehab $29,000,000 12/1/2011 
Richland Richland EW SR240 & SR224 Interchange & Grade Crossing $9,300,000   
Spokane Spokane EW SR27-Pines Rd BNSF Grade Separation $11,720,000   
Spokane County Airway Heights EW Geiger Spur Rehabilitation $880,000 5/1/2013 
Spokane County Spokane EW Park Rd BNSF Grade Separation $32,382,000   
SW Washington RTPO Bingen EW Bingen Point Rail Crossing $15,000,000   
Swanson Bark & Wood 
Products Longview WW Swanson Bark Rail Spur $2,385,000 1/31/2010 
Tacoma Rail Tacoma PS Bridge Rehabilitation $0   
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Organization Location Area Project Name 
Estimated 

Project Cost 
Estimated

Completion 
Union Pacific Railroad Cheney EW Extend Cheney Siding $0  
Union Pacific Railroad Cheney EW Install Centralized Train Control $0  
Union Pacific Railroad Cheney EW Power Operate Manual Sidings $0  
Union Pacific Railroad Fife PS Fife Yard Improvements $0  
Union Pacific Railroad Fife PS Fife Yard Improvements $0  
Union Pacific Railroad Kent PS Kent Siding Extension $0  
Union Pacific Railroad Sumner WW Extend Sumner Siding $0  
US Navy Bremerton WW Repair Railroad Bridges $2,500,000 10/1/2013 
Wenatchee Valley 
Transportation Council Wenatchee EW Wenatchee Hawley Street Grade Separation $22,000,000 11/1/2011 
WSDOT Battle Ground WW Clark County-Owned Railroad/Vancouver - Track Rehab $403,000 4/1/2011 

WSDOT Battle Ground WW 
Clark County/Chelatchie Prairie Railroad/Battle Ground to 
Vancouver - Track Rehab $1,000,000 4/1/2011 

WSDOT Bellingham WW Bellingham - Waterfront Restoration $44,602,000 7/2/2010 

WSDOT Centralia WW 
Tacoma Rail and Puget Sound and Pacific 
Railroad/Centralia - Reconfigure Rail $17,500,000 6/302021 

WSDOT Centralia WW 
Tacoma Rail and Puget Sound and Pacific 
Railroad/Centralia - Reconfigure Rail Phase 1B $9,500,000 6/302021 

WSDOT Creston EW Lincoln Co. PDA/Creston - New Rail Spur $346,000   
WSDOT Ephrata EW Port of Ephrata/Ephrata Spur Rehab Phase II $363,000 1/1/2010 
WSDOT Frederickson WW Tacoma Rail/Frederickson to Morton - Track Rehab $1,485,000 12/31/2011 

WSDOT Moses Lake EW 
Port of Moses Lake/Northern Columbia Basin - Railroad 
Engineering and Environmental $29,650,000 6/30/2013 

WSDOT Reardon EW CW Line/Lincoln County - Grade Crossing Rehab $371,000 10/31/2010 

WSDOT Roy/Yelm WW 
Tacoma Rail/Roy - New Connection to BNSF and Yelm-
Owned Spur $1,928,000 6/30/2011 

WSDOT Roy/Yelm WW Tacoma Rail/Tacoma to Morton and Yelm - Track Rehab $755,000 4/1/2011 
WSDOT Seattle PS SR519 Intermodal Access Project (Phase 2) $0   

WSDOT Spokane EW 
Palouse River and Coulee City Railroad - Rail Authority-
Sponsored Rehab $8,600,000 6/1/2011 

WSDOT Spokane EW Geiger - New Transloader $4,400,000 1/1/2014 
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Organization Location Area Project Name 
Estimated 

Project Cost 
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Completion 

WSDOT 

Spokane, Whitman, 
Lincoln and Grant 
Counties EW PCC Rail System Rehab $100,000,000   

WSDOT Statewide NC Statewide - Washington Produce Rail Car Pool $1,974,000 12/31/2014 
WSDOT Statewide NC Statewide - Rail Bank $0   
WSDOT Statewide NC Statewide - Freight Rail Assistance Program $0   

WSDOT Tacoma PS 
Tacoma Rail/Tacoma - Rail Servicing Facility Upgrade & 
Expansion $1,570,000 6/30/2011 

WSDOT Tacoma PS Tacoma Rail/Tacoma - New Refinery Spur  $825,000 4/1/2011 
WSDOT Wallula EW Port of Columbia/Wallula to Dayton - Track Rehab $11,000,000 10/31/2015 
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Exhibit 8A-4: Project List by Project Type 

Area Project Name 

High-
Speed 
Pass 
Rail 

Mainline 
Capacity 

Expan 

Port-to-
Rail 

Access 

Maint, 
Repair, 

and 
Rehab 

Signal 
System 

Line 
Upgrade 

or 
Expan 

Facility 
Upgrade 

or 
Expan 

Safety 
and 

Security 
Grade 
Sep 

Bridge 
Rehab 

or 
Replace 

EW 13th Avenue Improvements       X         X   
EW Bingen Point Rail Crossing               X X   

EW 
BPIC Intermodal Hub Rail 
Development, Phase 4 and 5     X     X X       

EW Bridge upgrades for 286K             X     X 
EW Cheney Siding   X       X X X     
EW CW Branch Rail Renewal   X X X   X X       

EW 
CW Line/Lincoln County - Grade 
Crossing Rehab       X       X     

EW East Leg of Wishram Wye                     
EW Ellensburg-Lind Corridor Reactivation   X   X   X     X X 
EW Ellensburg-Lind Corridor Reactivation                     
EW Extend Cheney Siding   X                 
EW Geiger - New Transloader             X       
EW Geiger Spur Rehabilitation   X X X             
EW Havana St. - BNSF Crossing                 X   
EW Install Centralized Train Control X       X           

EW 
Lincoln Co. PDA/Creston - New Rail 
Spur                     

EW 
Palouse River and Coulee City RR - 
Rail Authority-Sponsored Rehab       X       X     

EW Park Rd BNSF Grade Separation                 X   
EW Pasco Bridge Span Replacement                   X 
EW PCC Rail System Rehab   X   X   X       X 

EW 
Port of Columbia/Wallula to Dayton - 
Track Rehab       X             

EW 
Port of Ephrata/Ephrata Spur Rehab 
Phase II       X   X   X     
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Area Project Name 

High-
Speed 
Pass 
Rail 

Mainline 
Capacity 

Expan 

Port-to-
Rail 

Access 

Maint, 
Repair, 

and 
Rehab 

Signal 
System 

Line 
Upgrade 

or 
Expan 

Facility 
Upgrade 

or 
Expan 

Safety 
and 

Security 
Grade 
Sep 

Bridge 
Rehab 

or 
Replace 

EW 

Port of Moses Lake/Northern 
Columbia Basin - RR Engineering 
and Environmental     X X   X   X     

EW Port of Quincy Rail Loop                     
EW Port of Sunnyside                     
EW Power Operate Manual Sidings   X     X           

EW 
Quiet zone application at the Russell 
Avenue Crossing, Crossing No. 0901         X     X     

EW Riparia tie and surface project       X             
EW Royal Rail Line Rehabilitation Project     X X   X         

EW 
SR240 & SR224 Interchange & 
Grade Crossing                 X   

EW 
SR27-Pines Rd BNSF Grade 
Separation                 X   

EW Stampede Pass Project                     
EW Tacoma Creek Bridge   X   X       X   X 
EW Vista Siding Extension   X       X         
EW Webb Siding Extension   X       X X       

EW 
Wenatchee Hawley Street Grade 
Separation               X     

EW 
Yakima Grade Separated Rail 
Crossing           X     X   

NC 
Statewide - Freight Rail Assistance 
Program                     

NC Statewide - Rail Bank                     

NC 
Statewide - Washington Produce Rail 
Car Pool                     

PS 
Ballard Bridge Moveable Span 
Replacement                     

PS 
Ballard Terminal RehabRe-rail 2 
miles of mainline track on the BDTL       X   X         
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Area Project Name 

High-
Speed 
Pass 
Rail 

Mainline 
Capacity 

Expan 

Port-to-
Rail 

Access 

Maint, 
Repair, 

and 
Rehab 

Signal 
System 

Line 
Upgrade 

or 
Expan 

Facility 
Upgrade 

or 
Expan 

Safety 
and 

Security 
Grade 
Sep 

Bridge 
Rehab 

or 
Replace 

PS BNSF Seattle PNW Shop Projects                     
PS Bridge Rehabilitation     X X       X   X 
PS Bullfrog Junction Improvements                     
PS Duwamish Corridor   X X               
PS East Everett Ave Crossing                 X   
PS East Marginal Way Grade Separation     X         X X   
PS Fife 70th Ave Grade Separation                 X   
PS Fife Yard Improvements   X X               
PS Fife Yard Improvements   X X               
PS Kent S 212th St Grade Separations                  X   

PS 
Kent S 228th St Corridor Project - 
Phases II & III Grade Separations                 X   

PS Kent Siding Extension   X             X   
PS Kent Willis St Grade Separations                 X   
PS Lehigh Cement Rail Extension     X               
PS Lincoln Avenue Grade Separation           X   X X   
PS M St SE Grade Separation Project                 X   
PS Port of Everett Existing Rail Upgrades     X X             

PS 
Puyallup N Canyon Rd Ext-BNSF 
Overcrossing                 X   

PS Puyallup Shaw Road Extension         X     X X   

PS 
Renton Strander Blvd-SW 27th St 
Connection           X X       

PS 
Re-rail 4.5 miles of mainline track on 
the MSN       X   X         

PS 
South Lander Street Grade 
Separation     X     X     X   

PS 
South Seattle Domestic Intermodal 
Facility Improvements                     

PS 
South Terminal Freight Rail 
Improvements     X     X X       
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Area Project Name 

High-
Speed 
Pass 
Rail 

Mainline 
Capacity 

Expan 

Port-to-
Rail 

Access 

Maint, 
Repair, 

and 
Rehab 

Signal 
System 

Line 
Upgrade 

or 
Expan 

Facility 
Upgrade 

or 
Expan 

Safety 
and 

Security 
Grade 
Sep 

Bridge 
Rehab 

or 
Replace 

PS 
SR519 Intermodal Access Project 
(Phase 2)                 X   

PS 
Tacoma Rail/Tacoma - New Refinery 
Spur      X       X       

PS 
Tacoma Rail/Tacoma - Rail Servicing 
Facility Upgrade & Expansion       X   X X       

SW 
BNSF Positive Train Control 
Improvements X X     X           

SW 
BNSF Siding Extensions and Double 
Track Improvements X X       X         

WW Bellingham - Waterfront Restoration X         X       X 

WW 
Bellingham Shipping Terminal Rail 
Spur Replacement     X X             

WW 
BNSF Skagit River Bridge 
Replacment for Flood Risk Reduction             X X   X 

WW 
Centrailia Steam Plant Switch 
Upgrade X X   X     X X     

WW 
Chelatchie Prairie railroad 
rehabilitation - Phase 1       X       X     

WW Clark County Railroad Rehab X X   X X X X X     

WW 

Clark County/Chelatchie Prairie 
RR/Battle Ground to Vancouver - 
Track Rehab       X             

WW 
Clark County-Owned RR/Vancouver - 
Track Rehab       X             

WW Expansion on First Street               X     
WW Extend Sumner Siding   X                 
WW Interstate Yard   X X     X         

WW 
Kelso to Martin's Bluff - 3rd Main Line 
and Grade Separation X X           X X   

WW 
Kelso to Martin's Bluff - 3rd Main Line 
and Ped Crossing X X           X     
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Area Project Name 

High-
Speed 
Pass 
Rail 

Mainline 
Capacity 

Expan 

Port-to-
Rail 

Access 

Maint, 
Repair, 

and 
Rehab 

Signal 
System 

Line 
Upgrade 

or 
Expan 

Facility 
Upgrade 

or 
Expan 

Safety 
and 

Security 
Grade 
Sep 

Bridge 
Rehab 

or 
Replace 

WW 
Kelso to Martin's Bluff - 3rd Main Line 
and Storage Tracks X X           X     

WW 

Kelso to Martin's Bluff - 3rd Main 
Line, Kelso to Longview Junction, 
Yew Street pedestrian access, Hazel 
Street grade separation X X X         X X   

WW 
Kelso to Martin's Bluff - new siding 
terminating just north of Toteff Road X X           X     

WW Longview Junction Bypass                     
WW Mt Vernon Bridge Replacement                     

WW 
Port Grays Harbor Terminal 2 Grain 
Storage Facility     X       X       

WW 

Port of Chehalis Regional Rail Reload 
and Freight Processing Facility - Rail 
component     X     X X       

WW 
Port of Grays Harbor Terminal 4 Rail 
Upgrade     X X   X X       

WW 
Port of Longview Rail Loop 
Construction   X X       X       

WW 
Port of Olympia and East Olympia 
Freight Rail Enhancement Project     X X X X X X     

WW Rail Car Storage East of Aberdeen           X   X     
WW Rail Enhancement Project       X     X X     

WW 
Rail spur & reload for styrofoam 
recycler     X     X X       

WW 

Relocate Rail Line South of Port 
Industrial Road and/or Create Loop 
Rail     X     X   X     

WW Repair Railroad Bridges       X       X   X 
WW Ridgefield Rail Overpass X             X X   

WW 
Scott Avenue Railroad 
Overcrossing/Grade Separation X X X       X X X   
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Area Project Name 

High-
Speed 
Pass 
Rail 

Mainline 
Capacity 

Expan 

Port-to-
Rail 

Access 

Maint, 
Repair, 

and 
Rehab 

Signal 
System 

Line 
Upgrade 

or 
Expan 

Facility 
Upgrade 

or 
Expan 

Safety 
and 

Security 
Grade 
Sep 

Bridge 
Rehab 

or 
Replace 

WW 
SR 432/433 Grade Separation & Rail 
Improvements X X X   X X   X X   

WW Swanson Bark Rail Spur       X     X X     

WW 

Tacoma Rail and Puget Sound and 
Pacific RR/Centralia - Reconfigure 
Rail   X X   X X   X     

WW 

Tacoma Rail and Puget Sound and 
Pacific RR/Centralia - Reconfigure 
Rail Phase 1B           X         

WW 
Tacoma Rail/Frederickson to Morton - 
Track Rehab       X   X       X 

WW 
Tacoma Rail/Roy - New Connection 
to BNSF and Yelm-Owned Spur           X         

WW 
Tacoma Rail/Tacoma to Morton and 
Yelm - Track Rehab       X             

WW 
West Vancouver Freight Access 
Schedule 2-4   X X     X         
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Exhibit 8A-5: Project List by Public Benefits 

Area Project Name 

Improve 
Air 

Quality 

Enviro 
Protect/ 
Enhance 

Reduce 
Congest 

Reduce 
Public 

Expense 

Improve 
Land 
Use 

Enhance 
Mobility 

of 
Goods 

Enhance 
Mobility 

of 
People 

Enhance 
Public 
Safety 

Enhance 
Public 

Security 

Enhance 
Trade 
and 

Econ 
Develop 

EW 13th Avenue Improvements     X     X X     X 
EW Bingen Point Rail Crossing   X X   X X   X X X 

EW 
BPIC Intermodal Hub Rail 
Development, Phase 4 and 5     X     X       X 

EW Bridge upgrades for 286K           X       X 
EW Cheney Siding           X   X   X 
EW CW Branch Rail Renewal X X   X X X       X 

EW 
CW Line/Lincoln County - Grade 
Crossing Rehab       X   X   X     

EW East Leg of Wishram Wye                     

EW 
Ellensburg-Lind Corridor 
Reactivation           X       X 

EW 
Ellensburg-Lind Corridor 
Reactivation                     

EW Extend Cheney Siding           X         
EW Geiger - New Transloader           X       X 
EW Geiger Spur Rehabilitation   X               X 
EW Havana St. - BNSF Crossing     X     X       X 
EW Install Centralized Train Control           X         

EW 
Lincoln Co. PDA/Creston - New 
Rail Spur           X       X 

EW 

Palouse River and Coulee City 
RR - Rail Authority-Sponsored 
Rehab       X   X   X     

EW Pasco Bridge Span Replacement           X         
EW PCC Rail System Rehab       X   X   X   X 

EW 
Port of Columbia/Wallula to 
Dayton - Track Rehab           X       X 

EW 
Port of Ephrata/Ephrata Spur 
Rehab Phase II           X   X     
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Area Project Name 

Improve 
Air 

Quality 

Enviro 
Protect/ 
Enhance 

Reduce 
Congest 

Reduce 
Public 

Expense 

Improve 
Land 
Use 

Enhance 
Mobility 

of 
Goods 

Enhance 
Mobility 

of 
People 

Enhance 
Public 
Safety 

Enhance 
Public 

Security 

Enhance 
Trade 
and 

Econ 
Develop 

EW 

Port of Moses Lake/Northern 
Columbia Basin - RR 
Engineering and Environmental X X X   X X   X X X 

EW Port of Quincy Rail Loop                     
EW Port of Sunnyside                     
EW Power Operate Manual Sidings           X         

EW 

Quiet zone application at the 
Russell Avenue Crossing, 
Crossing No. 0901         X     X   X 

EW Riparia tie and surface project                     

EW 
Royal Rail Line Rehabilitation 
Project X   X     X   X   X 

EW Stampede Pass Project                     
EW Tacoma Creek Bridge           X   X     
EW Vista Siding Extension                   X 
EW Webb Siding Extension           X       X 

EW 
Wenatchee Hawley Street Grade 
Separation   X X   X X X X X X 

EW 
Yakima Grade Separated Rail 
Crossing     X     X X X   X 

EW Park Rd BNSF Grade Separation                     

EW 
SR240 & SR224 Interchange & 
Grade Crossing                     

EW 
SR27-Pines Rd BNSF Grade 
Separation                     

NC 
Statewide - Freight Rail 
Assistance Program                     

NC Statewide - Rail Bank                     

NC 
Statewide - Washington Produce 
Rail Car Pool           X         
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Area Project Name 

Improve 
Air 

Quality 

Enviro 
Protect/ 
Enhance 

Reduce 
Congest 

Reduce 
Public 

Expense 

Improve 
Land 
Use 

Enhance 
Mobility 

of 
Goods 

Enhance 
Mobility 

of 
People 

Enhance 
Public 
Safety 

Enhance 
Public 

Security 

Enhance 
Trade 
and 

Econ 
Develop 

PS 
Ballard Bridge Moveable Span 
Replacement                     

PS 

Ballard Terminal RehabRe-rail 2 
miles of mainline track on the 
BDTL                     

PS 
BNSF Seattle PNW Shop 
Projects                     

PS Bridge Rehabilitation                     
PS Bullfrog Junction Improvements                     
PS Duwamish Corridor     X     X         
PS East Everett Ave Crossing                     

PS 
East Marginal Way Grade 
Separation X   X     X       X 

PS Fife 70th Ave Grade Separation                     
PS Fife Yard Improvements           X         
PS Fife Yard Improvements           X         

PS 
Kent S 212th St Grade 
Separations      X               

PS 
Kent S 228th St Corridor Project - 
Phases II & III Grade Separations     X     X   X   X 

PS Kent Siding Extension           X         
PS Kent Willis St Grade Separations     X               
PS Lehigh Cement Rail Extension                     

PS 
Lincoln Avenue Grade 
Separation     X     X   X   X 

PS 
M St SE Grade Separation 
Project                     

PS 
Port of Everett Existing Rail 
Upgrades           X         

PS 
Puyallup N Canyon Rd Ext-BNSF 
Overcrossing                     

PS Puyallup Shaw Road Extension     X     X X X   X 
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Area Project Name 

Improve 
Air 

Quality 

Enviro 
Protect/ 
Enhance 

Reduce 
Congest 

Reduce 
Public 

Expense 

Improve 
Land 
Use 

Enhance 
Mobility 

of 
Goods 

Enhance 
Mobility 

of 
People 

Enhance 
Public 
Safety 

Enhance 
Public 

Security 

Enhance 
Trade 
and 

Econ 
Develop 

PS 
Renton Strander Blvd-SW 27th 
St Connection                     

PS 
Re-rail 4.5 miles of mainline track 
on the MSN                     

PS 
South Lander Street Grade 
Separation     X     X   X   X 

PS 
South Seattle Domestic 
Intermodal Facility Improvements                     

PS 
South Terminal Freight Rail 
Improvements X         X       X 

PS 
SR519 Intermodal Access 
Project (Phase 2)                     

PS 
Tacoma Rail/Tacoma - New 
Refinery Spur      X     X         

PS 

Tacoma Rail/Tacoma - Rail 
Servicing Facility Upgrade & 
Expansion                     

SW 
BNSF Positive Train Control 
Improvements           X X X X   

SW 
BNSF Siding Extensions and 
Double Track Improvements     X   X X X X X X 

WW 
Bellingham - Waterfront 
Restoration         X           

WW 
Bellingham Shipping Terminal 
Rail Spur Replacement         X X       X 

WW 

BNSF Skagit River Bridge 
Replacment for Flood Risk 
Reduction   X   X       X   X 

WW 
Centrailia Steam Plant Switch 
Upgrade X   X               

WW 
Chelatchie Prairie railroad 
rehabilitation - Phase 1 X X X X X X   X   X 



 

December 2009 Washington State 2010-2030 Freight Rail Plan 
Appendix 8-A28 Appendix 8-A: Project List 

Area Project Name 

Improve 
Air 

Quality 

Enviro 
Protect/ 
Enhance 

Reduce 
Congest 

Reduce 
Public 

Expense 

Improve 
Land 
Use 

Enhance 
Mobility 

of 
Goods 

Enhance 
Mobility 

of 
People 

Enhance 
Public 
Safety 

Enhance 
Public 

Security 

Enhance 
Trade 
and 

Econ 
Develop 

WW Clark County Railroad Rehab X X X X X X X X X X 

WW 

Clark County/Chelatchie Prairie 
RR/Battle Ground to Vancouver - 
Track Rehab       X   X         

WW 
Clark County-Owned 
RR/Vancouver - Track Rehab       X   X         

WW Expansion on First Street               X     
WW Extend Sumner Siding           X         
WW Interstate Yard           X         

WW 
Kelso to Martin's Bluff - 3rd Main 
Line and Grade Separation           X X X   X 

WW 
Kelso to Martin's Bluff - 3rd Main 
Line and Ped Crossing           X X X   X 

WW 
Kelso to Martin's Bluff - 3rd Main 
Line and Storage Tracks           X X X   X 

WW 

Kelso to Martin's Bluff - 3rd Main 
Line, Kelso to Longview Junction, 
Yew Street pedestrian access, 
Hazel Street grade separation     X X X X X X X X 

WW 

Kelso to Martin's Bluff - new 
siding terminating just north of 
Toteff Road           X X X   X 

WW Longview Junction Bypass                     
WW Mt Vernon Bridge Replacement                     

WW 
Port Grays Harbor Terminal 2 
Grain Storage Facility X   X   X X       X 

WW 

Port of Chehalis Regional Rail 
Reload and Freight Processing 
Facility - Rail component X X X   X X       X 
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Area Project Name 

Improve 
Air 

Quality 

Enviro 
Protect/ 
Enhance 

Reduce 
Congest 

Reduce 
Public 

Expense 

Improve 
Land 
Use 

Enhance 
Mobility 

of 
Goods 

Enhance 
Mobility 

of 
People 

Enhance 
Public 
Safety 

Enhance 
Public 

Security 

Enhance 
Trade 
and 

Econ 
Develop 

WW 
Port of Grays Harbor Terminal 4 
Rail Upgrade X   X X X X       X 

WW 
Port of Longview Rail Loop 
Construction X   X   X X       X 

WW 

Port of Olympia and East 
Olympia Freight Rail 
Enhancement Project X X X   X X   X   X 

WW 
Rail Car Storage East of 
Aberdeen     X         X     

WW Rail Enhancement Project           X   X   X 

WW 
Rail spur & reload for styrofoam 
recycler X X X X X X       X 

WW 

Relocate Rail Line South of Port 
Industrial Road and/or Create 
Loop Rail   X X         X     

WW Repair Railroad Bridges               X X   
WW Ridgefield Rail Overpass X X X   X X X X X X 

WW 
Scott Avenue Railroad 
Overcrossing/Grade Separation         X X   X X X 

WW 
SR 432/433 Grade Separation & 
Rail Improvements X X X X X X   X X X 

WW Swanson Bark Rail Spur X X X   X X   X X X 

WW 

Tacoma Rail and Puget Sound 
and Pacific RR/Centralia - 
Reconfigure Rail     X     X X   X   

WW 

Tacoma Rail and Puget Sound 
and Pacific RR/Centralia - 
Reconfigure Rail Phase 1B                 X   

WW 
Tacoma Rail/Frederickson to 
Morton - Track Rehab                     
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Area Project Name 

Improve 
Air 

Quality 

Enviro 
Protect/ 
Enhance 

Reduce 
Congest 

Reduce 
Public 

Expense 

Improve 
Land 
Use 

Enhance 
Mobility 

of 
Goods 

Enhance 
Mobility 

of 
People 

Enhance 
Public 
Safety 

Enhance 
Public 

Security 

Enhance 
Trade 
and 

Econ 
Develop 

WW 

Tacoma Rail/Roy - New 
Connection to BNSF and Yelm-
Owned Spur           X         

WW 
Tacoma Rail/Tacoma to Morton 
and Yelm - Track Rehab           X X       

WW 
West Vancouver Freight Access 
Schedule 2-4     X     X       X 

 



 

Washington State 2010-2030 Freight Rail Plan December 2009 
Appendix 8-A: Project List Appendix 8-A31 

Exhibit 8A-6: Project List by Private Benefits 

Area Project Name 

Improved 
Economic 

Competitiveness 
Improved 

Assets 
Improved 
Service 

Reduced 
Costs 

EW 13th Avenue Improvements   X   X 
EW Bingen Point Rail Crossing X   X   
EW BPIC Intermodal Hub Rail Development, Phase 4 and 5 X X X   
EW Bridge upgrades for 286K X X X X 
EW Cheney Siding X X X X 
EW CW Branch Rail Renewal X   X X 
EW CW Line/Lincoln County - Grade Crossing Rehab X   X X 
EW East Leg of Wishram Wye         
EW Ellensburg-Lind Corridor Reactivation         
EW Ellensburg-Lind Corridor Reactivation         
EW Extend Cheney Siding X   X   
EW Geiger - New Transloader X     X 
EW Geiger Spur Rehabilitation X X   X 
EW Havana St. - BNSF Crossing         
EW Install Centralized Train Control X   X   
EW Lincoln Co. PDA/Creston - New Rail Spur X   X X 
EW Palouse River and Coulee City RR - Rail Authority-Sponsored Rehab X   X X 
EW Park Rd BNSF Grade Separation         
EW Pasco Bridge Span Replacement X X X X 
EW PCC Rail System Rehab X   X X 
EW Port of Columbia/Wallula to Dayton - Track Rehab X     X 
EW Port of Ephrata/Ephrata Spur Rehab Phase II X   X X 
EW Port of Moses Lake/Northern Columbia Basin - RR Engineering and Environmental         
EW Port of Quincy Rail Loop         
EW Port of Sunnyside         
EW Power Operate Manual Sidings X   X   
EW Quiet zone application at the Russell Avenue Crossing, Crossing No. 0901 X       
EW Riparia tie and surface project         
EW Royal Rail Line Rehabilitation Project X X X X 
EW SR240 & SR224 Interchange & Grade Crossing         
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Area Project Name 

Improved 
Economic 

Competitiveness 
Improved 

Assets 
Improved 
Service 

Reduced 
Costs 

EW SR27-Pines Rd BNSF Grade Separation         
EW Stampede Pass Project         
EW Tacoma Creek Bridge X   X   
EW Vista Siding Extension X   X   
EW Webb Siding Extension X   X X 
EW Wenatchee Hawley Street Grade Separation X X X   
EW Yakima Grade Separated Rail Crossing X   X   
NC Statewide - Freight Rail Assistance Program         
NC Statewide - Rail Bank         
NC Statewide - Washington Produce Rail Car Pool         
PS Ballard Bridge Moveable Span Replacement         
PS Ballard Terminal RehabRe-rail 2 miles of mainline track on the BDTL X X X X 
PS BNSF Seattle PNW Shop Projects         
PS Bridge Rehabilitation         
PS Bullfrog Junction Improvements         
PS Duwamish Corridor X   X   
PS East Everett Ave Crossing         
PS East Marginal Way Grade Separation     X   
PS Fife 70th Ave Grade Separation         
PS Fife Yard Improvements X   X   
PS Fife Yard Improvements X   X   
PS Kent S 212th St Grade Separations          
PS Kent S 228th St Corridor Project - Phases II & III Grade Separations         
PS Kent Siding Extension X   X   
PS Kent Willis St Grade Separations         
PS Lehigh Cement Rail Extension         
PS Lincoln Avenue Grade Separation         
PS M St SE Grade Separation Project         
PS Port of Everett Existing Rail Upgrades   X     
PS Puyallup N Canyon Rd Ext-BNSF Overcrossing         
PS Puyallup Shaw Road Extension         
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Area Project Name 

Improved 
Economic 

Competitiveness 
Improved 

Assets 
Improved 
Service 

Reduced 
Costs 

PS Renton Strander Blvd-SW 27th St Connection         
PS Re-rail 4.5 miles of mainline track on the MSN X X X X 
PS South Lander Street Grade Separation     X   
PS South Seattle Domestic Intermodal Facility Improvements         
PS South Terminal Freight Rail Improvements X X X   
PS SR519 Intermodal Access Project (Phase 2)         
PS Tacoma Rail/Tacoma - New Refinery Spur  X   X X 
PS Tacoma Rail/Tacoma - Rail Servicing Facility Upgrade & Expansion   X X   
SW BNSF Positive Train Control Improvements         
SW BNSF Siding Extensions and Double Track Improvements X X X X 
WW Bellingham - Waterfront Restoration         
WW Bellingham Shipping Terminal Rail Spur Replacement X   X X 
WW BNSF Skagit River Bridge Replacment for Flood Risk Reduction   X X X 
WW Centrailia Steam Plant Switch Upgrade X X X X 
WW Chelatchie Prairie railroad rehabilitation - Phase 1 X X X X 
WW Clark County Railroad Rehab X X X X 
WW Clark County/Chelatchie Prairie RR/Battle Ground to Vancouver - Track Rehab     X   
WW Clark County-Owned RR/Vancouver - Track Rehab     X   
WW Expansion on First Street         
WW Extend Sumner Siding X   X   
WW Interstate Yard         
WW Kelso to Martin's Bluff - 3rd Main Line and Grade Separation         
WW Kelso to Martin's Bluff - 3rd Main Line and Ped Crossing         
WW Kelso to Martin's Bluff - 3rd Main Line and Storage Tracks         

WW 
Kelso to Martin's Bluff - 3rd Main Line, Kelso to Longview Junction, Yew Street 
pedestrian access, Hazel Street grade separation X X X X 

WW Kelso to Martin's Bluff - new siding terminating just north of Toteff Road         
WW Longview Junction Bypass         
WW Mt Vernon Bridge Replacement         
WW Port Grays Harbor Terminal 2 Grain Storage Facility X X X X 
WW Port of Chehalis Regional Rail Reload and Freight Processing Facility - Rail component X X X X 
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Area Project Name 

Improved 
Economic 

Competitiveness 
Improved 

Assets 
Improved 
Service 

Reduced 
Costs 

WW Port of Grays Harbor Terminal 4 Rail Upgrade X   X X 
WW Port of Longview Rail Loop Construction X X X X 
WW Port of Olympia and East Olympia Freight Rail Enhancement Project X X X X 
WW Rail Car Storage East of Aberdeen         
WW Rail Enhancement Project X X X   
WW Rail spur & reload for styrofoam recycler X X X X 
WW Relocate Rail Line South of Port Industrial Road and/or Create Loop Rail     X   
WW Repair Railroad Bridges   X     
WW Ridgefield Rail Overpass         
WW Scott Avenue Railroad Overcrossing/Grade Separation X X X   
WW SR 432/433 Grade Separation & Rail Improvements X X X X 
WW Swanson Bark Rail Spur X X X X 
WW Tacoma Rail and Puget Sound and Pacific RR/Centralia - Reconfigure Rail         
WW Tacoma Rail and Puget Sound and Pacific RR/Centralia - Reconfigure Rail Phase 1B         
WW Tacoma Rail/Frederickson to Morton - Track Rehab         
WW Tacoma Rail/Roy - New Connection to BNSF and Yelm-Owned Spur     X   
WW Tacoma Rail/Tacoma to Morton and Yelm - Track Rehab X   X   
WW West Vancouver Freight Access Schedule 2-4     X   
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Exhibit 8A-7: Project List by Cost Estimates 

Area Project Name 

Estimated 
Total Project 

Cost 
Preliminary 
Engineering Right-of-Way Construction Unknown 

EW 13th Avenue Improvements $2,100,000 $1,500,000 $500,000 $13,000,000 $0 
EW Bingen Point Rail Crossing $15,000,000 $0 $0 $0 $0 
EW BPIC Intermodal Hub Rail Development, Phase 4 and 5 $3,100,000 $0 $0 $0 $4,300,000 
EW Bridge upgrades for 286K $0 $1,800,000 $0 $58,000,000 $0 
EW Cheney Siding $580,000 $1,000,000 $300,000 $27,700,000 $0 
EW CW Branch Rail Renewal $64,860,000 $3,000,000 $0 $6,186,000 $0 
EW CW Line/Lincoln County - Grade Crossing Rehab $371,000 $0 $0 $371,000 $0 
EW East Leg of Wishram Wye $0 $0 $0 $0 $0 
EW Ellensburg-Lind Corridor Reactivation $0 $0 $0 $0 $0 
EW Ellensburg-Lind Corridor Reactivation $0 $0 $0 $0 $0 
EW Extend Cheney Siding $0 $0 $0 $0 $0 
EW Geiger - New Transloader $4,400,000 $400,000 $0 $4,000,000 $0 
EW Geiger Spur Rehabilitation $880,000 $2,500,000 $500,000 $9,500,000 $0 
EW Havana St. - BNSF Crossing $26,700,000 $1,300,000 $8,400,000 $17,000,000 $0 
EW Install Centralized Train Control $0 $0 $0 $0 $0 
EW Lincoln Co. PDA/Creston - New Rail Spur $346,000 $0 $0 $346,000 $0 

EW 
Palouse River and Coulee City RR - Rail Authority-Sponsored 
Rehab $8,600,000 $0 $0 $0 $0 

EW Pasco Bridge Span Replacement $0 $0 $0 $0 $0 
EW PCC Rail System Rehab $100,000,000 $1,500,000 $0 $98,500,000 $0 
EW Port of Columbia/Wallula to Dayton - Track Rehab $11,000,000 $1,000,000 $0 $10,000,000 $0 
EW Port of Ephrata/Ephrata Spur Rehab Phase II $363,000 $0 $0 $363,000 $0 

EW 
Port of Moses Lake/Northern Columbia Basin - RR Engineering 
and Environmental $29,650,000 $1,509,000 $0 $28,141,000 $0 

EW Port of Quincy Rail Loop $0 $0 $0 $0 $0 
EW Port of Sunnyside $0 $0 $0 $2,100,000 $0 
EW Power Operate Manual Sidings $0 $0 $0 $0 $0 

EW 
Quiet zone application at the Russell Avenue Crossing, Crossing 
No. 0901 $505,000 $1,000,000 $0 $14,000,000 $0 

EW Riparia tie and surface project $880,000 $35,000 $0 $845,000 $0 
EW Royal Rail Line Rehabilitation Project $1,750,000 $10,000 $0 $468,000 $0 
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Area Project Name 

Estimated 
Total Project 

Cost 
Preliminary 
Engineering Right-of-Way Construction Unknown 

EW Stampede Pass Project $0 $0 $0 $0 $0 
EW Tacoma Creek Bridge $125,000 $0 $0 $1,000,000 $0 
EW Vista Siding Extension $0 $0 $0 $0 $0 
EW Webb Siding Extension $297,000 $0 $0 $0 $0 
EW Wenatchee Hawley Street Grade Separation $22,000,000 $0 $0 $0 $0 
EW Yakima Grade Separated Rail Crossing $42,774,000 $5,264,000 $4,400,000 $33,110,000 $0 
EW Park Rd BNSF Grade Separation $32,382,000 $0 $0 $0 $0 
EW SR240 & SR224 Interchange & Grade Crossing $9,300,000 $0 $0 $0 $0 
EW SR27-Pines Rd BNSF Grade Separation $11,720,000 $0 $0 $0 $0 
NC Statewide - Freight Rail Assistance Program $0 $0 $0 $0 $0 
NC Statewide - Rail Bank $0 $0 $0 $0 $0 
NC Statewide - Washington Produce Rail Car Pool $1,974,000 $0 $0 $0 $0 
PS Ballard Bridge Moveable Span Replacement $0 $0 $0 $0 $0 

PS 
Ballard Terminal RehabRe-rail 2 miles of mainline track on the 
BDTL $2,000,000 $0 $0 $0 $0 

PS BNSF Seattle PNW Shop Projects $0 $0 $0 $0 $0 
PS Bridge Rehabilitation $0 $0 $0 $0 $0 
PS Bullfrog Junction Improvements $0 $0 $0 $0 $0 
PS Duwamish Corridor $12,000,000 $0 $0 $0 $6,200,000 
PS East Everett Ave Crossing $16,520,000 $0 $0 $0 $0 
PS East Marginal Way Grade Separation $49,000,000 $7,500,000 $12,000,000 $29,400,000 $0 
PS Fife 70th Ave Grade Separation $17,500,000 $0 $0 $0 $0 
PS Fife Yard Improvements $0 $0 $0 $0 $0 
PS Fife Yard Improvements $0 $0 $0 $0 $0 
PS Kent S 212th St Grade Separations  $83,170,000 $8,550,000 $0 $58,620,000 $16,000,000 

PS 
Kent S 228th St Corridor Project - Phases II & III Grade 
Separations $45,600,000 $3,900,000 $10,400,000 $26,400,000 $4,900,000 

PS Kent Siding Extension $0 $0 $0 $0 $0 
PS Kent Willis St Grade Separations $81,700,000 $7,700,000 $1,000,000 $53,000,000 $20,000,000 
PS Lehigh Cement Rail Extension $0 $0 $0 $0 $0 
PS Lincoln Avenue Grade Separation $53,200,000 $5,800,000 $5,100,000 $42,300,000 $0 
PS M St SE Grade Separation Project $26,230,000 $0 $0 $0 $0 



 

Washington State 2010-2030 Freight Rail Plan December 2009 
Appendix 8-A: Project List Appendix 8-A37 

Area Project Name 

Estimated 
Total Project 

Cost 
Preliminary 
Engineering Right-of-Way Construction Unknown 

PS Port of Everett Existing Rail Upgrades $170,000 $0 $0 $0 $0 
PS Puyallup N Canyon Rd Ext-BNSF Overcrossing $25,000,000 $0 $0 $0 $0 
PS Puyallup Shaw Road Extension $24,600,000 $3,200,000 $3,200,000 $18,200,000 $0 
PS Renton Strander Blvd-SW 27th St Connection $12,320,000 $790,000 $0 $11,530,000 $0 
PS Re-rail 4.5 miles of mainline track on the MSN $4,500,000 $90,000 $0 $800,000 $10,000 
PS South Lander Street Grade Separation $152,000,000 $8,300,000 $32,800,000 $110,900,000 $0 
PS South Seattle Domestic Intermodal Facility Improvements $0 $0 $0 $0 $0 
PS South Terminal Freight Rail Improvements $770,000 $2,000,000 $3,500,000 $25,000,000 $0 
PS SR519 Intermodal Access Project (Phase 2) $0 $0 $0 $0 $0 
PS Tacoma Rail/Tacoma - New Refinery Spur  $825,000 $0 $0 $825,000 $0 

PS 
Tacoma Rail/Tacoma - Rail Servicing Facility Upgrade & 
Expansion $1,570,000 $0 $0 $367,000 $0 

SW BNSF Positive Train Control Improvements $0 $0 $0 $0 $0 
SW BNSF Siding Extensions and Double Track Improvements $0 $0 $0 $0 $0 
WW Bellingham - Waterfront Restoration $44,602,000 $4,507,000 $4,975,000 $35,121,000 $0 
WW Bellingham Shipping Terminal Rail Spur Replacement $2,000,000 $0 $0 $0 $0 
WW BNSF Skagit River Bridge Replacment for Flood Risk Reduction $59,800,000 $400,000 $0 $1,600,000 $0 
WW Centrailia Steam Plant Switch Upgrade $0 $0 $0 $0 $0 
WW Chelatchie Prairie railroad rehabilitation - Phase 1 $23,000,000 $0 $0 $80,000 $0 
WW Clark County Railroad Rehab $29,000,000 $0 $0 $4,500,000 $0 

WW 
Clark County/Chelatchie Prairie RR/Battle Ground to Vancouver - 
Track Rehab $1,000,000 $0 $0 $1,000,000 $0 

WW Clark County-Owned RR/Vancouver - Track Rehab $404,000 $5,000 $0 $399,000 $0 
WW Expansion on First Street $250,000 $0 $0 $0 $0 
WW Extend Sumner Siding $0 $0 $0 $0 $0 
WW Interstate Yard $0 $0 $0 $0 $0 
WW Kelso to Martin's Bluff - 3rd Main Line and Grade Separation $0 $15,000 $0 $155,000 $0 
WW Kelso to Martin's Bluff - 3rd Main Line and Ped Crossing $0 $150,000 $150,000 $4,200,000 $0 
WW Kelso to Martin's Bluff - 3rd Main Line and Storage Tracks $47,000,000 $500,000 $0 $7,500,000 $0 

WW 
Kelso to Martin's Bluff - 3rd Main Line, Kelso to Longview Junction, 
Yew Street pedestrian access, Hazel Street grade separation $117,000,000 $0 $0 $0 $0 
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Area Project Name 

Estimated 
Total Project 

Cost 
Preliminary 
Engineering Right-of-Way Construction Unknown 

WW 
Kelso to Martin's Bluff - new siding terminating just north of Toteff 
Road $28,000,000 $35,000 $65,000 $800,000 $0 

WW Longview Junction Bypass $0 $0 $0 $0 $0 
WW Mt Vernon Bridge Replacement $0 $0 $0 $0 $0 
WW Port Grays Harbor Terminal 2 Grain Storage Facility $69,000,000 $5,000,000 $0 $64,000,000 $0 

WW 
Port of Chehalis Regional Rail Reload and Freight Processing 
Facility - Rail component $2,650,000 $150,000 $0 $2,000,000 $0 

WW Port of Grays Harbor Terminal 4 Rail Upgrade $8,000,000 $0 $0 $0 $0 
WW Port of Longview Rail Loop Construction $900,000 $35,000 $65,000 $800,000 $0 

WW 
Port of Olympia and East Olympia Freight Rail Enhancement 
Project $40,000,000 $0 $0 $0 $0 

WW Rail Car Storage East of Aberdeen $4,300,000 $0 $0 $0 $0 
WW Rail Enhancement Project $1,000,000 $2,700,000 $0 $0 $0 
WW Rail spur & reload for styrofoam recycler $1,075,000 $50,000 $25,000 $1,000,000 $0 

WW 
Relocate Rail Line South of Port Industrial Road and/or Create 
Loop Rail $15,000,000 $0 $0 $0 $0 

WW Repair Railroad Bridges $2,500,000 $0 $0 $2,500,000 $0 
WW Ridgefield Rail Overpass $12,500,000 $0 $0 $12,500,000 $0 
WW Scott Avenue Railroad Overcrossing/Grade Separation $62,000,000 $275,000 $0 $22,675,000 $0 
WW SR 432/433 Grade Separation & Rail Improvements $180,000,000 $25,000 $0 $555,000 $0 
WW Swanson Bark Rail Spur $2,385,000 $150,000 $85,000 $2,150,000 $0 

WW 
Tacoma Rail and Puget Sound and Pacific RR/Centralia - 
Reconfigure Rail $17,500,000 $700,000 $6,700,000 $13,000,000 $0 

WW 
Tacoma Rail and Puget Sound and Pacific RR/Centralia - 
Reconfigure Rail Phase 1B $9,500,000 $0 $400,000 $9,000,000 $0 

WW Tacoma Rail/Frederickson to Morton - Track Rehab $1,485,000 $0 $0 $1,485,000 $0 

WW 
Tacoma Rail/Roy - New Connection to BNSF and Yelm-Owned 
Spur $1,928,000 $250,000 $200,000 $1,478,000 $0 

WW Tacoma Rail/Tacoma to Morton and Yelm - Track Rehab $755,000 $0 $0 $755,000 $0 
WW West Vancouver Freight Access Schedule 2-4 $137,500,000 $7,250,000 $20,250,000 $110,000,000 $0 
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Exhibit 8A-8: Project List by Committed Funds 
Area Project Name Federal State Local Tribal Private Other 
EW 13th Avenue Improvements $0 $0 $0 $0 $0 $0 
EW Bingen Point Rail Crossing $0 $0 $0 $0 $0 $0 
EW BPIC Intermodal Hub Rail Development, Phase 4 and 5 $0 $0 $0 $0 $0 $0 
EW Bridge upgrades for 286K $0 $0 $600,000 $0 $0 $0 
EW Cheney Siding $0 $1,366,000 $129,000 $0 $0 $0 
EW CW Branch Rail Renewal $0 $0 $0 $0 $0 $0 
EW CW Line/Lincoln County - Grade Crossing Rehab $0 $371,000 $0 $0 $0 $0 
EW East Leg of Wishram Wye $0 $0 $0 $0 $0 $0 
EW Ellensburg-Lind Corridor Reactivation $0 $0 $0 $0 $0 $0 
EW Ellensburg-Lind Corridor Reactivation $0 $0 $0 $0 $0 $0 
EW Extend Cheney Siding $0 $0 $0 $0 $0 $0 
EW Geiger - New Transloader $0 $790,000 $0 $0 $0 $0 
EW Geiger Spur Rehabilitation $0 $0 $3,500,000 $625,000 $0 $0 
EW Havana St. - BNSF Crossing $0 $0 $0 $0 $0 $0 
EW Install Centralized Train Control $0 $0 $0 $0 $0 $0 
EW Lincoln Co. PDA/Creston - New Rail Spur $0 $346,000 $0 $0 $0 $0 
EW Palouse River and Coulee City RR - Rail Authority-Sponsored Rehab $0 $8,600,000 $0 $0 $0 $0 
EW Pasco Bridge Span Replacement $0 $0 $0 $0 $0 $0 
EW PCC Rail System Rehab $0 $0 $0 $0 $0 $0 
EW Port of Columbia/Wallula to Dayton - Track Rehab $0 $252,000 $0 $0 $0 $0 
EW Port of Ephrata/Ephrata Spur Rehab Phase II $0 $363,000 $0 $0 $0 $0 

EW 
Port of Moses Lake/Northern Columbia Basin - RR Engineering and 
Environmental $0 $4,000,000 $0 $0 $0 $0 

EW Port of Quincy Rail Loop $0 $3,684,000 $0 $0 $0 $0 
EW Port of Sunnyside $0 $0 $0 $0 $0 $0 
EW Power Operate Manual Sidings $0 $0 $0 $0 $0 $0 

EW 
Quiet zone application at the Russell Avenue Crossing, Crossing No. 
0901 $0 $0 $3,000,000 $0 $0 $0 

EW Riparia tie and surface project $0 $0 $0 $0 $0 $0 
EW Royal Rail Line Rehabilitation Project $0 $363,000 $116,000 $0 $0 $0 
EW Stampede Pass Project $0 $0 $0 $0 $0 $0 
EW Tacoma Creek Bridge $0 $0 $50,000 $0 $0 $0 
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Area Project Name Federal State Local Tribal Private Other 
EW Vista Siding Extension $0 $0 $0 $0 $0 $0 
EW Webb Siding Extension $0 $0 $0 $0 $0 $0 
EW Wenatchee Hawley Street Grade Separation $0 $0 $0 $0 $0 $0 
EW Yakima Grade Separated Rail Crossing $0 $0 $0 $0 $0 $0 
EW Park Rd BNSF Grade Separation $0 $7,000,000 $0 $0 $0 $0 
EW SR240 & SR224 Interchange & Grade Crossing $0 $0 $0 $0 $0 $0 
EW SR27-Pines Rd BNSF Grade Separation $0 $0 $0 $0 $0 $0 
NC Statewide - Freight Rail Assistance Program $0 $0 $0 $0 $0 $0 
NC Statewide - Rail Bank $0 $0 $0 $0 $0 $0 
NC Statewide - Washington Produce Rail Car Pool $1,974,000 $0 $0 $0 $0 $0 
PS Ballard Bridge Moveable Span Replacement $0 $0 $0 $0 $0 $0 
PS Ballard Terminal RehabRe-rail 2 miles of mainline track on the BDTL $0 $0 $0 $0 $0 $0 
PS BNSF Seattle PNW Shop Projects $0 $0 $0 $0 $0 $0 
PS Bridge Rehabilitation $0 $0 $0 $0 $0 $0 
PS Bullfrog Junction Improvements $0 $0 $0 $0 $0 $0 
PS Duwamish Corridor $0 $0 $0 $0 $0 $0 
PS East Everett Ave Crossing $0 $0 $0 $0 $0 $0 
PS East Marginal Way Grade Separation $0 $0 $0 $0 $0 $0 
PS Fife 70th Ave Grade Separation $0 $0 $0 $0 $0 $0 
PS Fife Yard Improvements $0 $0 $0 $0 $0 $0 
PS Fife Yard Improvements $0 $0 $0 $0 $0 $0 
PS Kent S 212th St Grade Separations  $0 $0 $0 $0 $0 $0 
PS Kent S 228th St Corridor Project - Phases II & III Grade Separations $0 $0 $0 $0 $0 $0 
PS Kent Siding Extension $0 $0 $0 $0 $0 $0 
PS Kent Willis St Grade Separations $0 $0 $0 $0 $0 $0 
PS Lehigh Cement Rail Extension $0 $1,200,000 $0 $0 $0 $0 
PS Lincoln Avenue Grade Separation $0 $0 $0 $0 $0 $0 
PS M St SE Grade Separation Project $0 $0 $0 $0 $0 $0 
PS Port of Everett Existing Rail Upgrades $0 $4,000,000 $0 $0 $0 $0 
PS Puyallup N Canyon Rd Ext-BNSF Overcrossing $0 $0 $0 $0 $0 $0 
PS Puyallup Shaw Road Extension $10,500,000 $6,000,000 $7,500,000 $0 $750,000 $0 
PS Renton Strander Blvd-SW 27th St Connection $0 $0 $0 $0 $0 $0 
PS Re-rail 4.5 miles of mainline track on the MSN $0 $400,000 $0 $0 $500,000 $0 
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PS South Lander Street Grade Separation $0 $0 $0 $0 $0 $0 
PS South Seattle Domestic Intermodal Facility Improvements $0 $0 $0 $0 $0 $0 
PS South Terminal Freight Rail Improvements $0 $4,000,000 $200,000 $0 $0 $0 
PS SR519 Intermodal Access Project (Phase 2) $0 $0 $0 $0 $0 $0 
PS Tacoma Rail/Tacoma - New Refinery Spur  $0 $420,000 $0 $0 $405,000 $0 
PS Tacoma Rail/Tacoma - Rail Servicing Facility Upgrade & Expansion $0 $337,000 $160,000 $0 $0 $250,000 
SW BNSF Positive Train Control Improvements $0 $0 $0 $0 $0 $0 
SW BNSF Siding Extensions and Double Track Improvements $0 $0 $0 $0 $0 $0 
WW Bellingham - Waterfront Restoration $0 $5,000,000 $0 $0 $0 $0 
WW Bellingham Shipping Terminal Rail Spur Replacement $0 $0 $0 $0 $0 $0 
WW BNSF Skagit River Bridge Replacment for Flood Risk Reduction $0 $0 $0 $0 $0 $0 
WW Centrailia Steam Plant Switch Upgrade $0 $0 $0 $0 $0 $0 
WW Chelatchie Prairie railroad rehabilitation - Phase 1 $0 $0 $0 $0 $0 $0 
WW Clark County Railroad Rehab $0 $0 $0 $0 $200,000 $0 

WW 
Clark County/Chelatchie Prairie RR/Battle Ground to Vancouver - 
Track Rehab $0 $1,000,000 $0 $0 $0 $0 

WW Clark County-Owned RR/Vancouver - Track Rehab $0 $367,000 $37,000 $0 $0 $0 
WW Expansion on First Street $0 $0 $0 $0 $0 $0 
WW Extend Sumner Siding $0 $0 $0 $0 $0 $0 
WW Interstate Yard $0 $0 $0 $0 $0 $0 
WW Kelso to Martin's Bluff - 3rd Main Line and Grade Separation $0 $0 $0 $0 $0 $0 
WW Kelso to Martin's Bluff - 3rd Main Line and Ped Crossing $0 $0 $0 $0 $0 $0 
WW Kelso to Martin's Bluff - 3rd Main Line and Storage Tracks $0 $0 $3,000,000 $0 $5,000,000 $0 

WW 
Kelso to Martin's Bluff - 3rd Main Line, Kelso to Longview Junction, 
Yew Street pedestrian access, Hazel Street grade separation $0 $0 $0 $0 $0 $0 

WW 
Kelso to Martin's Bluff - new siding terminating just north of Toteff 
Road $0 $0 $0 $0 $0 $100,000 

WW Longview Junction Bypass $0 $0 $0 $0 $0 $0 
WW Mt Vernon Bridge Replacement $0 $0 $0 $0 $0 $0 
WW Port Grays Harbor Terminal 2 Grain Storage Facility $0 $0 $3,000,000 $0 $60,000,000 $0 

WW 
Port of Chehalis Regional Rail Reload and Freight Processing Facility 
- Rail component $0 $0 $0 $0 $0 $0 

WW Port of Grays Harbor Terminal 4 Rail Upgrade $0 $0 $0 $0 $0 $0 
WW Port of Longview Rail Loop Construction $0 $0 $100,000 $0 $0 $0 
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WW Port of Olympia and East Olympia Freight Rail Enhancement Project $0 $0 $0 $0 $0 $0 
WW Rail Car Storage East of Aberdeen $0 $0 $0 $0 $0 $0 
WW Rail Enhancement Project $0 $0 $0 $0 $0 $0 
WW Rail spur & reload for styrofoam recycler $0 $0 $0 $0 $0 $0 

WW 
Relocate Rail Line South of Port Industrial Road and/or Create Loop 
Rail $0 $0 $0 $0 $0 $0 

WW Repair Railroad Bridges $0 $0 $0 $0 $0 $0 
WW Ridgefield Rail Overpass $12,500,000 $0 $0 $0 $0 $0 
WW Scott Avenue Railroad Overcrossing/Grade Separation $0 $1,366,000 $129,000 $0 $0 $0 
WW SR 432/433 Grade Separation & Rail Improvements $0 $0 $0 $0 $0 $0 
WW Swanson Bark Rail Spur $0 $0 $0 $0 $1,385,000 $0 

WW 
Tacoma Rail and Puget Sound and Pacific RR/Centralia - Reconfigure 
Rail $0 $7,400,000 $0 $0 $0 $0 

WW 
Tacoma Rail and Puget Sound and Pacific RR/Centralia - Reconfigure 
Rail Phase 1B $3,915,000 $1,500,000 $0 $0 $0 $0 

WW Tacoma Rail/Frederickson to Morton - Track Rehab $1,485,000 $0 $0 $0 $0 $0 
WW Tacoma Rail/Roy - New Connection to BNSF and Yelm-Owned Spur $0 $525,000 $0 $0 $0 $0 
WW Tacoma Rail/Tacoma to Morton and Yelm - Track Rehab $755,000 $0 $0 $0 $0 $0 
WW West Vancouver Freight Access Schedule 2-4 $0 $0 $0 $0 $0 $0 
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Appendix 8-B: Freight Rail Investments – 
Historical and Planned – Managed by WSDOT 

 
Year Location Project Type Funding Description 
1980 Newport to 

Metaline Falls 
Rail line 
rehabilitation 

$4,086,000 Supported several 
businesses after Milwaukee 
Road abandoned the line.  
State funds added in 1989. 

1981 Othello to Royal 
City 

Rail line acquisition 
and rehabilitation 

$1,196,000 Maintained rail access after 
Milwaukee Road 
abandonment. 

1982 Hampton to 
Lynden 

Rail line 
rehabilitation 

$815,714 Maintained rail access from 
Sumas line to Lynden. 

1983 Port Townsend Transfer bridge 
rehabilitation 

$773,000 Repair of bridge near Port 
Townsend; railroad 
scrapped in 1984. 

1986 Ronald to  
Cle Elum 

Rail line relocation $70,000 Line relocation.  

1992 Centralia Line acquisition 
and rehabilitation 

$281,794 Rail spur to industrial park. 

1992 Rye to Battle 
Ground 

Rail line 
rehabilitation 

$674,900 Supports service on the 
Lewis and Clark Railway. 

1993 Othello to Royal 
City 

Rail line acquisition 
and rehabilitation 

$400,000 Further improvements to 
abandoned Milwaukee 
Road segment.  A 2009 
WSDOT assessment 
determined repair 
requirements to reopen this 
line.  

1993 Toppenish to 
White Swan 

Rail line acquisition $348,100 Maintains service to the 
Yakama Indian 
Reservation. 

1993 Whitman County Operating and 
MOW equipment 
acquisition 

$410,000 Equipment leased by Port 
to the Blue Mountain 
Railroad. Two locomotives 
leased by Port to the Blue 
Mountain Railroad. 

1993 Yelm to Tenino Rail line acquisition $200,000 Rail Banked; 14.6-mile line 
for corridor preservation. 

1994 Mt. Vernon Rail line 
rehabilitation 

$177,000 Repairs to 1.8-mile rail line. 

1994 Port of Walla 
Walla 

Grain car 
acquisition - first 
Grain Train 

$719,500 29 cars; Uses Stripper Well 
overcharge funds. Serves 
co-ops in Prescott, 
Thornton, St. John, and 
Endicott. State funds used 
for car painting.  

1994 Terrace Heights to 
Moxee 

Rail line 
rehabilitation 

$779,700 Maintains service to large 
manufacturer in Moxee. 
Line reverted to BNSF 
ownership in 1997. 
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1994 Walla Walla to 

Dayton 
Rail line 
rehabilitation 

$1,227,649 Maintains access to food 
processor and wheat 
elevator in Prescott. 

1995 Blue Slide Tunnel Tunnel repairs $297,500 Phase 1 of 2.  Prevents 
tunnel collapse, loss of rail 
service to shippers on the 
line, and damage to SR 20. 

1995 Tacoma to 
Centralia 

Rail line acquisition $3,250,000 Acquisition of former 
Milwaukee Road. Line runs 
between Tacoma and 
Centralia and Frederickson 
and Graham.  

1996 LaCrosse to 
Winona 

Track rehabilitation $330,640 Maintains essential service 
to major agricultural areas. 

1996 Rye to Vancouver 
Junction 

Line rehabilitation $824,500 Flood damaged portion of 
BNSF line donated to 
county upon receipt of state 
assistance.  

1996 Whitman, Walla 
Walla, and 
Columbia 
Counties 

Flood damage 
repairs 

$1,300,000 Emergency bridge and 
washout repairs.  One-time 
grant directly from the WA 
Legislature.   

1997 Cheney to Coulee 
City 

Rail line 
rehabilitation 

$810,170 Keeps grain hauling lines 
open. 

1998 Seattle Line rehabilitation $450,000 Supports several 
businesses located long the 
rail line. 

1998 Tacoma to 
Graham 

Rail line 
rehabilitation 

$626,846 Supports several 
businesses located long the 
rail line. 

1999 Columbia County Rail line 
rehabilitation 

$254,846 Maintains service to 
communities and the Port.  
Kept county’s biggest 
employer from closing. 

1999 Hoquiam Construct spur 
track & loading 
facility 

$433,102 This project helps make the 
terminal more attractive to 
businesses considering 
relocating to Grays Harbor. 

1999 Naches Rail line 
rehabilitation 

$516,369 Repairs approximately 
11 miles of rail line. 

1999 Olympia Additional track 
capacity 

$269,052 Maintains, with potential to 
increase, business for the 
Port, Tumwater, and Lacey. 

1999 Yelm Rail line acquisition $411,500 Preserves rail service. 
Local funds include non-
LRFA federal development 
grant. 

2000 Blue Slide Tunnel Tunnel repairs $505,000 Phase 2 of 2. Prevents 
tunnel collapse, loss of rail 
service to shippers on the 
line, and damage to SR 20. 
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Year Location Project Type Funding Description 
2000 Hoquiam Marine terminal 

spur  track 
$485,500 This project helps make the 

terminal more attractive to 
businesses considering 
relocating to Grays Harbor.  

2000 Hoquiam Repair work to the 
Hoquiam River 
Bridge 

$606,250 Repairs 90-year-old 
mechanical swing bridge. 
Bridge now capable of 
accommodating 286,000 lb. 
freight cars.  

2000 Port of Moses 
Lake 

2nd Grain Train - 
Acquire 36 used 
grain hoppers 

$458,887 Purchased by revenues 
generated by first Grain 
Train. Generates additional 
business for endangered 
Palouse grain rail lines; 
protects grain hauling rate 
competition in eastern 
Washington. Expands total 
fleet of grain cars to 65 
(47 WSDOT, 18 Port of 
Walla Walla).  

2000 Toppenish Equipment 
purchase 
(locomotive) 

$65,000 Supports purchase of one 
used locomotive to replace 
under-powered and 
unreliable unit.   

2000 Toppenish to 
White Swan 

Track rehabilitation $60,000 Maintains service to several 
businesses. 

2000 Wenatchee Washington Fruit 
Express (WFE) 
refrigerated 
express railcar 
design 

$51,000 Design of new express 
refrigerated railcar.  The 
Washington Fruit Express 
will carry WA produce 
behind Amtrak's Empire 
Builder. Helps local farmers 
and Amtrak.  

2000 Whitman, Lincoln, 
Spokane & Grant 
Counties 

Track rehabilitation $1,170,000 Supports service to Grant, 
Lincoln, Spokane, & 
Whitman Counties. 

2001 Aberdeen Loop track 
construction 

$10,000,000 Allows AgPro to construct a 
trans-shipment facility at 
the marine terminal for bulk 
meal and grains. 

2001 Frederickson to 
Morton 

Rail line reopening $2,500,000 Reopens washed out 
freight line for the first time 
since 1979.  Restores rail 
service to five communities. 
Local contribution includes 
non-LRFA federal funds.  

2001 Oroville 286K track 
upgrades 

$485,500 Replaces 2.5 miles of 68 lb. 
rail with 110 lb. rail for 286K 
railcar operation.  
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2001 Richland Emergency bridge 

repairs 
$500,000 Emergency grant to cover 

insurance deductible.  Port 
of Benton had no rail 
service until fire-damaged 
bridge was repaired. 

2001 White Swan TS&W rail line 
extension 

$1,100,000 Extends Toppenish, 
Simcoe & Western rail line 
to Yakama Nation Forest 
Products Sawmill. 

2002 Puyallup Construct siding, 
basic rehab of 
4 miles of rail line, 
acquire used 
locomotive 

$400,000 Supports several rail side 
businesses, who depend 
on rail for low shipping 
costs on heavy materials. 

2003 Chehalis Mainline spur 
construction 

$350,000 Final element needed to 
open new plastic pipe plant. 

2003 Port of Whitman 
County 

3rd Grain Train - 
acquire 29 used 
grain hoppers 

$290,000 Generate additional 
business for endangered 
Palouse grain rail lines; 
protect grain hauling rate 
competition in eastern 
Washington.  Purchased 
with revenues from first and 
second Grain Trains. 

2004 Airway Heights Track repairs and 
upgrades 

 Helps maintain rail service 
at the Airway Heights 
Industrial Park. 

2004 Eastern 
Washington 

Rail line acquisition $7,350,000 Public acquisition of the 
Palouse River and Coulee 
City RR (PCC); places RR 
under stable ownership and 
will be combined with a 
long-term rehabilitation 
plan.  

2004 Frederickson to 
Eatonville 
(emergency 
repairs) and 
Tacoma to Morton 

Track repairs and 
upgrades 

Repairs damaged section 
of track and upgrades other 
sections to accommodate 
more traffic between 
Morton and Tacoma. 

2004 Quincy Spur and loop track 
construction 

 New intermodal facility at 
Quincy may help divert 
some I-90 and Puget 
Sound port truck traffic to 
rail. 

2005 Lewis County Lewis County rail 
spur 

$800,000 Constructs approx. 4,000-ft. 
industrial rail spur from 
BNSF mainline to a new 
glass manufacturing plant 
outside Winlock. 
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2005 Pierce & Lewis 

Counties 
Tacoma Rail 
Mountain Division 
Morton line repairs-
Phase 2 

$3,122,000 Phase 2 of Tacoma Rail 
Mountain Division’s Morton 
line reconstruction to 
restore rail service after 
1996 floods. 

2005 Port of Quincy Port of Quincy 
intermodal facility 

$1,717,000 New transload facility. 

2007 Clark County Lewis & Clark RR 
rehab - Vancouver 
to Battle Ground 

$300,000 Clark County will upgrade 
ties and ballast at critical 
points between Vancouver 
and Battle Ground. 

2007 Olympia Port of Olympia on 
dock rail spur 

$375,000 Construct an on-dock track 
the length of the west 
moorage at Port of 
Olympia. 

2007 Pasco Port of Pasco - 
intermodal facility 
improvements 

$5,400,000 Improvement of the east 
end connection for 
locomotives to access the 
port facility and track 
upgrades. 

2007 Pend Oreille 
County 

Port of Pend Oreille 
- 286K upgrades 

$655,000 Two miles of rail 
replacement and general 
track rehab. 

2007 Skagit County Eastern Skagit Rail 
Study 

$50,000 Examine the possibility of 
re-establishing rail service 
on former rail alignment 
that is not a trail. 

2007 Snohomish 
County 

Snohomish 
Riverfront 
redevelopment 
(rail) 

$1,800,000 Relocates 1.5 miles of 
BNSF rail line and installs a 
new junction to support the 
redevelopment of the 
Snohomish River waterfront 
in Everett. 

2007 Walla Walla Port of Walla Walla 
Railex project 

$3,985,000 Constructs a loop track 
around Port of Walla Walla 
property including five 
turnouts, potable water 
system, fire flow system, 
property acquisition, and 
relocation of irrigation water 
line. 

2008 Cosmopolis Port of Grays 
Harbor - rail access 
improvements 

$741,000 Rail access improvements 
to increase capacity and 
allow rail traffic to move 
easily in the congested 
area. 

2008 Grays Harbor Port of Grays 
Harbor/Hoquiam - 
rail access 
improvements 

$543,000 Improvements at the Port’s 
industrial site as well as a 
spur connecting the site 
with the Puget Sound and 
Pacific Railroad. 
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2009 Airway Heights to 

Medical Lake 
Geiger Spur/Airway 
Heights - new rail 
connection 

$6,800,000 Connects Airway Heights 
industrial track to Palouse 
River & Coulee City 
Railroad at Medical Lake to 
avoid shutdown due to 
Fairchild AFB security 
issues. 

2009 Benton County Port of Benton – 
Freight Rail 
Investment Bank 
(FRIB) spur 

$250,000 Spur track for transload 
facility. 

2009 Chehalis Port of Chehalis - 
track rehabilitation 

$398,000 Matches FEMA funds for 
the rehabilitation of a rail 
line to Curtis, and provides 
rehabilitation funding for 
flood damage to the rail line 
to Curtis that is not FEMA-
eligible. 

2009 Eastern 
Washington 

Palouse River and 
Coulee City RR - 
acquisition 

$15,337,000 Purchase 296-mile PCC. 

2009 Ephrata Port of 
Ephrata/Ephrata - 
spur rehabilitation 

$127,000 Upgrades and rehabilitates 
the Port’s rail spur. 

2009 Everett Port of Everett - 
FRIB spur 

$250,000 Rail spur for secondary 
access to BNSF mainline. 

2009 Longview Port of 
Longview/Longview 
- rail loop 

$281,000 Constructs a rail loop that 
increases operational 
flexibility and eases 
congestion on the BNSF 
mainline. 

2009 Morton Morton Business 
Development Park 

$1,181,000 Constructs improvements 
in Morton in support of 
operations of Tacoma Rail. 

2009 Tacoma City of Tacoma - 
FRIB locomotive 
facility 

$250,000 Locomotive servicing 
facility. 

2009 Tacoma City of Tacoma - 
FRIB locomotive 
idling 

$26,386 Locomotive idling 
improvement. 

2009 Tacoma Tacoma 
Rail/Tacoma -  yard 
switching upgrades 

$500,000 Automate the Tacoma Rail 
main yard switching 
operation at the Port of 
Tacoma, for increasing the 
yard capacity and through 
port to efficiently manage 
projected Port growth. 

2009 Tacoma to Morton Tacoma 
Rail/Tacoma to 
Morton - track 
rehab 

$2,460,000 Track upgrades to facilitate 
the future operations of 
Tacoma’s planned 
excursion train. 
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2009 Tacoma to Morton Tacoma 

Rail/Tacoma to 
Morton - track 
rehab 

1,230,000 Track upgrades to facilitate 
the future operations of 
Tacoma’s planned 
excursion train. 

2009 Toppenish to 
White Swan 

White Swan/ 
Toppenish - 
Yakama Sawmill 
traffic upgrade 

$637,000 Upgrades existing 
Toppenish Simcoe & 
Western line for increased 
traffic from Yakama Tribe 
sawmill. 

2009 Vancouver Lewis and Clark 
RR/Vancouver - rail 
improvements 

$1,019,000 Rehabilitates a portion of 
the rail line; also 
environmental and 
permitting work needed to 
improve the interchange 
facilities between the Lewis 
and Clark Railroad and the 
BNSF Railway. 

2010 Bellingham Bellingham - 
waterfront 
restoration 

$448,000 Environmental work for 
relocating a ¾-mile section 
of the track to allow the site 
to be redeveloped for 
recreational, residential, 
and commercial uses. 

2010 Eastern 
Washington 

Palouse River and 
Coulee City RR – 
rehabilitation 

$3,600,000 Rehabs PCC track & 
bridges in Grant, Lincoln, 
Spokane, & Whitman 
Counties. 

2010 Ephrata Port of Ephrata - 
FRIB 

$116,000 Rehabilitation of rail spur. 

2010 Moses Lake Port of Moses 
Lake/Northern 
Columbia Basin - 
RR environmental 

$2,000,000 Develop the required 
environmental documents 
to build a more direct line to 
the airport. 

2010 Olympia Intermodal 
infrastructure 
enhancement 
project, Port 

$2,663,000 Improves the intermodal 
infrastructure at the Port of 
Olympia’s ocean terminal.  
Three separate earmarks 
were provided. 

2010 Quincy Port of Quincy – 
short-haul 
intermodal pilot 
project 

$984,000 Purchase a rail container lift 
used to load/unload 
containers on to rail 
flat/stack cars, a forklift to 
position containers, 
essential computer and 
related communications 
equipment for business 
management, and upgrade 
the water and electrical 
service at the facility. 

2010 Walla Walla to 
Dayton 

Port of 
Columbia/Wallula 
to Dayton - track 
rehab 

$522,000 Rehabilitate the 69-mile line 
from Wallula to Dayton and 
various spur tracks. 
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2011 Creston Lincoln County 

PDA/Creston - new 
rail spur 

$337,978 Builds a stub-end spur into 
the publicly-owned 
industrial park directly west 
of Creston, WA. 

2011 Creston New Creston 
livestock feed mill 
spur track 

$30,000 Lincoln County PDA will 
construct 850` long railroad 
siding to connect to a new 
livestock feed plant. 

2011 Eastern 
Washington 

Palouse River and 
Coulee City RR 
Rail Authority - 
lines rehab 

$8,600,000 Rail authority-sponsored 
rehab of state-owned rail 
lines in Grant, Lincoln, 
Spokane, & Whitman 
Counties. 

2011 Ephrata Port of 
Ephrata/Ephrata - 
additional spur 
rehab 

$362,746 Replace additional 
3,000 ties needed for a new 
shipper locating to the Port. 

2011 Quincy Port of Quincy - 
FRIB 

$3,684,000 Construction of a rail loop. 

2011 Frederickson to 
Morton 

Tacoma 
Rail/Frederickson 
to Morton - track 
rehab 

$1,485,000 Replaces lightweight rail 
with new rail to handle 
heavier 286,000-pound 
freight cars. 

2011 Frederickson to 
Morton 

Tacoma 
Rail/Tacoma to 
Morton and Yelm - 
track rehab  

$755,000 Replaces rail and ties, 
which handles heavier 
286,000-pound freight cars. 

2011 Lincoln County CW Line/Lincoln 
County - grade 
crossing rehab 

$370,650 Rehabilitates and upgrades 
11 deteriorated road/rail 
grade crossings on the CW 
Line, part of the state-
owned former PCC, 
between Reardon and 
Wilbur. 

2011 Everett Port of Everett - 
FRIB 

$1,200,000 New rail track to connect a 
cement loading facility to 
the mainline. 

2011 Moses Lake Port of Moses 
Lake/Northern 
Columbia Basin – 
track rehab and 
extension 

$2,000,000 Extend and rehabilitate 
track that serves the 
industrial park to the east 
and north of the Grant 
County International 
Airport. 

2011 Pasco Port of Pasco - 
intermodal facility 
improvements 

$882,000 Expands the facilities rail 
infrastructure, improving 
east end connection for 
locomotives access through 
the port facility. 
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2011 Roy Tacoma Rail/Roy - 

new connection to 
BNSF and Yelm 

$525,000 Construct approximately 
4,300 ft. of new track, 
including a crossing of 
SR 507, to connect the 
Tacoma Rail line between 
Frederickson and Centralia 
with the BNSF branch line 
west of Roy. 

2011 Tacoma Tacoma 
Rail/Tacoma - 
improved 
locomotive facility 

$366,813 This project reconfigures 
the tracks for better 
accessibility as well as 
increasing the servicing 
capabilities with the new 
facilities. 

2011 Tacoma Tacoma 
Rail/Tacoma - new 
refinery spur tracks 

$420,000 Constructs a third rail spur, 
installs a new turnout and 
associated rail 
infrastructure to improve 
capacity and logistical 
capabilities. 

2011 Vancouver Chelatchie Prairie 
RR/Vancouver - 
track rehabilitation 

$366,813 This project will continue 
rehabilitation of the track 
between Rye Junction and 
Battle Ground, resulting in a 
Class I status, increasing 
freight mobility and 
attracting shippers to the 
line.  The project replaces 
ties, ballast, services rail 
joints, and replaces light 
weight rail. 

2011 Vancouver Clark 
County/Chelatchie 
Prairie RR - track 
rehab  

$1,000,000 Rehabilitation of the 33-mile 
segment of track between 
Vancouver and Battle 
Ground along the 
Chelatchie Prairie Railroad 
owned by Clark County. 

2012 Eastern and 
Western 
Washington 

Statewide - 
Washington 
Produce Rail Car 
Pool 

$1,974,000 There is a shortage of 
refrigerated railcars 
available to Washington 
growers during peak 
seasons. This project will 
create a fleet of refrigerated 
railcars. This will result in 
lower costs to growers and 
reduce the wear and tear 
on state roadways caused 
by heavy truckloads. 

Note: This table is summarized in Chapter 5, Exhibit 5-3. 

Source: WSDOT State Rail and Marine Office 
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Appendix 9: Glossary 

AAR 

Association of American Railroads 

AASHTO 

American Association of State Highway and Transportation Officials 

ACSES 

Advanced Civil Speed Enforcement System 

Amtrak 

American travel by track – National Railroad Passenger Corporation 

ARRA 

American Recovery and Reinvestment Act of 2009 

B.C. 

British Columbia 

B/C 

Benefit/cost 

BCRC 

British Columbia Railway 

BDTL 

Ballard Terminal Railroad 

BNSF 

BNSF Railway Company 

Break-bulk 

Break-bulk cargo is cargo that is too big or too heavy to fit into a 
container or traditionally cannot be vacuumed out of a ship. 
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BTS 

Bureau of Transportation Statistics 

BYCX 

Battle Ground Chelatchie Prairie Railroad 

CBRW 

Columbia Basin Railroad 

CERB 

Community Economic Revitalization Board 

CFR 

Code of Federal Regulations 

CIA 

Central Intelligence Agency 

Class I Railroad 

A railroad having annual carrier operating revenues of $250 million or 
more. 

Class II Railroad 

A railroad having annual carrier operating revenues of less than 
$250 million, but in excess of $20 million. 

Class III Railroad 

A railroad having annual carrier operating revenues of $20 million or less. 
 

Classification 

A sorting and grouping of rail cars according to destination point 

CLC 

Columbia and Cowlitz Railway 

Clearing 

Clearing refers to the crowning of a tunnel to allow taller rail cars to pass 
through or “clear” under the ceiling of the tunnel.  
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Climate Team 

Governor’s 2008 Climate Action Team – Transportation Implementation 
Working Group 

CMAQ 

Congestion Mitigation and Air Quality 

CO 

Carbon Monoxide 

CO2 

Carbon Dioxide 

CREATE Program 

Chicago Region Environmental and Transportation Efficiency Program 

CSCD 

Cascade and Columbia River Railroad 

CSX 

CSX Corporation 

CSXT 

CSX Transportation 

CTC 

Centralized Traffic Control 

CWA 

Central Washington Railroad 

DAHP 

Department of Archaeology and Historical Preservation 

Deep Draft Port 

A deep draft port is a port that can receive a ship with a laden draught of 
40 feed or less. A very deep draft port is one that can handle a laden 
draught of 45 feed or less, which are most container ships and other large 
ships including military ships.  
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Directional Running 

Directional running is the concept that trains are routed only one direction 
on a corridor.  Similar to a one-way street, operational capacity increases 
when all trains move in the same direction.  

DOT 

Department of Transportation 

DPU 

Distributed power units or mid-train helpers are engines that are placed in 
the middle of the train.  These additional engines help “power” a long or 
heavy train by distributing the load of the train between the front engines 
and those in the middle of the train.  

EA 

Environmental Assessment 

EDA 

Economic Development Administration 

EIS 

Environmental Impact Statement 

EPA 

Environmental Protection Agency 

ETMS 

Electronic Train Management System 

EWG 

Eastern Washington Gateway Railroad 

Export Elevators 

Export elevators are elevators that can load export ships directly from the 
elevator.  

FAF 

Freight Analysis Framework 
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FAST Corridor 

Freight Action Strategy Corridor 

FGTS 

Freight Goods and Transportation System 

FHWA 

Federal Highway Administration 

FLH 

Office of Federal Lands Highway 

FLHP 

Federal Lands Highway Program 

FLMA 

Federal land management agencies 

FMSIB 

Freight Mobility Strategic Investment Board 

FRA 

Federal Railroad Administration 
Fish and Wildlife Service 

FRIB 

Federal Rail Investment Bank 

GDP 

Gross Domestic Product 

GHG 

Greenhouse Gases 

Good Condition 

Not needing repair or maintenance. 



December 2009 Washington State 2010-2030 Freight Rail Plan 
Page A9-6 Appendix 9: Glossary 

Good Rail Access 

Trains can get in and out of a rail facility without delay to the facility, 
trains or other rail operations on a rail line. 

Grade Separation 

A grade separation is when an at-grade road that crosses a rail line is 
separated from the rail line by elevating the road as an overpass over the 
rail line or elevating the rail line on a trestle.  

GRNW 

Great Northwest Railroad 

Gross Business Income 

Gross Business Income is a measure of total revenue reported to the state. 

HCT 

High Capacity Transit 

HIM 

Hyundai Intermodal Terminal 

HR 

House Resolution 

HSIPR 

High-Speed Intercity Passenger Rail 

I-5, I-90 

Interstate 5, Interstate 90 

ID 

Idaho 

Intermodal Facility 

A site consisting of tracks, lifting equipment, paved and/or unpaved areas, 
and a control point for the transfer (receiving, loading, unloading, and 
dispatching) of trailers and containers between rail and highway and 
between rail and truck to/from marine modes of transportation. 
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Intermodal Ports 

Intermodal ports are those ports that move containers from ship to rail, 
producing unit trains of containers to be transported to the inland 
destinations. 

Intermodal Trains 

Intermodal trains are significant consumers of rail capacity because they 
are long, move at speeds similar to passenger trains, and require priority of 
movement.  The railroads market these trains at premium prices. They 
generate substantial revenue for the railroads.  

Intermodal Transfer Facility 

Intermodal transfer facilities are locations where freight is transferred 
between freight modes. 

IRS 

Internal Revenue Service 

ISTEA 

Intermodal Surface Transportation Efficiency Act 

ITS 

Intelligent Transportation System 

KCS 

Kansas City Southern 

KFR 

Kettle Falls International Railway 

L&I 

Labor and Industries 

LRFA 

Local Rail Freight Assistance Program 

LRT 

Light Rail Transit 
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LSC 

Longview Switching Company 

Mainline Switching 

Mainline switching is the process of picking up and setting out individual 
cars or sets of cars for specific shippers and receivers while the train is 
“parked” on the mainline; this blocks the mainline and reduces line and 
system capacity.   

Miles of Road 

Miles of road is a linear measure of distance that does not consider the 
number of tracks. Track miles is greater than miles of road. For example, 
if a rail segment has two mainlines, then the number of track miles is 
double the number of miles of road.  

MOU 

Memorandum of Understanding 

MP 

Milepost 

MPO 

Metropolitan Planning Organization 

MRL 

Montana Rail Link 

MSN 

Meeker Southern Railroad 

MVT 

Mount Vernon Terminal Railroad 

NEC 

Northeast Corridor 

NEPA 

National Environmental Policy Act 
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NHS 

National Highway System Designation Act of 1995 

NIM 

North Intermodal Yard 

NOx 

Nitrogen Oxide 
 

Northern Tier 

The Northern Tier refers to the rail corridor that runs through the eight 
neighboring states from the Pacific Northwest to Chicago.  These states 
are Washington, Oregon, Idaho, Montana, North Dakota, Minnesota 
Wisconsin, and Illinois. 

NS 

Norfolk Southern Railway 

NTSB 

National Transportation Safety Board 

ODOT 

Oregon Department of Transportation 

OLI 

Operation Lifesaver, Inc. 

Operated Miles 

Operated miles include the miles leased by the owner railroad to another 
railroad that operates on the owned line.  Operated miles are greater than 
owned miles.  

OR 

Oregon 

O-WR&N 

Oregon-Washington Railway and Navigation 
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PABs 

Private Activity Boards 

Panamax ships 

Panamax ships are ships that are physically able to pass through the 
current width of the Panama Canal.  These ships can not be any wider than 
106 feet. 

PCC 

Palouse River and Coulee City Railroad 

PIM 

Pierce County Terminal Intermodal 

PL 110-432 

Public Law 110-432, approved as HR 2096 

PLHD 

Public Lands Highway Discretionary Program 

PM10 

Particulate Matter 

PMV 

Port Metro Vancouver 

PNRS 

Projects of National and Regional Significance 

PNW 

Pacific Northwest 

PNWRC 

Pacific Northwest Rail Corridor 

Poor Physical Condition 

Track that is in disrepair from wear and tear or has deteriorated due to lack 
of maintenance. 
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POVA 

Pend Oreille Valley Railroad 

PPR 

Port of Prince Rupert 

Practical Capacity 

Practical capacity is the highest activity level at which the line can operate 
with an acceptable degree of efficiency, taking into consideration 
unavoidable losses of productivity.  

PRIIA 

Passenger Rail Investment and Improvement Act of 2008 

PRP 

Program, Park Roads and Parkways Program 

PSAP 

Puget Sound and Pacific Railroad 

PSE 

Puget Sound Energy 

PSRC 

Puget Sound Regional Council 

PTC 

Positive Train Control 

PTRR 

Portland Terminal Railroad 

PVJR 

Portland Vancouver Junction Railroad 

Rail Bank 

Freight Rail Investment Bank Program 
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Railroad Switch 

A mechanical installation enabling railway trains to be guided from one 
track to another at a railway junction. 

RCW 

Revised Code of Washington 

Reporting Mark 

A reporting mark is a two- to four-letter alphabetic code used to identify 
owners or lessees of rolling stock (e.g. rail car) and other equipment used 
on the North American railroad network. The marks are stenciled on each 
piece of equipment, along with a one- to-six-digit number, which together 
uniquely identifies every piece of equipment.  For example, this allows 
rail cars to be tracked by the railroad they are traveling over, which shares 
the information with other railroads and customers.  

RND 

Railroads for National Defense 

Ro-ro 

Roll-on, roll-off 

RoadRailers® 

A specialized truck trailer where the trailer can be attached to rail wheels 
to haul along the railroad without the use of a separate rail flat car. 

RR 

Railroad 

RRIF 

Railroad Rehabilitation and Investment Financing 

RS 

Royal Slope Railroad (also known as the Royal Slope Line) 

RSAC 

Railroad Safety Advisory Committee 

RSIA 

Rail Safety Improvement Act of 2008 
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RTPO 

Regional Transportation Planning Organization 

SAFETEA-LU 

Safe, Accountable, Flexible, and Efficient Transportation Equity Act: A 
Legacy for Users 

SDDC 

Military Surface Deployment and Distribution Command 

SEPA 

State Environmental Policy Act 

SEROps 

Southeastern Rail Operations Study 

Short-Line Railroad 

These are railroads that are regional or local (Class II and Class III) that 
provide service in support the Class I railroads.  Many times the short-line 
railroads transport the cargo a short distance from the Mainline hub to its 
final rail destination on a specific spur or to a intermodal facility. 

SI 

Spokane International Railroad 

SIB 

State Infrastructure Bank 

SIG 

Seattle International Gateway 

SIM 

South Intermodal Yard 

SO2 

Sulfur Dioxide 

SP 

Southern Pacific Railroad 



December 2009 Washington State 2010-2030 Freight Rail Plan 
Page A9-14 Appendix 9: Glossary 

SP&S 

Spokane, Portland, and Seattle Railway 

state 

Washington State 

STB 

Surface Transportation Board 

STRACNET 

Strategic Rail Corridor Network (Department of Defense) 

STP 

Surface Transportation Program 

Switching Railroad 

A railroad engaged primarily in switching services for other railroads. 

TCRY 

Tri-City and Olympia Railroad 

TEA-21 

1998 Transportation Equity Act for the 21st Century 

Terminal Railroad 

A railroad engaged primarily in terminal services for other railroads. 

TERR 

Tacoma Eastern Railroad 

TEU 

Twenty-Foot Equivalent Unit measuring 20 feet long by eight feet high by 
eight feet wide. 

TIFIA 

Transportation Infrastructure Finance and Innovation Act 

TIGER 

Transportation Investment Generating Economic Recovery 
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TMBL 

Tacoma Municipal Belt Line 

TPA 

Transportation Partnership Account 

Train Volumes 

Train volumes (average trains per day) reflect business activities that are 
fluctuated sharply and sensitive to economic climate.  Although the long-
term trend is upward, the short-term trend could drop significantly.  

Transloading 

The process of transferring a shipment from one mode of transportation to 
another. 

Transloading facility 

A facility where the transferring of a shipment from one mode of 
transportation to another takes place. 

TRMW 

Tacoma Rail Mountain Division 

TTCI 

Transportation Technology Center, Inc. 

TTPO 

Tribal Transportation Planning Organization 

TWC 

Track Warrant Control  

UP 

Union Pacific Railroad 

U.S. 

United States 

USACOE 

U.S. Army Corps of Engineers 
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USC 

United States Code 

USDOC 

U.S. Department of Commerce 

USDOT 

U.S. Department of Transportation 

USFS 

U.S. Forest Service 

UTC 

Utilities and Transportation Commission 

VMT 

Vehicle MilesTraveled 

WA 

Washington 

WAC 

Washington Administrative Code 

WCCC 

West Coast Corridor Coalition 

WIR 

Washington and Idaho Railway, Inc. 

WPPA 

Washington Public Ports Association 

WRS 

Western Rail Switching 

WSDOT 

Washington State Department of Transportation 
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WSTC 

Washington State Transportation Commission 

WTP 

Washington Transportation Plan 



December 2009 Washington State 2010-2030 Freight Rail Plan 
Page A9-18 Appendix 9: Glossary 

 





 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Richard Ford, Chair* 

Elmira Forner, Vice Chair 

Dan O’Neal* 

Edward Barnes* 

Bob Distler 

Dale Stedman 

Carol Moser* 

*Member of the Rail Study Committee 



 
 

STATE OF WASHINGTON 
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January 5, 2007 
 
 
The Honorable Christine Gregoire 
Office of the Governor 
P.O. Box 40002 
Olympia, Washington  98504-0002 
 
The Honorable Members 
Washington State Senate 
P.O. Box 40482 
Olympia, Washington  98504-0482 
 
The Honorable Members 
Washington State House of Representatives 
P.O. Box 40600 
Olympia, Washington  98504-0600 
 
Dear Governor Gregoire, Senators, and Representatives: 
 
The Washington State Transportation Commission respectfully submits the enclosed Statewide 
Rail Capacity and System Needs Study, which was approved by the Commission at its meeting 
on December 12, 2006.  Your interest in and attention to the need for policies to govern the 
State’s participation in the rail transportation system is important to the mobility and commerce 
of the State. 
 
The State has had a longstanding involvement in passenger rail service, investing heavily to 
develop the Amtrak Cascades intercity passenger rail service.  In the last decade, it has also 
provided emergency funding to failing short line railroads and purchased specialized freight cars 
to ensure that agricultural shippers in the State have access to service and equipment. 
 
The key question asked by the Legislature of this study was:  “Should the State continue to 
participate in the freight and passenger rail system, and if so, how can it most effectively achieve 
public benefits?”  Our conclusion is that the State should continue to participate in the freight 
and passenger rail systems. 
 
The study concludes that the economic vitality of Washington State requires a robust rail system 
capable of providing its businesses, ports, and farms with competitive access to North American 
and overseas international markets.  However, it also concludes that the rail system is nearing 
capacity.  Service quality is strained and rail rates are going up for many Washington State 
businesses.  The pressure on the rail system will increase as the Washington State economy 
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grows.  The total freight tonnage moved over the Washington State rail system is expected to 
increase by about 60 percent between 2005 and 2025.  The State’s role is necessarily shaped by 
the fact that nearly all freight railroads are privately owned for profit companies. 
 
The major freight railroads are investing to add capacity and improve service in Washington 
State, but their business practices and investment priorities are understandably driven primarily 
by the railroads’ national-level needs and competition.  The needs of Washington State 
businesses and communities are just one part of the railroads’ considerations.  Additional 
investment and incentives for investment are needed to ensure a robust rail system that meets 
Washington State’s economic needs, as well as the railroads’ business needs. 
 
A carefully planned program of state investments and other actions that are consistent with the 
policies recommended by the study will allow the State to realize a higher level of public 
benefits – in economic growth, jobs, tax revenues, and reduced community impacts – from the 
rail system than would be obtained without state participation.  However, the State should invest 
only when it has been demonstrated that projects will deliver public benefits to the citizens and 
businesses of Washington State, and when it has been demonstrated that there is a low likelihood 
of obtaining those benefits without public involvement. 

The study recommends policies, procedures, and approaches to governance and management of 
the State’s rail programs and assets that will help the State make effective and responsible 
improvements to the rail system – improvements that will serve the economic development, 
transportation, social, and environmental goals of Washington State and its citizens. 
 
The study points to but does not recommend specific improvements to the rail system.  If the 
Legislature chooses to adopt the policies and procedures recommended by the study, it may wish 
to apply the policies and procedures to determine the high-priority projects. 
 
We appreciate your support for transportation improvements statewide, and hope that these 
recommendations will help to expedite projects that will keep Washington moving and keep 
Washington’s economy thriving. 
 

Sincerely, 

 
Richard Ford 
Chairman 
Washington State Transportation Commission 
 
Enclosure 
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1.0 Executive Summary 

The Washington Rail Capacity and System Needs Study was 
requested by the Washington State Legislature to: 

• Assess rail needs in the State; 

• Determine the State’s interest in the rail system; 

• Develop policies to govern the State’s participation in the rail 
system; and 

• Develop a plan for managing the rail lines, railcars, and ser-
vice rights owned by the State. 

The State has had a longstanding involvement in passenger rail 
service, investing heavily to develop the Amtrak Cascades intercity 
rail service.  In the last decade, it also has provided emergency 
relief to failing short line railroads and purchased specialized 
freight cars to ensure that agricultural shippers in the State have 
access to service and equipment. 

The key question asked by the Legislature for this study was:  
“Should the State continue to participate in the freight and pas-
senger rail system, and if so, how can it most effectively achieve 
public benefits?”  Our conclusion is that the State should continue 
to participate in the freight and passenger rail systems. 

The Economic Vitality of Washington State Requires a Robust 
Rail System 

The economic vitality of Washington State requires a robust rail 
system capable of providing its businesses, ports, and farms with 
competitive access to North American and overseas international 
markets.  For example: 

• Manufacturers, lumber and wood products producers, and 
central and eastern Washington agriculture and food products 
businesses rely on rail transportation to move heavy, bulky 
products to market cost effectively.  These businesses generate 
14 percent of the State’s gross state product and 15.5 percent of 
its employment.  If rail service deteriorates, these businesses 
may shift their freight to trucks, but this will increase their 
transportation costs and may increase the cost to state and 
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local government of maintaining roads.  In some cases, the loss 
of rail service could drive businesses to relocate or close. 

• The State’s ports and international trade industry depend on 
rail to export grain and other agricultural products and to 
import intermodal containers of consumer goods.  The ports 
generate more than 200,000 jobs directly and indirectly, and 
over $500 million in state and local tax revenues.  If the rail 
system cannot deliver high-quality transportation services, 
especially for intermodal cargo that is not destined for 
Washington State, shippers will quickly shift to other ports.  
This could result in lower growth at Washington ports and a 
loss of port-related jobs.  In addition, export trade plays a 
major role in the Washington economy, ranking it first among 
states in export value per capita.  Without good rail connec-
tions to support both import and export trade, the Washington 
ports will become less attractive to ocean carriers, and ulti-
mately, the State will become a less attractive location for 
export businesses. 

• A high-quality intercity passenger rail service offers an alter-
native to automobile and air travel that can help reduce con-
gestion, energy use, and environmental impacts of highways.  
If the rail system cannot accommodate frequent and reliable 
intercity passenger rail service, the State risks losing the bene-
fits of passenger rail as an alternative to highway and air 
travel. 

The System Is Nearing Capacity 

The benefits that Washington State can obtain from a robust rail 
system are threatened because the system is nearing capacity.  
Service quality is strained and rail rates are going up for many 
Washington State businesses.  For example: 

• The Everett-Spokane line over Stevens Pass is the Burlington 
Northern Santa Fe Railway’s (BNSF) major transcontinental 
route for double-stack intermodal trains.  It operates today at 
about 123 percent of practical capacity.1 

                                                      
1 Practical capacity is about 60 percent of the theoretical capacity and 

provides reliable service; it is the point at which the system ceases to 
operate freely and reliably and begins to suffer slowdowns and 
congestion.  At higher percentages, rail congestion increases and 
service reliability deteriorates quickly.  For more information about 
how rail capacity is determined, see Technical Memorandum #3, Rail 
Capacity Needs and Constraints. 
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• The BNSF’s Auburn-Pasco line over Stampede Pass operates 
today at about 60 percent of practical capacity.  However, the 
line cannot be used to relieve the Everett-Spokane line, 
because the ceiling of the Stampede Tunnel is too low to 
accommodate double-stack intermodal container trains. 

• The BNSF’s Vancouver-Pasco line, which follows the Columbia 
River along the north side of the Gorge, is used by double-
stack intermodal container trains moving east, grain trains 
moving west to the Columbia River and Puget Sound ports, 
and carload trains moving both east and west to serve 
Washington State industrial and agricultural shippers.  The 
line is operating today at about 70 percent of practical capac-
ity.  With the Everett-Spokane line nearing capacity, the BNSF 
has been routing more intermodal trains south along the I-5 
rail corridor to Vancouver, Washington, and then east.  This 
has added considerable volume to the Vancouver-Pasco line. 

• The I-5 corridor rail line runs the length of the State from the 
Canadian border through Bellingham, Everett, Seattle, and 
Tacoma to Vancouver and Portland.  It is the backbone of the 
Washington State rail system, controlling access to the east-
west lines.  Most of the line is owned by the BNSF, but the 
BNSF shares operating rights in some segments with the 
Union Pacific Railroad (UPRR), Amtrak’s intercity-rail ser-
vices, and the Sounder commuter-rail operations.  The line 
operates at between 40 and 60 percent of practical capacity in 
most sections, but is subject to frequent stoppages when trains 
tie up the mainline to enter and exit the many ports, terminals, 
and industrial yards along the corridor.  Some half dozen sec-
tions are chronic choke points, causing delays that ripple 
across the entire Washington State and Pacific Northwest rail 
system. 

The pressure on the rail system will increase in the next decades.  
Between 2005 and 2025, the output of the Washington State econ-
omy (measured as gross state product) is expected to grow at an 
average of 3.5 percent per year.  The total freight tonnage moved 
over the Washington State rail system is expected to increase by 
about 60 percent over the period.  To accommodate this growth, 
many more rail lines within Washington State will be operating at 
or above their practical capacity. 

Growth in rail traffic and rail congestion issues are also affecting 
Washington communities by increasing delays for automobile and 
truck drivers at rail-highway crossings, creating noise and safety 
problems, and disrupting communities and environmentally sen-
sitive areas with construction projects.  Dealing with these 



 

 

Statewide Rail Capacity and System Needs Study 

4 

problems in an uncoordinated fashion on a case-by-case basis is 
often frustrating for both the communities and the railroads. 

As freight and passenger trains compete for time and space on the 
rail system, the capacity constraints may also frustrate the service 
and ridership plans for the State’s passenger-rail program.  The 
cost of resolving the rail choke points in the I-5 corridor to meet 
passenger service and ridership goals is increasing, potentially 
reducing the cost-effectiveness of the passenger rail program.  
Without capacity improvements, rail will not maintain its share of 
the Washington State freight market, rail shipping prices will 
increase, and service reliability will deteriorate for many of the 
State’s industrial and agricultural shippers. 

The Rail Industry Is Expanding Capacity, But May Not Meet All 
the State’s Needs 

The Class I railroads are adjusting their operations to increase the 
volume of freight moved through the system over the existing rail 
lines.  They are operating longer trains and maximizing the num-
ber of containers packed on intermodal cars; consolidating pick-
up and delivery of railcars at central terminals; and eliminating 
mainline switching wherever possible (i.e., minimizing the num-
ber of times trains are ‘parked’ on the mainline while picking up 
cars from individual shippers).  These changes favor a hook-and-
haul operations strategy, where the railroads pick up a full train in 
Seattle or Tacoma and haul it directly to Chicago, or pick up a full 
grain train in the Midwest and haul it directly to a Columbia River 
port.  Hook-and-haul operations allow the railroads to achieve 
economies of scale that keep costs down and services profitable.  
However, capacity will remain constrained in Washington even 
with these changes. 

The move toward wholesale rail service helps meet the needs of 
Washington State’s ports, which handle high volumes of imported 
intermodal containers and exported grain.  But it is problematic 
for Washington State’s manufacturers and agricultural shippers.  
They need low-cost, shorter-haul carload service and do not gen-
erate the high volumes attractive to the railroads.  In general, 
international intermodal container traffic has been outbidding 
domestic carload traffic for space on the rail system, and the rail-
roads have been pricing out lower-volume, lower-profit shippers 
to meet the demands of higher-volume, higher-profit freight. 

The shift toward high-volume, hook-and-haul operations is also 
problematic for Washington State’s short line railroads.  They 
provide a link between smaller shippers and the Class I railroads.  
If they cannot generate enough volume to get service 
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commitments from the Class I railroads, they lose revenue and 
customers.  This makes it difficult financially to maintain track 
and service quality, further undermining their ability to provide 
service to their customers and compete with trucking. 

While the Class I railroads are investing in the Washington State 
rail system to increase capacity and improve service, their busi-
ness practices and investment priorities are driven primarily by 
the railroads’ national-level needs and competition.  The needs of 
Washington State businesses and communities are just one part 
and not the largest part of the railroads’ considerations.  Addi-
tional investment and incentives for investment are needed to 
ensure a robust rail system that meets Washington State’s 
economic needs, as well as the railroads’ business needs. 

The State Should Participate in the Rail System in Partnership 
With the Private Sector to Increase Rail Capacity 

A carefully planned program of state investments and other 
actions, consistent with the policies recommended by the study, 
will allow the State to realize a higher level of public benefits – in 
economic growth, jobs, tax revenues, and reduced community 
impacts – from its rail system than would be obtained without 
state participation. 

The State should participate in the rail system through a mix of 
direct investment, financial incentives to private parties, and 
advocacy on behalf of Washington businesses and communities.  
However, the State should do so only when the projects or actions 
can be demonstrated to deliver public benefits to the citizens and 
businesses of the State of Washington, and when it has been dem-
onstrated that there is a low likelihood of obtaining these benefits 
without public involvement. 

The cost of state participation in the private rail system must be 
weighed against the benefits and costs of alternative modes.  For 
example, in some cases, the costs of maintaining and improving 
rail service may be higher than the costs of maintaining and 
improving highways to accommodate added truck and automo-
bile traffic.  The cost of improving rail service must also take into 
account the cost of mitigating the impacts of increased rail traffic 
on communities near terminals and along mainlines.  Finally, the 
cost of state participation should weigh Washington State benefits 
against national benefits.  When a substantial share of the benefits 
of a project accrue to rail users outside of Washington State, the 
State’s contribution should be limited.  This study recommends an 
approach to evaluating costs and benefits to the State and other 
beneficiaries in a systematic decision-making framework. 
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Washington State is not alone in facing challenges in the rail sys-
tem.  The nation is entering the early stages of a freight transpor-
tation capacity crisis.  The American Association of State Highway 
Officials (AASHTO), the congressionally-mandated National 
Surface Transportation Policy and Revenue Study Commission, 
and Congress, as it takes up renewal of the national transportation 
program, are trying to establish forward-looking national policies 
and visions for the rail system.  Washington State should take an 
active role in influencing the development of national policies and 
programs, and should look to multistate and Federal programs to 
help implement the recommendations of the report. 

The Washington State Transportation Commission recommends 
six policies.  They are summarized here and described in detail in 
Section 5.0, pages 38 to 53.  The recommendations are as follows: 

• Policy Recommendation #1:  Washington State should con-
tinue to participate in the preservation and improvement of 
both the freight and passenger rail transportation system 
where there are public benefits to Washington State, its 
businesses, and its communities.  The study provides guid-
ance on how state actions can be used to address the needs of 
carload industrial shippers, agricultural shippers, ports and 
international trade industries, and the passenger-rail users.  
These include suggestions for mainline, terminal, and access 
improvements; development of consolidation facilities and 
shipper rail sidings; assistance to short line railroads; and 
mitigation of rail impacts on Washington communities. 

• Policy Recommendation #2:  The State should base its deci-
sions to participate in projects, programs, and other rail ini-
tiatives on a systematic assessment and comparison of 
benefits and costs across users and across modes.  The State 
should estimate quantifiable costs and benefits; economic 
impacts; and qualitative benefits for the State, rail users, the 
railroads and other carriers, and communities.  Where appro-
priate, these benefits and impacts should be compared to the 
benefits and impacts of alternative investments in truck and 
barge services for freight, and the benefits and impacts of 
alternative investments in highway, bus, ferry, and air services 
for passengers. 

• Policy Recommendation #3:  Where the State determines 
there are sufficient public benefits to justify public partici-
pation in the preservation and improvement of the rail 
transportation system, its actions should be guided by the 
following general principles: 
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- Emphasize operations and nonfinancial participation in 
projects before capital investment; 

- Preserve and encourage competition; 

- Target actions to encourage private investment that 
advances Washington State economic development goals; 

- Leverage state participation by allocating cost responsibil-
ity among beneficiaries; and 

- Require projects to have viable business plans. 

• Policy Recommendation #4:  The State should designate a 
single entity to coordinate and direct the State’s participa-
tion in the preservation and improvement of the rail trans-
portation system.  This entity should have the authority to 
negotiate directly with the railroads.  The Class I railroads are 
large national corporations.  The State can be an effective 
advocate for a multiplicity of state, business, and community 
interests, but cannot do so without a coordinated and unified 
vision and voice. 

• Policy Recommendation #5:  The State should take an active 
role in influencing and shaping the development of national 
rail policies and programs.  The State should also develop a 
multistate coalition to address rail system needs across the 
Pacific Northwest.  The Washington State rail system is an 
integral part of the national and Pacific Northwest rail sys-
tems.  The State’s rail needs transcend the State’s boundaries.  
The congressionally-mandated National Surface Transportation 
Policy and Revenue Study Commission, the American 
Association of State Highway and Transportation Officials, the 
Association of American Railroads, Congressional committees, 
and other groups are working to establish forward-looking 
national visions, policies, and programs for the rail system.  
Washington State should participate actively in these discus-
sions.  As part of this process, Washington State and its 
neighbors should also establish a multistate coalition to 
address rail system needs across the Pacific Northwest.  
Washington State and its neighbors should use the coalition as 
a forum to establish their common needs and work with the 
railroads to identify, prioritize, and implement the most cost-
beneficial regional improvements.   

• Policy Recommendation #6:  The State should implement 
the asset management plan developed as part of this study to 
govern investment and management decisions for state-
owned rail assets.  The asset management plan sets objectives 
for the rail lines, specialized railcars, and service rights that 
the State owns; establishes performance measures to 
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determine if these objectives are being met; and describes 
management practices to ensure that the State’s rail assets 
return maximum benefit to the public. 
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2.0 Introduction and Background 

 2.1 Purpose of the Study 

The Washington Rail Capacity and System Needs Study was initiated 
by the Washington State Legislature to answer the question:  
“Should the State continue to participate in the freight and pas-
senger rail system, and if so, how can it most effectively achieve 
public benefits?” 

 2.2 Issues 

The State has had a longstanding involvement in passenger rail 
service.  In the last decade, it has provided emergency relief to 
failing short line railroads and purchased specialized railcars to 
ensure that agricultural shippers in the State have access to cars 
and service.  The state rail policy has evolved through multiple 
major policy reviews (the most recent in 1995), legislation, and the 
Washington Transportation Plan (WTP). 

The pressure to provide more structured guidance for state 
investments and actions has grown sharply in the last several 
years as the demand for rail service has begun to outstrip capacity 
and the price of rail service to Washington State shippers has 
increased.  Today, the State faces some difficult issues. 

The Railroads Are Focusing on High-Volume and Long-Haul 
Services, But the State’s Industrial and Agricultural Shippers 
Also Need Low Volume and Short-Haul Services 

Long-haul intermodal container trains and long-haul unit grain 
trains moving to and from Washington State’s ports are the least 
complex and the most profitable for the Class I railroads to oper-
ate.  As a result, the railroads have reoriented their operations to 
accommodate this business.  But many Washington State shippers 
are low-volume carload shippers who generate only a few dozen 
carloads a week or a month, and they are being priced out of the 
rail market.  When should the State help meet the needs of the 
ports and international trade business for premium long-haul rail 
service, and when should the State help meet the needs of 

Study Mandate from 
2005-2007 
Transportation Budget 
Proviso 
The Purpose of this 
study is to –  
a) assess the rail freight 
and rail passenger 
infrastructure needs in 
this State; b) review the 
current powers, 
authorities, and 
interests the State has in 
both passenger and 
freight rail; 
c) recommend public 
policies for state 
participation and 
ownership in rail 
infrastructure and 
service delivery, 
including, but not 
limited to, planning and 
governance issues; and 
d) develop a rail asset 
management plan. 
The commission shall 
report their findings and 
conclusions of this study 
to the transportation 
committees of the 
legislature by 
December 1, 2006. 
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agricultural and local shippers for low-cost, shorter-haul rail 
services? 

Rail Is Being Asked to Absorb Some of the Traffic Growth from 
Congested Highways 

The I-5 corridor and many of the State’s urban highways are con-
gested.  The public sees expanded freight and passenger rail ser-
vices as part of the solution to highway congestion.  But most rail 
shipments are long-distance shipments.  Investment in new rail 
capacity may not moderate growth in truck traffic – most of which 
is associated with short- and medium-distance trips – on the 
State’s congested urban highways.  When and where should the 
State invest in freight and passenger rail capacity to help relieve 
highway congestion?  How can the State ensure that the best use 
is made of each of its transportation modes? 

Short Line Railroads Are Being Asked to Support Agricultural 
Shippers and Communities 

Short line railroads provide low-cost transportation to manufac-
turers across the State and to shippers in the agricultural commu-
nities of eastern and central Washington, enabling these shippers 
to compete in world markets.  But with low traffic volumes and 
high operating costs, many short lines are at risk of failing finan-
cially.  When should the State invest in short lines to support 
existing jobs and communities? 

The Intercity Passenger Rail Program Is Being Asked to Increase 
Ridership 

The Legislature established an intercity passenger-rail program.  
Ridership and revenues have been increasing, but on-time per-
formance has been decreasing as freight traffic increases.  Consid-
erable additional investment is needed to achieve the program’s 
longer-term goals of more frequent service and higher ridership.  
Some of the investments may benefit freight rail, as well as pas-
senger rail.  When should the State invest to improve passenger 
rail service and reliability? 

 2.3 Structure of the Report 

The report is organized as follows: 

• Chapter 3.0 – Washington State Rail System, Rail Users, 
Capacity, and Issues describes the rail system, identifies the 
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key rail users, summarizes the study findings about current 
and projected capacity, and discusses the implications of 
capacity and service shortfalls for rail users and Washington 
State; 

• Chapter 4.0 – Washington State Powers, Authorities, and 
Interests summarizes the State’s current rail policies and pro-
grams; lists the State’s recent investments in rail lines, railcars, 
and other rail equipment; and identifies – in broad terms – the 
roles that the State can play to shape the future of the rail sys-
tem; and 

• Chapter 5.0 – Policy Recommendations details the six policy 
recommendations. 
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3.0 Washington State Rail System, 
Rail Users, Capacity, and Issues 

 3.1 Washington State Rail System 

The Washington State rail system comprises mainlines, branch 
lines, industrial spurs and leads, and rail yards and terminals 
operated by a variety of public and private rail carriers.  (See 
Figure 1.)  The freight railroads operate 3,628 miles of rail service 
in Washington State over 2,523 miles of rail lines.2 

 

Long-haul rail transportation is provided by two Class I rail-
roads – BNSF and UPRR.  The BNSF owns and operates the most 
mileage in the State – 1,572 in-state-operated miles, constituting 
5 percent of the BNSF’s total system mileage.  The dominant posi-
tion of the BNSF in many of the State’s rail markets has significant 
implications for the degree of leverage that the State, rail shippers, 
and communities have in influencing its business decisions. 

                                                      
2 Operated miles are greater than owned miles, because owning 

railroads lease operating rights over their lines to other railroads.  And 
in a few areas, the U.S. Department of Transportation (DOT) Surface 
Transportation Board, which has economic regulatory oversight of the 
railroads, has mandated provision of operating rights to ensure 
competition between railroads. 

Who Operates the Rail System? 
Railroad classification is determined by the Federal Surface Transportation 
Board.  In 2004, Class I railroads were defined as railroads having 
$289.4 million or more in operating revenues.  Class II railroads (referred to 
regional railroads) were defined as non-Class I line-haul railroads operating 
350 miles or more with operating revenues of at least $40 million.  Class III 
railroads (or short line railroads) were defined as all remaining non-Class I or 
II line-haul railroads.  Switching or terminal railroads are railroads engaged 
primarily in switching and/or terminal services for other railroads. 
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Figure 1. Washington State Rail System 
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The BNSF System in Washington State 

The BNSF owns and operates three east-west lines:  The Everett to 
Spokane line, which passes through the Cascade Tunnel at Stevens 
Pass, is BNSF’s primary route for double-stack intermodal traffic.  
The Auburn to Pasco route crosses the mountains through the 
Stampede Pass tunnel.  The ceiling of the Stampede Pass tunnel is 
too low for double-stack intermodal container trains, limiting the 
capacity of this route.  The third route follows the north side of the 
Columbia River from Vancouver, Washington to Pasco.  This is 
the primary route for export grain trains inbound to the Columbia 
River ports, but due to heavy traffic through Stevens Pass, this has 
become a reliever route for intermodal traffic moving from Seattle 
and Tacoma to Vancouver, Washington, and then east along the 
river. 

These BNSF east-west corridors converge in Spokane to feed the 
two major BNSF routes providing access to grain producers in the 
Midwest and intermodal freight connections in Chicago. 

The three east-west routes are linked by the north-south I-5 rail 
corridor.  The I-5 corridor rail line runs the length of the State 
from the Canadian border through Bellingham, Everett, Seattle, 
and Tacoma to Vancouver and Portland.  It is the backbone of the 
Washington State rail system, controlling access to the east-west 
lines.  Most of the line is owned by the BNSF, but the BNSF shares 
operating rights over the line with the UPRR, Amtrak’s intercity-
rail services, and Sounder commuter-rail operations.  (The UPRR 
also owns sections of rail line in the Auburn-Tacoma area that 
parallel the BNSF line.) 

The UPRR System in Washington State 

The UPRR’s primary east-west corridor serving traffic in and out 
of Washington State is in Oregon, running between Portland and 
Hinkle on the south side of the Columbia River Gorge.  At Hinkle, 
the line forks:  one line runs northeast from Hinkle to Spokane, 
linking up with the Canadian Pacific near Eastport, Idaho; and the 
other line runs southeast from Hinkle to Pocatello, Idaho, con-
necting to the UPRR’s Central Corridor and the heavily trafficked 
lines serving the Powder River Basin coal fields.  This line is the 
UPRR’s major connection between the grain producing regions of 
the Midwest and the Columbia River and Puget Sound ports.  For 
the last 12 miles of the Hinkle to Spokane line (from Fish Lake to 
Spokane), the UPRR operates on the BNSF Lakeside Subdivision 
via trackage rights. 

What Types of Services 
Do Freight Railroads 
Provide? 

Intermodal services receive 
fully-loaded and sealed truck 
trailers or containers from 
ships or trucks directly onto 
railcars for transport.  
Intermodal shipments are 
generally higher-value, lower-
weight commodities than unit 
or carload trains. 

Carload services are those 
that use a variety of railcar 
types to carry a range of 
commodities to a variety of 
customers.  They generally 
carry lower-volume, higher-
weight commodities than 
Intermodal trains.  Examples 
of commodities shipped by 
carload include farm 
products, lumber, chemicals, 
and paper products.  

Unit carload trains are 
those in which every car in 
the train is shipped from the 
same origin to the same 
destination.  They are used for 
high-volume goods, such as 
coal, garbage, wheat, or any 
other suitable product 
gathered at one location for 
shipment. 
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North of Vancouver, Washington, the UPRR has operating rights 
over the BNSF’s I-5 rail line as far as Tacoma and Seattle.  This is 
the UPRR’s primary intermodal route connecting to the Ports of 
Seattle and Tacoma.  South of Portland, the UPRR owns and oper-
ates the I-5 mainline, which is the major conduit for forest prod-
ucts from British Columbia, Washington, and Oregon to the 
growing population centers of Southern California and the 
Southwest.  (The BNSF serves these markets using its line through 
Bend, Oregon, which parallels the UPRR line.  The BNSF and the 
UPRR then share operating rights over the UPRR line through 
southern Oregon and Northern California.) 

Short Lines 

Each of the large Class I railroads is served by a number of smaller 
regional, short line and terminal railroads, which pick up and 
distribute railcars to individual industrial and agricultural ship-
pers and receivers.  These railroads provide critical services, par-
ticularly in lower-density rail corridors and markets where the 
Class I railroads cannot operate cost-effectively.  In a number of 
cases, the short lines operate on branch lines that were previously 
owned and operated by the Class I railroads. 

Intercity Passenger Rail 

Intercity passenger rail service in Washington State is provided by 
Amtrak.  The service with the highest ridership is the Amtrak 
Cascades service, operated by Amtrak in partnership with 
Washington State DOT.  The Amtrak Cascades provides service 
along the I-5 rail corridor from Vancouver, British Columbia in the 
north through Everett, Seattle, Tacoma, and Olympia, and then 
south to Portland, Oregon.  Oregon is a funding partner, under-
writing Amtrak Cascades service to Eugene, Oregon.  Amtrak also 
operates the Coast Starlight train between Seattle and Portland, 
and the Empire Builder train between Seattle and Spokane and 
between Portland and Spokane, with connections from Spokane 
east to Chicago. 

 3.2 Washington State Rail Users 

Rail provides critical transportation for manufacturers, agricul-
tural producers, lumber and wood products producers, the food 
products industry, and the ports and international trade sector – 
all important sectors of the Washington economy.  Consider these 
statistics: 
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• Manufacturers, agricultural producers, and lumber and wood 
products producers generate 14 percent ($37 billion) of the 
State’s $262 billion economic output value (gross state prod-
uct) and 15.5 percent (425,700 jobs) of the State’s employment. 

• The Washington State ports generate between 200,000 and 
300,000 direct, indirect, and trade-related jobs in the State.  A 
portion of these jobs depend directly or indirectly on rail service. 

• Sixteen percent of all freight tonnage moved in Washington 
State moves by rail. 

Rail service is critical because it enables these Washington State 
industries to ship heavy or bulky commodities over long distances 
at low costs.  Table 1 lists the top 10 outbound Washington State 
rail commodities by tonnage for 2004 and the forecast tonnages for 
2015 and 2025.  These are commodities that are shipped out of 
Washington State by rail.  “Miscellaneous mixed shipments” are 
primarily merchandise and retail trade goods; many are moving 
in intermodal containers. 

Table 1. Top 10 Outbound Commodities by Tonnage, 2004, 2015, and 2025 

 Rail Tonnage 
Compound Annual  

Growth Rate 

STCC Commodity 2004 2015 2025 
2004-
2015 

2015-
2026 

2004-
2025 

46 Miscellaneous mixed shipments 6,516,304 11,309,371 19,060,968 5.1% 5.4% 5.2% 

24 Lumber or wood products 4,506,679 4,072,939 4,183,956 -0.9% 0.3% -0.4% 

11 Coal 2,142,403 2,743,497 3,184,686 2.3% 1.5% 1.9% 

40 Waste or scrap materials 1,543,296 2,377,099 3,260,635 4.0% 3.2% 3.6% 

26 Pulp, paper, or allied products 1,231,469 1,556,870 1,752,517 2.2% 1.2% 1.7% 

20 Food or kindred products 1,075,792 1,662,293 2,389,104 4.0% 3.7% 3.9% 

37 Transportation equipment 826,102 2,090,719 4,523,959 8.8% 8.0% 8.4% 

1 Farm products 700,653 997,648 1,385,204 3.3% 3.3% 3.3% 

33 Primary metal products 606,415 677,274 597,161 1.0% -1.3% -0.1% 

28 Chemicals or allied products 353,040 381,960 367,654 0.7% -0.4% 0.2% 

Source: Global Insight, Inc., 2006. 

Figure 2 compares the 2004 tonnages to the forecast tonnages for 
2015 and 2025.  This figure includes commodities that are shipped 
into and out of Washington State; the previous figure showed 
only outbound commodities. 
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Figure 2. Washington State Rail Tonnage by 
Commodity (2004) and Forecast Tonnage 
(2015 and 2025) 
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Source: Global Insight, Inc., 2006. 

Lighter commodities, such as merchandise and retail trade goods 
moving in intermodal containers, take up more railcar space and 
generate more trains than heavy, densely packed commodities, 
such as wheat or chemicals.  While intermodal container ship-
ments (a portion of miscellaneous mixed shipments) represent 
only 24 percent of tonnage in 2004, they represent 69 percent of 
railcar units.  By 2025, intermodal container shipments will be 
40 percent of tonnage and 81 percent of railcar units. 

Without rail service, some of the Washington State businesses 
shipping by rail today would shift their rail freight to trucking, 
increasing their transportation costs and the cost to state and local 
government of highway maintenance; some would relocate to 
other states with the necessary rail service; and others might be 
forced out of business if higher transportation costs make them 
less competitive in global markets.  This is of particular concern in 
the agricultural sector, where many traditional Washington crops 
are already under intense price competition in both domestic and 
international markets and where small increments of added cost 
can have significant impacts on competitive position. 

3.2.1 Manufacturers/Industrial Carload Shippers 

Manufacturing and industrial products industries are among the 
largest rail-using Washington State businesses, and they primarily 
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use rail carload services.  Shippers include producers of metals, 
machinery, transportation equipment (including airplanes), wood 
and paper, and petroleum and plastic products.  In 2004, the larg-
est tonnage volumes of outbound shipments from these industries 
were waste and scrap materials; pulp, paper, and allied products; 
transportation equipment; primary metal products; and chemicals 
and allied products.  Inbound manufactured or industrial prod-
ucts included coal; chemicals; clay, concrete, glass and stone; pulp 
and paper; and primary metal products. 

Manufacturers interviewed for this study expect their volume of 
shipments to grow steadily, and economic forecasts show the 
demand for carload shipments growing at a compound rate of 
1.8 percent per year for general manufacturing and 1.4 percent for 
lumber and wood products.  However, many of the shippers 
reported that they were paying higher prices, were getting lower-
quality service, and were often having business turned away by 
the railroads.  These shippers will substitute truck for rail when 
they can, but for shippers of bulky, semifinished products or pri-
mary materials, trucking may not be feasible or cost-effective.  In 
the longer term, there is a risk that Washington State will lose 
some of the businesses that depend on carload shipments to relo-
cation or closure. 

3.2.2 Ports and International Trade Sector/Intermodal 
Container Shippers 

International trade generates huge flows of intermodal containers 
through the Ports of Seattle and Tacoma.  Between 1994 and 2004, 
container traffic grew at an average annual rate of 3.7 percent at 
the Port of Tacoma, and 2.6 percent at the Port of Seattle.  Much of 
the container traffic consists of merchandise and retail goods 
imported from Asia through the Ports, and then transferred to rail 
for shipment to Midwest and eastern U.S. markets.  Intermodal 
rail traffic supporting the Ports and international trade is forecast 
to grow at a compound annual growth rate of 5.8 percent between 
2005 and 2025. 

Businesses and consumers across the U.S. benefit from this inter-
national trade, but healthy deepwater ports also provide benefits 
to Washington State.  The Ports of Seattle, Tacoma, and Vancouver 
estimate that the total number of statewide jobs connected to each 
port are:  166,680 for the Port of Seattle; 113,000 for the Port of 
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Tacoma; and 15,500 for the Port of Vancouver.3  The Ports also 
contribute over $500 million in state and local taxes associated 
with their maritime cargo operations.  Washington State ranks 
third among all states in annual export value, and first in export 
value per capita.  While many Washington State exporters do not 
use the rail system to deliver goods to the State’s ports, the exis-
tence of a healthy rail system is important, because it brings more 
traffic to the ports and more shipping services that can be used by 
Washington State exporters.  Ocean carriers make decisions about 
which ports to call, at what frequency, and with what services 
offered based on the overall market potential associated with the 
port.  Strong long-haul rail services allow ocean carriers to access 
larger and more distant inland markets.  Local export shipments 
help to balance import and export flows for the carrier.  Thus, a 
strong rail system helps attract ocean carrier services to 
Washington State’s ports and makes the State a more attractive 
location for national, regional, and local export businesses. 

The ability of the Washington State trade sector to deliver these 
benefits to the economy is critically dependent on the ability of the 
Ports to compete with other North American ports.  This is con-
firmed by experience of the last decade; first with loss of market 
share to Southern California ports, and then with gains as the 
California gateway experienced capacity problems.  Looking for-
ward, the Ports will face new competition from the Port of 
Vancouver, British Columbia; a new port being built specifically 
for North American inland container traffic at Prince Rupert, 
British Columbia; and “all-water” services that use the Panama 
Canal to reach East Coast ports.  In this environment, an efficient 
rail system with good on-dock and near-dock connections is an 
important competitive advantage. 

3.2.3 Agriculture and Foods Products Industry/Bulk 
and Specialized Carload Shippers 

Agriculture and food products manufacturers are an important 
economic sector in the State, generating 3 percent of the gross 
state product and accounting for 6 percent of the employment.  
Washington State ranked 11th among states in agricultural 

                                                      
3 These job estimates are self-reported by each port based on economic 

impact studies conducted by Martin Associates in 2001 (Vancouver), 
2004 (Seattle), and 2005 (Tacoma).  The Port of Seattle explains that 
their estimates include direct, indirect, and induced jobs related to 
marine cargo activities, as well as jobs with associated regional 
manufacturing and distributions firms moving cargo through the Port. 
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production in 2002, producing crops and livestock valued at over 
$5.3 billion.  Agriculture is the major source of employment in 
many of the State’s rural counties. 

By tonnage, 36 percent of all Washington State agricultural ship-
ments move by rail.  Agricultural rail traffic outbound from 
Washington State is expected to grow at a compound annual 
growth rate of 3.3 percent over the next 20 years.  Washington 
State also has a growing food products industry with particular 
strengths in frozen foods (7.3 percent of U.S. output) and wine 
production. 

However, most of the agricultural tonnage moving on the 
Washington State rail system is Midwestern grain moving to the 
Lower Columbia River and Puget Sound ports for export.  And 
because Midwestern grain is moving long distances by unit train, 
it is generally more profitable for the railroads than local 
Washington State agricultural shipments, which often are moving 
shorter distances for export or require specialized handling. 

The Class I railroads are asking Washington agricultural shippers 
to consolidate their shipments at new facilities (such as the 
Ritzville loader), and this may prove economical for those ship-
pers who can accommodate the changes.  But these changes will 
affect the short lines, which may see declines in their markets; 
operators of small grain elevators along the short lines who also 
stand to lose business; and the remaining shippers on the short 
lines who could see reductions in service and increased costs. 

The challenge faced by Washington State agriculture is to main-
tain competitive rail service as it focuses on higher-value added 
crops and produce that may not generate the volumes that are 
attractive to the Class I railroads. 

3.2.4 Passenger Rail Riders 

Washington State supports intercity passenger rail and commuter 
rail services.  The major service is the Amtrak Cascades intercity 
rail program, which provides service from Vancouver, British 
Columbia through Everett, Seattle, Tacoma and Olympia, and 
then south to Vancouver, Washington and Portland and Eugene, 
Oregon.  The program currently provides four round trips daily 
between Seattle and Portland, with one round trip daily between 
Seattle and Bellingham, and one round trip daily between Seattle 
and Vancouver, BC.  Ridership in 2005 was about 421,000 on the 

How do Amtrak 
Cascades ridership 
forecasts compare with 
other intercity corridors? 

Amtrak Cascades – In 
2005, three round-trip trains 
between Seattle to Portland 
served 0.4 million riders.  In 
2023, 17 round-trip trains 
(13 between Seattle and 
Portland and 4 north of 
Seattle) are forecast to serve 
3.0 million riders. 

Capitol Corridor* – In 
2003, 12 round-trip trains 
between San Francisco Bay 
Area and Sacramento served 
1.14 million riders. 

Surfliner Corridor* – In 
2003, 11 daily round-trip 
trains between San Diego, 
Los Angeles, and San Luis 
Obispo served 2.2 million 
riders. 

Northeast Corridor – In 
2001, 42 round-trips trains 
between Boston to New 
York to Washington, D.C. 
served 10.9 million riders. 
*Source: Amtrak Strategic Plan 
FY2005-2009, Amtrak, June 2004. 
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Rail Capacity is 
calculated in a two-step 
process. 

First, a “theoretical 
capacity” is determined, 
assuming perfect 
conditions and 
operations. 

Second, “practical 
capacity” is determined 
by considering factors, 
such as possible 
disruptions, signal 
needs, human decisions, 
weather, possible 
equipment failures, 
supply and demand 
imbalances, and 
seasonal demand. 

Practical capacity is 
about 60 percent of the 
theoretical capacity and 
provides reliable service; 
it is similar to a 
highway level of service 
of “C.”  At higher 
percentages, rail 
congestion increases and 
service reliability 
deteriorates quickly. 

four trains that were supported financially by Washington State at 
that time, and about 637,000 on the entire Cascades service.4  The 
State’s passenger rail plans envision serving up to 3.05 million rid-
ers with 17 round-trip trains (13 between Seattle and Portland and 
4 north of Seattle) in 2023. 

Sound Transit provides Sounder commuter rail services in the 
Puget Sound region, with weekday peak-period service between 
Seattle and Tacoma and between Seattle and Everett.  Both ser-
vices operate over BNSF tracks.  The Cascades service is operated 
by Amtrak; the Sounder commuter trains are operated by BNSF 
and maintained by Amtrak. 

In the Puget Sound region, Sounder ridership is projected to grow 
from 1.2 million passenger trips in 2006 to 2.6 million passenger 
trips in 2011, a five-year increase of 117 percent. 

Forecasts for both the Amtrak Cascades and the Sounder services 
are predicated on substantial investments to increase capacity and 
improve operations along the I-5 rail corridor.  Full build out of 
the draft Long-Range Plan for the Cascades program calls for 
additional investments of $6.5 billion (in 2006 dollars) by 2023. 

 3.4 Capacity of the Washington State Rail 
System and Implications for Rail Users 

The Washington State rail system is nearing capacity; service 
quality is strained, and rates are going up. 

Figure 3 compares the average number of trains operated on each 
line to the practical capacity of the line. 

The Everett-Spokane line, which passes through the Cascade 
Tunnel at Stevens Pass, is the BNSF’s major transcontinental route 
for double-stack intermodal container trains.  It is heavily used, 
operating today at about 123 percent of practical capacity. 

                                                      
4 As of July 1, 2006, there are four round trips daily on the Seattle to 

Portland segment.  Prior to this, there were only three round trips 
daily. 

5 A range of ridership projections were produced that varied based on 
fare structure and other variables. 3 million is a higher end projection. 
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Figure 3. Washington State Rail System:  Mainline Capacities, 2006 
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The BNSF’s Auburn-Pasco line, which passes through the 
Stampede Tunnel, operates today at about 60 percent of practical 
capacity.  The line cannot be used to relieve the Everett-Spokane 
line, because the ceiling of the Stampede Tunnel is too low to 
accommodate double-stack intermodal container trains.  Grades 
over Stampede Pass also make it difficult to haul heavy-loaded 
unit grain trains along this line. 

The BNSF’s Vancouver-Pasco line, which follows the Columbia 
River along the north side of the Gorge, is used by double-stack 
intermodal container trains moving east, grain trains moving west 
to the Puget Sound and Columbia River ports, and carload trains 
moving both east and west to serve Washington State industrial 
and agricultural shippers.  The line is operating today at about 
70 percent of practical capacity. 

The I-5 corridor rail line runs the length of the State from the 
Canadian border, Bellingham and Everett through Seattle, and 
Tacoma to Vancouver and Portland.  It is the backbone of the 
Washington State rail system, controlling access to the east-west 
lines.  Most of the line is owned by the BNSF, but the BNSF shares 
operating rights over the line with the UPRR, Amtrak’s intercity-
rail services, and the Sounder commuter-rail operations.  The line 
operates at between 40 and 60 percent of practical capacity in most 
sections, but is subject to frequent stoppages when trains tie up 
the mainline to enter and exit the many ports, terminals, and 
industrial yards along the corridor.  Some half dozen sections are 
chronic choke points, causing delays that ripple across the entire 
Washington State and Pacific Northwest rail system. 

Rail Choke Points 

Figure 4 locates the major rail choke points by type across the 
Washington State rail system. 

With the Everett-Spokane line nearing its maximum capacity, the 
BNSF has been routing more intermodal trains south along the I-5 
rail corridor to Vancouver, Washington, and then east.  This has 
added considerable volume to the Vancouver-Pasco line along the 
Columbia River Gorge, and made the scheduling of train moves 
through the Gorge and along the I-5 rail corridor more complex. 
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Figure 4. Washington State Rail System:  Rail Choke Points, 2006 
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The on-time performance of the Amtrak Cascades service has 
dropped, and delays for both BNSF and UPRR freight trains have 
increased, although recent changes in freight operating practices 
have improved performance somewhat.  The problem is particu-
larly acute in the Portland/Vancouver area, where the railroads’ 
north-south and east-west routes intersect.  Rail simulation stud-
ies of grain trains bound for the ports, intermodal trains running 
through, industrial carload trains serving local industries, and 
intercity passenger trains shuttling up and down the I-5 corridor 
show that the delay hours per train moving through the Portland/
Vancouver area are greater than the delay hours for trains in the 
Chicago area, one of the nation’s most congested rail hubs.6 

The Class I railroads are adjusting their operations to increase 
the volume of freight moved through the system over the 
existing rail lines, but the operational changes may not be suffi-
cient to satisfy the future needs of Washington shippers.  The 
short-term operating strategies being pursued by the railroads 
include the following: 

• Operating longer 8,000-foot trains and maximizing the 
number of containers packed on intermodal flat cars; 

• Marketing and operating single origin and destination unit 
trains for carload traffic; 

• Consolidating pick-up and delivery of railcars at central 
terminals operated by third parties (examples include new 
rail-served industrial parks, logistics hubs, and transload 
centers); 

• Eliminating mainline switching whenever possible (i.e., 
picking up and setting out individual cars or sets of cars for 
specific shippers and receivers while the train is “parked” on 
the mainline; this blocks the mainline and reduces line and 
system capacity); and 

• Transferring responsibility for branch-line switching from the 
Class I railroads to local short lines, wherever possible. 

These strategies will help meet the needs of the ports and inter-
modal shippers, but will likely complicate the problem of 

                                                      
6 “Freight, Intercity Passenger and Commuter Rail,” PowerPoint 

presentation to the Portland-Vancouver I-5 Transportation and Trade 
Partnership on May 21, 2002; and “Final Strategic Plan:  June 2002,” 
prepared by Willard F. Keeney and HDR, Inc. for the Portland-
Vancouver I-5 Transportation and Trade Partnership. 
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industrial carload shippers who cannot take advantage of longer 
and better packed intermodal trains.  The Class I railroads are 
asking shippers, wherever possible, to reorganize and upgrade 
their tracks and track layouts to improve switching efficiency and 
be more compatible with the railroads’ hook-and-haul operations.  
The more track space within the shipper’s property and the longer 
the entrance and exit tracks, the faster and more efficiently the 
railroad can pick up or set out cars.  This saves time and labor 
costs for the railroads and keeps high-volume mainlines open 
more hours of the day for through train movements.  But for low-
volume shippers, the costs of these site improvements are usually 
prohibitive.  The same problems apply to consolidating rail pick-
up and delivery of railcars at central terminals operated by third 
parties; unless the consolidation centers are well located, 
designed, and financed, the financial risks to shippers and opera-
tors may be very high. 

Consolidation and outsourcing of terminal operations to third 
parties and transfer of branch-line switching from Class I to short 
line railroads can result in the replacement of union rail jobs with 
lower-paying nonunion jobs.  Unless offset by future growth in 
Class I business that generates new union jobs, the loss of union 
jobs can mean a lower income and standard of living for some 
Washington State residents with jobs in the rail industry.   

The new operating strategies also impact the State’s agricultural 
shippers.  Low-cost rail service keeps product costs competitive, 
but the increasing cost of rail service and the Class I railroads’ 
focus on higher-profit, hook-and-haul intermodal traffic has made 
it more costly and more difficult for some agricultural shippers to 
get service at acceptable prices.  The Class I railroads also have 
been asking Washington State grain and other bulk agricultural 
shippers to consolidate shipping points so that the railroads can 
operate more unit trains.  Notable examples of this trend are the 
Ritzville grain-loading facility and the new Railex produce service 
at Wallula.7 

While these new rail operating strategies have the potential to 
partially address future capacity needs, the analysis conducted for 
this study suggests that they may not be sufficient in the longer 
term.  Table 2 lists the lines where mainline practical capacity will 
be exceeded within 20 years even with the additional capacity 
gained by operating longer trains and implementing better sched-
uling.  The existing choke points will persist and worsen, some 
more quickly than others. 

                                                      
7 http://www.wsdot.wa.gov/Projects/Rail/Freight/PortWallaWalla/. 



 

 
 

27 

Statewide Rail Capacity and System Needs Study 

Nationally, rail capacity is not keeping pace with demand.  The 
rail industry today is stable, productive, and competitive with 
enough business and profit to operate, but it is not yet attracting 
capital fast enough to replenish its infrastructure quickly or keep 
pace with demand and public expectations.  This trend has been 
documented in several recent reports.8 

Table 2. Rail Lines in Washington State Exceeding 
Practical Capacity, 2015 and 2025 
Based on Peak Day Train Volumes and 
Assuming Operation of 8,000-Foot Trains 

2015 2025 

Everett-Burlington Everett-Burlington 

Burlington-Ferndale Burlington-Ferndale 

Ferndale-New Westminster Ferndale-New Westminster 

Everett-Spokane, Washington 
(BNSF) 

Everett-Spokane, Washington 
(BNSF) 

Vancouver-Wishram Vancouver-Wishram 

Wishram-Roosevelt Wishram-Roosevelt 

Roosevelt-Pasco Roosevelt-Pasco 

 Pasco-Spokane, Washington 
(BNSF) 

Pasco (Wallula)-Spokane, 
Washington (UP) 

Pasco (Wallula)-Spokane, 
Washington (UP) 

Spokane, Washington-Sandpoint, 
Idaho (UP) 

Spokane, Washington-Sandpoint, 
Idaho (UP) 

Auburn-Yakima Auburn-Yakima 

Yakima-Pasco Yakima-Pasco 

Railroading is one of the most capital intensive industries in the 
U.S., and investment in fixed assets can be a risky proposition.  

                                                      
8 See for example:  AASHTO, Freight-Rail Bottom Line Report, 

Washington, D.C., 2003; and United States Government Accountability 
Office, Freight Railroads:  Industry Health Has Improved, But Concerns 
About Competition and Capacity Should Be Addressed, Washington, D.C., 
October 2006. 



 

 
 

28 

Statewide Rail Capacity and System Needs Study 

During the 1990s, when railroads found themselves with excess 
capacity and profits were down, Wall Street downgraded bond 
ratings and railroad stock prices fell.  In the last several years, this 
trend has reversed and Class I railroads are reinvesting heavily to 
maintain and add capacity to their systems.  However, much of 
this investment is replacing existing infrastructure and main-
taining existing capacity, because rail traffic places enormous 
wear and tear on rails, bridges, tunnels, and locomotives.  To 
reduce longer-term financial risk, both the BNSF and the UPRR 
have investment strategies that emphasize increasing capacity 
through operations first and infrastructure expansion last. 

To manage demand while new capacity is being added, the rail-
roads are using pricing to turn aside lower-profit carload freight 
in favor of intermodal and coal traffic, which can be handled more 
cost-effectively and profitably in unit or destination-specific 
trains.  In some markets and corridors, international intermodal 
traffic is squeezing out industrial and low-density agricultural 
carload traffic.  Shippers, who are used to being price setters, are 
now price takers.  This is a painful change for all shippers, espe-
cially captive shippers, who are being forced to rethink their sup-
ply chains and markets. 

The national capacity crunch is focusing more rail traffic and rail-
road investment on the Pacific Southwest at the expense of the 
Pacific Northwest and Washington State.  Continuing high levels 
of growth and the competition between the BNSF and the UPRR 
for the lucrative Southern California rail market have made 
Southern California the key focal point of investment for both rail-
roads.  This has shifted investment away from the Pacific Northwest 
and Washington State. 

Capacity shortfalls will complicate the improvement of intercity 
passenger rail service.  As a condition of the deregulation of the 
railroad industry in 1980, Federal law requires that freight rail-
roads share the use of their lines with intercity passenger rail pro-
viders and give passenger trains priority over freight trains.  But 
the differing needs of the passenger and freight railroad create 
tension between the needs of the passenger rail operators and the 
needs of freight rail operators as each tries to maximize the per-
formance of their respective operations. 

In general, frequent passenger rail service, especially frequent 
high-speed rail service, requires relatively wide time-space slots 
on the mainline to ensure that the passenger trains do not 
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overtake and collide with slower-moving carload freight trains.9  
The freight railroads, who own the track, are focused on obtaining 
the maximum benefit from each available train slot and the reve-
nue they receive for providing train slots to the passenger rail-
roads is usually modest. 

When the Amtrak Cascades program was initiated, the freight rail-
roads were willing to sell slots to the State, especially in return for 
physical improvements to the rail lines that would benefit both 
the passenger and freight railroads.  With capacity tightening and 
increasing shipper pressure to improve throughput and reliability, 
the freight railroads are less willing or able to accommodate 
expansion of the intercity rail program.  As a result, passenger 
services are often asked to pay a premium when they purchase 
slots or contribute to mainline capacity improvements. 

Amtrak Cascades ridership and revenues have been increasing, but 
on-time performance has been decreasing as freight traffic 
increases and the freight railroads give priority to freight trains.  
Considerable additional investment is needed to achieve the pro-
gram’s longer-term goals of more frequent service and higher rid-
ership.  However, if congestion continues to build and the cost of 
improvements increases, on-time performance may deteriorate 
further, undermining ridership growth and reducing the cost-
effectiveness of the program.  Unless a coordinated solution is 
examined, the future cost of the Amtrak Cascades program may 
exceed the public benefits anticipated in the original plans, and 
the State may need to examine alternative strategies for the pas-
senger rail program. 

                                                      
9 Intermodal trains are also significant consumers of rail capacity, 

because they are long, move at speeds similar to passenger trains, and 
require priority of movement.  The railroads market these trains as 
premium services, and they generate substantial revenue for the 
railroads. 
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4.0 Washington State Powers, 
Authorities, and Interests 

Given the State’s need for a robust rail system and the emerging 
capacity needs, what are the State’s powers and authorities?  
What can the State do to address the capacity needs of the system? 

 4.1 Washington State Powers and Authorities 
in Freight and Passenger Rail 

The State of Washington has a longstanding interest and involve-
ment in both freight and passenger rail.  Many of the needs of the 
Washington State rail system can be addressed by building on the 
existing freight and passenger rail policies in the Revised Code of 
Washington (RCW).  The policy recommendations of this study 
build on this foundation, and in many instances, confirm existing 
policy.  The existing statutes include the following: 

• RCW 47.76, Freight Rail Services – This section, which reflects 
recommendations to the Legislature by the 1995 Washington 
State Freight Rail Policy Development Committee and others, 
spells out State policies and interests in freight rail.  The 
statutes: 

- Recognize the critical role of a healthy freight-rail system 
in supporting the economic vitality of the State and key 
economic sectors; 

- Mandate continuing roles and responsibilities for the 
Washington State DOT and the Washington Utilities and 
Transportation Commission in administering the State’s 
freight rail programs; 

- Provide for technical assistance in the establishment of 
county rail and port districts; 

- Create an Essential Rail Assistance Account to provide 
financial assistance for acquisition and improvements to 
rail lines, purchasing or rehabilitating rail equipment for 
essential services, and construction of loading facilities to 
increase business on light density lines or mitigate impacts 
of abandonment; 

The Essential Rail Assistance 
Account is a dedicated rail 
account created in the state 
treasury and governed by 
RCW 47.76.250.  Money in the 
account can only be used for 
purposes specified in the 
RCW, including: 
• Acquiring, rebuilding, or 

rehabilitating rail lines; 
• Purchasing or 

rehabilitating essential 
railroad equipment; 

• Railroad improvements to 
mitigate port or mainline 
congestion; 

• Construction of loading 
facilities; and 

• Preservation of future rail 
corridors. 
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- Describe criteria for prioritizing projects that include cost-
benefit analysis and cofunding from other beneficiaries; 
and 

- Create a rail preservation program aimed at rail lines and 
rights-of-way abandoned by the Class I railroads. 

• RCW 47.79, High-Speed Ground Transportation – This sec-
tion establishes a program to promote a high-quality, high-
speed, intercity rail system.  The statute was enacted based on 
the Legislative recognition that major intercity transportation 
corridors in Washington are becoming increasingly congested; 
that high-speed ground transportation offers a safer, more 
efficient, and environmentally responsible alternative to 
increasing highway capacity; and that high-speed ground 
transportation can complement existing air transportation 
systems, as well as regional growth management plans.  Some 
of the goals of this statute include the following: 

- Reduce travel time between downtown Portland and 
downtown Seattle to a maximum of two hours by 2010; 

- Implement high-speed ground transportation service 
offering top speeds over 150 mph between Everett and 
Portland, Oregon by 2020; 

- Implement high-speed ground transportation service 
offering top speeds over 150 mph between Everett and 
Vancouver, BC by 2025; and 

- Implement high-speed ground transportation service 
offering top speeds over 150 mph between Seattle and 
Spokane by 2030. 

In addition, this statute recognizes the Legislature’s intent to 
develop public support and awareness of the benefits of a 
high-speed ground transportation system through the incre-
mental upgrading of existing service.  The statute makes the 
Department of Transportation responsible for developing a 
prioritized list of projects to improve existing passenger rail 
service. 

• RCW 47.46 Public-Private Transportation Initiatives – This 
section spells out the benefits, roles, and responsibilities of 
public-private partnerships as a means of developing innova-
tively financed transportation infrastructure projects.  The 
statute was enacted to create incentives for private investment 
in road and bridge projects, but many of the policies and 
approaches specified in the statute could be applied to public-
private financing of private rail projects, where the State can 
demonstrate a clear public interest and significant benefits. 
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These existing statutes define the State’s interest in freight and 
passenger rail, assign roles and responsibilities for the oversight of 
the State’s interest in rail, and establish a number of specific pas-
senger and freight investment programs.  The statutes provide a 
broad foundation for continued state participation in the preser-
vation and improvement of the rail transportation system, where 
there are public benefits to Washington State, its businesses, and 
its communities. 

Any rail improvement strategies suggested for State participation 
also must be consistent with the Washington State Constitution.  
There are a number of provisions in the Constitution that may 
limit the State’s involvement in the private rail system.  The 
guidelines outlined in Article VIII of the Constitution, “State, 
County and Municipal Indebtedness,” limit the extent to which 
the State, counties, or cities can give or loan credit to corporations.  
The provisions of RCW 47.76 and 47.46 address this limitation by 
making it clear that the State may not participate in projects with 
private ownership unless there are clear and demonstrated public 
benefits.  The policies recommended in this report also recognize 
this need to demonstrate public benefit before the State can invest 
in the private rail system.  Nevertheless, before the Legislature 
enacts specific investment or financial assistance programs that 
are rooted in the policies proposed in this report, a thorough legal 
evaluation of the programs’ compliance with the constitutional 
provisions should be undertaken. 

 4.2 Washington State Investments in the Rail 
System 

Over the last 15 years, the State has used its powers and authori-
ties to: 

• Develop the Amtrak Cascades service as part of its high-speed 
intercity rail program; 

• Acquire and preserve rail lines and rights-of-way abandoned 
by the Class I and other railroads; 

• Provide assistance to short line railroads to maintain service 
for shippers and receivers who do not have access to mainline 
rail service; and 

• Purchase specialized railcars (e.g., hopper cars for the 
Washington Grain Train, and refrigerated produce cars) to 
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ensure an adequate pool of equipment for Washington State 
growers. 

The State has contributed consistently to both the passenger and 
freight rail systems.  Table 3 lists the passenger and freight rail 
projects that the State has participated in since 2003.  By 2005, the 
State had contributed a total of about $120 million to the Amtrak 
Cascades program capital budget (including the projects listed 
below).  Freight rail investments by the State have totaled about 
$31.510 million since 1990, with 2003 to 2005 funding alone 
reaching $12.5 million. 

All the State’s investments were authorized – some with clear 
policy guidance and analysis of the public benefits, others with 
less clear guidance and more limited assessment of longer-term 
benefits.  As a result of these investments and other prior invest-
ments, the State now owns a number of rail lines, specialized rail-
cars, rail maintenance equipment, and rights to use privately 
owned rail lines.  But the State does not have a centralized inven-
tory of these assets, nor does it have a comprehensive plan for 
their use, maintenance, and eventual replacement or disposal. 

                                                      
10 This number represents actual state expenditures and does not include 

money programmed or set aside for future use. 
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Table 3. Recent and Ongoing Washington State Rail 
Investment Projects 

Project 
Year 

Complete 
State 

Contribution 

Crossover Projects   

Woodland Crossover 2005 $4 million 

Ruston Crossover 2005 $3.6 million 

Titlow High Speed Crossovers 2005 $4 million 

Felida Crossover 2005 $2.2 million 

Tenino High-Speed Crossover In progress $3.8 million 

Centennial High-Speed Crossovers (Leary, 
Pattison) 

In progress $3.4 million 

Winlock High-Speed crossovers In progress $3.4 million 

Track Rehabilitation, Construction, or Realignment Projects 

PA Junction Curve Realignments and Delta 
Yard Storage Tracks 

2008 $14 million 

Chehalis Junction to Blakeslee Junction Via 
Centralia 

In progress $7 million 

King Street Station Track Improvements In progress $15 million 

Columbia Basin Railroad Wheeler-Warden 
286K 

In progress $400,000 

Northern Columbia Basin Railroad Project In progress $2 million 

Point Defiance Bypass In progress $59 million 

Port of Pend Oreille 286K Upgrades In progress $695,000 

Tacoma RMDRR Morton Line Repairs 2005 $3.18 million 

Stanwood Siding Upgrade In progress $3 million 

Kelso-Martin’s Bluff Rail Project In progress $53 million 

Bellingham Waterfront Redevelopment In progress $5 million 

Bellingham GP Area Upgrades In progress $200,000 

Lewis and Clark Railroad Rehabilitation In progress $300,000 

Mt. Vernon Siding Upgrade In progress $3.8 million 

Railroad Yard Reconfiguration or Expansion Projects 

Dayton Yard Rehabilitation In progress $270,000 

Vancouver Rail Project In progress $100 million 

Swift Customs Facility at Blaine/White Rock In progress $3 million 
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Table 3. Recent and Ongoing Washington State Rail 
Investment Projects (continued) 

Project 
Year 

Complete 
State 

Contribution 

Actions to Support Agricultural or Industrial Carload Shippers:  Spur Track 
Construction or Improvement and Short Line Acquisition, Other 

Industrial Spur Track to Winlock Glass 
Manufacturing Plant 

2006 $800,000 

Geiger Spur Connection In progress $5 million 

PCC Cheney-Coulee City-Pullman 
Acquisition and Upgrades 

In progress $28 million 

Produce Railcar Pool In progress $2 million 

TS and W Yakama Sawmill Traffic Upgrades In progress $640,000 

Increased Passenger Service 

New Seattle to Portland Roundtrip 2006 $2.75 million 

Sound Transit:  Sounder Track  
Improvements  

2003 $17 million 

Equipment Purchase or Upgrade 

One Existing Train Set from Oregon 2003 $7.5 million 

Cascades Trainsets Overhaul In progress $10 million 

Port Access 

Port of Grays Harbor Grain Terminal Loop 
Track 

2003 $2 million 

Port of Olympia On-Dock Rail Spur 2006 $375 thousand 

Port of Columbia Railroad Improvements In progress $5.3 million 

Port of Pasco Intermodal Facility 
Improvements 

In progress $5.4 million 

Port of Pend Orielle 286K Upgrades In progress $695,000 

Port of Walla Walla Railex Project In progress 2.5 million 

Transload Facility 

Quincy Transload Facility 2005 $2 million 

Quincy Short-Haul Intermodal Pilot Project In progress $900,000 

Feasibility Studies 

BNSF Skagit River Bridge Replacement 
Study 

In progress $150,000 

Eastern Skagit Rail Study 2006 $50,000 
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 4.3 Washington State Governance of Rail 

Four groups within the state government have legislatively man-
dated roles and responsibilities for oversight, management, and 
implementation of the State’s interest in passenger and freight 
rail. 

Washington State Utilities and Transportation Commission 
(WUTC) 

The Washington Utilities and Transportation Commission 
(WUTC) is responsible for railroad safety.  The rail group is part 
of the WUTC safety and consumer protection division, but sepa-
rate from the transportation safety group, which covers persons 
and property traveling Washington State roads.  A primary 
responsibility of the rail group is to work with the Federal 
Railroad Administration (FRA) to inspect rail shipments of 
hazardous materials.  There are more than 300 inspection points 
throughout the State, including shippers’ facilities, railroad yards, 
and terminals. 

Washington State Department of Transportation 

Washington State Department of Transportation (WSDOT) is 
charged with planning, funding, implementation, construction, 
and maintenance of the multimodal transportation system in 
Washington State.  As such, it is the conduit for state and Federal 
transportation dollars.  The WSDOT freight rail program is 
housed within the Office of Freight Strategy and Policy.  The pas-
senger program is housed within the Public Transportation and 
Rail Division. 

Freight Mobility Strategic Investment Board (FMSIB) 

The Freight Mobility Strategic Investment Board (FMSIB) was cre-
ated by the Washington State Legislature in 1998 to administer 
projects and strategies to lessen the impacts of freight movement 
on local communities and to facilitate efficient and profitable 
freight movement in Washington State.  The 10-member board has 
representatives from Washington ports, railroads, cities, counties, 
WSDOT, the governor’s office, truckers, steamship operators, and 
private citizens.  Periodically, FMSIB issues a call for projects in 
order to maintain a six-year list of active projects.  Its past rail 
funding has gone primarily to grade separations and crossing 
improvements. 
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Washington Community Economic Revitalization Board 
(CERB) 

Washington Community Economic Revitalization Board (CERB) 
issues grants and loans that will retain existing jobs and create 
new ones, boosting business growth across the State.  CERB can 
provide funding for rail projects that promote industrial devel-
opment and has done so in the past.  An example of this type of 
project was its $1,000,000 low-interest loan to the Port of 
Longview to help construct a second rail line and rail spurs 
serving a planned new facility for processing newly imported 
cars. 

Each of these groups has knowledgeable and effective staff, and 
each carries out its mandates effectively; however, the lack of a 
central point of contact and coordination makes it difficult for 
businesses, communities, and the railroads to deal with the State, 
and in some cases, weakens the State’s negotiating position. 

 4.4 Using State Powers and Authorities to 
Further State Interests in the Rail System 

Building on its existing powers and authorities, the State can: 

• Influence the investment decisions of the Class I railroads to 
resolve rail choke points of critical importance to key rail user 
groups in the State and, thereby, provide more capacity for 
Washington State rail users.  This will generally involve 
public-private partnerships in which the State is a minority 
partner, but the State’s investment can influence the timing 
and priority of the Class I railroads’ investment decisions. 

• Increase its advocacy for a Federal program that addresses 
critical national rail capacity needs.  Many of the key capacity 
choke points in the Washington rail system affect the national 
economy and shippers outside of the State.  The State should 
look for Federal action and funding to address these choke 
points. 

• Work with rail users in industrial and agricultural markets to 
assist in the transition to rail service models that preserve high 
quality, reasonably priced, rail service options.  The State can 
help ensure that these transitions occur in a timely fashion 
before the lack of action has negative economic consequences 
for the State. 
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• Work with third-party service providers and advocate for 
innovative operations practices and services that support the 
economic development goals of the State and its communities. 

• Establish local governance models that allow shippers and 
affected communities to be involved directly in the resolution 
of short line problems. 

• Support cost-effective intercity passenger rail options that 
improve the overall balance and performance of the State’s 
highway and air passenger systems. 

• Create a more effective, centralized, rail management function 
within state government with authority to advocate and 
negotiate state interests with the railroads. 
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5.0 Policy Recommendations 

This report makes six policy recommendations that address 
capacity issues and system needs in the Washington State rail 
system.  The policy recommendations address the justification for 
continued action in the rail system (Policy Recommendation #1), 
provide a framework for determining if specific actions are 
appropriate for the State (Policy Recommendation #2), present 
guiding principles for action in the rail system (Policy 
Recommendation #3), offer a new governance framework (Policy 
Recommendation #4), recommend involvement in national and 
regional rail policy discussions (Policy Recommendation #5), and 
propose adoption of a rail asset management plan (Policy 
Recommendation #6).  These policy recommendations are consis-
tent with the five prioritized guidelines for future transportation 
investments set forth in the Washington Transportation Plan: 

• Preservation – Preserve and extend prior investments in 
existing transportation facilities and the services they provide 
to people and commerce.  The guiding principles contained in 
Policy Recommendation #3 below emphasize investment in 
operational improvements and use of existing rail infrastruc-
ture prior to investment in new capacity. 

• Safety – Target construction projects, enforcement, and educa-
tion to save lives, reduce injuries, and protect property.  Policy 
Recommendation #2 below lays out a framework for evalu-
ating the benefits and impacts of action in the rail system and 
calls for an evaluation of safety impacts as one of the benefit 
measures. 

• Economic Vitality – Improve freight movement and support 
economic sectors that rely on the transportation system, such as 
agriculture, tourism, and manufacturing.  Throughout this 
report it is argued that rail transportation is critical to the eco-
nomic vitality of key industries in Washington State.  This is 
emphasized in Policy Recommendation #1 below. 

• Mobility – Facilitate movement of people and goods to con-
tribute to a strong economy and a better quality of life for citi-
zens.  The framework for evaluating potential actions in the rail 
system includes assessment of mobility impacts for both pas-
sengers and freight. 
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• Environmental Quality and Health – Bring benefits to the 
environment and citizens’ health by improving the existing 
transportation infrastructure.  The evaluation of environmental 
impacts of actions in the rail system is an important aspect of 
the decision-making process laid out in Policy 
Recommendation #2. 

 5.1 Policy Recommendation One 

Policy Recommendation #1:  Washington State should continue 
to participate in the preservation and improvement of both the 
freight and passenger rail transportation system where there are 
public benefits to Washington State, its businesses, and its 
communities. 

The freight rail system in Washington State provides critical 
transportation for major manufacturing and resource industries 
and rail links to the State’s international trade ports.  Key seg-
ments of the rail system are already operating at or near their 
practical capacity.  Given the current investment priorities and 
new operating strategies of the Class I railroads, it is likely that 
capacity will continue to be constrained, that shippers within 
Washington State (particularly those in traditional industrial and 
agricultural carload markets) will see declines in service or price 
increases, that growth at the ports could be slowed, and that there 
will continue to be conflicts between passenger and freight trains.  
Without state action, the businesses and citizens of the State will 
not realize the potential benefits that rail transportation could 
provide. 

Working with the railroads, rail users, and communities, 
Washington State should develop a description of the rail trans-
portation system needed for the 21st Century as a framework for 
policy and investment.  The description of the rail system and its 
evolution should address the rail transportation needs of the 
major rail user groups in Washington State, and should be focused 
on the high-priority problems identified in this study.  The spe-
cific types of actions that could be supported will vary by user 
group. 

Table 4 lists examples of the types of strategies that would address 
the rail service needs of Washington State rail users.  For each 
strategy, examples also are provided of specific projects and 
actions that could be undertaken to implement the strategy. 
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Table 4. Examples of Projects Addressing the Rail Service Needs of 
Washington State Rail Users 

Possible Strategies Possible Projects/Actions 

Industrial Manufacturers 

• Offer financial assistance and technical assistance to 
shippers for site improvements.  Assistance can be in 
the form of tax-exempt bond financing repaid with 
user fees, industrial development tax credits, or CERB 
assistance. 

• Provide assistance for development of industrial 
carload transload/consolidation facilities, including 
financial assistance programs (similar programs to 
those described for site improvements), site 
identification; investments in supporting 
infrastructure (both through CERB and state DOT 
programs), and expedited permitting processes. 

• Develop rail improvement districts for service 
preservation on low density lines.  This could include 
expansion of the existing Local Rail Assistance 
program or new financing programs targeted to these 
districts. 

• New on-site storage track. 

• Site access improvements off mainline. 

• New loop tracks on-site. 

• Proposed carload consolidation facilities in the South 
Sound area – possibly a rail-served industrial park for 
carload consolidation to rationalize a dispersed, low-
density system of carload shippers near Tacoma and 
provide more efficient rail service for these customers. 

Ports and International Trade 

• Develop a comprehensive strategy to increase State’s 
east-west rail capacity in partnership with Class I 
railroads, ports, and Federal government. 

• Investments that resolve high priority east-west 
bottlenecks, such as crown cutting the Stampede Pass 
Tunnel to allow double-stack trains and providing 
supporting infrastructure and grade separations to 
allow for increased usage of this line. 

• Advocate for Federal funding of high priority east-
west bottlenecks and designation as Corridors of 
National Significance.  An example would be the 
development of a high capacity corridor over 
Stampede Pass with a new tunnel, lengthened sidings, 
construction of new track from Lind to Ellensburg, 
and other downstream capacity improvements. 

• Investments that resolve high priority north-south 
bottlenecks, such as completing the Vancouver Rail 
Project that provides access to east-west corridors for 
trade traffic. 

• Advocating to railroads and ports beneficial operating 
strategies such as directional running (e.g., running 
directionally on Stevens Pass line and Stampede Pass 
line after crown cutting Stampede Pass) and 
scheduling alternatives. 

• Expedited permitting processes for projects that 
eliminate high priority bottlenecks. 

• Increase domestic and international intermodal 
terminal capacity through financial assistance, 
identification of and local advocacy for sites, and 
development of expedited permitting processes. 

• Work with Port of Seattle and Port of Tacoma to 
investigate potentially feasible sites for new near-
dock/off-dock intermodal terminals. 
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Table 4. Examples of Projects Addressing the Rail Service Needs of 
Washington State Rail Users (continued) 

Type of Action Illustrative Examples 

Ports and International Trade (continued) 

• Partner with ports, Class I railroads, and third-party 
switchers to resolve critical port access bottlenecks. 

• Port of Vancouver Rail Extension Project (providing 
direct access to the Port from the Columbia River 
Corridor eliminating mainline diamond crossings on 
the I-5 Rail Corridor). 

• Advocating to railroads and ports beneficial operating 
strategies. 

• Expedited permitting processes for projects that 
eliminate high priority bottlenecks. 

• Partner in community impact mitigation to allow for 
higher rail traffic associated with international trade. 

• Rail crossing grade separations along the Stampede 
Pass line to accommodate increased traffic associated 
with crown cutting the tunnel. 

Agriculture and Food Products Businesses 

• Encourage formation of Railroad Transportation 
Improvement Districts (under existing or expanded 
TID authorities) to assist rail carriers and shippers in 
low density agricultural and industrial carload 
corridors.  Districts should receive financial assistance 
through the Local Rail Assistance program. 

• Track upgrades to meet specified service objectives; 

• Maintenance of rights-of-way and track owned by the 
State or district; and 

• Development of consolidation facilities, including 
collaborative work with multiple interested parties 
(such as the Railex project). 

Passenger Rail Users  

• Continue to support incremental development of 
high-quality intercity passenger rail programs where 
documented demand exists and high levels of farebox 
recovery of operating and maintenance costs can be 
achieved. 

• Partner with Class I railroads in mainline 
infrastructure improvements that provide positive 
benefit-cost tradeoffs. 

• Identify traffic thresholds and key track segments 
where separating passenger rail and freight rail on 
their own track is cost-beneficial. 

• Advocate alternative operating strategies to the Class I 
railroads that will increase combined operating 
efficiencies for passenger and freight rail. 

• Give priority to projects that provide benefits to 
freight and passenger rail service. 

Source: Cambridge Systematics, Inc.; and HDR, Inc., 2006. 

Table 5 lists some of the worst choke points in the system, which 
affect many Washington State rail users, and projects that could 
help relieve these strategic choke points. 

The State should base its decisions to participate in these or simi-
lar projects, programs, and rail initiatives based on a systematic 
assessment and comparison of benefits and costs across users and 
across modes, as described further in the next policy 
recommendation. 
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Table 5. Major Choke Points in the Rail System and 
Potential Projects to Increase Capacity 

Choke Points Potential Projects 

Port of Seattle Access and Argo Yard 
Operations 

Duwamish Corridor and Second Lead 
Improvements 

Mainline access to Port of Tacoma Tacoma Tideflats Improvements:  
North Wye Connection, Puyallup 
River Crossing 

Port of Vancouver access Port of Vancouver Rail Extension 
Project 

I-5 Corridor and access to Ports of 
Kalama and Longview 

Kelso to Martins Bluff Third mainline 

I-5 Corridor Centralia-Chehalis 
Segment 

Centralia-Chehalis Rail Corridor 
Consolidation Project (Blakeslee 
Junction) 

I-5 Corridor-Everett and Delta yard 
segments 

Everett Passenger Rail Speed 
Improvements and Delta Yard 
Expansion 

I-5 Corridor-Bellingham segment Bellingham Mainline Track 
realignment 

East-West Corridor:  Stampede Pass Stampede Pass High Capacity Rail 
Improvement Project (including Lind-
Ellensburg connection) 

East-West Corridor:  Spokane 
Improvements and Spokane to 
Sandpoint Corridor 

Bridging the Valley Projects, 
including improving mainline 
capacity, 72 grade crossings, 
additional trackage, etc. 

Lack of yard capacity in South Sound 
Region 

Proposed carload consolidation 
facilities in the South Sound area. 

Congestion at Vancouver (WA) Yard, 
including safety concerns 

Vancouver Rail Project 

Seattle to Portland Freight/Passenger 
Train conflicts 

WSDOT Point Defiance Bypass 
Phase 1 Project 

Source: HDR, Inc., 2006. 
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 5.2 Policy Recommendation Two 

Policy Recommendation #2:  The State should base its decisions 
to participate in projects, programs, and other rail initiatives on 
a systematic assessment and comparison of benefits and costs 
across users and across modes. 

The assessment should: 

• Assess the benefits and costs of the projects, programs, and 
other rail initiatives for each of four major groups:  the State; 
rail users, including shippers and passengers; carriers, 
including railroads, ports, and truckers; and affected 
communities. 

• Consider qualitative and nonmonetary benefits and costs, as 
well as quantifiable benefits and costs. 

• Compare the benefits and costs for the project to the benefits 
and costs of taking no action. 

• Where appropriate, also compare the benefits and costs of the 
project to investment in other transportation modes and ser-
vice that might achieve the same goals. 

• Use the assessment of benefits and cost to determine who the 
State should partner with and how the partnership should be 
structured so that project costs are allocated in accordance 
with benefits. 

The assessment of benefits and costs should focus on the key 
measures listed in Table 6.  Using a short list of measures helps to 
simplify the assessment process and focus on the benefits and 
costs that are most important to the affected groups.  For the State, 
key measures would include jobs created or retained in the pri-
vate and public sectors, and the impact on rail-related union jobs; 
tax benefits gained through the growth of new or retained busi-
nesses; contribution to transportation system efficiency and bal-
ance; and costs.  Details on how the benefits and costs can be 
measured are provided in the technical memoranda prepared for 
the study.11 

                                                      
11 See Interim Report 2 and Task 7 Technical Memorandum for 

background information on the selection and use of the benefit and 
cost measures.  Task 8 Technical Memorandum also provides examples 
of how the assessment methodology can be applied to evaluation of a 
set of illustrative case examples. 
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One of the measures recommended for the State is a benefit-cost 
ratio.  RCW 47.76 requires that freight-rail projects be subject to a 
benefit-cost analysis.  Some states rely exclusively on a benefit-
cost analysis, but this report recommends using a benefit-cost 
ratio as one of several measures.  This allows decision-makers to 
consider specific benefit measures – such as jobs created by a pro-
ject – independent of costs. 

The measures typically included in formal benefit-cost analysis of 
rail projects are listed in Table 7.  The technical memoranda 
accompanying this report describe the process for conducting a 
benefit-cost analysis using techniques recommended by the FRA 
and adopted by other states.12  The specific techniques used to cal-
culate the benefits and costs will vary depending on the type of 
project.  WSDOT’s recent analysis of the PCC short line acquisi-
tion provides a good case study on how to apply some of the cost 
analysis techniques to freight rail projects. 

Benefit-cost analysis has not been required for Washington State 
passenger rail projects, although WSDOT has conducted cross-
modal cost analyses of passenger-rail projects, comparing the total 
cost per passenger mile for rail, highway, and air modes.  This 
report recommends conducting benefit-cost analysis for 
passenger-rail projects, as well as for freight-rail projects.  The 
analysis should compare state benefits to state costs for passenger-
rail projects and, where appropriate, alternative investments.  On-
time performance, which strongly affects intercity ridership, must 
be examined carefully when conducting benefit-cost analysis of 
passenger rail projects. 

If a freight-rail project is expected to have significant national eco-
nomic benefits that might justify Federal funding, an economic 
impact analysis should be conducted using the framework rec-
ommended by the U.S. DOT in its “Toolbox for Regional Policy 
Analysis.”13 

The results of the assessment of benefits and costs for all rail users 
should be summarized in a decision matrix.  The format for the 
decision matrix is illustrated in Table 8.  A decision matrix allows 
for direct comparisons among alternative rail project packages 
and, where appropriate, comparisons of the benefits and costs of 
alternative investments in truck and barge services for freight, and 

                                                      
12 See Interim Report 2 and Technical Memorandum 7 for summary 

information on benefits and impacts used by other states and 
organizations. 

13See “Toolbox for Regional Policy Analysis” at 
http://www.fhwa.dot.gov/Planning/toolbox/index.htm. 
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the benefits and costs of alternative investments in highway, bus, 
ferry, and air services for passengers. 

Table 6. Recommended Benefit and Cost Measures 

Rail User Benefit and Cost Measures 

State 

• Jobs created/retained (private sector, public sector, and 
impact on rail-related union jobs) 

• Tax benefits (through new or retained businesses) 

• Contribution to transportation system efficiency/ 
balance (measured in terms of reduced travel delays, 
improved system reliability, or system redundancy, as 
appropriate) 

• Environmental benefits (air pollution and water quality 
impacts) 

• Safety benefits (reduced property damage, injuries, and 
fatalities) 

• Availability of partner funding 

• Cost to State 

• Benefit-cost ratio (using recommended benefit-cost 
analysis methodology) 

Shippers 

• Business cost impact (through impact on cost of service) 

• Access to service (does project increase rail/ 
transportation service options) 

• Service reliability (on-time performance) 

• Transit time 

Passengers 

• Rail capacity for passenger trains 

• Travel costs 

• Travel time 

• Increased modal choice/access 

Railroads 

• System velocity improvements 

• Hours of train delay 

• Yard dwell time 

• Increased revenue traffic 

• Equipment availability 

Ports 
• Throughput 

• Market share 

Communities 
(Similar to 
State) 

• Environmental benefits 

• Safety benefits 

• Reduced roadway delays and truck/auto delay at grade 
crossings 

• Local jobs created or retained 

Source: Cambridge Systematics, Inc., 2006. 
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Table 7. Recommended Measures to Include in 
Estimating a Benefit-Cost Ratio 

Measure Explanation 

Transportation and Economic Benefits 

Avoided maintenance costs If the project preserves rail service, the 
no-action alternative may put more 
trucks on the highway.  This may 
produce a net positive or negative 
benefit to be evaluated based on the 
type of road affected and the cost of 
maintaining the rail line. 

Reduction in shipper costs (for 
shipments originating in State) – 
freight only 

Benefits derived from lower logistic 
costs to the shippers, which ultimately 
can lead to lower consumer prices. 

Reduction in automobile delays at 
grade crossings 

Benefits resulting from improving 
grade crossing and decreasing 
automobile delays. 

Economic Impacts 

New or retained jobs Jobs that a particular project/action 
may keep from moving out of the 
State (e.g., by construction of a rail 
spur serving a factory or warehouse, 
etc.), or new jobs that are created 
within the State.  Also to be 
considered are changes in job quality 
and pay levels (e.g., adding, losing, or 
changing union jobs).This measure 
accounts for both retained and new 
jobs. 

Tax increases from industrial 
development 

A rail action/project may foster 
industrial development that results 
ultimately in increased industrial 
property taxes to the State. 

External Impacts 

Safety improvements By diverting truck freight to rail, 
savings on highway safety 
improvements can occur. 

Environmental benefits Railroads are on average three or 
more times more fuel efficient than 
trucks.  The State can benefit from 
savings due to environmental 
improvements. 

Source: Cambridge Systematics, Inc., 2006. 
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Table 8. Sample Decision Matrix for Comparison of Alternative Rail Projects 
and Actions 

 Measures No Action Alternative A Alternative B 
Jobs    
Tax/Fee Benefits    
System Efficiency    
Environmental Benefits    
Safety Benefits    
Partner Funding    
Cost to State    

State 

Benefit-Cost    
Summary State    

Business Cost Impacts    
Access to Service    Shippers 
Service Reliability    

 Transit Time    
Summary Shippers    

Passengers Rail Capacity for 
Passenger Trains 

   

 Travel Costs    
 Travel Time    

 Increased Modal 
Choice/Access 

   

Summary Passengers    
System Velocity 
Improvements 

   

Hours of Train Delay    
Yard Dwell Time    
Increased Revenue Traffic    

Railroads 

Equipment Utilization    
Summary Railroads    

Throughput    
Ports 

Market Share    
Summary Ports    

Environmental Benefits    
Safety Benefits    
Reduced Roadway Delays    

Communities 

Local Jobs    
Summary Communities    

Pct Benefits in WA State    
National 

Other States Benefiting    
Summary National    

Source: Cambridge Systematics, Inc., 2006. 
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The decision matrix can accommodate quantitative measures, as 
well as qualitative measures.  A simplified case study of how this 
framework can be used is provided in the appendix to this report. 

Table 9 shows how the assessments of benefits and costs by 
affected group might be arrayed to determine who the State 
should partner with and how the partnership should be struc-
tured, so that project costs are allocated in accordance with 
benefits. 

The assignment of an overall assessment of benefits and costs as 
“high,” “medium,” or “low” is a process of value judgment by the 
decision-maker.  This study does not recommend a specific 
weighting scheme at this time, preferring that the initial applica-
tions of this process be as open and transparent as possible.  As 
the State gains experience in assessing and weighting the benefits 
and costs of rail projects, the Legislature may wish to direct the 
WUTC and WSDOT to adopt a formal weighting procedure, such 
as that used by the FMSIB.  The Board’s weighting scheme is 
summarized in Table 10. 

In states that conduct rail benefit-cost assessments and analyses, 
the technical work is done by a variety of different organizations 
that have responsibility for rail programs and policies.  This may 
include state DOT rail offices, separate rail agencies or commis-
sions, or policy offices at the secretarial level.  For example, at 
Florida DOT, the Rail Office is responsible for rail investment 
benefit-cost assessment and analysis; in Virginia, it is the Rail 
Division of the Virginia Department of Rail and Public 
Transportation; at Pennsylvania DOT, it is the Bureau of Rail 
Freight Ports and Waterways; and at New Jersey DOT, it is the 
Bureau of Freight Services.  At Louisiana DOTD, coordination is 
done through the secretarial Office of Intermodal Transportation, 
and at Maryland DOT, coordination is through the secretarial 
Office of Freight.  In all cases, these offices draw on the technical 
and policy expertise and advice of other state and local agencies 
involved in rail-related finance, regulation, safety, environmental 
protection, and economic development. 
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Table 9. Benefit Evaluation Cross-User Group Comparison 
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Likely Recommendation Level of Action Example 

A H H H H H State should participate, 
but only if other 
beneficiaries contribute 
appropriate share 

Consider direct 
investment and 
supporting legal and 
institutional mechanisms 

Consider sources such as 
additional dedicated 
state freight rail funds, 
Federal funding sources 
through the Safe 
Accountable, Flexible, 
Efficient Transportation 
Equity Act:  A Legacy for 
Users (SAFETEA-LU), 
and other state matching 
sources 

B H L L L H State should participate 
and be prepared to 
contribute more than 
other groups 

Consider direct 
investment and 
supporting legal and 
institutional mechanisms 

Consider sources such as 
additional dedicated 
state freight rail funds, 
Federal funding sources 
through SAFETEA-LU, 
and other state matching 
sources 

C M M M M M State should participate 
with caution and only if 
costs to do so are low 

Consider tax exempt 
financing loans or other 
methods that have 
limited costs to State, but 
benefit private industry 

Consider public-private 
partnerships, tax credits, 
and other nonfinancing 
incentives 

D L H H H L State should probably 
not participate 

State should probably 
not participate with 
financial, institutional, or 
legal mechanisms 

No state role is 
anticipated 

E L L L L L State should probably 
not participate 

State should probably 
not participate with 
financial, institutional, or 
legal mechanisms 

No state role is 
anticipated 

Source: Cambridge Systematics, Inc., 2006. 
H = High; M = Medium; and L = Low. 
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Table 10. Freight Mobility Strategic Investment 
Board Evaluation Criteria and Weights 

Evaluation Criteria Category Weight 

Freight Mobility for the Project Area 35 maximum 
Freight Mobility for the Region, State, and Nation 35 maximum 
General Mobility 25 maximum 
Safety 20 maximum 
Freight and Economic Value 15 maximum 
Environment 10 maximum 
Partnership 25 maximum 
Consistency with Regional and State Plans 5 maximum 
Cost 10 maximum 
Special Issues 8 maximum 
Total 188 points 

Source: http://www.fmsib.wa.gov. 

 5.3 Policy Recommendation Three 

Where the State determines there are sufficient public benefits 
to justify public participation in the preservation and improve-
ment of the rail transportation system, its actions should be 
guided by the following general principles: 

• Emphasize operations and nonfinancial participation in pro-
jects before capital investment – The State should give prior-
ity to preserving and improving rail transportation through 
leadership, planning, permitting, maintenance, and operations 
that leverage existing rail infrastructure and services rather 
than through capital investment. 

• Preserve and encourage competition – Investment in one rail-
road’s infrastructure can change the competitive balance 
among railroads to the detriment of the overall system.  Before 
making an investment that directly benefits only one rail com-
pany, the State should conduct a comprehensive analysis of 
competitive impacts on other rail carriers and users. 

• Target actions to encourage private investment that advances 
Washington State economic development goals – State 



 

 
 

52 

Statewide Rail Capacity and System Needs Study 

actions should influence railroad investment decisions so that 
rail improvements generate greater benefits to Washington 
State than could be achieved if the State did not invest. 

• Leverage State participation by allocating cost responsibility 
among beneficiaries – The State should not invest in the pri-
vate rail system unless the railroads and other beneficiaries 
participate in proportion to their benefits and risks. 

• Require projects to have viable business plans – Funding 
from the State should be contingent upon demonstration that 
the project proponent has rail service and customer agree-
ments in place in order to make the project financially viable. 

 5.4 Policy Recommendation Four 

Policy Recommendation #4:  The State should designate a single 
entity to coordinate and direct the State’s participation in the 
preservation and improvement of the rail transportation system.  
This entity should have the authority to negotiate directly with 
the railroads. 

The responsibility for oversight and management of Washington 
State’s rail programs and investments is divided among the 
WSDOT, the FMSIB, the Washington Community Economic 
Revitalization Board, and WUTC.  Each has knowledgeable and 
effective staff, and each carries out its mandates effectively; how-
ever, the lack of a central point of contact and coordination makes 
it difficult for businesses, communities, and the railroads to deal 
with the State, and in some cases weakens the State’s negotiating 
position. 

This situation exists in many states and is only now becoming a 
significant problem as states move to deal with increasingly con-
gested freight transportation systems and insistent demands from 
businesses and communities that they create more comprehensive 
policies and undertake larger investment programs. 

Some states have moved to address the problem by organizing 
cross-agency policy committees or by designating a single entity 
or position, such as an undersecretary of transportation to coordi-
nate state policies and programs and negotiate with shippers and 
carriers. 

Having a single entity coordinate all Washington State’s rail 
activities would give the State the ability to: 

The State Can Promote 
Operational Strategies 
That Maximize Benefits 
for Washington Rail 
Users and Communities 
• Careful scheduling to 

avoid conflicts; 
• Longer trains; 
• Consolidating primary 

switching  locations; 
• Consolidated dispatch 

center; 
• Carrier and routing 

alternatives; 
• Scheduled point-to-

point service; 
• Improved intermodal 

terminal production; 
• Reducing/eliminating 

main line work events; 
• Co-production; 
• Switching zone 

agreements; and 
• Rationalizing carload 

network with regards 
to the truck/rail 
transloading facilities, 
new carload 
gathering/distribution 
centers, and 
remarketing of 
unprofitable traffic. 
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• Represent the interests of multiple stakeholders in negotiations 
with rail carriers more effectively than would individual stake-
holders by themselves; 

• Develop strategic packages of projects and actions across the 
State that would effectively promote state interests and be 
more attractive to the rail carriers than dealing with projects on 
a case-by–case basis; 

• Represent the interests of multiple communities in resolving 
common rail issues; and 

• Work more effectively with partners in other states and at the 
national level. 

Washington State may wish to explore one or both of the 
approaches that are being taken by other states.  Any approach 
taken by the Legislature should include oversight over freight and 
passenger rail systems, both public and private, and adequate 
authority to represent the interests of the State with the carriers, 
the Federal government, and other states. 

 5.5 Policy Recommendation Five 

Policy Recommendation #5:  The State should take an active 
role in influencing and shaping the development of national rail 
policies and programs.  The State should also develop a multi-
state coalition to address rail system needs across the Pacific 
Northwest.   

The Washington State rail system is an integral part of the 
national and Pacific Northwest rail systems.  The State’s rail needs 
transcend the State’s boundaries.  The nation is entering the early 
stages of a freight transportation capacity crisis.  The 
congressionally-mandated National Surface Transportation Policy 
and Revenue Study Commission, the American Association of 
State Highway and Transportation Officials, the Association of 
American Railroads, the Congressional committee charged with 
reauthorization of the national transportation program, and other 
groups are working to address the emerging crisis and establish 
forward-looking national visions, policies, and programs for the 
rail system.  Washington State should participate actively in these 
discussions.   

As part of this process, Washington State and its neighbors should 
also establish a multistate coalition to address rail system needs 
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across the Pacific Northwest.  Washington State and its neighbors 
should use the coalition as a forum to establish their common 
needs and work with the railroads to identify, prioritize, and 
implement the most cost-beneficial regional improvements.  There 
is precedent for this in the I-95 Corridor Coalition and its Mid-
Atlantic Rail Operations Program.  The Pacific Northwest rail 
coalition could be formed as part of the newly established West 
Coast Corridor Coalition; as an independent coalition advising the 
Pacific Northwest states, the West Coast Corridor Coalition, and 
national groups; or as a formal multistate compact.  There is 
existing legal precedent for multistate compacts, which are con-
tracts among states that carry the force and effect of statutory law.  
A multistate compact could create the legal framework to develop 
policies, plans, and regulatory mechanisms for multistate rail pro-
grams in the Pacific Northwest. 

The State should use the procedures recommended in this report 
to begin to identify projects of national and regional significance.  
And it should look to national and multistate programs to help 
fund and implement these projects. 

 5.6 Policy Recommendation Six 

Policy Recommendation #6:  The State should implement the 
asset management plan developed as part of this study to gov-
ern investment and management decisions for state-owned rail 
assets. 

The guiding principles of the asset management plan are as 
follows: 

• The asset management plan should be based on a business-case 
analysis of the goals and objectives for each class of assets; 

• The plan should use clear performance measures and a moni-
toring system to determine how assets are performing; 

• Benchmarks for each performance measure should be estab-
lished based on industry standards; and 

• An inventory management system (including information 
about condition and disposition of the assets) should be 
adopted. 

The State currently owns the following classes of assets:  freight 
rail lines, freight railcars (grain cars and refrigerated cars), 
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maintenance-of-way equipment, right-of-way, passenger train sets 
and passenger service agreements (train slots).  A more complete 
inventory of these assets is provided in the full asset management 
plan.  For each class of assets, the key features of the asset man-
agement strategy are summarized in Table 11. 

Table 11. Asset Management Principles for State Rail 
Assets 

Freight Rail 
Lines  
(Short Lines) 

• State should be owner of last resort and should encourage 
private ownership and/or operation in conjunction with 
Rail Improvement Districts if public involvement is 
warranted. 

• Purchase decisions should be based on benefit-cost 
analysis. 

• Operate lines in conformance with business plan that 
specifies projected customer base and monitors 
performance measures (carloads carried, revenues earned, 
and return on invested capital) against specified 
benchmarks. 

• Implement inventory maintenance and monitoring system 
with periodic inspections and assessments of condition.  
Use annual and life-cycle costs as performance measures. 

• Third-party operating agreements should specify 
obligations of operator with respect to meeting specified 
performance benchmarks. 

Freight 
Railcars 

• Implement inventory and equipment tracking system. 

• Track location of each car (using global position systems 
where feasible). 

• Track usage by Washington State shippers, including level 
of revenue service. 

• Specify periodic condition inspections. 

• Adopt performance measures and benchmarks, including 
costs of operation and maintenance per revenue mile and 
life-cycle costs. 

Miscellaneous 
Rail 
Equipment 

• Develop inventory of equipment and conduct condition 
assessment. 

• Over longer term, consider disposal of the equipment and 
outsourcing the activity to the private sector. 

Passenger 
Train Sets 

• Continue with current Amtrak asset management program. 

• Investigate approaches to develop a sinking fund to cover 
depreciation of train sets that would be protected from use 
in meeting general fund current obligations. 

Source: Cambridge Systematics Inc., and HDR Inc., 2006. 
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Appendix A.  Benefit Assessment 
Illustrative Case Study – East-
West Capacity Projects 

As described in Section 3.4 of this report, constraints on the east-
west lines of the Washington State rail system could inhibit future 
rail traffic growth, particularly intermodal growth through the 
ports.  As an illustration of how the benefit assessment matrices 
can be used to evaluate strategic project packages, this case study 
presents an evaluation of a package to increase east-west capacity.  
A version of this case study that provides a detailed description of 
all of the calculation methodologies and data inputs, along with 
several other case studies, is included in Technical Memorandum 8. 

The projects in this package include improving Stampede Pass to 
allow for double-stack containers, and incorporating “Bridging the 
Valley” improvements for the Spokane to Sandpoint, Idaho sec-
tion.  The State must decide if it should participate in this east-
west rail capacity expansion program, and if so, at what level of 
involvement.  There are two alternatives for Washington State to 
consider in this illustration: 

• Do Nothing – Under this scenario, the State does not invest 
public funding to improve east-west capacity.  Any investment 
is done by the railroads. 

• Alternative A:  East-West Capacity Expansion Project – A 
$350 million investment, shared between the State and the rail-
roads, for selective capacity improvements.  This will add 
approximately 50 percent more capacity (from 22 to 24 trains 
per day to 34 to 36 trains per day). 

A summary of the improvements for Alternative A is contained in 
Table A.1.  Table A.2 provides the results of the benefit/impact 
evaluation of Alternative A and a No Action case.  Table A.3 pro-
vides a summary of the final assessment of benefits/impacts 
across all affected groups. 
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Table A.1 East-West Capacity Expansion:  Summary of Alternative A 

Project 

Crown cut Stampede Pass 

Construct Lind, WA to Ellensburg, WA connection 

Install 8,000-ft siding tracks to provide 20-minute headways between Auburn, WA and Ellensburg, WA 
and between Lind, WA and Spokane, WA 

Install CTC train control system overlaid with ETMS 

Grade separated the corridor from Spokane, WA to Athol, ID as suggested in “Bridging the Valley” 
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Table A.2 East-West Capacity Expansion:  Benefit/Impact Evaluation 

 Measures No Action 

Alternative A:  East-
West Capacity 

Expansion Project 
Jobs Net New Jobs = 0 Net New Jobs = 500 

Tax/Fee Benefits None None 

System Efficiency Congested Reliable 

Environmental Benefits Negative:  emissions 
from YY trains x 400 mi 
x 12,000 tons 

Negative:  emissions 
from 12 trains x 300 mi x 
6,480 tons  

Partner Funding BNSF & UP make 
improvements 

Expect railroad 
participation 

State 

Benefit/Cost n/a (Cost = $0) B/C = 0.181 
Summary State LOW MEDIUM 

Business Cost Impacts Increases due to 
increased rail cost, loss 
of service, and 
deteriorating reliability 

Improvements to 
international intermodal 
traffic; little benefit to 
WA shippers 

Access to Service Railroads disinvest from 
selected rail markets 

Improved access for 
international shippers 

Shippers 

Service Reliability Poor Reliable in short term 
Summary Shippers LOW MEDIUM 

Passengers Rail Capacity for Passenger 
Trains 

Limited to current 
services 

Potential 1 or 2 train 
expansion 

Summary Passengers LOW LOW 
System Velocity Improvements Further delays due to 

capacity issues 
Crown cutting Stevens 
Pass, installing CTC, and 
eliminating grade 
crossings will increase 
velocity. 

Hours of Train Delay Requires simulation 
analysis 

Requires simulation 
analysis 

Railroads 

Yard Dwell Time Requires simulation 
analysis 

Requires simulation 
analysis 
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Table A.2 East-West Capacity Expansion:  Benefit/Impact Evaluation 
(continued) 

 Measures No Action 

Alternative A:  East-
West Capacity 

Expansion Project 
Increased Revenue Traffic Yes 12 trains x 100 cars/train 

x $6000 car 
 

Equipment Utilization Little change Reduction in car cycle 
time; requires 
simulation analysis to 
quantify 

Summary Railroads LOW MEDIUM 
Throughput Current Capacity = XX Additional 12 

trains/day = 2400 
containers per day 

Ports 
Market Share Decline Requires complete 

analysis of West Coast 
Ports 

Summary Ports LOW HIGH 
Environmental Benefits Negative:  emissions 

from YY trains x mileage 
x 12,000 tons/train 

Negative:  emissions 
from 12 trains x 300 
miles x 6,480 tons/train  

Safety Benefits More potential train 
incidents and grade 
crossing accidents due 
to increased trains 

More potential train 
incidents; safety 
improvements from 
elimination of 20 grade 
crossing 

Reduced Roadway Delays No change. Elimination of 20 grade 
crossings 

Communities 

Local Jobs Mostly at the port; some 
increase in train crews 

Mostly at the port; some 
increase in train crews 

Summary Communities LOW MEDIUM 
Pct Benefits in WA State Requires detailed 

economic analysis. 
Requires detailed 
economic analysis 

National 
Other States Benefiting ID, IN, IL, MT, MN, NE, 

NJ, OH, PA, NY 
ID, IN, IL, MT, MN, NE, 
NJ, OH, PA, NY 

Summary National LOW MEDIUM 
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Table A.3 Summary Decision Matrix 

 No Action 

Alternative A: 
East-West Capacity 
Expansion Project 

State Low Medium 

Shippers Low Medium 

Passengers Low Low 

Railroads Low Medium 

Ports Low High 

Communities Low Medium 

National Low Medium 
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Appendix B.  Glossary 

A 

Automatic Block Signaling (ABS) – An automatic system that 
prevents two trains moving in the same direction from occupying 
the same section of track simultaneously.  As the lead train exits a 
section of track, it automatically triggers the signal to allow the 
following train to enter. 

B 

Branch Lines – A subsidiary, secondary, local, or feeder line of 
railway, which extends from the principal lines of rail traffic to 
connect to external shipping points. 

C 

Carload – 

1. Carload services are those that use a variety of railcar types to 
carry a range of commodities to a variety of customers.  They 
generally carry lower-volume, higher-weight commodities 
than Intermodal trains. 

2. A rail-car loaded to its weight or space-carrying capacity. 

Carload Manifest – Another name for mixed-carload shipments, 
or those that move a diverse range of commodities on a single 
train. 

Centralized Traffic Control (CTC) – Train movements are con-
trolled by signals, which are in turn controlled by dispatchers at a 
centralized location.  The dispatchers will generally have a com-
puterized graphical depiction of all or part of the railroad, 
allowing them to monitor train movements.  Software prevents 
conflicting signal settings that could lead to an accident. 

Class I – A railroad with average annual gross operating revenue 
of $250 million or more, in 1991 dollars.  The threshold is adjusted 
every several years by the Surface Transportation Board to reflect 
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the effects of inflation and other factors.  For example, in 2004, the 
threshold was $277.7 million. 

Class II – A railroad with average annual gross operating revenue 
of between $20 million and $250 million, in 1991 dollars.  In 2004, 
the lower and upper thresholds were $20.5 million and 
$277.7 million.  Railroads considered by the Association of 
American Railroads (AAR) as “Regional Railroads” are typically 
Class II railroads 

Class III – A railroad with average annual gross operating reve-
nue of less than $20 million, in 1991 dollars.  In 2004, the threshold 
was $20.5 million.  Local short-line railroads typically fall under 
this category. 

Commuter Rail – Urban passenger train service for local short-
distance travel operating between a central city and adjacent sub-
urbs.  Service must be operated on a regular basis by or under 
contract with a transit operator for the purpose of transporting 
passengers within urbanized areas, or between urbanized areas 
and outlying areas.  It does not include heavy rail rapid transit or 
light rail/street car transit service.  Intercity rail service is 
excluded, except for that portion of such service that is operated 
by or under contract with a public transit agency for predomi-
nately commuter services. 

Containers – Standard-sized rectangular box used to transport 
freight by ship, rail and highway.  International shipping contain-
ers are 20 or 40 feet long, conform to International Standards 
Organization (ISO) standards and are designed to fit in ships’ 
holds.  Containers are transported on roads atop a container chas-
sis towed by a tractor.  Domestic containers, up to 53 feet long and 
of lighter construction, are designed for rail and highway use 
only. 

D 

Dark Territory – Unsignalized sections of the railroad. 

Double-stack – The movement of containers on articulated rail 
cars which enable one container to be stacked on another con-
tainer for better ride quality and car utilization. 

Drayage – The movement of a container or trailer between an 
intermodal terminal and a customer’s facility for loading or 
unloading.  The vast majority of drayage takes place by truck. 
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Dynamic Capacity – The ability of a yard to receive, process, and 
dispatch traffic, generally described in trains per hour for 
receiving and dispatching, and cars per hour for switching. 

Dynamic Track Occupancy – The density or spacing of moving 
trains. 

H 

Hopper Cars – A railroad freight car that can be either covered or 
uncovered, and has doors on its sides or undersides.  Hopper cars 
are used to transport loose bulk commodities such as grain, ore, 
and coal. 

G 

Grade Crossing – A highway crossing that is at the same level 
(grade) as the rail. 

Gross State Product (GSP) – The total market value of all final 
goods and services produced for money in a state within a given 
period of time, after deducting the cost of goods and services used 
in the process of production, but before depreciation. 

I 

Integrator – Marketing companies that assume the all-in organi-
zation and handling of complete shipping orders from the con-
signor to the consignee. 

Interchange – A junction of highways on different levels that 
permits traffic to move from one to the other without crossing 
traffic streams. 

Intermodal –  

1. The use of two or more modes of transportation to complete a 
cargo move.  For example, truck/rail or truck/ship. 

2. Freight that is packed in an intermodal unit (trailer or con-
tainer) and can therefore be transferred directly from the con-
tainer ship to rail or truck for transportation.  Intermodal 
shipments generally hold higher-value, lower-weight com-
modities than unit or carload trains. 

Intermodal Units – Trailers and containers that can be trans-
ported, fully-loaded, from ship to rail or truck. 
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L 

Line-haul – The movement of a railroad unit from origin to 
destination. 

Long-haul – A freight shipment having a long distance between 
the origin and destination. 

Logistics – Movement and supply of goods through the economy 
from raw materials, through all stages of the manufacturing proc-
ess, to the final delivery of the finished product to companies and 
consumers. 

M 

Mainlines – A designation by each railroad of its own track signi-
fying a line over which through-trains pass with relatively high 
frequency.  Mainlines generally have heavier weight rail, more 
sophisticated signaling systems, and better maintenance than 
branchlines. 

Multimodal – Representing more than one mode of transportation. 

P 

Practical Capacity – This is the capacity at which trains on the 
system are all moving without incurring significant delay or 
experiencing significant operational problems.  Also defined as 
“The percentage of theoretical capacity that provides reliable and 
predictable train operation.” The rail industry considers this to be 
between 50 and 60 percent of theoretical capacity. 

R 

Railcar – Double- stack railcars vary in length from 70 to 325 feet, 
with an industry average (for purposes of estimating capacity) of 
305 feet. 270-foot railcars are better suited to the conveyance of 
international containers and are currently being developed by the 
major carriers to maximize the mainline capacity. 

Rail Capacity – The number of trains that can occupy a given 
segment of track over a given period of time. 



 

 
 

B-5 

Statewide Rail Capacity and System Needs Study 

S 

Short-haul – A freight shipment over a short distance between 
origin and destination. 

Shortline – A switch carrier or roadhaul carrier that is not a 
Class I carrier.  The carrier usually owns less than one hundred 
miles of track. 

Sidings – A track parallel to a main track, having switches at both 
ends, used for meeting and passing trains. 

Single-track – Rail right-of-way comprised of only one line of 
track, used by trains running in either direction. 

Static Capacity – The ability of a yard to accommodate standing 
equipment (i.e., cars that are stored, awaiting movement, or 
awaiting processing). 

Surface Transportation Board – The Surface Transportation 
Board (STB) is an economic regulatory agency created by 
Congress to resolve railroad rate and service disputes and review 
proposed railroad mergers.  Although administratively affiliated 
with the U.S. Department of Transportation, it is decisionally 
independent.  It serves as both an adjudicatory and a regulatory 
body. 

Switch – A mechanical installation enabling trains to be guided 
from one line of rail tracks to another. 

T 

TEU – See Twenty-Foot Equivalent Unit. 

Terminal – Area where docking and handling of freight takes 
place.  In the case of intermodal shipping, it is the area where 
modal transfer of containers/trailers takes place. 

Theoretical Capacity – The maximum amount of traffic that the 
infrastructure can accommodate. 

Trackage Rights – The legal right to use a rail line. 

Track Warrant Control (TWC) – A verbal authorization, usually 
with a radio, from a dispatcher to the train engineer permitting 
the train to occupy a specific section of the track.  Used in unsig-
nalized (dark territory) sections of the railroad. 
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Transload – To physically transfer commodity from one trans-
portation vehicle to another, such as unloading freight from a rail 
car into a truck.  This is a labor-intensive process that is usually 
performed manually. 

Twenty-Foot Equivalent Unit (TEU) – The unit of measure for 
international container volumes.  A 20-foot container is counted as 
one TEU, and a 40-foot container is counted as two TEUs.  The 40-
foot container is the most common type used in waterborne 
transportation. 

U 

Unit Train – A freight train composed of cars carrying a single 
type of commodity that are all bound for the same destination.  By 
hauling only one kind of freight for one destination, a unit train 
does not need to switch cars at various intermediate junctions and 
so can make nonstop runs between two terminals.  This reduces 
shipping time and shipping costs. 
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Executive Summary 
 
The Washington State Legislature directed the Washington State 
Department of Transportation (WSDOT) to develop a mid-range plan for 
Amtrak Cascades that identifies specific steps to achieve additional 
service beyond current levels. As stated in ESHB 1094, Section 226, 
WSDOT is required to submit a mid-range plan to the Office of Financial 
Management and the transportation committees of the legislature by 
December 31, 2008. The Amtrak Cascades Mid-Range Plan fulfills the 
legislative mandate by identifying and developing options that outline 
steps to achieve incremental Amtrak Cascades services for the next eight 
years.  

Background 
Washington State faces both challenges and opportunities resulting from 
the fundamental changes in our economy and society. Public investment 
policies embrace solutions that address multiple issues such as economic 
globalization, population growth, increased roadway congestion, higher 
fossil fuel prices, global climate changes, and increases in natural and 
man-made disasters.  
 
Passenger rail, once used as a means to address only mobility problems, is 
increasingly viewed and used, at both national and regional levels, as an 
integrated part of robust and resilient multimodal transportation systems. 
Such robust transportation systems will help policymakers achieve 
multiple policy ends, including economic viability, societal mobility, 
environmental sustainability, and public safety. 
 
Amtrak Cascades is an intercity passenger rail service between Eugene, 
Oregon, and Vancouver, British Columbia (B.C.). It is sponsored by the 
states of Washington and Oregon in partnership with other parties. The 
service, known as the Amtrak Cascades, provides travelers with a viable 
transportation alternative for their intercity trips.  
 
Rail development in the Pacific Northwest began in 1864, when President 
Abraham Lincoln signed the Northern Pacific Railroad Charter to build a 
direct rail connection between the Great Lakes and Puget Sound. 
Washington State investment in Amtrak intercity passenger rail service 
began in 1994. After incremental infrastructure enhancements by 
Washington State and its partners, intercity passenger rail service with 
Talgo trains began in 1999, and was branded Amtrak Cascades.  
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Amtrak currently operates Amtrak Cascades intercity passenger rail 
service on the Pacific Northwest Rail Corridor (PNWRC), which runs 
roughly parallel to the I-5 corridor between Vancouver, British Columbia, 
and Eugene, Oregon. The PNWRC is owned by BNSF Railway (BNSF) in 
Washington State and by Union Pacific Railroad (UP) in Oregon State. 
Amtrak Cascades offers one daily round trip between Seattle and 
Vancouver, B.C.; one daily round trip between Portland and Bellingham; 
two daily round trips between Eugene and Portland; and four daily round 
trips between Portland and Seattle.  

Plan Purpose 
In response to a legislative mandate, the Amtrak Cascades Mid-Range 
Plan FY2010 to FY2017 is to provide Washington State policymakers 
with four strategic investment options for infrastructure development. 
These plan options incrementally enhance service capacity, improve on-
time performance, and increase ridership on the segment between Seattle 
and Portland over the next eight years.  
 
The mid-range plan:  

• Identifies the needs of intercity passenger train services. 
• Assesses potential of passenger rail as a strategic multimodal 

transportation solution. 
• Specifies the steps of improving infrastructure to deliver additional 

intercity passenger services. 
• Links capital and operational investment to ridership growth and 

economic and societal benefits. 
• Provides a variety of information to support informed decision-

making processes—legislative budgeting and prioritizing. 

Methodology 
The strategy adopted by WSDOT to develop the mid-range plan is fact-
based and demand-driven. WSDOT strengthened its ridership forecast and 
analytic capacity by developing robust ridership databases and forecast 
models. WSDOT improved capital project cost estimation through a 
specific cost study of all historic rail projects.  
 
Based on management directives, the mid-range plan provides 
policymakers with options that are designed, analyzed, and presented to 
address socioeconomic policy issues. Results of investment in 
infrastructure improvements to add additional services are assessed and 
measured in terms of enhanced capacity, improved reliability, and 
increased ridership for considering funding additional Amtrak Cascades 
services. Economic impact assessment, benefit/cost analysis, and cross 
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modal comparison were also performed to assist policymakers in linking 
the investment of an option to its effects on the economy and society. 

Public Involvement 
In the development of the mid-range plan, an advisory committee was 
formed, involving identifiable stakeholders. The advisory committee’s 
role was to help WSDOT assess and evaluate beneficial impacts of rail 
infrastructure improvement on society, to help WSDOT understand 
concerns of local communities, and to share information and provide 
feedback during the mid-range plan development process. Advisory 
committee stakeholders involved in the development of the mid-range 
plan include: 
 

• Metropolitan Planning Organizations and Regional Transportation 
Planning Organizations in the I-5 corridor  

• Counties and cities within the study area 
• Oregon State 
• Province of British Columbia  
• Private railroads 
• Amtrak 
• Washington Public Ports Association 
• WSDOT planning units in different modes 
• WSDOT regions 
• All tribes in Washington State with an interest in the I-5 corridor 
• Passenger rail advocacy groups 

 
Two public/advisory committee meetings were held at WSDOT, led by 
State Rail and Marine Office staff, providing progress reports and 
opportunities for public comments and discussion. After the 
public/advisory committee meetings, the draft plan was available for two 
weeks for public review and comment. Some public comments were 
incorporated into the final draft and the remainder are included in 
Appendix 13 with WSDOT’s responses.  

Mid-Range Plan Options 
Options presented in the mid-range plan are designed in the context of the 
current macroeconomic policymaking environment. The options build on 
incremental strategies with stakeholder involvement and are supported by 
capacity analyses and benefit/cost analysis. The four options presented in 
this plan are different approaches to achieve incremental Amtrak 
Cascades services for the next eight years between Portland and Seattle, 
where the greatest concentration of ridership and the most service 
improvements are needed (Exhibit ES-1).  



 

December 2008 Amtrak Cascades Mid-Range Plan 
Page x State Rail and Marine Office, 360-705-7900, rail@wsdot.wa.gov 

 
Exhibit ES-1: Mid-Range Plan Options 

Option 1 – 
Maintaining the 
Current Operation 

• Option 1 is an analytical baseline. 
• No capital investment is needed. 
• It maintains capacity at four daily round trips 

between Seattle and Portland. 
• On-time performance is about 60 percent. 

Option 2 – 
Incremental Strategy – 
Minimizing Capital 
Investment 

• Completes four capital projects already underway by 
FY2012. 

• Capital investment is $141 million. 
• Capacity increases from four to five daily round trips 

between Seattle and Portland. 
• On-time performance improves from about 

60 percent to about 95 percent. 
Option 3 – 
Incremental Strategy – 
Matching Supply and 
Demand 

• Completes all four projects in Option 2 and five 
additional new capital projects bye FY2017. 

• Capital investment is $537 million. 
• Capacity increases from four to six daily round trips 

between Seattle and Portland. 
• On-time performance improves from about 

60 percent to about 97 percent. 
Option 4 – No 
Financial Constraints 

• Completes all four projects in Options 2 and 3 and 
five additional new capital projects by FY2014. 

• Capital investment is $817 million. 
• Capacity increases from four to eight daily round 

trips between Seattle and Portland. 
• On-time performance improves from about 

60 percent to about 92 percent. 

Investment in Capital Projects 
Exhibit ES-2 shows Amtrak Cascades proposed infrastructure 
improvements and investment. Capital projects are incrementally 
developed as project groups. Project groups are building blocks that 
combine a number of projects to deliver an incremental service level. The 
cost estimates are based on prices during the implementation timeframe of 
each specific mid-range option.  
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Exhibit ES-2: Capital Investment by Option 

Option 1: 
$0

Option 2: 
$141 

Million

Option 3: 
$578 

Million

Option 4: 
$817 

Million

Project Group 
A***: $141M for 
Options 2, 3, 

and 4

Option2,3,and 4: 
2012

$141.2 $141.2 $141.2
Five Seattle to Portland and two Seattle 
to Vancouver, B.C. daily round trips, 
95 percent on-time performance.

Project Group B: 
Option 3 $437M; 
Option 4 $334M

Option 3: 2017
Option 4: 2015

$437.1 $334.2
Six Seattle to Portland and two Seattle 
to Vancouver, B.C. daily round trips, 
97 percent on-time performance.

Project Group C: 
$341M for 
Option 4

Option 4: 2015 $341.4

Eight Seattle to Portland and two Seattle 
to Vancouver, B.C. daily round trips, 
92 percent on-time performance due to 
running two additional round trips without 
taking additional expensive reliability 
projects.

Project Group*
Year of 

Completion

Capital Cost Estimates* ($ Million)

Deliverables

* A project group is a set of projects or project stages to be implemented collectively to achieve additional service.

** Costs do not include anticipated expenditures prior to July 2009 in 2008 Transportation Supplemental Budget. These 
projects were currently funded as: Tacoma – Bypass of Pt. Defiance – 66th St. to Nisqually, $57.1 million; Vancouver – Yard 
Bypass and W 39th St., $59.9 million; King Street Station – Track Improvements, $13 million; Cascades Train Sets – 
Overhaul, $4 million. The cost estimates listed in options are additional costs needed to complete these projects starting July 
2009.

*** Projects anticipated to be complete prior to July 1, 2009 in the 2008 Transportation Supplemental Budget are not listed. 
 

 
Source: WSDOT State Rail and Marine Office 

Operating Costs, Revenue, and Investment in Operations by 
Option 

Operating costs include the costs to operate Amtrak Cascades intercity 
passenger train services and costs to maintain service equipment. Since 
each option in the mid-range plan operates at a different level, the 
operating costs vary. However, Options 3 and 4 operate more efficiently 
due to economies of scale. 
 
Revenue includes ticket revenues and revenues from services provided on 
the trains such as food and beverage revenues. 
 
Net state costs in operations is the state’s net investment from public 
funds for Amtrak Cascades operation. It is the total operation costs minus 
revenues from operation. It is a public investment that aims for gaining 
greater economic and societal benefits.  
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Exhibit ES-3 shows the sum of operating costs, revenue, and investments 
in operations for all plan options from FY2010 to FY2017.  
 

Exhibit ES-3: Total Operating Costs, Revenue, and Net State Costs 
for Amtrak Cascades Operations 

Sum of FY2010 - FY2017 ($ Millions) 

Plan Options Operating Costs* Revenue**
Net State Costs for 
Amtrak Cascades 

Operation***

Option 1: Maintaining 
Current Operation $235.7 $118.4 $117.3

Option 2: Incremental 
Strategy 1 - Minimum 
Capital Investment

$360.2 $144.4 $215.8

Option 3: Incremental 
Strategy 2 - Supply Meets 
Demand

$366.7 $153.0 $213.8

Option 4: No Financial 
Constraints $428.2 $157.2 $270.9

**** The sixth round trip starts in FY2017, the total operation cost here for Option 3 does not show  full effect of the operation at the capacity built.

* Include operating costs, Talgo maintenance costs, maintenance costs enhancing reliability, and Amtrak administrative 
costs. Estimated based on historical data, Amtrak FFY2009 Cost Estimates, and planned activities.

** Include revenues from tickets and passenger services. Estimated based on historical revenue data assuming price neutral 
policy. Total revenue is the product of total forecasted passenger miles and revenue earned per passenger mile, adjusted for 
inflation.

*** This is the estimated costs Washington State pays for contracted Amtrak Cascades  operation.

 
 

Source: WSDOT State Rail and Marine Office 

Capacity Increase 
The capacity growths for plan options are based on capital projects that 
build capacity for each plan option (Exhibit ES-4). The capacity increase 
and reliability improvement of capital projects are presented in Chapter 4. 
Exhibit 6-6 in Chapter 6 provides a dynamic view of capacity changes by 
option over the time frame of the mid-range plan. 
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Exhibit ES-4: Maximum Annual Seating Capacity by Option 
Seattle to Portland FY2010-FY2017 

600,000

800,000

1,000,000

1,200,000

1,400,000

1,600,000

2010 2011 2012 2013 2014 2015 2016 2017

Se
at

in
g 

C
ap

ac
ity

Option 1 Option 2 Option 3 Option 4  
 
Note: Maximum seating capacity = Seats per train X Trains per day X 365 days 
 
Source: WSDOT State Rail and Marine Office 

Reliability Improvement 
Operational analysis by the WSDOT State Rail and Marine Office in 
2007-2008 reviewed the infrastructure necessary to support each mid-
range plan option. The analysis included traffic conditions and growth 
expectations for Amtrak Cascades, Sounder, BNSF, and the UP. The 
analysis validated the investment in capital projects and their impacts on 
service capacity and on-time performance (Exhibit ES-5). Please note that 
on-time performance decreases slightly resulting from the operation of 
eight round trips. 
 

Exhibit ES-5: Reliability Improvement by Option 

92%

97%

95%

61%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Completion of Project
Groups A, B, & C
(8 Round Trips)

Completion of Project
Groups A & B

(6 Round Trips)

Completion of Project
Group A (5 Round Trips)

Current Operation
(4 Round Trips)

 
 
Source: Transit Safety Management 
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Ridership Growth 
The ridership growth for plan options is estimated through two processes. 
First, the ridership forecast model is developed to forecast long-term 
growth of ridership based on factors such as population, gas prices and 
service availability. Second, based on improvement on on-time 
performance and scheduled time savings resulted from implementation of 
plan options, additional ridership growth is estimated using demand 
elasticity of time reduction published for Amtrak passenger trains. 
 
The ridership growth for the mid-range plan options is demonstrated in 
Exhibit ES-6. 
 

Exhibit ES-6: Annual Ridership Growth by Option 
FY2007 vs. FY2017 

Vancouver, B.C. to Portland 
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Source: WSDOT State Rail and Marine Office 

Economic Impacts 
When public funds are used to invest in Amtrak Cascades intercity 
passenger train services, the investment generates economic impacts that 
would benefit the state and local communities in general. The magnitudes 
of economic impacts are dependent on the size of investment and how the 
funds are invested. WSDOT used the Washington State input-output 
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economic model, developed using IMPLAN1, to estimate the ripple effects 
of the increases in Amtrak Cascades services. The IMPLAN model was 
used to estimate the total economic impacts of mid-range plan options, 
including the cascading effects of the investments of each option. The 
economic impacts are assessed in terms of the following two indicators: 

 
• Employment represents the jobs created by the investment. 

Amtrak Cascades service directly creates jobs in construction, 
maintenance, food service, and transportation operations. It also 
creates jobs indirectly by the affect of the outputs of other 
industries and government incomes. 

• Value added is an indicator that reflects the net benefit of the 
investment. Both labor income (wages and salaries) and business 
incomes are counted as value added. 

 
Exhibit ES-7 demonstrates economic impacts of the four plan options. 
 
Exhibit ES-7: Economic Impacts of Amtrak Cascades  
Mid-Range Plan Options: Sum of FY2010 to FY2030* 

Impact Area Option 1: Maintaining 
Current Operation

Option 2: Incremental 
Strategy 1 - Minimum 

Capital Investment

Option 3: Incremental 
Strategy 2 - Supply 

Meets Demand

Option 4: No Financial 
Constraints

Benefits to Local 
Communities Along I-5 
Corridor

4,887 11,725 17,454 23,752

Statewide Benefits (Include 
benefits to local communities) 6,202 15,024 22,825 31,138

Benefits to Local 
Communities Along I-5 
Corridor

$306.5 $746.8 $1,139.9 $1,555.1

Statewide Benefits (Include 
benefits to local communities) $399.7 $977.6 $1,500.6 $2,048.1

Support Employment 
(Job-Year**)

Value Added*** ($ 
Million, 2008 Dollars)

Note: Economic impacts are assessed using IMPLAN Input-Output model for Washington State and its local areas.

* The projects completed during the mid-range plan period of FY2010 to FY2017 will generate benefits for local communities and Washington State for many 
years beyond FY2017.

** A job-year means that a person is employed as a full-time employee for a year.

*** Difference between the total sales revenue of an industry and the total cost of components, materials, and services purchased from other firms within a 
reporting period (usually one year). It is the industry's contribution to the gross domestic product (GDP).

 
 
Source: WSDOT State Rail and Marine Office 

Benefit/Cost Analysis  
The benefit/cost analysis looked at investments, benefits, and impacts of 
the Amtrak Cascades projects completed during the mid-range plan period 

                                                 
1 IMPLAN is a commercial input-output model developed using input-output data from 
Bureau of Economic Analysis, U.S. Department of Commerce. The model used to 
estimate economic impacts in this plan is a Washington State specific model. 
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of FY2010 to FY2017. Because the projects can generate benefits for local 
communities and Washington State for many years beyond FY2017, the 
analysis looked at benefits and costs through FY2030. Economic benefits 
(revenue and value added) and societal benefits (congestion relief, safety 
improvement, and environmental impact reduction) were analyzed to 
calculate net benefit, which was used in the benefit/cost analysis. Exhibit 
ES-8 highlights this analysis.  
 

Exhibit ES-8: Estimated Benefit/Cost Ratio by Investment Option 

Total Cost** 
($ Million)

Total Benefit** 
($ Million)

Net Benefit 
($ Million) B/C Ratio

Option 1: Maintaining 
Current Operation

$310 $625 $315 2.02

Option 2: Incremental 
Strategy 1 - Minimum 
Capital Investment

$733 $1,853 $1,120 2.53

Option 3: Incremental 
Strategy 2 - Supply Meets 
Demand

$1,129 $2,744 $1,615 2.43

Option 4: No Financial 
Constraints

$1,536 $3,400 $1,864 2.21

* The projects completed during the mid-range plan period of FY2010 to FY2017 will generate benefits for local communities and 
Washington State for many years beyond FY2017. Benefits are sum of FY2010 to FY2030. 

** Operation costs are sums of FY2010 to FY2030. Capital investment is sum of FY2010 to FY2017. Both benefits and costs 
are discounted to present value (2008 dollars).

Plan Option

Sum of FY2010 to FY2030* - $ Million (2008 Dollars)

Note: Option 1 is the baseline.

 
 
Source: WSDOT State Rail and Marine Office 

Connectivity 
Multimodal connectivity at Amtrak Cascades train stations includes travel 
by Sound Transit (Light Rail, Sounder, and Express Bus), marine 
(Washington State Ferries service, cruise ships), bus (public and private 
intercity bus services), air, and bicycle. Service improvements to enhance 
connectivity include integrated fares, travel packages, integrated 
schedules, passenger information systems, signage, and parking/bicycle 
storage.  

Marketing 
Amtrak Cascades marketing is operated by the WSDOT State Rail and 
Marine Office to optimize ridership and service capacity usage. It 
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promotes the achievement of ridership and revenue targets and builds 
strong brand awareness (Amtrak Cascades as differentiated from Amtrak 
and other transportation modes). It primarily targets adults ages 25-54 in 
the Seattle and Portland markets, where potential ridership is most 
concentrated. Marketing currently operates with a flat budget of 
$1 million to $1.3 million and is focused on non-business travelers. 
Depending on the mid-range plan option, Amtrak Cascades marketing can 
be positioned with an industry-standard, ridership-based budget to 
promote the ease, comfort, and environmental sustainability of train travel 
as a viable transportation alternative for business and non-business 
travelers.  

Challenges and Opportunities 
Mobility, reliability, environmental sustainability, safety, and tourism are 
important considerations when planning Amtrak Cascades intercity 
passenger rail development. A strategic investment in Amtrak Cascades 
infrastructure development, depending on the mid-range option, can: 

• Increase mobility and reduce congestion on the I-5 corridor and at 
Sea-Tac International Airport. 

• Increase reliability and attract business travelers. 
• Increase energy efficiency and reduce environmental impacts of 

other more polluting and energy consuming transportation modes. 
• Improve passenger safety and offset the safety of other 

transportation modes. 
• Support and enhance tourism development, one of Washington’s 

top industries.  
 
Policymakers, in considering the Amtrak Cascades Mid-Range Plan 
options, are faced with strategic investment challenges that include the 
lack of dedicated federal funding, limited multimodal state funding, and 
uncertain Oregon State and British Columbia funding.  
 
Policymakers are also presented with strategic investment opportunities 
that can reduce travel time up to 30 minutes, increase reliability (on-time 
performance) from 60 percent to 90 percent, reduce greenhouse gas 
emission and fuel consumption, and increase ridership.  
 
Amtrak Cascades is experiencing double-digit ridership growth due to 
higher fuel prices and favorable socioeconomic trends as discussed 
throughout this plan. The trends are likely to continue beyond the mid- 
and long-range planning horizons as population and transportation 
demand increases and resources become scarcer. Strategic investment in 
Amtrak Cascades intercity passenger rail infrastructure development, as 
an integrated part of the multimodal solution of resilient transportation 
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systems in Washington State, provides policymakers an opportunity to 
meet societal needs from a long-term perspective.  
 
To manage the risk of cost escalation, WSDOT plans to develop a better 
contract management practice. To this end, WSDOT should examine 
methods of lowering risk to the state including the development of a price 
agreement with BNSF to run a pre-determined number of round trips at a 
certain level of performance.  
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Chapter 1: Introduction 
 
Since 1994 the Washington State Department of Transportation (WSDOT) 
has partnered with Amtrak, the state of Oregon, the province of British 
Columbia, the railroads, and others to provide fast, reliable, and more 
frequent intercity passenger rail service along the 466-mile Pacific 
Northwest Rail Corridor (PNWRC). As one of 11 federally designated 
corridors, the PNWRC extends from Eugene, Oregon to Vancouver, 
British Columbia (B.C.). The service, known as the Amtrak Cascades, 
provides travelers with a viable transportation alternative for their intercity 
trips.  
 
Following the legislature’s directive, WSDOT developed and published 
the Long-Range Plan for Amtrak Cascades (2006). The incremental 
approach, outlined in the plan, would allow the state of Washington to add 
faster, more frequent Amtrak Cascades service based on market demand, 
partnership investment, and legislative authorization. In order to ensure 
that public funds are expended in the most efficient manner, construction 
projects have been designed and grouped as “building blocks” to deliver 
incremental services. This strategy would allow projects to be constructed 
in a logical sequence to meet system performance objectives while 
providing flexibility for funding. 

 
The Amtrak Cascades program is being implemented in stages, using a 
step-by-step approach for development. Service is added over time, based 
on available state and federal funding and market demand.  

Legislative Mandates 
Washington State Legislature has directed WSDOT to develop a mid-
range plan for Amtrak Cascades that identifies specific steps to achieve 
additional service beyond current levels. ESHB 1094, Section 226, 
requires WSDOT to submit a mid-range plan to the Office of Financial 
Management and the transportation committees of the legislature by 
December 31, 2008. The Amtrak Cascades Mid-Range Plan fulfills the 
legislative mandate by identifying and developing options that outline 
steps to achieve incremental Amtrak Cascades services for the next eight 
years. Relevant legislative directives (Appendix 1) were reviewed and 
implemented as applicable to this mid-range plan.  
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The purposes of the mid-range plan include:  
 
• Providing policymakers (the Governor and Washington State 

Legislature) with information, based on benefit and cost analyses, for 
further development of strategic economic investment policy for 
Washington State’s Amtrak Cascades intercity passenger rail program. 

• Describing four options to increase intercity passenger rail service 
along the I-5 corridor based on analysis of supply and demand, and 
estimating resources needed to implement these options. 

• Specifying steps that increase capacity and improve reliability for 
additional intercity passenger rail services associated with each of the 
four mid-range plan options. 

• Helping policymakers assess the potential of rail as part of an 
integrated transportation solution that addresses interwoven problems, 
such as economic development, road congestion, public safety, and 
environmental impacts.  

Macro Policy Environment  
Washington State faces both challenges and opportunities resulting from 
the fundamental changes in our economy and society. Challenges within 
the macroeconomic policy environment include economic globalization, 
population growth, increases in I-5 corridor congestion, higher fossil fuel 
prices, global climate changes, and increases in natural and man-made 
disasters. Passenger rail, once used as means to address only mobility 
problems, is increasingly viewed and used as an integrated part of macro 
solutions to achieve multiple ends. These macro solutions include 
economic viability, societal mobility, environmental sustainability, public 
safety, and transportation system redundancy and resiliency.  
 
As directed in RCW 47.82, WSDOT has been monitoring and analyzing 
socioeconomic and technical conditions that affect intercity passenger rail 
development. These conditions are directly aligned with state and national 
policy priorities of transportation, economy, energy, and environment. 
Several chapters in this plan, specifically Chapter 2, discuss these factors 
in more detail.  

 
In response to these driving factors, and given our competing needs for 
limited resources (capital and land), Washington State is increasing its 
policy efforts to address greenhouse gas emissions, congestion, and health 
and safety improvements, and to develop a more sustainable economy. 
WSDOT is seeking policies to increase efficiency, relieve highway 
congestion, and develop robust and resilient transportation systems.  
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Methodology 
The strategy adopted by WSDOT to develop the mid-range plan is fact-
based and demand-driven. WSDOT strengthened its ridership forecast and 
analytic capacity by developing ridership database and forecast models. 
WSDOT improved capital project cost estimation through a specific cost 
study of all historic rail projects.  
 
Based on management directives, the mid-range plan provides 
policymakers with options that are designed, analyzed, and presented to 
address socioeconomic policy issues. These are used to integrate 
transportation solutions, when considering funding additional Amtrak 
Cascades services. Economic impact assessment, benefit/cost analysis, 
and cross modal comparison were also performed to assist policymakers 
in linking the investment of an option to its effects on the economy and 
society. 
 
Options presented in the mid-range plan are designed in the context of the 
current macroeconomic policymaking environment. The options build on 
incremental strategies with stakeholder involvement and are supported by 
capacity analyses and benefit/cost analysis. This mid-range plan presents 
four options for future program development. 

Relationship with Other Plans 
The mid-range plan is implementing the vision of WSDOT’s multimodal 
plan—the Washington Transportation Plan—and the incremental strategy 
developed in the Long Range Plan for Amtrak Cascades under the 
guidance of the legislature.  
 
The Washington Transportation Plan is a 20-year multimodal plan that 
includes Amtrak Cascades development. It establishes guiding principles 
for investments in current and future facilities through 2026. These 
investment guidelines are meant to direct funding and resources toward 
programs and investments that yield the greatest benefits. The mid-range 
plan is an implementation of the rail section. It states, “as the projects 
currently underway move forward and the investment priorities are 
implemented, future planning efforts will build on what we learn about 
system operations, the pace and challenges of global warming, and the 
opportunities and limitations of different travel modes such as rail, bike, 
and transit.”  
 
The Long Range Plan for Amtrak Cascades is a 20-year plan that meets 
federal requirements for high-speed intercity rail service development 
through 2023. Based on the long-range plan, the mid-range plan builds for 
more in-depth planning and economic analysis of projects and investment 
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opportunities for Amtrak Cascades development. It states, “WSDOT will 
continue to work with the freight railroads, ports, and other partners to 
ensure the rail system has adequate capacity to meet the demands of its 
various users. The ability for freight and passenger traffic to coexist on a 
common infrastructure and continue to grow is important to our regional 
mobility and economy.” 
 
The plans were all developed in coordination with Metropolitan Planning 
Organizations (MPOs) and Regional Transportation Planning 
Organizations (RTPOs), and other state, regional, tribal, and local 
stakeholders within their respective planning areas. See the list below for 
the mid-range plan stakeholder list.  

Public Involvement 
In the development of the mid-range plan, an advisory committee was 
formed, involving as many stakeholders as possible. The advisory 
committee’s role was to help WSDOT assess and evaluate beneficial 
impacts of rail infrastructure improvements on society, to help WSDOT 
understand concerns of local communities, and to share information and 
provide feedback during the mid-range plan development process. 
Advisory committee stakeholders involved in the development of the mid-
range plan include: 
 

• MPOs and RTPOs in the I-5 corridor  
• Counties and cities within the study area 
• Oregon State 
• Province of British Columbia  
• Private railroads 
• Amtrak 
• Washington Public Ports Association 
• WSDOT planning units in different modes 
• WSDOT regions 
• All tribes in Washington State with an interest in the I-5 corridor 
• Passenger rail advocacy groups 

 
Two public/advisory committee meetings were held at WSDOT, led by 
State Rail and Marine Office staff, providing progress reports and 
opportunities for public comments and discussion. After the 
public/advisory committee meetings, the draft plan was available for two 
weeks for public review and comment. Some public comments were 
incorporated into the final draft and the remainder are included in 
Appendix 13 with WSDOT’s responses. The mid-range plan was then 
submitted to WSDOT executive management for final approval. Appendix 
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2 provides a complete list of stakeholders and active participants involved 
in the process. 

Organization of this Plan 
This chapter introduces the mid-range plan, its legislative mandates, 
management direction, socioeconomic contexts, and the strategy and 
methodology WSDOT adopted to develop the plan. 
 
Chapter 2 discusses the macroeconomic environment and its impact on 
intercity passenger rail infrastructure using historical, current, and future 
trends and data. This chapter also introduces the mid-range plan options.  
 
Chapter 3 reports the results from ridership and capacity analyses, 
including models, methods, data sources, and forecasts that were used to 
develop plan options.  
 
Chapter 4 lists detailed capital projects for “building block” infrastructure 
improvements, and the costs associated with these projects. The 
information on the capacity increases and reliability improvements of 
completing each “building block” for each plan option is included. 
 
Chapter 5 addresses operations and maintenance issues. A simulation 
analysis provides on-time performance estimates used in the development 
of the options. Operational cost estimates are also provided, based on 
historic data and projected costs for each plan option. 
 
Chapter 6 describes the mid-range plan options for achieving additional 
Amtrak Cascades service. It specifies the steps needed for each plan 
option. It presents detailed information on capital and operation costs, 
capacity increases and reliability improvements, ridership growth, and 
economic impacts of investment. 
 
Chapter 7 provides the results of a benefit/cost analysis for all mid-range 
plan options. It includes assessment of public benefits and costs, 
discussion of economic and societal impacts, and analysis of full 
transportation costs.  
 
Chapter 8 is an analysis of the importance of providing easy connections 
between the different modes of transportation, and how WSDOT is 
working with other modes to achieve this connectivity. 
 
Chapter 9 is a marketing analysis, including a history of major marketing 
efforts, marketing goals, trends, updated costs, anticipated impacts, and 
efforts to measure performance.  
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Chapter 10 discusses past, present, and future funding challenges and 
opportunities.  
 
This mid-range plan does not require additional environmental review. 
The 2006 Long-Range Plan for Amtrak Cascades has been determined, 
jointly by the Federal Railroad Administration and Federal Highway 
Administration, to sufficiently address the requirements of a Tier 1 
Environmental Impact Statement. Individual projects will require a 
detailed environmental review to determine the need for additional 
environmental study and documentation. The projects contained in the 
options either already have completed environmental documentation, are 
nearing completion of required National Environmental Policy Act 
(NEPA) documentation, or are categorically excluded from environmental 
review. 
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Chapter 2: Amtrak Cascades Development, 
Socioeconomic Context, and Mid-Range Plan 
Options 

 
Intercity passenger rail benefits society by reducing congestion, pollution, 
and fuel consumption, while increasing safety by complementing other 
more heavily used modes of transportation. This plan assesses benefits and 
costs and evaluates investment strategies related to Amtrak Cascades 
development within its socioeconomic context. This chapter provides an 
overview of the development Amtrak Cascades passenger train service, 
socioeconomic trends, and macro policy environment.  

Amtrak Cascades Development 
Rail development for the Pacific Northwest began in 1864. At that time 
President Abraham Lincoln signed the Northern Pacific Railroad Charter 
to build a direct rail connection between the Great Lakes and Puget 
Sound. In the mid-1890s passenger rail service reached its peak in 
ridership when its share of the market was estimated to be about 
95 percent. Largely due to interstate highway system development and 
competition from airlines, passenger rail ridership reached its lowest point 
in 1970. 
 
Washington State infrastructure investment in intercity passenger rail 
service began in the late 1980s, when some state funds were expended to 
improve train stations. The first state-sponsored Amtrak intercity 
passenger rail service began in 1994. After incremental enhancements by 
Washington State and its partners, the service was branded Amtrak 
Cascades in 1999, with the introduction of the European-style, custom-
built equipment. In 2007 annual ridership reached 676,760 passengers, the 
highest in the history of the state-sponsored program. Incremental 
enhancements continue to improve service and ridership. Appendix 3 
provides a more detailed history of rail development in Washington State.  
 
Currently, Washington State provides Amtrak Cascades intercity 
passenger service for four daily round trips between Seattle and Portland 
as shown in Exhibit 2-1. Note that one of the four state-sponsored daily 
round trips between Seattle and Portland continues on to Bellingham.  
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Exhibit 2-1: Amtrak Cascades Daily Schedule 
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The railroad tracks that span the Pacific Northwest Rail Corridor 
(PNWRC) are owned by the BNSF Railway (BNSF) in Washington, by 
the Union Pacific Railroad (UP) between Portland and Eugene, Oregon, 
by BNSF between the Canadian Border and Fraser River, and by 
Canadian National Railway from the Fraser River to the Vancouver, B.C. 
station. Freight and passenger rail traffic run on the same tracks. The 
Washington State Department of Transportation (WSDOT) partners with 
federal, state, provincial, tribal, and local jurisdictions; railroads including 
Amtrak, BNSF, UP, Canadian National Railway (CN), VIA Rail Canada; 
and others under many agreements to provide Amtrak Cascades service.  
 
The state-supported Amtrak Cascades service continues to demonstrate 
record growth in ridership. Ridership of 594,970 in the first three quarters 
of 2008 increased 16.3 percent over the same period in 2007. High 
gasoline prices, population growth, and many other factors have 
contributed to this increase. 
 
Many planning documents have guided Amtrak Cascades development 
over the years. In 1995 WSDOT published Options for Passenger Rail in 
the Pacific Northwest and in December 1997, WSDOT produced the 
Pacific Northwest Rail Corridor Operating Plan for public review. 
 
WSDOT published the Long-Range Plan for Amtrak Cascades (2006) that 
meets the U.S. Department of Transportation’s recommended planning 
framework for high-speed intercity rail service development, a 
requirement for Washington State to be eligible for federal funding.  The 
long-range plan outlines a 20-year progression of incremental 
improvements that increase train frequency, reliability, and safety, and 
reduce travel times.  

Socioeconomic Context 

Population/Congestion 

Western Washington and the Puget Sound region, anchored by major 
metropolitan areas, is the densest, most heavily populated area in 
Washington State. As of 2008 an estimated 3,664,000 people (four out of 
ten people) reside within 10 driving minutes of Oregon and Washington 
Amtrak Cascades stations. 
 
Exhibit 2-2 shows increasing I-5 corridor population growth from 2004 to 
2030, in terms of proximity to nearby Amtrak Cascades stations at 
5-minute drive, 10-minute drive, and 20-minute drive times. Increasing 
travel demand on the I-5 corridor impacts mobility, safety, the 
environment, and energy consumption. Strategies that promote viable 
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transportation alternatives, such as intercity passenger rail cause mode 
shifts that can reduce travel demand on the I-5 corridor and improve 
mobility, safety, environmental sustainability, and the economy.  
 

Exhibit 2-2: Population Surrounding Amtrak Cascades Services 
Vancouver, B.C. to Eugene, OR  
Drive Times to Amtrak Stations 
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Source: Data developed by WSDOT State Rail and Marine Office based on U.S. Census 
using WSDOT GIS tools. 
 
Exhibit 2-3 shows the increase in I-5 vehicle miles traveled from 1998 to 
2030.  
 

Exhibit 2-3: Vehicle Miles Traveled Along the I-5 Corridor 
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Source: WSDOT Transportation Data Office, and FY2010 to FY2030 projections by State 
Rail and Marine Office. 
 
With national highway congestions cost estimated at $70 billion annually, 
states are turning to rail as part of their transportation strategy. Specific 
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markets, like the Seattle, Portland, and Vancouver, B.C. metropolitan 
areas, have the most potential to generate public benefits from reduced 
highway congestion now and in the future. Intercity passenger rail is even 
more beneficial in regional markets with well-developed intracity mass 
transit systems, because intercity rail is more likely to be more 
competitive with driving on those routes. 
 
The Amtrak Cascades’ route goes along the same sections of the I-5 
corridor. WSDOT estimates that daily delay along the I-5 corridor is about 
300,000 hours and cost about $7 million a day. Amtrak Cascades 
passenger rail can help reduce congestion by diverting traffic away from 
the crowded I-5 corridor, increasing the serviceability of the overall 
transportation system.  
 
According to a WSDOT Urban Planning Office model, a 5 percent 
reduction in I-5 traffic will reduce 70 percent of the delay caused by 
congestion. Therefore, it doesn’t take a huge quantity of travelers 
switching to intercity passenger rail to generate substantial public benefits 
by reducing highway congestion.  
 
Intercity passenger rail service could potentially ease air travel congestion 
(take-off and landing delays) and it could reduce the number of flights 
between cities. In areas with little to no additional space for runways, 
airports have fewer options for increasing capacity. In those areas, 
intercity passenger rail service would be more competitive.  
 
There is an economic advantage for passenger rail in locations where train 
stations are located in central business districts, especially with convenient 
access to mass transit.  

Safety and Security 

On October 16, 2008, President George W. Bush signed into law a 2-part 
legislation: HR 2095, the Railroad Safety Enhancement Act of 2008, and 
HR 6003, the Passenger Rail Investment and Improvement Act of 2008. 
The legislation gives $12.9 billion for intercity passenger rail development 
over five years, almost double what the U.S. is currently spending. Safety 
and rail passenger improvements include increased rail safety inspectors, 
at-grade crossing improvements or eliminations, positive train control 
technology on rail main lines by 2015, and reporting required on service 
delays and poor on-time performance for the Amtrak Coast Starlight and 
Amtrak Cascades. 
 
According to the National Safety Council (NSC), the safety of intercity 
passenger rail travel is comparable to commercial bus and air travel. The 
2008 NSC Injury Facts report shows that passenger autos have a 0.81 U.S. 
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passenger fatalities per 100 million passenger miles ratio (1996-2005 
data); buses have a 0.04 ratio; railroad passenger trains have a 0.05 ratio; 
and airlines have a 0.02 ratio. Passengers may choose to travel by rail to 
improve their own safety, if they believe passenger rail is safer than other 
modes. 
 
In addition global development and global warming may cause 
transportation systems to be more vulnerable to natural and man-made 
disasters. The ability to respond to and recover from adversity is largely 
due to society’s degree of resiliency. Regions and communities with 
viable transportation alternatives are better positioned to deal with 
adversity and successfully recover from emergencies.  
 
A robust intercity passenger rail service is an asset in times of emergency. 
After the September 11, 2001 attack on the World Trade Center, Amtrak 
service resumed days before highways were open to the public. Likewise, 
after I-5 was flooded by the Chehalis River and its tributaries in December 
2007, Amtrak Cascades service resumed in two days, while I-5 service 
resumed for public use after four days.  

Environment/Energy 

Transportation is the fastest growing source of carbon dioxide (CO2) in 
the United States. CO2 emissions are projected to exceed 175 percent of 
year 2000 levels by 2025. Personal cars and trucks now account for 
40 percent of our nation’s oil consumption. Cars and trucks produce about 
a third of the greenhouse gas emissions in the U.S. Increasing travel 
demand is expected to cancel out the CO2 savings from the fuel economy 
and renewable fuel requirements as specified in the Energy Independence 
and Security Act of 2007.  
 
The University of California at Berkley recently completed the first 
comprehensive environmental life-cycle assessment of passenger 
transportation in the U.S. The assessment includes significant indirect 
supply chain costs that are harder to measure. It analyzes the real costs of 
all system components in terms of their energy use and polluting by-
products “from cradle to grave.”  
 
The University of California study shows that greenhouse gas emissions 
per passenger mile traveled is less for rail than for cars or airplanes, as 
indicated in Exhibit 2-4. Rail systems are the best energy and greenhouse 
gas performers, but they require much larger infrastructure requirements 
per passenger-mile served. High-speed rail can perform better than 
automobile and aircraft, but only if ridership is optimized. In the study, 
intercity passenger rail service similar to Amtrak Cascades was not 
included. Caltrain has a similar type of diesel propulsion system, but 
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offers a commuter service with shorter distances and more frequent 
service.  
 

Exhibit 2-4: Greenhouse Gases by Transportation Mode 
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Source: University of California at Berkeley, Center for Future Urban Transport 
 
Amtrak provides long-distance rail service and intercity passenger rail 
service throughout the U.S. Current initiatives to increase energy 
efficiency and reduce fuel consumption include a range of Amtrak 
programs. With its participation in the Chicago Climate Exchange, 
Amtrak is committed to cutting diesel emissions by 6 percent by 2010, the 
largest voluntary reduction commitment in the U.S., and the first 
commitment made by a national transportation company.  
 
Intercity passenger rail can generate some public benefit by reducing 
dependency on gasoline and fossil fuels. Another public benefit would be 
to reduce vulnerability to an energy supply disruption. 

Economy  

Amtrak Cascades investments can increase the economic potential of an 
area. There are model approaches used around the world to stimulate the 
economy and improve intercity passenger rail infrastructure and service 
with established and clearly defined national policy goals, stakeholder 
roles, and committed funding. In the U.S. where passenger rail is all 
public sector, Amtrak is taking action to reduce costs, but it is not 
positioned to address broader goals, roles, and funding issues.  
 
Intercity passenger rail services along designated corridors have a 
comparative advantage over other transportation modes in terms of 
financial viability and public benefits. However, currently there isn’t a 
national policy framework for rail and transportation in general. This is a 



 

December 2008 Amtrak Cascades Mid-Range Plan 
Page 2-8 State Rail and Marine Office, 360-705-7900, rail@wsdot.wa.gov 

major finding of the National Surface Transportation Policy and Revenue 
Study Commission Report of December 2007. The report was developed 
by an advisory group of 12 delegates, led by the U.S. Department of 
Transportation Secretary with a vision to create and sustain the pre-
eminent surface transportation system in the world. Their recommendation 
to increase multimodal transportation infrastructure investment will guide 
future rail policy. The report’s call to action states, “…our nation will 
need to put more emphasis on transit and intercity passenger rail and make 
them a priority for our country. A cultural shift will need to take place 
across America to encourage our citizens to take transit or passenger rail 
when the option is given.”  

Consumer and Travel Industry Trends 

Eco-tourism is growing both in trips to important environmental sites and 
in ways travelers choose travel alternatives that are more environmentally 
sustainable. Rail, as part of “green travel,” is emerging as the 
transportation alternative of choice for those who want to benefit local 
communities, reduce their carbon footprint, and experience the natural 
scenery in comfort and convenience as they travel.  
 
Global warming is of high concern for 41 percent of Americans and 
59 percent believe the affects are apparent now. Approximately 50 percent 
of Americans changed their summer travel plans due to high gas prices. 
Almost 25 percent of Americans working in the private sector don’t get 
paid vacations. With soaring gas prices influencing consumer’s travel 
plans, shorter, domestic trips are likely to continue to dominate travel 
destinations. Amtrak Cascades can be a preferred travel alternative for 
local and regional trips.  
 
In the next five years, America is expected to experience an 80 percent 
growth in the number of households headed by someone 55+ years old. 
Their availability to travel, their established and stable income, and their 
nostalgia for trains is expected to stimulate rail travel, especially if their 
rail experience is favorable.  
 
Wireless Internet (WiFi), cell phone reception, and electronic media are 
becoming standard amenities in all sectors of society, particularly among 
youth and young adults. The availability of convenient, state-of-the-art 
technology appeals to passengers and is an economic advantage for 
intercity passenger rail travel.  

Mid-Range Plan Options 
Washington State is facing both challenges and opportunities resulting 
from the fundamental changes in our economy and society. The main 
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factors that shape policy development have been discussed in a previous 
section. Transportation solutions, once used as a means to address only 
mobility problems, are increasingly viewed and used as strategies to 
achieve multiple ends, such as economic viability, societal mobility, and 
environmental sustainability. The options of the mid-range plan are 
designed, analyzed, and presented to assist policymakers in determining 
funding for the Amtrak Cascades, to achieve additional services that 
benefit society and the economy.  

Purposes of Mid-Range Plan Options 

The purposes of the plan options are identified as:  
 

• Articulating the needs of intercity passenger train services and 
discussing supply and demand issues for various scenarios. 

 
• Providing alternatives needed by policymakers in developing 

strategic investment policy, which might help achieve multiple 
policy ends using transportation solutions. 

 
• Assessing potential of passenger rail as a strategic alternative of 

long-term transportation solutions, rather than a niche market 
segment for tourists and intercity travelers. 

 
• Specifying the steps of improving infrastructure to deliver 

additional intercity passenger services, and link capital and 
operational investment to ridership growth and economic and 
societal benefits. 

 
• Providing a variety of information to support informed decision-

making processes—legislative budgeting and prioritizing. 

Defining Options for Achieving Additional Services 

Option 1: Maintaining Current Operation Strategy 

This option is designed to maintain current Amtrak Cascades operation at 
four daily round-trip trains between Seattle and Portland and two daily 
round-trip trains between Seattle and Vancouver, B.C. This option would 
not have additional capital investment and infrastructure improvements in 
the mid-range plan period. All previous capital investments for incomplete 
projects would become sunk costs1, as no additional investments for 
completing projects, which increase service capacity and reliability, will 
                                                 
1 Sunk costs are costs that cannot be recovered once they have been incurred. If there is 
no additional investment to complete projects that increase service capacity, then the 
costs of the uncompleted projects are lost or sunk. 
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occur. Ridership growth will be confined at current capacity levels. The 
growth opportunity would be to attract additional riders to the non-peak 
seasons and low ridership days. 
 
This option informs policymakers about the current status of Amtrak 
Cascades services and the outlook of maintaining the current status. It also 
serves as an analytic baseline for other options. 

Option 2: Incremental Strategy 1 – Minimum Capital Investment 

By identifying the cost to deliver the minimum increase of additional 
service, this option would deliver five daily round-trip trains between 
Seattle and Portland and maintain two daily round-trip trains between 
Seattle and Vancouver, B.C. in 2012. This option would complete capital 
projects that have already been started, and would sustain the capital costs 
that were already invested into the system to achieve incremental service 
gains. The increased service would be used to meet the demands that 
would rise due to improved schedule reliability and rail line capacity. 
 
Option 2 helps decision-making by specifying the investments needed to 
complete the capital projects for minimum service increase. This option 
also assesses benefits and costs associated with additional investments that 
would revive the sunk costs and deliver minimum incremental service. 

Option 3: Incremental Strategy 2 – Supply Meets Demand 

By best analyzing and matching supply and demand in a dynamic 
economy and a changing society, this option assesses both supply and 
demand and the interactions between them. It provides essential 
information about ridership growth, cost and revenue, local and state 
economic impacts, and environmental and social benefits for incremental 
investments. These investments would achieve additional service levels, 
where the increased supply (Amtrak Cascades service capacity) 
essentially meets the increased demand (ridership growth).  
 
This option is essential because it supports decision-making by specifying 
investment levels, where the supply meets the demand, and provides 
information about a variety of benefits associated with such investments. 

Option 4: Rail as a Long-Term Alternative Strategy – No Financial 
Constraints 

By maximizing engineering feasibility, this option provides information 
about the maximum capacity that can be built during the mid-range plan 
horizon, FY2010 to FY2017, given the level of investment necessary to 
develop such infrastructure improvements. However, this option does 
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exclude a few reliability improvement projects that are expensive when 
compared to achieved improvements. 
 
Option 4, which allows eight daily round trips between Seattle and 
Portland by FY2015, is a viable option in an environment where 
policymakers might be willing to promote rail as a strategic alternative 
and part of the solution to highway congestion. It also helps to explore the 
potential benefits and costs for such a strategic movement to address 
greenhouse gas reductions, congestion relief, public safety improvements, 
and transportation resilience to disasters. 
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Chapter 3: Ridership for Amtrak Cascades 
 
Ridership for Amtrak Cascades on the Pacific Northwest Rail Corridor 
(PNWRC) has been increasing. This chapter highlights the changes in 
ridership in the past, present, and future and includes: 

Ridership History 
In 1993 Amtrak offered only one daily round trip between Seattle and 
Portland. Washington State saw the need and demand for more passenger 
rail service in the PNWRC, and in 1994 expanded service by introducing 
passenger trains sponsored by Washington State. This new Washington-
sponsored train service first leased a train set from Renfe Talgo of 
America (Talgo) to provide a second daily regional round trip between 
Seattle and Portland. In 1995 Oregon sponsored a state-funded train and 
one of two existing Seattle to Portland daily round trips was extended to 
Eugene, Oregon. Also in 1995, after a 14-year absence, service was 
restored between Seattle and Vancouver, B.C. In 1996 Washington leased 
a second Talgo train to support service. The Amtrak Cascades brand 
debuted in 1999 and WSDOT expanded Seattle to Portland service by 
offering a third daily round trip.  
 
Washington State initiated a new phase for Amtrak Cascades in 1999 by 
replacing leased equipment with custom-built trains purchased from 
Talgo. Currently there are five train sets in the Amtrak Cascades service. 
Washington State owns three train sets and Amtrak owns two. WSDOT 
signed a lease/purchase agreement for two train sets with Talgo in 1995, 
and took delivery in late 1998-early 1999. In 2000 a second daily Seattle 
to Portland train was extended to Eugene, sponsored by Oregon. A new 
stop in Tukwila was added in 2001. A fourth daily Seattle to Portland 
regional round trip started in July 2006, which completed the extent of 
current Amtrak Cascades regional service between Seattle and Portland. 
 
Ridership has risen steadily on the PNWRC from Eugene, OR to 
Vancouver, B.C., from less than 200,000 annual passengers in 1994 to 
676,760 passengers in 2007. Ridership for the three Washington-
sponsored trains increased over 500 percent from 1994 to 2007, even 
though there were service disruptions for approximately three months in 
2007. A complete history of the Amtrak Cascades annual ridership is 
shown in Exhibit 3-1. 
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Exhibit 3-1: Amtrak Cascades Annual Ridership 
1994-2007 
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Source: WSDOT State Rail and Marine Office 
 
Annual ridership for 2008 is expected to surpass all previous years in 
annual growth. Year-to-date ridership through October for Amtrak 
Cascades shows 27.4 percent growth over the same time in 2007. One 
reason for this growth is the rapid rise in gasoline prices in the last year, 
prompting consumers to consider train travel rather than driving for their 
travel needs. More convenient schedules and better connections have also 
fostered higher growth rates in the last several years. 
 
Since 1994 when Washington began actively supporting Amtrak service, 
consumers have responded to the increased frequency of daily train 
service. In every case when or where the supply of passenger train 
capacity increased, higher ridership has quickly followed. Ridership 
increases are most pronounced in the Seattle to Portland corridor, now that 
it has four daily Amtrak Cascades regional round trips. 

Ridership Distribution  
Public use of Amtrak Cascades is also measured by station on-offs, which 
measure passenger volumes per station. This measurement is determined 
by counting the number of passengers who get on and off trains at each 
station along the Amtrak Cascades corridor. Station volumes can assist 
planners and businesses in determining local train station activity. This 
knowledge can support greater connectivity with bus systems and other 
transportation modes. It can also be of help in land use planning for 
residential and business expansion. 
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Station on-offs provide a good measurement of the distribution of 
ridership along the rail corridor. Amtrak Cascades currently has 
17 stations, with an additional station scheduled for opening in Stanwood, 
WA in 2009. Originally, Amtrak Cascades had 15 stations in operation in 
1995. Tukwila, WA opened in 2001, followed by Oregon City, OR in 
2004. Restoration of older stations and building of new stations in more 
strategic locations led to greater volumes of passengers at stations. For 
passengers traveling between major cities (i.e. Seattle and Portland), 
having all trains stop at all stations increases travel time. Future 
consideration should be given to adding express trains between major 
cities.  
 
Station locations with 2007 total on-offs are listed from north to south in 
Exhibit 3-2. Nearly six out of every ten passengers begin or end their train 
travel at either the Seattle or Portland stations. These two cities serve as 
hubs for north and south traffic from each station and as beginning or end 
points for the four daily Seattle to Portland round trips. Exhibit 3-3 
illustrates in a pie chart the share of on-offs by station in 2007. 
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Exhibit 3-2:  Station On-Offs – 2007 
Stations Number Percentage 
Vancouver, B.C. 105,960 7.2% 

Washington Stations 
Bellingham 51,291 3.5% 
Mt. Vernon 19,321 1.3% 
Everett 18,211 1.2% 
Edmonds 18,200 1.2% 
Seattle 438,845 29.8% 
Tukwila 18,884 1.3% 
Tacoma 87,996 6.0% 
Olympia/Lacey 41,119 2.8% 
Centralia 17,509 1.2% 
Kelso/Longview 20,314 1.4% 
Vancouver 66,761 4.5% 
Total 798,451 54.3% 

Oregon Stations 
Portland 421,658 28.7% 
Oregon City 7,186 0.5% 
Salem 42,303 2.9% 
Albany 24,661 1.7% 
Eugene 71,040 4.8% 
Total 566,848 38.5% 

Grand Total 1,471,259 100.0% 
 
Source:  WSDOT State Rail and Marine Office 
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Exhibit 3-3: Amtrak Cascades On-Offs by Station – 2007 
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Ridership Profile 
Passenger demographics are important in determining characteristics of 
current passengers and potential growth of additional passengers. Surveys, 
periodically conducted by Amtrak, collect national and regional data to 
provide updated information on Amtrak Cascades. Current demographics 
of riders have been identified for targeting advertising campaigns: 
 

• Adults 25-54. 
• Household income $50,000+. 
• Slightly skewed female (60 percent). 
• Employed (52 percent full time, 12 percent part time). 
• Educated (54 percent college graduate, 31 percent some college). 
• Travels an average of seven one-way trips along the I-5 corridor 

per year, for business or leisure. 
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Approximately 81 percent of passengers are riding Amtrak Cascades for 
leisure. Ridership peaks during Friday, Saturday, and Sunday; and 
seasonally in the summer months and during the winter holidays. 
Attracting business travelers, especially those willing to pay higher fare 
tickets, is essential for increasing demand for current capacity and 
proposed capacity expansion. Providing frequent and reliable service with 
flexible timetables is important in attracting business customers. 

Factors that Drive Ridership Growth 
Ridership has grown over time, in part, because of underlying 
demographic characteristics of potential rail passengers. Population 
density and proximity to Amtrak stations is important in determining 
ridership growth. As of 2008 an estimated 3,664,000 people reside within 
10 minutes of Oregon and Washington Amtrak Cascades stations. 
Employment opportunities and income levels of the same nearby 
populations are also important. 
 
Greater capacity in the number of daily trips between stations is 
instrumental in increasing demand for passenger rail service. More daily 
trips expand the daily timetable, attracting more customers who may find 
an earlier or later travel time more attractive, especially for taking day 
trips. Business travelers especially respond to more flexibility and choices.  
 
Passengers are sensitive to ticket pricing. Amtrak offers four categories of 
ticket prices. Similar to airlines, prices rise as the trains fill up. 
Historically when additional trips were added to the Seattle to Portland 
segment, ridership responded quickly. More seats were available per day 
which drove down ticket prices, as more seats were available at a lower 
price. Saving money can be a great incentive for switching to other travel 
times. 
 
Higher costs for competing transportation modes also increase growth of 
ridership. Higher gasoline prices for automobile travel have been a big 
contributing factor for higher ridership, especially this past year. 
Nationwide, more highways and bridges are charging tolls, which add an 
additional cost to automobile travel. A new bridge, being planned for the 
I-5 crossing of the Columbia River between Washington and Oregon, is 
considering a toll for financing. This has the potential of furthering rail 
passenger growth between Portland and Seattle by increasing the cost of 
automobile travel. 

Growth Forecast: Methods and Results 
Ridership growth on Amtrak Cascades trains was forecasted using 
statistical methods relating ridership to population, capacity increases, and 



 

Amtrak Cascades Mid-Range Plan December 2008 
State Rail and Marine Office, 360-705-7900, rail@wsdot.wa.gov Page 3-7 

inflation-adjusted gasoline prices. For more technical information 
concerning ridership forecasting, please refer to Appendix 4. The Seattle 
to Portland segment is highlighted here because of the proposed expansion 
of capacity for this portion of the PNWRC. Monthly ridership from 1996 
to October 2008 was available for reference and forecasting. The baseline 
forecast used monthly ridership, average monthly train occupancy, 
population based upon driving time from Amtrak stations, inflation-
adjusted gasoline prices, and capacity in number of daily round trips. An 
alternative forecast excluded gasoline prices for comparison. Exhibit 3-4 
shows three data series: history starting in January 2006; the baseline 
forecast; and the alternative forecast. The baseline forecast provides a 
better fit to actual historical ridership, specifically gasoline prices have 
increased substantially since 2006. From FY2010 to FY2017, the baseline 
forecast projects an average of 3 percent higher ridership by including 
gasoline prices. After FY2017 the alternative forecast projects an average 
of 2 percent higher forecast. 
 

Exhibit 3-4: Comparison of Monthly Ridership History, Baseline 
Forecast, and Alternative Forecast without Gasoline Price Index 
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Stations included are Seattle, Tukwila, Tacoma, Olympia/Lacey, Centralia, 
Kelso/Longview, Vancouver, and Portland. 
 
Source: WSDOT State Rail and Marine Office 

Growth Analysis: Peak Ridership and Capacity, Time Saving and 
Reliability Improvement Effect – Discussion and Results 

When Amtrak Cascades ridership is forecasted in total for the Seattle to 
Portland corridor, it does not take into consideration peak ridership that 
occurs when the train is at its fullest along the corridor. For the Seattle to 
Portland segment, this maximum regularly occurs between Olympia/Lacey 
and Centralia, whether traveling north or south. During the peak months of 
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ridership in summer, during the winter holidays, and for weekend days of 
Friday through Sunday, the Olympia/Lacey to Centralia segment is 
usually where a train is sold out and passengers are possibly turned away.  
 
An analysis of the distribution of daily ridership in this peak section was 
conducted for a full year from July 2007 through June 2008 for all four 
Seattle to Portland daily round trip trains. Nearly 0.5 percent, or 
2,348 passengers, was not provided reserved seating as ridership exceeded 
train capacity for the peak ridership segment between the Olympia/Lacey 
and Centralia stations. Passengers not securing reserved seating are 
provided, if possible, overflow seating in the Bistro and Lounge cars. 
Passengers provided overflow seating are classified as unsupplied 
marginal demand for the purposes of the following discussion about peak 
capacity and loading. 
 
Passengers securing reserved seating, plus the overflow, determine a level 
of ridership or demand for the peak section. For the year’s duration, from 
July 2007 through June 2008, the peak section demand totaled 
474,800 riders. The four Seattle to Portland daily round trips provide a 
total of 738,760 seats annually. Dividing 474,800 by 738,760 determines 
an average peak-loading calculation of 64 percent. The difference of 
263,960 seats between peak section demand riders and annual total seats 
reflects lower ridership in non-peak sections: lower ridership during 
spring and fall seasons and lower ridership levels from Monday through 
Thursday.  
 
Sensitivity analysis of unsupplied marginal demand levels from 1 percent 
to 5 percent indicated a range of 5,515 to 27,518 riders. One percent 
unsupplied demand leading to a peak loading of 67 percent was chosen as 
a reasonable amount of unsupplied marginal demand. Meeting demand 
during peak trips is imperative, given the potential lost revenue of high 
paying passengers and resulting dissatisfied customers. 
 
Ridership can also be responsive to travel time reductions and reliability 
improvements of adhering to schedules. Option 2 is used as an example 
for explanation. Option 2 provides for an additional daily round trip (total 
of five) between Seattle and Portland, starting in July 2012. The Tacoma – 
Bypass of Point Defiance – 66th St. to Nisqually, included with Options 2 
through 4, results in a time savings of 6 minutes per one-way trip. A 
literature review of elasticity factors cites that train ridership increases 
1.58 percent as time decreases by 1 percent. By using the same elasticity 
factor, expenditures for rail maintenance that improve on-time reliability 
from the current 61 percent to 95 percent also increases ridership by 
18 percent when fully implemented.  
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Exhibit 3-5 provides a comparison of peak capacity and peak ridership for 
Option 2. The peak ridership line also incorporates the time and reliability 
enhancements inherent to Option 2. The chart shows that from 2000 
through 2007, peak capacity accommodated the peak ridership levels. 
Starting in 2008, peak ridership begins to exceed peak capacity with 
rapidly increasing ridership due to higher gasoline prices and other 
factors. Both peak capacity and peak ridership rise rapidly from 2012 to 
2014, when an additional daily round trip is added and time and reliability 
enhancements begin to take effect. From 2015 through 2030, peak 
ridership exceeds peak capacity and demonstrates a need for additional 
capacity. Options 3 and 4 provide for those additional capacities.  
 

Exhibit 3-5: Peak Ridership vs. Effective Capacity 
Option 2 – Minimum Capital Investment 
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Stations included are Seattle, Tukwila, Tacoma, Olympia/Lacey, Centralia, 
Kelso/Longview, Vancouver, and Portland. 
 
Peak Ridership: Peak ridership is defined as annual ridership measured at peak 
segment of the route (Olympia/Lacey to Centralia is the peak segment of Seattle 
to Portland route). 
Effective Capacity: Effective capacity is defined as average occupancy level 
where one percent of unsupplied demand happens due to peak time and peak 
section constraints. 

Source: WSDOT State Rail and Marine Office 
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Chapter 4: Amtrak Cascades Needed 
Infrastructure Improvements: FY2010 to FY2017 

 
In 1993 the Washington State Legislature directed the Washington State 
Department of Transportation (WSDOT) to develop high-quality intercity 
passenger rail service through the incremental upgrading of the existing 
BNSF Railway Company’s (BNSF) north-south main line. Since that time, 
WSDOT has been working with railroad companies and other 
organizations to identify, develop, prioritize, and build infrastructure 
projects. The 2006 long-range plan identified opportunities to improve 
existing services between 2004 and 2023. It proposed a set of 
infrastructure improvement projects that can, depending on the investment 
strategy “building blocks,” enable WSDOT to fulfill the legislature’s 
directive to provide safe, faster, more frequent, and more reliable 
passenger rail service through an incremental approach.  
 
This chapter outlines major infrastructure improvements that can be 
implemented during the mid-range plan horizon—FY2010 to FY2017. 
The infrastructure improvements are designed to achieve additional 
services, given scenarios of ridership growth and investment goals 
described in Chapter 6. The economic, societal, and environmental 
benefits of these services, as well as investment levels to achieve these 
services, are further assessed in later chapters.  

Identifying and Refining Infrastructure Improvements 
Since the early 1990s, WSDOT has partnered with Amtrak Cascades 
stakeholders (i.e. BNSF, Amtrak, and others) to increase service—
improving safety and building rail line capacity—through phased 
infrastructure project development. Projects are developed in a very 
specific order to achieve a range of operational goals—individual projects 
solve individual problems; groups of projects solve larger operational 
challenges.  
 
The Amtrak Cascades Mid-Range Plan includes operations analysis 
focused on service goals and strategic investment options between 
FY2010 and FY2017. By phasing infrastructure projects for incremental 
implementation, WSDOT provides policymakers with additional 
flexibility to fund Amtrak Cascades services at a desirable level, given a 
variety of factors that affect state budget and priorities. Meanwhile, 
WSDOT can better identify solutions, analyzing how to implement 
projects and maximize public benefit at the given investment level.  
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Updating Costs to Implement Infrastructure Improvements 
With all transportation projects, including rail, cost escalation is a 
challenge. Transportation projects are huge investments. They often take 
many years to complete. They contain many uncertainties (i.e. real estate, 
engineering design, public-private partnerships, societal and 
environmental challenges). These factors can easily drive cost estimates 
for transportation projects much higher than originally anticipated.  
 
To better manage cost escalation and deliver transportation projects on 
time and within budget, WSDOT began use of cost validation processes 
called Cost Risk Assessment (CRA) and Cost Estimate Validation 
Process® (CEVP). While the cost validation processes were effective with 
highway projects, they were marginally effective with rail projects for 
several reasons: 
 

• Unlike highway projects that have dedicated funding for system 
inventory and system preservation, rail projects have no dedicated 
funding sources to develop or manage such systems.  

 
• Unlike highway projects with available historical data, rail projects 

have limited historical data. Consequently, less information is 
available for reliable cost estimates and risk analysis processes.  

 
• Highway projects and rail projects have different inflation trends 

for their major components. Inflation indices that work for 
highway projects may not produce reliable cost projections for rail 
projects. 

 
To address cost escalation concerns for rail projects, WSDOT State Rail 
and Marine Office staff conducted a study based on a set of 1994 to 2008 
rail projects (mainly BNSF projects) experiencing cost escalation. The 
study identified cost escalation drivers and trends. It categorized rail 
project costs into five cost groups: pre-construction engineering, right of 
way, track, signal, and earthwork. It found specific indices to analyze 
inflation trends and quantify inflation effects. It deducted inflation effects, 
scope-of-work changes, and original cost estimate errors from the cost 
escalation.  
 
The study found cost escalation for rail projects averaged about 60 percent 
(ranging from 2 percent to more than 100 percent) depending on cost type, 
cost categories, initial estimates, and project implementation timeframe. 
The rail signal system cost inflation index was also systematically 
understated.  
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To address the uncertainty of cost escalation and control risks, three cost 
estimation improvements were developed by the WSDOT State Rail and 
Marine Office to improve cost estimates: 
 

• A set of rail project specific inflation indices were used to reflect 
cost inflation between cost estimates and project implementation.  

 
• Cost escalation, due to scope-of-work changes, would be 

minimized with a developing rail project management system, 
which includes a database of historical and current information 
about project location, type, size, economic climate, and other 
factors.  

 
• Cost escalation, due to estimation errors, was minimized with staff 

management control of the data and process. A cost item database 
that represents rail projects will be developed to help validate the 
cost estimates produced by consultants using their proprietary 
databases.  

 
Exhibit 4-1 presents cost estimates for rail projects based on the improved 
methodology described above. Although WSDOT made its best effort to 
incorporate risk analysis into cost estimation processes, actual costs may 
still vary, depending on the funding availability, the outcome of 
environmental analysis for each project, the outlook of the national 
economy, and the project completion timeline (generally, the longer the 
timeline, the rougher the cost estimate). 

Infrastructure Improvements and Service Capacity 
Exhibit 4-1 describes the rail projects that could be implemented, 
depending on the funding level, to achieve additional service. Each project 
solves a particular problem (i.e. eliminate a chokepoint, increase safety) 
and fulfills a specific operational goal. Because operations analysis is 
based on an incremental approach to project development, if funding is 
not available to complete all of the listed projects, a sub-set or phase of 
each project can be implemented and achieve certain passenger service 
levels associated with that particular investment level.  
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Exhibit 4-1: Projects and Project Stages that Could Be Implemented to  
Achieve Additional Service Levels During the Mid-Range Planning Horizon: 

FY2010 to FY2017 

Option 1: 
$0

Option 2: 
$141 

Million

Option 3: 
$578 

Million

Option 4: 
$817 

Million
Tacoma – Bypass of Pt. Defiance – 66th St. to 
Nisqually**

2012 $42.8 $42.8 $42.8

Vancouver – Yard Bypass and W 39th St.** 2012 $90.4 $90.4 $90.4

King Street Station – Track Improvements** 2011 $2.0 $2.0 $2.0

Cascades Train Sets – Overhaul** 2011 $6.0 $6.0 $6.0

Increase  Capacity of Existing Train Sets 2011 $48.4

Kelso-Martin’s Bluff  – New Siding Option 3: 2017 
Option 4: 2013

$83.4 $60.2

Kelso-Martin’s Bluff – Kelso-Longview Jct. – 3rd Main 
Track

Option 3: 2017 
Option 4: 2013

$151.0 $125.8

Cascades – Two New Train Sets Option 3: 2016 
Option 4: 2012

$56.8 $50.8

Blaine to Vancouver, WA – Main Line Track Upgrade Option 3: 2013 
Option 4: 2014

$97.4 $97.4

Centralia – New Crossover Near China Creek 2011 $3.7

Cascades – Two New Train Sets & Four Locomotives 2012 $69.9

Kelso-Martin’s Bluff – Kalama 3rd Main Track 2013 $77.8

Cascades – Higher Speed Locomotives 2014 $88.4

Tacoma – Reservation to Stewart – New 3rd Main Track 2014 $101.7

Five Seattle to Portland and two Seattle to Vancouver, B.C. daily round trips, 95 percent on-time performance.

Project 
Group 
A***: 

$141M for 
Options 
2, 3, and 

4

** Costs do not include anticipated expenditures prior to July 2009. These projects were currently funded as: Tacoma – Bypass of Pt. 
Defiance – 66th St. to Nisqually, $59.5 million; Vancouver – Yard Bypass and W 39th St., $115 million (include $55 million in 09-11 
bienium); King Street Station – Track Improvements, 13 million; Cascades Train Sets – Overhaul, $4million. The cost estimates listed 
in the options are additional costs needed to complete these projects starting July 2009.

*** Projects anticipated to be complete prior to July 1, 2009 in the 2008 Transportation Supplemental Budget are not listed. 

Project 
Group B: 
Option 3 
$437M; 
Option 4 
$334M

Project 
Group C: 
$341M for 
Option 4

* A project group is a set of projects or project stages to be implemented collectively to achieve additional service.

Six Seattle to Portland and two Seattle to Vancouver, B.C. daily round trips, 97 percent on-time performance.

Eight Seattle to Portland and two Seattle to Vancouver, B.C. daily round trips, 92 percent on-time performance due to 
running two additional round trips without taking additional expensive reliability projects.

Year of 
CompletionProject NameProject 

Group

Capital Cost Estimates* ($ Million)

 
Source: WSDOT State Rail and Marine Office. 

 
There are a number of smaller incomplete projects that are underway or 
are planned to be underway as of this writing. These projects have 
reliability benefits and in some cases capacity benefits to increase 
passenger rail service frequency. Some of these projects will be completed 
prior to the start of this plan’s study period, July 1, 2009, and some will 
carry forward beyond that date. Exhibit 4-2 lists the detail of these 
projects and their overall costs and anticipated costs to be expended prior 
to July 1, 2009. These projects are not discussed further in this chapter as 
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they are planned to be complete, or nearly so, prior to the beginning of the 
mid-range planning horizon. 
 

Exhibit 4-2: Projects with Reliability Benefits 

Project Name Total 
Budget 

Planned 
Expenditures 

Prior to 
July 1, 2009 

Planned 
Expenditures 

Starting 
July 1, 2009 

Tenino – High Speed 
Crossovers $3,875,000 $3,875,000 $0 

Mt Vernon – Siding 
Upgrade $3,800,000 $3,800,000 $0 

Everett – Curve 
Realignments and Storage 
Tracks 

$14,000,000 $14,000,000 $0 

Stanwood – Siding 
Upgrades $15,950,000 $15,950,000 $0 

Blaine – Customs Facility 
Siding $6,000,000 $6,000,000 $0 

King Street Station – Track 
Improvements $15,000,000 $13,000,000 $2,000,000 

Cascades Train Sets – 
Overhaul $10,000,000 $4,000,000 $6,000,000 

Stanwood – New Station $5,000,000 $5,000,000 $0 
Budgets and planned expenditures are based on the 2008 Supplemental 
Transportation Budget. 
 
The remainder of this chapter contains information about specific rail 
projects between Seattle and Portland. Each rail project contains the 
following information: title, beginning and ending rail milepost (MP) 1, 
project components, map or photo, cost and funding information, 
timeframe, and a brief explanation of why it is needed and how it can 
independently solve a particular problem. 

                                                 
1 Mileposts or rail mileposts are designations by the railroad indicating the railroad track 
distance from an established starting point to an ending point. 
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Tacoma – Bypass of Point Defiance – 66th St. to Nisqually 
(Rail mileposts 24.7 to 24.2, 11.5 to 0.0, and 9.0 to 0.6) 

 
 
This project is the first phase of a much larger project listed as Point 
Defiance Bypass in the long-range plan. Since then, the project has been 
separated into two phases. 
 
Currently passenger trains must slow down to use the curved tracks along 
Puget Sound and the single-track tunnels under Point Defiance. The first 
phase of this project builds a bypass so that passenger trains can avoid 
those areas. Freight trains would continue to use the existing tracks in the 
Point Defiance area. This project would increase capacity to allow 
increases in passenger service, as well as provide reliable Amtrak 
Cascades service by reducing travel time by six minutes and eliminate 
conflicts with freight trains. 
 
The proposed route of this WSDOT project is the same that Sound Transit 
would use to extend Sounder Commuter Rail service to Lakewood. After 
both the WSDOT-sponsored and Sound Transit-sponsored projects are 
completed, Amtrak trains and Sounder Commuter Rail would share the 
route with infrequent freight trains currently serving, Fort Lewis, and 
other shippers in Lakewood, south Tacoma, and Roy. 
 
This first phase improvement on this bypass route includes a new second 
track between 66th Street in south Tacoma and Bridgeport Way in 
Lakewood. It reconstructs the remainder of the existing Sound Transit-
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owned track between Lakewood and Nisqually and reconfigures the rail 
junction at Nisqually on the BNSF’s Seattle Subdivision main line. The 
current cost estimate for this portion of the project is $42.8 million with 
delivery by 2012 (Exhibit 5A-2, Appendix 5). This project is listed in the 
2003 Legislative Transportation Package and the 2005 Transportation 
Partnership Account, but it would require additional funding beyond the 
$59.8 million allocated by the state legislature. The design and 
environmental documentation is complete. The initial work between 
S. 66th Street and Bridgeport Way is planned to begin construction, along 
with Sound Transit-funded improvements, in late 2008. 

Vancouver – Yard Bypass and W. 39th Street 
(Rail mileposts 9.9 to 10.4 and 133.3 to 136.5) 
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This project consists of a single-track bypass of the heavily congested 
Vancouver rail yard, a siding2 extension, and associated turnouts from rail 
MP 133.3 to rail MP 136.5 of the BNSF’s Seattle Subdivision and 
connecting tracks, crossovers3, and track improvements from rail MP 9.9 
to rail MP 10.4 on the BNSF’s Fallbridge Subdivision. The bypass 
separates grain freight traffic from passenger traffic to allow for projected 
increased traffic in both freight and passenger rail. All the improvements 
relieve congestion for freight coming from eastern Washington. West 39th 

Street, which bisects the rail yard, would also be grade separated4, thus 
providing a safer crossing for vehicles and pedestrians.  
 
The current estimated construction cost of this project is $150.7 million. 
This project is listed in the 2003 Legislative Transportation Package. To 
deliver the project in 2012 it will cost $90.4 million (Exhibit 5A-3, 
Appendix 5). The design and environmental documentation for this 
project has been completed, and portions of the rail improvements and the 
W. 39th Street Bridge are under construction as of this writing. 

Add Fifth Seattle to Portland Daily Round Trip 

By completing the Vancouver and Tacoma projects described above, the 
number of daily round trips between Seattle and Portland can be increased 
from four to five and maintain the two Seattle to Vancouver, B.C. daily 
round trips. 

                                                 
2 A siding is an auxiliary track located next to a main line that allows a train to move out 
of the way of an oncoming train. Sidings are also used to store trains or to add/subtract 
rail cars. 
3 A crossover is a set of turnouts connecting multiple tracks. A crossover allows a train to 
move from one track to another.  
4 Grade separated means the crossing lines of rail, auto, or pedestrian traffic are vertically 
separated from each other (i.e. a roadway that crosses over or under a railroad track).  
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Increase Capacity of Existing Train Sets 

 
 
The current fleet of train sets was built from 1996 to 1998 by Renfe Talgo 
of America (Talgo). Each set has 12 cars and has a relatively fixed 
consist5, as it takes a crew of five to seven people up to six hours to add or 
remove cars for any one train set. Thus, the train set cannot be increased 
or decreased easily to react to short-term peaks or valleys in ridership. 
Riders may be turned away during times of peak demand. 
 
In addition each train has one locomotive, usually an Electro-Motive 
Diesel (EMD) F59 of 3,500-horsepower provided by Amtrak, as well as a 
cab car.6 The cab car is required to provide a place for the engineer to 
operate the train when the powered locomotive is pushing the train instead 
of pulling. It also provides additional safety in case of a collision. The 
existing fleet of 12-car train sets is based on the ability of one locomotive 
to keep to schedule while pulling or pushing the train set and cab car. To 
move a larger train set and stay on schedule, the cab car needs to be 
replaced with a second locomotive on each train. 
 
There is a very limited availability of the model of Talgo cars in the 
current fleet on the used market. This model of train car is no longer in 
production and has been replaced with a new model that meets current 

                                                 
5 A consist is the number of cars forming a train set, not including the locomotive or 
current cab car. 
6 A cab car is an unpowered locomotive. 
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U.S. rail equipment regulations without modifications. These newer model 
cars, although similar, are not compatible mechanically with the cars in 
the current fleet. Further, there is a very limited availability of the model 
of car in the current fleet on the used market. 
 
This project would purchase a new train set of 14 cars and purchase five 
new locomotives to supplement the Amtrak-provided fleet of locomotives. 
The addition of a new type of train set would allow the cars in the existing 
train sets to be re-arranged to form four train sets consisting of at least 
14 cars. This would increase the overall capacity of all trains in the 
Amtrak Cascades service without additional “on the ground” 
infrastructure improvements.  
 
The cost of the one train set and five locomotives is estimated to be 
$48.4 million, with delivery by 2012 (Exhibit 5A-4, Appendix 5). As the 
EMD F59 is no longer in production, the estimate also assumes that 
locomotives, either of a new design or second-hand from inside the U.S., 
will be available. While the existing fleet is comprised of equipment from 
specific manufacturers, the purchase of additional equipment would be a 
competitive process open to all qualified equipment manufacturers. 

Kelso to Martin’s Bluff – New Siding 
(Rail mileposts 105.5 to 110.0)  
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This project is a phase of a much larger rail improvement project listed as 
Kelso to Martin’s Bluff Rail Project in the long-range plan. Since then, the 
project has been separated into six phases. 
 
This project consists of adding a Centralized Traffic Controlled7 arrival 
and departure track capable of holding up to two full-length trains and 
associated switches and crossovers on BNSF’s Seattle Subdivision. This 
would allow grain trains inbound for Kalama and empty trains outbound 
from Kalama to move off the main line, when the Port of Kalama tracks at 
the two grain terminals are filled with other trains. The project is needed 
because current congestion on the rail line in this area negatively affects 
reliability and the ability to add service for additional Amtrak Cascades 
trains. Once this project is completed, service would be more reliable and 
additional service could be added.  
 
This project can be delivered as early as 2013 at a cost of $60.2 million 
with Option 4, or 2017 at a cost of $83.4 million with Option 3 
(Exhibit 5A-5, Appendix 5). This project is listed in the 2003 Legislative 
Transportation Package, but would require additional funding beyond the 
$49 million allocated by the state legislature. Conceptual design and 
environmental documentation for this project began in 2001. It is 
anticipated that final design will begin by 2013. 

                                                 
7 Centralized Traffic Controlled track means the track is dispatcher controlled. 
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Kelso to Martin’s Bluff – Kelso-Longview Jct. – 3rd Main Track 
(Rail mileposts 96.2 to 102.1)  

 
 
This project is a phase of a much larger project listed as Kelso to Martin’s 
Bluff Rail Project in the long-range plan. Since then, the project has been 
separated into six phases. 
 
This project will build on other phases and construct a 4.5-mile third main 
line track from the passenger station in Kelso to Longview Junction South 
at the south end of Longview Yard. The Longview Yard is an area of 
congestion with trains of cars bound for and coming from the Port of 
Longview and the Weyerhaeuser paper mill. Here cars are switched by 
BNSF, Union Pacific Railroad (UP), and the Longview Switching 
Company. The third track would allow passenger and freight trains to 
move around freight trains leaving or bound for Longview Yard. A new 
rail bridge over the Coweeman River, as well as two bridges over private 
access roads, would also be built. 
 
A 5,000-foot storage track in south Kelso would be replaced and 
converted to main track. This siding would cross Yew Street and Mill 
Street in Kelso at grade. This project will not require these two grade 
crossings8 south of the station to be closed or replaced. They are planned 
to be replaced in a later phase of the overall project. 

                                                 
8 A grade crossing is the area along the track where a roadway or pathway crosses on the 
same grade level. 
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This project could be delivered as early as 2013 at a cost of $125.8 million 
with Option 4, or in 2017 at a cost of $151.0 million with Option 3 
(Exhibit 5A-6, Appendix 5). 

Cascades - Two New Train Sets 

 
 
In order to increase service capacity between Seattle and Portland, either 
the service elsewhere would have to be reduced, or more train equipment 
would be required to supplement the existing fleet of five Talgo-built train 
sets. While more equipment could be leased from elsewhere in the U.S., it 
is more conservative to assume that the program would acquire new 
equipment.  
 
This project would acquire two new train sets for this purpose. It is 
assumed Amtrak would be able to provide the required locomotives, if 
WSDOT has not purchased the new high-speed locomotives described 
later. 
 
The purchase of equipment is difficult to predict as purchasing rail 
equipment in small quantities, such as two at a time, can increase unit 
costs substantially. The cost of two new train sets is estimated to be 
$50.8 million with delivery by 2013 with Option 4 or $56.8 million in 
2017 with Option 3 (Exhibit 5A-7, Appendix 5), but could be as much as 
25 percent less, if the purchase is associated with a larger order. The 
estimate assumes a 14-car train set similar to the current fleet, but the 
equipment purchase would be a competitive process open to all qualified 
equipment manufacturers. 
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Blaine to Vancouver, WA – Main Line Track Upgrade 

 
 
Currently, all the main line tracks that the Amtrak Cascades operate on 
are maintained to Federal Railroad Administration (FRA) “Class IV”9 
standards. Class IV tracks are limited to a maximum speed of 79 mph on 
straight or nearly straight track. When a track falls out of compliance with 
the Class IV standard, a “slow order”10 is imposed by the owning railroad 
until repairs can be made.  
 
This project will upgrade and maintain all existing main line tracks to 
FRA “Class V”11 standards. However, trains would still be limited to 
79 mph maximum due to signal limitations. When tracks are brought up 
and maintained at a higher track standard, then if they fall into disrepair, 
the Amtrak Cascades trains would still be able to operate at 79 mph. This 
will eliminate nearly all slow orders, thus increasing on-time performance 
                                                 
9 Class IV is a Federal Railroad Administration (FRA) safety standard focused on track 
structure, geometry, inspection, and road bed. The Class IV maximum allowable speed 
for passenger trains is 79 mph.  
10 A slow order is a track condition, usually temporary in nature, that can cancel or 
severely delay train service (i.e. track damage due to a winter storm, track maintenance in 
process).  
11 Class V is a higher FRA track safety standard. The maximum allowable speed for 
passenger trains is 90 mph. 
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and increasing schedule reliability. A similar project is underway on 
California’s Capital Corridor. 
 
WSDOT estimates it will cost more than $200,000 per track mile. This 
equates to $97.4 million with delivery in 2014 (Exhibit 5A-8, 
Appendix 5). In addition, the cost of maintaining the tracks to the higher 
standard will be higher than today. This will take about four years to 
implement without severely disrupting existing service. BNSF estimates it 
will cost between $10,000 and $13,000 (2008 estimates) per track mile 
annually for ongoing maintenance at the higher track standard. 

Six Seattle to Portland and Two Seattle to Vancouver, B.C. Daily 
Round Trips 

By completing the above projects (increasing train capacity, completing 
the first two phases of Kelso-Martin’s Bluff, purchasing two new train 
sets, and main line track upgrades), the number of daily round trips 
between Seattle and Portland can be increased to six. 
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Centralia – New Crossover Near China Creek 
(Rail mileposts 53.5 to 53.6) 

 
 
Construction of this crossover provides flexibility for trains to move 
between tracks when entering and departing Centralia’s Union Depot, 
ensuring that passengers can exit the train on the west side of the rail line, 
adjacent to the station. Without this crossover, there would be situations 
when a passenger train on the east main line would require passengers to 
cross the west main line, which reduces passenger safety. This project 
would provide increased capacity, reliability, and safety. The estimated 
construction cost of this project is $3.7 million with delivery by 2011 
(Exhibit 5A-9, Appendix 5). 
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Cascades - Two New Train Sets & Four Locomotives 

 
 
As described earlier, in order to add more service between Seattle and 
Portland, more train equipment would be required to supplement the 
existing fleet. This project would acquire an additional two new train sets 
for this purpose. This project would also purchase four additional high-
speed locomotives, as described later. 
 
The purchase of rail equipment is difficult to predict because small 
purchase orders, such as two at a time, can increase unit costs 
substantially. The cost of two new train sets and four locomotives is 
estimated to be $69.9 million with delivery by 2013 (Exhibit 5A-10, 
Appendix 5), but they could cost as much as 25 percent less, if they are 
part of a larger order. The estimate assumes a 14-car train set similar to 
the current fleet with a capacity of approximately 300 passengers, but the 
purchase of the equipment would be a competitive process open to all 
qualified equipment manufacturers. 
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Kelso to Martin’s Bluff – Kalama 3rd Main Track 
(rail mileposts 105.8 to 108.9) 

 
 
This project is a phase of a much larger project listed as Kelso to Martin’s 
Bluff Rail Project in the long-range plan. Since then, the project has been 
separated into six phases. 
 
This project would build on other phases and construct a 2.9-mile third 
main track around the congested Port of Kalama area. Here 7,000-foot 
BNSF and UP grain trains move between the main tracks and one of the 
largest grain terminals on the west coast. These movements, on and off the 
main line, create congestion on the main tracks. The third main track 
would allow passenger and freight trains to move around freight trains that 
are waiting to enter or are leaving the Port of Kalama.  
 
This project is estimated to cost $77.8 million with delivery by 2014 
(Exhibit 5A-11, Appendix 5). 
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Cascades - Higher Speed Locomotives 

 
 
As stated earlier, currently each train has one locomotive, usually an EMD 
F59 of 3,500 horsepower provided by Amtrak and a cab car. This project 
would purchase 16 new locomotives that are capable of operating 
consistently and economically with higher speeds (up to 110 mph) and 
higher acceleration rates than the current F59 locomotive fleet. This 
project would provide two locomotives per train set plus two reserve 
locomotives for scheduled maintenance and in case of break-downs. 
 
The estimated cost is $88.4 million with delivery by 2015 (Exhibit 5A-12, 
Appendix 5), however, as previously stated, the purchase of equipment is 
difficult to predict since purchasing rail equipment in small quantities, 
such as two at a time, can increase unit costs substantially. Purchasing the 
rail equipment as part of a larger order would reduce costs. 
 
For a more detailed discussion of the type of locomotives needed for 
higher-speed travel, see the 2006 long-range plan, Volume 1; Amtrak 
Cascades Operating and Infrastructure Plan Technical Report, page 4-46. 
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Tacoma - Reservation to Stewart – New 3rd Main Track  
(rail mileposts 38.2 to 33.9) 

 
 
A new main line will be built next to the existing double track. The 
purpose of this track is to provide a dedicated track for lower speed freight 
trains that originate, terminate, or stop in Tacoma. The track is needed 
because freight traffic is predicted to continue to grow in this area over the 
next 20 years. Without increased capacity additional traffic would result in 
increased congestion and reduced reliability. 
 
The estimated construction cost of this project is $101.7 million with 
delivery by 2015 (Exhibit 5A-13, Appendix 5). 

Eight Seattle to Portland and Two Seattle to Vancouver, B.C. Daily 
Round Trips 

By completing the above projects (new cross-over in Centralia, two new 
train sets and higher speed locomotives, the 3rd main track at Kalama, and 
a new main line in Tacoma), the number of daily round trips between 
Seattle and Portland can be increased to eight. 
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Chapter 5: Operational Analysis and Costs 
 
This chapter of the Amtrak Cascades Mid-Range Plan reviews the 
operating environment of Amtrak Cascades service in support of mid-
range plan options that can allow up to four additional daily Amtrak 
Cascades round trips between Seattle and Portland. Computer simulation 
modeling was performed throughout 2007-2008 to validate infrastructure 
requirements necessary for new service, and to identify opportunities to 
improve the on-time performance and reliability of the service. 
Appendix 6 provides detailed information regarding the operational 
analysis and costs described throughout this chapter. 
 
Appendix 6 includes details about the operational analysis, additional 
reliability projects, service enhancements, and passenger train delays.  

Operational Analysis 
Operational analysis uses computer simulation modeling to validate 
Amtrak Cascades timetables, track capacity, and service capacity. It looks 
at proposed infrastructure improvements to increase frequency, improve 
reliability, and meet on-time performance targets between Seattle and 
Portland. Operational analysis also helps determine the order of 
infrastructure and operating projects to be included in Options 2, 3, and 4. 
Project types include:  
 
• Timetable (schedule) improvements. 
• Track capacity improvements. 
• Reliability improvements. 
 
It also examines the feasibility of increasing the frequency (up to four 
daily round trips) and the fleet (up to four additional trains) for Amtrak 
Cascades service between Seattle and Portland.  
 
The operational analysis for this plan examined four weeks of railroad 
operation in randomized traffic patterns to represent the current railroad 
conditions. It analyzed over 2,800 trains in each of 16 simulations. Each 
simulation began with a base case that was subjected to extensive analysis 
before proceeding. Each simulation contained many variables, including 
the differentiations between freight and passenger rail movements. The 
modeling process ensured that the results represent the infrastructure 
requirements as accurately as possible. 
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Modeling results validated and confirmed the previous 2003 operations 
analysis. The model addressed on-time performance; it didn’t address 
reliability, slow orders, or the “state of good” railroad repair and 
maintenance.  
 
Exhibit 5-1 shows anticipated on-time performance when a cumulative set 
of improvements, adding 1, 2, or 4 additional daily Amtrak Cascades 
round trips between Seattle and Portland, is complete.  
 
Exhibit 5-1: Passenger Service On-Time Performance  
Based on Five Cases of Randomized Freight Service 

WSDOT (Seattle-Portland) Rail Traffic Controller Simulation Results 
WSDOT Trains’ On-Time Performance Percentage – 3 hr. 40 min. (including 10 min. 
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Source: BNSF Railway Company 

 
The exhibit above shows that the Amtrak Cascades has a base case of 
61.1 percent on-time performance (a key measure of service reliability), 
which is relatively consistent with current operations, particularly during 
peak traffic periods. Completion of the Vancouver – Yard Bypass & 
W 39th St. Project increases on-time from 61.1 percent to 68.2 percent, but 
not enough for an additional Amtrak Cascades Seattle to Portland daily 
round trip. Completion of the Tacoma – Bypass of Pt. Defiance Project – 
66th St. to Nisqually increases on-time performance and track capacity 
dramatically, enough to add one additional Seattle to Portland daily round 
trip to the system and improve on-time performance from 68.2 percent to 
95.1 percent.  
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With the completion of the first two phases of the Kelso-Martin’s Bluff 
Project, an additional Seattle to Portland daily round trip can be 
implemented with on-time performance in the range of 96 percent to 
97 percent.  
 
It is important to note that although four daily round trips could be 
operated, the operation occurs at slightly reduced levels of reliability. This 
demonstrates that the remaining Kelso-Martin’s Bluff – Kalama 3rd Main 
Track project should be completed and will provide some reliability 
benefit when the full complement of four additional daily round trips 
between Seattle and Portland are implemented. 
 
As previously discussed, BNSF is agreeable to allowing additional 
Amtrak Cascades service as long as it will not negatively impact freight 
service. Impacts to freight service are measured in hours of delay. Current 
freight train delays, as replicated in the base case, are 304.6 hours per 
week. It is BNSF’s position that intercity passenger rail service expansion 
can be accommodated as long as their freight business is not adversely 
impacted.  
 
Exhibit 5-2 shows the relationship between infrastructure improvements, 
additional Amtrak Cascades service, and freight train delay. The modeling 
confirms that the infrastructure plan can be implemented without 
negatively impacting freight business.  
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Exhibit 5-2: WSDOT Plan’s Impact on Freight Service 
WSDOT (Seattle-Portland) Rail Traffic Controller Simulation Results 
Freight Train Delay in hours per week (all main line freight trains) 
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Source: BNSF Railway Company 

Opportunities to Enhance Reliability and Improve Performance 

Reliability Improvement 

Operational analysis confirms, with a high level of probability, that the 
incremental infrastructure developments related to Options 2, 3, and 4 
would enable additional Amtrak Cascades daily round trips between 
Seattle and Portland, as well as improvement of reliability and overall 
system performance.  
 
Achieving the 90 percent on-time performance goal in Options 2, 3, and 4 
will make Amtrak Cascades service punctual and dependable. People who 
are not satisfied with their service are much more likely to tell others as 
people who receive a satisfactory rail experience. Amtrak Cascades can 
not achieve broader acceptance unless service is punctual and dependable, 
regardless of other infrastructure and operating improvements.  
 
Amtrak Cascades uses a limited amount of rolling stock (equipment) 
making multiple trips within the Pacific Northwest Rail Corridor 
(PNWRC) each day. One delayed train can cause a domino effect of 
successive delays for passenger and freight trains using the same corridor. 
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When frequencies (additional daily round trips) are added, operating 
tolerances become tighter. Amtrak Cascades service not only needs the 
rail line capacity for additional service, but it needs operational changes 
for much tighter precision and punctuality in the daily operating 
environment. 

Additional Recommended Reliability Improvements  

At the request of WSDOT, BNSF ran operational analysis to address three 
recommended reliability improvements that are currently outside the 
scope of the mid-range plan. They also have a high potential to increase 
the capacity for future expansion.  
 

1. Oregon. There is a highly congested section of the corridor 
between the Columbia River and Portland’s Union Station. The 
segment contains several drawbridges and crossing movements of 
freight traffic to and from port facilities and yard traffic. Four 
projects have been identified. Two are funded by the state of 
Oregon and two are unfunded.  

 
2. Napavine – Winlock to Chehalis 3rd Main Track. Between 

Chehalis Junction and Winlock, there is a need for a dedicated 
main line track, which would allow passenger trains to travel 
unimpeded by slow moving freight trains traveling on the gradient 
of Napavine Hill. The dedicated passenger train track would also 
eliminate sharp curvature, allowing higher travel speeds, which 
would reduce travel times.  This project is unfunded. 

 
3. Kelso-Martin’s Bluff – Longview to Kalama 3rd Main Track. 

This project phase adds a third main line track between Kalama 
and Longview Junction to enhance reliability and achieve an on-
time performance of 96 percent or better.  This phase is currently 
unfunded. 

Other Reliability Improvements  

• Maintenance Facility. At the Seattle Maintenance Facility, where 
trains receive more intensive servicing and maintenance every four 
days, Amtrak is finalizing plans to reconstruct the facility for 
current and future needs of Amtrak Cascades intercity passenger 
service, Amtrak long distance service, and Sounder commuter 
trains. 

 
• Stations. Train station access improvements are needed to enhance 

safety, capacity, wheelchair access, baggage loading, and boarding 
and de-boarding time.  
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• Integrated Scheduling. Between Seattle, Tacoma, and Nisqually, 
there are plans to minimize Amtrak Cascades and Sound Transit 
scheduling conflicts. This would allow opportunities to provide 
rail-to-rail connections and passenger transfers at common stations 
in Tacoma, Tukwila, and Seattle, where Amtrak Cascades and 
Sound Transit offer complementary services.  

Maintenance of Track 

The current methods of performing track maintenance during normal 
daylight hours require “work windows” that limit rail capacity to move 
freight and passenger trains efficiently through the system. As freight and 
passenger frequencies increase, the ability to perform track maintenance 
decreases and the result is slow orders, which can cancel or severely delay 
train service. Slow orders are placed on a track when conditions exist 
(i.e. damage to track or crossovers largely due to storm-related events) 
that restrict the ability for freight and passenger trains to operate at 
designated track speeds. Slow orders, which are temporary in nature, are 
problems particularly during construction seasons, when new construction 
and capitalized maintenance projects are underway.  
 
WSDOT and BNSF are considering additional track maintenance 
enhancements that limit slow orders, achieve track maintenance goals, 
accommodate infrastructure growth, and meet the need for absolutely 
reliable service. Enhancements include: 
 

• Night maintenance. Performing maintenance activities at night 
when traffic is lighter.  

 
• Alternative methods or equipment. Multi-function, high-speed 

track maintenance machines.  
 

• Capitalized maintenance. Upgrading from Class IV to Class V 
track maintenance standards. This is included in Chapter 4 in the 
project titled “Blaine – Vancouver, WA – Main Line Track 
Upgrades.” 

Traffic Management 

BNSF is evaluating a “movement planner” program for use throughout 
their entire system to increase reliability and better manage traffic flow.  

Positive Train Control  

New rail safety laws require the installation and operation of positive train 
control, an advanced signal system, by 2015 on rail lines that have mixed 
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passenger and freight traffic. BNSF is currently testing them on select 
corridors within their system.  

Opportunities for Service Enhancements 
In quarterly Amtrak customer satisfaction index surveys, Amtrak 
Cascades service has been ranked in the top five in the nation in customer 
satisfaction throughout its history. Customers have enjoyed a level of 
service that is considered better in overall quality than “typical” Amtrak 
service.  
 
In 2008 Amtrak surveyed existing and potential Amtrak Cascades 
customers. Participants were asked about amenities and improvements to 
further enhance customer satisfaction. The survey resulted in several 
recommendations for Coach Class and Business Class travelers. The 
largest segment of potential new riders is more likely to be business 
travelers. Their main suggestions are:  
 

• Wireless Internet (WiFi) onboard the passenger coaches.  
• WiFi in separate Business Class lounges and in stations.  
• Quiet car.  
• Business Class amenity upgrades.  
• Enhanced passenger information display system.  

Analysis and Estimation of Operating Costs  
Cost estimation analysis provides detailed and accurate forecasts of 
Amtrak Cascades operating costs for the four strategic investment options 
discussed in this plan. Operating cost categories, which are defined further 
in this section, include:  
 

• Train costs are direct costs associated with each train. Train costs 
change with the number of operating trains.  

 
• System costs are indirect costs that change with the number of 

trains, passengers, and train sets. The system cost is allocated 
equally among the trains.  

 
• Passenger costs are individual costs allocated to trains by their 

ridership. The cost estimation analysis projections do not 
accurately reflect the relationship of passengers to individual 
trains, which is an overly complex calculation. The total passenger 
cost is allocated equally among the trains.  
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Train Costs 

 Labor and Support for Train and Engine: Labor costs for 
engineers, conductors, and other train operating staff. 

 
 Labor and Support for Onboard Service: Labor costs for staff 

involved in dispensing food and beverages on trains to passengers. 
 

 Fuel: Costs for locomotive fuel.  
 

 Commissary Provisions and Management: Costs for food, 
beverages, and consumable supplies dispensed on trains to 
passengers and non-consumable supplies used for customer service 
on trains. 
 

 Host Railroad Maintenance-of-Way: Costs for maintaining track 
(e.g. track, signals, crossings) and facilities (e.g. stations, other 
buildings). 
 

 Host Railroad Performance Payments: Payments to the railroad 
for keeping trains on schedule. 
 

 Insurance: Purchased property and liability insurance and costs of 
self-insurance. 

System Costs 

 Advertising: Costs for advertising Amtrak Cascades service. 
 

 General Support: Expenses not related directly to train operation 
and the use of resources not dedicated entirely to Amtrak Cascades 
operation (e.g. general counsel, claims services, customer 
communications, payroll, safety and environmental control, 
engineering, materials management, human resources, technical 
training, police and safety services, and procurement/purchasing). 
 

 Transportation: Personnel supervising and managing the service 
and associated costs as well as the costs of buses in lieu of train 
service and alternative transportation for passengers during service 
interruptions. Includes itemized categories of yard operations, 
terminal payments, passenger inconvenience, and transportation 
supervision and training. 
 

 Maintenance of Equipment: Costs of vehicle maintenance.  
 

 Other Railroad Costs: Charges by the railroad (BNSF in 
Washington State and UP in Oregon for the Amtrak Cascades) that 
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are not specific to train operation (e.g. administration, control 
center functions, avoidable costs). 

 
 Reservations: Costs related to managing passenger reservations 

and the maintenance of information technology systems used for 
passenger reservations. 
 

 Other Amtrak Costs: Includes itemized sub-categories of Amtrak 
operations and transportation support and amtrak fixed 
infrastructure maintenance. 

Passenger Costs 

 Station Services: Labor costs for station staff (e.g. ticket agent, 
janitors) and utility expenses for stations. 
 

 Commissions: Fees paid to travel agents and to credit card 
services. 
 

 Sales: Marketing support and the costs of non-station ticketing 
(e.g. tickets by mail). 

 
The Amtrak Cascades cost estimation timeframe is Federal Fiscal Year 
2009 (FFY09), which is October 1, 2008 through September 30, 2009. 
FFY09 cost estimates are split between the partners: Washington at 
65 percent, Oregon at 20 percent, and Amtrak at 15 percent. Some cost 
estimates, such as the cost of Washington State’s higher performance 
Talgo trains, are split differently per agreement with each set of 
stakeholders.  
 
Analysis results show that cost estimates change based on escalating 
factors, when capacity changes for additional daily round trips on the 
Seattle to Portland and Seattle to Vancouver, B.C. segments.  
 
Exhibit 5-3 shows economies of scale.1 On the Seattle to Portland daily 
round trip, the “cost per trip” decreases as capacity increases. Factors 
influencing the “cost per trip” reduction include: 
 

• The cost of adding passenger coaches to existing Talgo train sets.  
 

• The costs of adding locomotives to Talgo train sets that receive an 
additional passenger coach (a power requirement).  

 
                                                 
1 Reduction in cost per round trip resulting from increased round trips, realized through 
operational efficiencies. Economies of scale can be accomplished because as roundtrip 
increases, the cost of operate additional roundtrip falls. 
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• The cost of adding more trains to the fleet.  
 

• The cost of additional Talgo maintenance. 
 

• The cost of enhanced reliability (capitalized maintenance) 
associated with Options 2, 3, and 4 that eliminate slow orders and 
improve on-time performance. 

 
Exhibit 5-3: Estimates of Annual Operating Costs  

and Maintenance Costs (2008 Dollars) 

4 $5,753,341 $2,876,671 $913,540 $456,770 $940,125 $470,063 

5 $5,499,419 $2,749,710 $899,596 $449,798 $940,125 $470,063 

6 $5,293,188 $2,646,594 $890,774 $445,387 $940,125 $470,063 

8 $4,997,243 $2,498,622 $873,709 $436,854 $940,125 $470,063 

Reliability 
Enhancement 
Maintenance 
Cost Per One-

Way Trip 

Amtrak 
Operating Cost 
Per One-Way 

Trip

Talgo 
Maintenance 
Cost Per One-

Way Trip 

Amtrak 
Operating Cost 
Per Round Trip

Talgo 
Maintenance 

Cost Per Round 
Trip 

Daily 
Round 
Trips

Reliability 
Enhancement 
Maintenance 

Cost Per Round 
Trip 

 
 
Source: WSDOT State Rail and Marine Office 

 
Exhibits 5-4 and 5-5 show analysis results on how Amtrak Cascades 
operating costs change as capacity is added to the Seattle to Portland daily 
round trip segment as incrementally developed in Options 2, 3, and 4.  
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Exhibit 5-4: Amtrak Cascades Operating Costs for Seattle to 
Portland Four Daily Round Trips (2008 Dollars) 
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Source: WSDOT State Rail and Marine Office 
 

Exhibit 5-5: Amtrak Cascades Operating Costs for Seattle to 
Portland Eight Daily Round Trips (2008 Dollars) 
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Source: WSDOT State Rail and Marine Office 
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Chapter 6: Options for Achieving Additional 
Amtrak Cascades Service 

 
The analysis in this chapter articulates the needs of intercity passenger 
train services and discusses supply and demand issues for various 
scenarios. Comparing the alternatives available to policymakers, the 
option analysis provides information to help develop strategic investment 
policies that achieves multiple policy ends using transportation solutions.  
The option analysis specifies the steps of improving infrastructure to 
deliver additional intercity passenger services, and link capital and 
operational investment to ridership growth and economic and societal 
benefits to support informed decision-making processes—legislative 
budgeting and prioritizing. 

Options for Achieving Additional Services 
Options presented in the Amtrak Cascades Mid-Range Plan are designed 
in the context of the current macroeconomic policymaking environment. 
They build on incremental strategy with stakeholder involvement and are 
supported by capacity analyses and benefit/cost analysis. This mid-range 
plan presents four options for future program development described in 
details in Chapter 2. The following is a brief summary of these options. 

Option 1 – Maintaining Current Operation Strategy 

This option has no additional capital investment and infrastructure 
improvements in the mid-range planning period. It maintains the current 
operation level of Amtrak Cascades service. All previous capital 
investments become sunk costs1, due to no additional investment for 
completing projects that would increase service capacity. 

Options 2 and 3 – Incremental Strategies 

These options address specific investment goals based on the supply and 
demand interactions of our dynamic economy and changing society. They 
provide essential information about ridership growth, cost and revenue, 
local and state economic impacts, and environment and social 
benefits/costs.  

                                                 
1 Sunk costs are costs that cannot be recovered once they have been incurred. If there is 
no additional investment to complete projects that increase service capacity, then the 
costs of the uncompleted projects are lost or sunk. 
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Option 4 – Rail as a Long-Term Alternative Strategy – No Financial 
Constraints 

This option examines the engineering feasibility of the maximum capacity 
that can be built, given the availability of investment to develop such 
infrastructure improvements.  
 
Option 4 is viable in an environment where policymakers are willing to 
promote rail as a strategic component in integrated transportation solution. 
In such an environment, rail, while providing transportation service, 
would help address issues such as greenhouse gas reduction, congestion 
relief, public safety improvement, and transportation resilience to natural 
and man-made disasters.  

Investment in Capital Projects by Option 
Investment options are designed to achieve multiple goals using passenger 
rail as part of an integrated solution. Investment in capital projects is used 
to improve infrastructure and acquire additional equipment that is needed 
to expand the level of operations. The planning period for capital 
investment is from fiscal year 2010 to fiscal year 2017.  
 
Exhibit 6-1 demonstrates investments in capital projects and shows the 
capacity and reliability to be achieved by these capital projects. 
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Exhibit 6-1: Costs of Capital Projects to Achieve Additional Service Level: 
FY2010 to FY2017 

Option 1: $0 Option 2: 
$141 Million

Option 3: 
$578 Million

Option 4: 
$817 Million

Tacoma – Bypass of Pt. Defiance – 66th 
St. to Nisqually**

Vancouver – Yard Bypass and W 39th 
St.**

King Street Station – Track 
Improvements**

Cascades Train Sets – Overhaul**

Increase  Capacity of Existing Train Sets

Kelso-Martin’s Bluff – Stage 1 – New 
Siding

Kelso-Martin’s Bluff – Stage 2 – Kelso-
Longview Jct. – 3rd Main Track

Cascades – Two New Train Sets

Blaine to Vancouver, WA – Main Line 
Track Upgrade

Centralia – New Crossover Near China 
Creek

Cascades – Two New Train Sets & Four 
Locomotives

Kelso-Martin’s Bluff – Stage 3 – Kalama 
3rd Main Track

Cascades – Higher Speed Locomotives

Tacoma – Reservation to Stewart – New 
3rd Main Track

Project 
Group A***: 
$141M for 

Options 2, 3, 
and 4

Five Seattle to Portland and two Seattle to Vancouver, B.C. daily round trips, 95 percent on-time performance.

Project 
Group B: 
Option 3 
$437M; 
Option 4 
$334M

Six Seattle to Portland and two Seattle to Vancouver, B.C. daily round trips, 97 percent on-time performance.

$437.1 $334.2

Project 
Group* Project Name Year of Completion

Capital Cost Estimates* ($ million)

Project 
Group C: 
$341M for 
Option 4

Eight Seattle to Portland and two Seattle to Vancouver, B.C. daily round trips, 92 percent on-time performance due to running two 
additional round trips without taking additional expensive reliability projects.

* A project group is a set of projects or project stages to be implemented collectively to achieve additional service.

** Costs do not include anticipated expenditures prior to July 2009 in 2008 Transportation Supplemental Budget. These projects were currently 
funded as: Tacoma – Bypass of Pt. Defiance – 66th St. to Nisqually, $57.1 million; Vancouver – Yard Bypass and W 39th St., $59.9 million; 
King Street Station – Track Improvements, $13 million; Cascades Train Sets – Overhaul, $4 million. The cost estimates listed in options are 
additional costs needed to complete these project starting July 2009.

Option 4: 2015 $341.4

*** Projects anticipated to be complete prior to July 1, 2009 in the 2008 Transportation Supplemental Budget are not listed. 

Option 2, 3, and 4: 2012 $141.2 $141.2 $141.2

Option 3: 2017
Option 4: 2015

 
 
Source: WSDOT State Rail and Marine Office 

Operating Costs, Revenue, and Investment in Operations by 
Option 

Operating Costs 

Operating costs include the costs to operate Amtrak Cascades intercity 
passenger train services and costs to maintain service equipment. Since 
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each option in the mid-range plan operates at a different level, the 
operating costs vary. However, Options 3 and 4 operate more efficiently 
due to economies of scale. 

Revenue 

Revenue includes ticket revenues and revenues from services provided on 
the trains such as food and beverage revenues. 

Investment in Operations 

Investment in operations is the state’s net investment of public funds to 
maintain the operation. It is the total operation costs minus revenues from 
operation. It is a public investment that aims for gaining greater economic 
and societal benefits.  
 
Exhibit 6-2 shows the sum of operating costs, revenue, and investments in 
operations for all plan options from FY2010 to FY2017.  
 

Exhibit 6-2: Total Operating Costs, Revenue, and Net State Costs for  
Amtrak Cascades Operations  
FY2010 - FY2017 ($ Millions) 

Plan Options Operating Costs* Revenue** Net State Costs for Amtrak 
Cascades Operation***

Option 1: Maintaining Current 
Operation

$235.7 $118.4 $117.3

Option 2: Incremental Strategy 1 - 
Minimum Capital Investment

$360.2 $144.4 $215.8

Option 3: Incremental Strategy 2 - 
Supply Meets Demand

$366.7 $153.0 $213.8****

Option 4: No Financial 
Constraints

$428.2 $157.2 $270.9

* Include operating costs, Talgo maintenance costs, maintenance costs enhancing reliability, and Amtrak administrative costs. Estimated based on 
historical data, Amtrak FFY2009 Cost Estimates, and planned activities.

** Include revenues from tickets and passenger services. Estimated based on historical revenue data assuming price neutral policy. Total revenue is 
the product of total forecasted passenger miles and revenue earned per passenger mile, adjusted for inf lati

*** This is the estimated costs Washington State pays for contracted Amtrak Cascades operation.

**** The sixth round trip starts in FY2017, the total operation cost here for option 3 does not show  full effect of the operation at the capacity built.
 

 
Source: WSDOT State Rail and Marine Office 
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Total Public Investment by Option 
Total public investment includes both capital investments and operational 
costs. It reflects public costs for a specific option of Amtrak Cascades 
intercity passenger train service.  
 
Exhibit 6-3 shows the total investment (sum of capital projects and 
operations) over time for the four options. The chart only reflects capital 
investments during the mid-range planning period of FY2010 to FY2017.  
 

Exhibit 6-3: Dynamics of Total Public Investment  
Passenger Rail Investment by Option: FY2010 to FY2017 

0

50

100

150

200

250

300

2010 2011 2012 2013 2014 2015 2016 2017

M
ill

io
ns

Fiscal Year
Option 1: Maintaining Current Operation
Option 2: Incremental Strategy 1 - Minimum Capital Investment
Option 3: Incremental Strategy 2 - Supply Meets Demand
Option 4: No Financial Constraints  

 
Source: WSDOT State Rail and Marine Office 

Operation Investments 

Annual operation investments for FY2010 to FY2017 are present in all 
incremental strategy options, from around $14 million to $48 million, per 
year depending on capacity development level of each option.  

Capital Investments 

The timing of capital investments depend on each option’s construction 
schedule. Depending on the option, estimated project completion dates are 
2011, 2013, 2015, and 2017.  
 
Option 1 has no investment in capital projects, since this option only 
invests in operations. Its line in Exhibit 6-3 is relatively flat.  
 
Option 2 would invest and build capacity of five daily round-trip trains 
between Seattle and Portland at $141 million as soon as possible to 
complete ongoing projects that increase reliability/on-time performance 
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and capacity. The investment improves reliability (on-time performance) 
from approximately 60 percent currently to above 90 percent. 
 
Option 3 would invest in capital project investments and train sets 
gradually, based on the market demand. For a total capital of roughly 
$578 million, this option gradually increases equipment and capacity to 
14 cars per train in 2011, five daily round trips between Seattle and 
Portland in 2013, and six daily round trips between Seattle and Portland to 
meet demand in 2017. The investment improves reliability (on-time 
performance) from roughly 60 percent currently to above 90 percent.  
 
Option 4 would invest in even more capital projects to build capacity to 
eight daily round trips between Seattle and Portland in the shortest time 
based on engineering feasibility. A total capital of roughly $816 million 
would be invested by 2015. The reliability would be improved to above 
90 percent. 
 
In the “supply meets demand” financially constrained strategy of Option 
3, the capital investment is over a longer period of time than the “no 
financial constraints” strategy of Option 4. This is because Option 3 is 
designed to meet the growth of demand for a policy neutral scenario, 
while Option 4 is designed for policies that stimulate demand of train 
services. 
 
Exhibit 6-4 lays out the annualized investment details for all four options. 
It shows the distribution of investments between capital projects and 
operation. The operation investments are the total operating costs minus 
revenues. It is the public costs for Amtrak Cascades services. 
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Exhibit 6-4: Passenger Rail Investment by Year and Option 
FY2010 to FY2017 ($ Million) 

Net State 
Costs for 
Amtrak 

Cascades 
Operation*

Costs of 
Capital 

Projects

Total State 
Investment

Net State 
Costs for 
Amtrak 

Cascades 
Operation

Costs of 
Capital 

Projects

Total State 
Investment

Net State 
Costs for 
Amtrak 

Cascades 
Operation

Costs of 
Capital 

Projects

Total State 
Investment

Net State 
Costs for 
Amtrak 

Cascades 
Operation

Costs of 
Capital 

Projects

Total State 
Investment

2010 $13.6 $0.0 $13.6 $14.7 $48.4 $63.1 $14.7 $72.2 $86.9 $14.7 $92.6 $107.3

2011 $13.6 $0.0 $13.6 $15.3 $48.4 $63.7 $15.3 $107.1 $122.5 $15.3 $157.9 $173.2

2012 $14.2 $0.0 $14.2 $17.4 $44.4 $61.8 $16.2 $77.0 $93.2 $17.4 $249.2 $266.6

2013 $14.5 $0.0 $14.5 $34.0 $0.0 $34.0 $32.7 $39.0 $71.6 $40.6 $196.8 $237.5

2014 $14.9 $0.0 $14.9 $33.8 $0.0 $33.8 $32.4 $26.6 $59.0 $38.4 $85.2 $123.5

2015 $15.2 $0.0 $15.2 $33.6 $0.0 $33.6 $32.1 $47.4 $79.5 $49.0 $35.0 $84.0

2016 $15.5 $0.0 $15.5 $33.6 $0.0 $33.6 $32.0 $116.1 $148.2 $47.7 $0.0 $47.7

2017 $15.8 $0.0 $15.8 $33.5 $0.0 $33.5 $38.3 $92.8 $131.1 $47.9 $0.0 $47.9

Total Cost $117.3 $0.0 $117.3 $215.8 $141.2 $357.0 $213.8 $578.1 $791.9 $270.9 $816.7 $1,087.6

Year

* This is the estimated costs Washington State pays for contracted Amtrak Cascades  operation.

Option 1: Maintaining Current 
Operation

Option 2: Incremental Strategy 1 - 
Minimum Capital Investment

Option 3: Incremental Strategy 2 - 
Supply Meets Demand Option 4: No Financial Constraints

 
 
Source: WSDOT State Rail and Marine Office 

Growth of Ridership and Capacity by Option 

Ridership Growth - Demand 

The ridership growth for plan options is estimated through two processes. 
First, the ridership forecast model is developed to forecast long term 
growth of ridership based on factors such as population, gas prices, and 
service availability (Chapter 3 and Appendix 4).  
 
Second, based on improvement on on-time performance and scheduled 
time savings resulting from implementation of plan options, additional 
ridership growth is estimated using demand elasticity of time reduction 
published for Amtrak passenger trains. 
 
The total ridership growth for options is demonstrated in Exhibit 6-5. 
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Exhibit 6-5: Annual Ridership Growth by Option 
FY2007 vs. FY2017 
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Capacity Growth – Supply 

The capacity growth for plan options is based on capital projects that build 
capacity for each plan option. The capacity increase and reliability 
improvement of capital projects are presented in Chapter 4. Exhibit 6-6 
provides a dynamic view of capacity changes by option over the time 
frame of the mid-range plan. 
 

Exhibit 6-6: Maximum Annual Seating Capacity by Option 
Seattle to Portland FY2010 to FY2017 
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Demand and Supply Analysis 

The demand of Amtrak Cascades intercity passenger rail service, like 
utilities such as electricity, is seasonal. While electricity production 
usually has scalability that allows the electric company to adjust 
production for peaks and valleys, passenger rail has little flexibility to 
adjust due to the fixed schedule. The big gap between peak and valley 
demands makes capacity use and development much more challenging. If 
WSDOT builds sufficient supply to meet the peak demand, the average 
capacity use will be low due to the valley in demand. If WSDOT limits the 
capacity growth, peak demand will not be met. Therefore, there is a trade-
off between economic efficiency and policy to meet the societal demand. 
This is a policy issue similar to policies to regulate and subsidize electrical 
industries, where economic efficiency does not guarantee sufficient 
supply. However, the efficiency can be improved through attracting riders 
in non-peak time through both service improvement and marketing. 
 
Appendix 7 discussed effective or peak capacity and peak ridership—
supply and demand indicators. The supply and demand analysis, which is 
based on peak demand and effective capacity defined, provides 
information on how growth of the Amtrak Cascades service is related to 
ridership growth.  
 
The following charts demonstrate the relationship between supply and 
demand for the four policy options of Amtrak Cascades investment.  
 
Option 1 – Maintain Current Operations Strategy: Ridership would 
exceed the capacity in FY2008, and could exceed the capacity for the 
future by any factor that cause ridership jumps since there is little room to 
meet the additional growth of ridership (Exhibit 6-7). 
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Exhibit 6-7: Peak Ridership vs. Effective Capacity (Seattle/Portland):  
Option 1 - Maintain Current Operation 
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Effective Capacity Peak Ridership  
Peak Ridership: Peak ridership is defined as annual ridership measured at peak 
segment of the route (Olympia/Lacey to Centralia is the peak segment of Seattle 
to Portland route). 
Effective Capacity: Effective capacity is defined as average occupancy level 
where one percent of unsupplied demand happens due to peak time and peak 
section constraints. 

Source: WSDOT State Rail and Marine Office 
 
Option 2 – Minimum Capital Investments: Peak ridership would exceed 
seating capacity in FY2008 and could exceed the capacity for the future 
by any factor that causes ridership jumps until FY2013, when the 
minimum capital investments would increase service levels to five daily 
round-trip trains between Seattle and Portland. The improved reliability 
and increased capacity resulting from completion of capital investments 
and operational improvements would continue to drive up ridership. The 
demand indicated by ridership would exceed supply in about ten years 
(Exhibit 6-8).  
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Exhibit 6-8: Peak Ridership vs. Effective Capacity  
(Seattle/Portland):  

Option 2 - Minimum Capital Investment 
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Peak Ridership: Peak ridership is defined as annual ridership measured at peak 
segment of the route (Olympia/Lacey to Centralia is the peak segment of Seattle 
to Portland route). 
Effective Capacity: Effective capacity is defined as average occupancy level 
where one percent of unsupplied demand happens due to peak time and peak 
section constraints. 

Source: WSDOT State Rail and Marine Office 
 
Option 3 – Supply Meets Demand: Peak ridership would exceed capacity 
in FY2008. Capacity would stay above ridership in FY2009 and could 
exceed capacity at any time. The investment in a new train set would add 
two additional cars to each train set and the longer trains would increase 
service levels for additional riders in FY2011.  
 
The capital investment would deliver a fifth daily round-trip train between 
Seattle and Portland in FY2013. Ridership would continue to increase due 
to reliability improvements and other factors. The capital investments 
would deliver a sixth daily round-trip train between Seattle and Portland 
in FY2017, to ensure that sufficient seating capacity is available to meet 
the ridership growth. Since higher frequency and reliability improvements 
could trigger the demand for business riders, the ample capacity could be 
filled by such a demand. Since the increase in such a demand was not 
estimated by the ridership model due to lack of data, ridership indicated 
by the demand curve may be understated (Exhibit 6-9).  
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Exhibit 6-9: Peak Ridership vs. Effective Capacity (Seattle/Portland):  
Option 3 - Supply Meets Demand 
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Peak Ridership: Peak ridership is defined as annual ridership measured at peak 
segment of the route (Olympia/Lacey to Centralia is the peak segment of Seattle 
to Portland route). 
Effective Capacity: Effective capacity is defined as average occupancy level 
where one percent of unsupplied demand happens due to peak time and peak 
section constraints. 

Source: WSDOT State Rail and Marine Office 
 
Option 4 – No Financial Constraints: Peak ridership would exceed the 
capacity in FY2008. Capacity would stay above the capacity in FY2009. 
In this option, rail service would be used as a strategic solution to address 
multiple issues related to transportation. Ample capacity would be built 
for policies that encourage the use of passenger rail services. Investments 
in capital projects are only subject to engineering feasibility during this 
period. The invested capital projects would deliver two additional daily 
round-trip trains between Seattle and Portland in FY2013, and another two 
daily round-trip trains in FY2015, for a total of eight daily round trips 
between Seattle and Portland. The improved reliability, the higher 
capacity, and frequency would attract additional riders to Amtrak 
Cascades service. This option also opens other incentive policies, such as 
a modified fare structure, that could increase rail ridership substantially. 
The ample capacity could be used for any promotional policies that view 
passenger rail as part of a solution to address multiple issues 
(Exhibit 6-10).  
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Exhibit 6-10: Peak Ridership vs. Effective Capacity 
(Seattle/Portland):  

Option 4 - No Financial Constraint 
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Peak Ridership: Peak ridership is defined as annual ridership measured at peak 
segment of the route (Olympia/Lacey to Centralia is the peak segment of Seattle 
to Portland route). 
Effective Capacity: Effective capacity is defined as average occupancy level 
where one percent of unsupplied demand happens due to peak time and peak 
section constraints. 

Source: WSDOT State Rail and Marine Office 

Economic Impacts 
When public funds are used to invest in Amtrak Cascades intercity 
passenger train services, the investment generates economic impacts that 
affect the state’s economy, employment, people’s income, business’ 
profits, and taxes to governments. These economic impacts would benefit 
the state and local communities in general. The magnitudes of economic 
impacts are dependent on the size of investment and how the funds are 
invested.  
 
WSDOT used the Washington State input-output economic model, 
developed using IMPLAN2, to estimate the ripple effects of the increases 
in Amtrak Cascades services. The IMPLAN model was used to estimate 
the total economic impacts of mid-range plan options, including the 
cascading effects of the investments of each option (direct, indirect, and 

                                                 
2 IMPLAN is a commercial input-output model developed using input-output data from 
Bureau of Economic Analysis, U.S. Department of Commerce. The model used to 
estimate economic impacts in this plan is a Washington State specific model. 
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induced impacts). The economic impacts are assessed in terms of the 
following two indicators: 

 
 Employment represents the jobs created by the investment. 

Amtrak Cascades service directly creates jobs in construction, 
maintenance, food service, and transportation operations. It also 
creates jobs indirectly by the affect of the outputs of other 
industries and government incomes. 

 
 Value added is an indicator that reflects the net benefit of the 

investment. Both labor income (wages and salaries) and business 
incomes are counted as value added. 

 
Exhibit 6-11 demonstrates economic impacts of the four plan options. 
 

Exhibit 6-11: Economic Impacts of Amtrak Cascades  
Mid-Range Plan Options: Sum of FY2010 to FY2030* 

Impact Area Option 1: Maintaining 
Current Operation

Option 2: Incremental 
Strategy 1 - Minimum 

Capital Investment

Option 3: Incremental 
Strategy 2 - Supply 

Meets Demand

Option 4: No Financial 
Constraints

Benefits to Local 
Communities Along I-5 
Corridor

4,887 11,725 17,454 23,752

Statewide Benefits (Include 
benefits to local communities) 6,202 15,024 22,825 31,138

Benefits to Local 
Communities Along I-5 
Corridor

$306.5 $746.8 $1,139.9 $1,555.1

Statewide Benefits (Include 
benefits to local communities) $399.7 $977.6 $1,500.6 $2,048.1

Note: Economic impacts are assessed using IMPLAN Input-Output model for Washington State and its local areas.

* The projects completed during the mid-range plan period of FY2010 to FY2017 will generate benefits for local communities and Washington State for many 
years beyond FY2017.

** A job-year means that a person is employed as a full time employee for a year.

*** Difference between the total sales revenue of an industry and the total cost of components, materials, and services purchased from other firms within a 
reporting period (usually one year). It is the industry's contribution to the gross domestic product (GDP).

Support Employment 
(Job-Year**)

Value Added*** ($ 
Million, 2008 Dollars)

 
 
Source: WSDOT State Rail and Marine Office 
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Chapter 7: Benefit/Cost Analysis 
 
Studies show that passenger rail has many benefits. With its fuel 
efficiency, safety records, and lower environmental impacts, passenger rail 
has resurfaced as an attractive candidate that can be included in policy 
options aimed at solving economic, social, and environmental problems 
with integrated solutions. 
 
The common public benefits associated with passenger rail include 
stimulating the state’s economy, supporting local communities and 
businesses with jobs and revenues, reducing congestion, improving public 
safety, offering a transportation choice, reducing environmental pollution, 
and saving energy. 
 
This chapter will assess benefits and costs associated with the four plan 
options that provide various Amtrak Cascades service levels. The impacts 
of these options on the state budget, the state’s economy, local 
communities, highway congestion, public safety, and the environment will 
be evaluated to determine the likely effects of these policy options. This 
chapter includes three sections: 
 

• Understanding Public Investment and Benefit 
• Benefits and Costs Assessment 
• Transportation Cost Analysis 

Understanding Public Investment and Benefit 
Investment analysis in the public sector is very different from private 
sector analysis. There are several principles that must be understood in 
analyzing public investment and public benefits. 

Discounting 

Discounting addresses the problem of translating values from one time 
period to another. The larger the discount rate, the more weight that is 
placed on benefits and costs in the near-term over benefits and costs in the 
future. Unlike the private sector, long-term benefits, such as 
environmental quality, are important public policymaking criteria. 
Consequently, public investment analysis usually uses a relatively lower 
discount rate than the private sector. 
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Leveraging 

Public projects usually involve multiple sources of investment and 
partnership. While the analysis of such an investment assesses the 
efficiency of total investment, public investment analysis also assesses the 
effectiveness of public investment only. In other words, a measure of the 
effectiveness of public investment is how much additional investment a 
public investment can bring into a specific project. This measure is called 
leveraging. 

Distributional Benefits 

Many public investment projects provide distributional benefits to the 
public by transferring public resources to where they are needed most. 
Such a transfer payment is not a traditionally defined benefit. It could be 
measured as a public benefit, if it helps reach the goal of public policy to 
benefit the targeted public group.  

With/Without Principle 

Many public investment projects provide benefits to the public by 
mitigating negative impacts. While such investment does not create 
positive value, it reduces the negative value. The difference between the 
larger negative value and the smaller negative value is defined as a benefit 
based on the with/without principle. For example, with an investment in 
Amtrak Cascades capacity, more people would ride trains instead of 
driving cars. This results in less emissions, due to the fact that rail has a 
lower emission level per passenger mile compared to auto. The difference 
of the higher emission (auto) and lower emission (rail) will be defined as a 
benefit of the investment in Amtrak Cascades. Without such an 
investment project, societal loss due to higher emissions would be much 
larger. The reduced societal loss would be the benefit of the investment 
project. Also, as more people choose to ride the train, the emission per 
passenger would decrease. 

Public Benefits and Public Costs 

Based on the above discussion about the characteristics of public 
investment analysis, the benefit/cost analyses performed and presented in 
this chapter will be based on an assessment of public benefits and public 
costs. 

Period of Analysis 

Although the capital investment projects for this plan are implemented 
from FY2010 to FY2017, the benefits of the plan options are assessed for 
a longer period: FY2010 to FY2030. The reason for using a longer period 
for benefit/cost analysis is to demonstrate the benefits of capital projects. 
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Although projects will be completed in the mid-range plan period, their 
benefits last for many years.  

Benefits and Costs Assessment 
This section is a summary of the benefit/cost analyses for the plan options. 
Appendix 8 will provide the detailed analysis and methodology. 

Public Benefit Assessment 

Public benefits of statewide rail investment are those benefits directly or 
indirectly received by the public due to the specified investment. There are 
three categories of benefits from public investment:  
 

• Taxes are generated from investment. These taxes are direct 
incomes from the public investment and can be spent and 
reinvested for public benefit.  

 
• Economic impacts resulting from the investment, such as the 

employment and personal incomes, are generated from the 
investment projects.  

 
• External impacts, such as greenhouse gas emissions and 

accidents, are reduced.  
 
There are multiple benefits associated with passenger rail from all three 
types of public benefits described above. The magnitude of benefits 
received by the people of Washington State depends on how passenger rail 
will be integrated into the policies that embrace integrated solutions for 
interconnected problems. In general passenger rail has been identified by 
many studies to have the following benefits: 
 

• Tourism Market: Passenger rail is one of the major ways for 
tourists to access Washington State’s bountiful cultural and 
amenity resources, natural beauties, and historical heritages.  

 
• Supports Local Communities: Passenger rail construction projects 

bring jobs and revenue to local communities and businesses. 
 

• Generate Government Incomes for Public Programs: While rail, 
like highways, is a publicly funded infrastructure improvement and 
operation, it supports growth of many businesses in various 
industries that pay business taxes to governments. 

 
• Congestion Relief: Passenger rail helps solve congestion 

problems. As the economy and population continue to grow, the 



 

December 2008 Amtrak Cascades Mid-Range Plan 
Page 7-4 State Rail and Marine Office, 360-705-7900, rail@wsdot.wa.gov 

congestion problems on the I-5 corridor will increase. The 
potential of passenger rail as part of the solution for congestion is 
promising. 

 
• Public Safety: Passenger rail transportation has a strong safety 

record with a national accident fatality rate of 0.08 per 100 million 
passenger miles, about 1/10 that of motor vehicles. Replacing 
motor vehicle drivers with passenger rail riders will help improve 
public safety. 

 
• Energy Benefit: Passenger rail is much more efficient than 

airplanes and motor vehicles. Increasing passenger rail services 
will reduce the growth of other energy inefficient modes and help 
tackle the energy dependence problems. 

 
• Pollution Reduction: The level of released toxic substances and 

greenhouse gas emissions for passenger rail is lower than auto. 
Replacing motor vehicle users with rail riders will help reduce 
environmental pollution. 

 
• Transportation Choice: Passenger rail provides the public another 

transportation option, especially for the mobility-impaired and the 
non-driving public.  

 
Public benefits of the mid-range plan options are measured in terms of the 
following indicators: 

Economic Benefits 

• Revenue: Revenue from Amtrak Cascades operations, in this 
analysis, is not counted as an economic benefit. It actually offsets 
the state’s investment in Amtrak Cascades infrastructure 
improvement, operation, and maintenance. In other words, public 
investments (costs) would be larger without Amtrak Cascades 
service revenue. 

 
• Value Added: Value added includes personal income from 

employment, profits for businesses, and taxes paid to governments. 
Amtrak Cascades train services support industries such as tourism, 
transportation, construction, and maintenance. The value added to 
the economy resulting from direct and secondary impacts of 
Amtrak Cascades services is measured as economic benefits using 
IMPLAN—an Input-Output model that measures economic 
impacts. Other indicators of economic impacts of the plan options, 
such as economic output, jobs created, and taxes, were presented in 
Chapter 6 and not used as a measure of net benefits. 
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Societal Benefits 

Societal benefits measured in these plan options include congestion 
benefits, safety benefits, and environmental benefits. The methodology 
used to assess these benefits is described in Appendix 7. 
 

• Congestion Relief: Congestion on the I-5 corridor continues to 
increase. By diverting traffic away from the I-5 corridor, 
incremental services of Amtrak Cascades can help relieve the 
congestion of I-5. Amtrak Cascades currently accounts for less 
than one percent of traffic volume along the I-5 corridor. However, 
as Exhibit 7-1 demonstrates, a small fraction of I-5 traffic 
reduction could lead to tremendous improvement in reducing delay 
hours that are costs to travelers. In addition, the potential return on 
investment is very promising, if rail is considered a strategic 
alternative for transportation resilience to natural and man-made 
disasters.  

 
Exhibit 7-1: Benefit of Reducing Congestion 

0% -5% -10% -20%

Hours of Delay      302,000        90,000        64,000        30,000 

Reduced Hours of Delay Due to 
Traffic Reduction

              -   212,000     238,000     272,000     

% Delay Reduction from Today 0 -70% -79% -90%

Traffic Reduction %

I-5 Interstate Highway                                                
Average Daily Traffic Reduction and Hours of Delay

 
 
Source: WSDOT Urban Planning Office 
 

• Safety Improvement: The societal costs of motor vehicle collisions 
on Washington State highways were estimated at $2.5 billion in 
2007. Passenger rail transportation has a strong safety record. The 
national fatality rate is only one tenth of that of highway travel 
(Exhibit 7-2). 
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Exhibit 7-2: Comparison of Passenger Safety 

Fatality Per Million 
Passenger Mile

Injury Per Million 
Passenger Mile Sum

Rail 0.0005 0.0590 0.06

Highway 0.0119 0.7689 0.78

Rail to Highway Ratio 0.0387 0.0768 0.08

Fatality and Injury: Highway vs. Rail

 
 
Source: USDOT Bureau of Transportation Statistics 
 

It is clearly evident that passenger rail travel benefits public safety 
and is in the public interest. Work remains to further improve rail 
safety, including rail crossings and trespassing. If more passengers 
use rail instead of auto, the societal cost of motor vehicle collisions 
for roadways will be reduced. Since passenger rail has lower 
fatality and injury rates, passenger safety improves. Reduced 
societal costs will be assessed as public benefits of using passenger 
rail. 

 
• Health Benefit of Environmental Pollution Reduction: Passenger 

rail has lower emission rates for many greenhouse gases and toxic 
substances. Exhibit 7-3 provides a comparison of emission rates 
for three modes. 

 
Exhibit 7-3: Emission Rates – Grams per Passenger Mile 

Automobile Airplane Rail

Carbon Dioxide (CO2) 430 273 172

Volatile Organic Compounds (VOC) 2.68 0.15 0.16

Carbon Monoxide (CO) 16.40 0.46 0.60

Nitrogen Oxides (NOX) 0.90 0.21 0.90

Particulate Matter (PM) 0.01 Not Applicable 0.08

Road Dust 0.88 Not Applicable Not Applicable

Sulfur Oxides (SOX) 0.03 Not Available 0.05
 

 
Source: Compiled by WSDOT State Rail and Marine Office based on multiple 
sources. 
 

If more travelers use passenger rail instead of motor vehicles, the 
total emission rates of pollutants would be much lower. The social 
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costs caused by pollution would be reduced. Such reduction in 
social costs will be measured as environmental benefits of using 
passenger rail. The environmental benefits assessed in this plan are 
mostly health impacts caused by pollutants.  
 
The environmental impacts of global warming, resulting from 
greenhouse gases, could cost society billions of dollars. Such 
societal costs have not been well studied and documented. 
WSDOT was not able to assess them in this chapter. Therefore, the 
environmental benefits assessed by this chapter might understate 
the real benefits, which could be substantially higher. 

Total Public Benefits 

Total public benefits include both economic benefits and societal benefits. 
Many public benefits are intangible; they are therefore not included in the 
assessment.  
 
Exhibit 7-4 provides an overview of public benefits for the four plan 
options. Detailed benefit assessment is provided in Appendix 8. In 
general, the magnitude of benefits is correlated to investment size. 
However, the efficiency criteria presented later in this chapter will provide 
information on which options are more efficient. 
 

Exhibit 7-4: Estimated Public Benefits by Investment Option 
(2008 Dollars, $ Million) 

Economic 
Benefit

Value Added
Congestion Relief 

Benefit Safety Benefit
Environmental 

Benefit

Option 1: Maintaining Current 
Operation

$399.7 $0.0 $67.2 $158.0 $625

Option 2: Incremental Strategy 
1 - Minimum Capital Investment

$977.6 $598.3 $81.1 $196.3 $1,853

Option 3: Incremental Strategy 
2 - Supply Meets Demand

$1,500.6 $939.9 $87.7 $215.4 $2,744

Option 4: No Financial 
Constraints

$2,048.1 $1,041.0 $89.6 $221.0 $3,400

* The projects completed during the mid-range plan period of FY2010 to FY2017 will generate benefits for local communities and 
Washington State for many years beyond FY2017. Benefits are sum of FY2010 to FY2030. 

Note: Option 1 is the baseline.

Plan Option
Societal Benefits

Sum

 
 
Source: Benefits estimated by WSDOT State Rail and Marine Office based on 
multiple data sources. See Appendix 8 for details. 
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Public Cost Assessment 

Based on the above discussion about the characteristics of public 
investment analysis, WSDOT assessed public costs of the mid-range plan 
options by two categories: cost of capital projects and cost of operation 
and maintenance. 

Cost of Capital Projects  

Cost of capital projects includes costs for projects to increase capacity and 
improve reliability, and equipment investment for locomotives and cars. 
WSDOT estimated the capital costs based on cost estimates provided by 
external consultants in the long-range plan and the recent study on 
historical costs of rail projects. Costs of capital projects planned for 
implementation between FY2010 and FY2017 are listed in Chapter 4. An 
annual summary of capital cost estimates for each plan option is presented 
in Chapter 6, Exhibit 6-1. 

Costs of Operation and Maintenance 

Costs of operation and maintenance include both operating costs for 
Amtrak Cascades passenger train services and maintenance costs of train 
equipment owned by the state of Washington. Chapter 5 discussed the 
estimation process and economies of scale for operating costs and 
maintenance costs among plan options, from FY2010 to FY2030.  

Public Costs for Amtrak Cascades Program 

Total public costs the for Amtrak Cascades program include all costs for 
capital projects and state support for operation and maintenance of Amtrak 
Cascades services. State support is the total program costs minus 
operational revenue received from tickets, food, and other services. 
Revenue is estimated based on a revenue neutral policy, which means that 
revenue estimates reflect no change in price except adjustments for 
inflation and change in operation costs. 
 
While WSDOT estimates revenue based on revenue neutral policy (no 
price increase), it is noted that increased ridership, higher capacity and 
frequency, and improved reliability provide an opportunity to raise prices 
and increase revenues for the program. Therefore, the revenues estimated 
for this plan options are conservative (see Exhibit 7-5). 
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Exhibit 7-5: Estimated Public Costs for Amtrak Cascades Passenger Rail 
Sum of FY2010 to FY2030 (2008 Dollars, $ Million) 

Options Service Level

Costs of 
Subsidize 

Operation and 
Maintenance

Capital 
Investment

Administrative 
and Marketing 

Costs
Total Cost

Option 1: Maintaining 
Current Operation

Four round trips between Seattle and 
Portland and two round trips between 
Seattle and Vancouver, B.C.

$280 $0 $29 $310

Option 2: Incremental 
Strategy 1 - Minimum Capital 
Investment

Five round trips between Seattle and 
Portland and two round trips between 
Seattle and Vancouver, B.C.

$563 $133 $37 $733

Option 3: Incremental 
Strategy 2 - Supply Meets 
Demand

Six round trips between Seattle and 
Portland and two round trips between 
Seattle and Vancouver, B.C.

$573 $516 $40 $1,129

Option 4: No Financial 
Constraints

Eight round trips between Seattle and 
Portland and two round trips between 
Seattle and Vancouver, B.C.

$746 $749 $41 $1,536

Note: Option 1 is the baseline.

** Operation costs are sums of FY2010 to FY2030. Capital investment is sum of FY2010 to FY2017. Both costs are discounted to present 
value (2008 dollars).  
 
Source: WSDOT State Rail and Marine Office 

Benefit/Cost Ratio and Net Benefit 

As noted in an earlier section, a benefit/cost ratio is used to measure 
economic efficiency for each option, as investment size usually dictates 
the magnitude of benefits. A net benefit measure is used to measure the 
size of the benefits with no linkage to how much is invested. 
 
Exhibit 7-6 demonstrates the total benefit/cost ratio for public investment 
options outlined in the mid-range plan. All options involve capital project 
investments to achieve higher benefit/cost ratios. This is because the 
capital projects increase capacity and improve reliability to meet the 
increased demand of ridership growth. Such gain in capacity and 
improvement in reliability allow much higher service levels to serve more 
riders, while improving program efficiency by economies of scale. 
 



 

December 2008 Amtrak Cascades Mid-Range Plan 
Page 7-10 State Rail and Marine Office, 360-705-7900, rail@wsdot.wa.gov 

Exhibit 7-6: Estimated Benefit/Cost Ratio by Investment Option 

Total Cost ($ Million) Total Benefit       
($ Million)

Net Benefit         
($ Million) B/C Ratio

Option 1: Maintaining Current 
Operation $310 $625 $315 2.02

Option 2: Incremental Strategy 1 - 
Minimum Capital Investment $733 $1,853 $1,120 2.53

Option 3: Incremental Strategy 2 - 
Supply Meets Demand $1,129 $2,744 $1,615 2.43

Option 4: No Financial 
Constraints $1,536 $3,400 $1,864 2.21

Plan Option

Sum of FY2010 to FY2030 - $ Million (2008 Dollars)

Note: Option 1 is the baseline.

* The projects completed during the mid-range plan period of FY2010 to FY2017 will generate benefits for local communities and 
Washington State for many years beyond FY2017. Benefits are sum of FY2010 to FY2030. 

** Operation costs are sums of FY2010 to FY2030. Capital investment is sum of FY2010 to FY2017. Both benefits and costs 
are discounted to present value (2008 dollars).

 
 
Source: WSDOT State Rail and Marine Office 

 
Exhibit 7-7 shows the incremental benefit/cost ratios for Options 2, 3, and 
4. Option 1 is used as a baseline for the analysis. The results indicate 
incremental investments generate higher benefit/cost ratios. This indicates 
that additional public investments will improve current efficiency of the 
Amtrak Cascades program. 
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Exhibit 7-7: Incremental Benefit/Cost Ratio by Investment Options 

Incremental Investment** Incremental Benefit
Incremental Investment 

B/C Ratio

Option 1: Maintaining Current 
Operation Baseline Baseline Baseline

Option 2: Incremental Strategy 1 - 
Minimum Capital Investment

$423 $1,228 2.90

Option 3: Incremental Strategy 2 - 
Supply Meets Demand

$819 $2,119 2.59

Option 4: No Financial 
Constraints

$1,226 $2,775 2.26

Plan Option

Sum of FY2010 to FY2030 - $ Million (2008 Dollars)

Note: Option 1 is the baseline.

* The projects completed during the mid-range plan period of FY2010 to FY2017 will generate benefits for local communities 
and Washington State for many years beyond FY2017. Benefits are sum of FY2010 to FY2030. 

** Operation costs are sums of FY2010 to FY2030. Capital investment is sum of FY2010 to FY2017. Both benefits and costs 
are discounted to present value (2008 dollars).  
 
Source: WSDOT State Rail and Marine Office 

Transportation Cost Analysis 
For an individual to travel from one place to another, different types of 
costs are incurred based on their mode of travel. This section discusses the 
cost composition of three modes (rail, highway, and air), the methods to 
assess these costs, and comparison of the full costs to travel for these 
modes. Detailed information and methods about environmental costs will 
be described in Appendix 9. 

Costs of Passenger Rail Travel 

User Costs 

User costs for passenger rail modes are the price of the tickets to ride the 
train. These costs are calculated based on historical data from operation of 
the Amtrak Cascades program. 

System Utilization Costs 

There are two types of system utilization costs. The first type is the public 
capital investments necessary to develop and maintain infrastructure 
improvements. These types of costs are estimated based on life-cycle 
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analysis methods. Life cycles used in this analysis are 25 years and 
50 years depending on the types of capital projects. The second type of 
system utilization costs is the net costs the state pays to operate and 
maintain the systems that are not recovered from the service revenue. 
These costs are estimated using reported data from prior operation costs. 

Safety Costs 

These are societal costs of collision-caused deaths and injuries. Rail has a 
much smaller probability to have accidents that cause passenger deaths 
and injuries. Data from the Bureau of Transportation Statistics are used to 
assess the probabilities of death and injury for both rail and highway 
travel. Then highway safety costs are used to estimate the safety costs for 
rail based on comparison of the probabilities. 

Environmental Pollution Costs 

Environmental costs are determined based on emission levels of 
locomotives and their costs to society. The data used for the assessment 
are published government data and research findings. These data sources 
include both rail and highway modes (Appendix 9). 
 
Exhibit 7-8 describes the full rail transportation costs in 2008 dollars. The 
full cost per mile for rail transportation is $0.51. 

 
Exhibit 7-8: Composition of Cost Per Passenger Mile –  

Passenger Rail 
Full Cost Per Mile: $0.51 (2008) 

System Utilization 
Cost (Subsidy), 

$0.25, 50%

Environmental 
Cost, $0.05, 10%

Safety Cost, 
$0.005, 1%

User Cost, $0.20, 
39%

 
 
Source: WSDOT State Rail and Marine Office 
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Costs of Highway Travel 

User Costs 

User costs for the highway mode include car depreciation, insurance, fuel 
cost, and maintenance of the car. There are various ways to calculate 
highway user costs per mile. The costs published by the Internal Revenue 
Service are used and adjusted for Washington State. Taxes and fees that 
are assessed to fund highway system operations and improvements are 
excluded from the user costs to avoid double counting. 

System Utilization Costs 

System utilization costs are public costs to develop and maintain highway 
systems. Although travelers use the system essentially free of charge 
(tolling is an exception), highway system utilization costs are actually a 
part of user costs. This is because highway systems are mostly funded by 
special taxes and fees such as motor fuel taxes and vehicle license fees. 
These costs are assessed using historical data, WSDOT expenditures—
excluding non-highway modes—and historical data on vehicle miles 
traveled.  

Safety Costs 

These are societal costs of collision-caused deaths and injuries. WSDOT 
Transportation Data Office estimates the annual cost to the state based on 
total deaths and injuries occurred. Safety costs per mile are developed 
using the annual cost and miles traveled on state highways. 

Environmental Pollution Costs 

Environmental pollution costs are assessed based on emission levels of 
motor vehicles and their costs to society. The data used for the assessment 
are published government data and research findings (Appendix 9).  
 
Exhibit 7-9 describes the full highway transportation costs in 2008 dollars. 
The full cost per mile for highway transportation is $0.78. 
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Exhibit 7-9: Composition of Cost Per Passenger Mile – Highway 
Full Cost Per Mile: $0.78 (2008) 

System Utilization 
Cost1, $0.06, 8%

User Cost2, $0.55,
71%

Environmental 
Cost, $0.11, 14%

Safety Cost, $0.06, 
8%

 
1 Highways systems are funded mostly by user specific taxes such as motor fuel 
taxes and vehicle license fees. 
2 Special user taxes and fees paid by users such as motor fuel tax and license 
fee are excluded. 

Source: WSDOT State Rail and Marine Office 

Costs of Air Travel 

The composition of costs of air travel and definitions are similar to rail 
travel. These data are adopted from Berk and Associates (2006). 
 
Exhibit 7-10 describes full air transportation costs in 2008 dollars. The full 
cost per mile for air travel is $1.23. 
 

Exhibit 7-10: Composition of Cost Per Passenger Mile – Air 
Full Cost Per Mile: $1.23 (2008) 

Safety Cost
0%, <$0.01

Environmental Cost
2%, $0.05

System Utilization 
Cost

5%, $0.06

User Cost
93%, $1.12

 
 
Source: WSDOT State Rail and Marine Office 
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Cross Modal Comparison 

Exhibit 7-11 compares full costs of transportation for highway, rail, and 
air for 2008. Please note WSDOT used Option 3 as an example of rail 
system utilization costs because Option 3 has heavy capital and operation 
investments for increasing capacity and improving reliability. 
 

Exhibit 7-11: Transportation Costs: Cross Modal Comparison 

Year Cost Type Rail Highway/Motor 
Vehicle

Air

User Costs* $0.20 $0.55 $1.12

System Utilization Costs** $0.26 $0.06 $0.06

Environmental Costs $0.05 $0.11 $0.05

Safety Costs $0.00 $0.06 $0.00

Other Costs*** N/A N/A N/A

Total Costs $0.51 $0.78 $1.23

*** Cost such as flexibility is not assessed because lack of data.

Esitmated Transportation Cost by Mode ($/Passenger Mile)

2008

* User costs: Rail user costs are the ticket price based on historical operations data. Highway user costs 
are car depreciation, insurance, fuel, and car maintenance. Special user taxes and fees paid by users 
such as motor fuel tax and license fees are excluded from highway user costs to avoid double counting.

** System utilization costs: Rail systems are mostly funded by public investments (subsidies besides 
what is recovered from service revenue). Highway systems are mostly funded by specific user taxes, such 
as motor fuel taxes and vehicle license fees.

 
 
Source: WSDOT State Rail and Marine Office 
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Chapter 8: Amtrak Cascades and Connectivity 
 
Connectivity is an important aspect of the Amtrak Cascades Mid-Range 
Plan. Nobody starts their journey at the train station; travelers reach the 
station by another mode or, in some cases, a combination of modes. 
Therefore, if a mode does not exist or is unknown by a potential 
passenger, ridership would suffer. The more seamless the transfer, the 
more the likelihood that people will make use of it.  
 
This chapter examines the importance of providing easy connections 
between modes of transportation, with special focus on the Amtrak 
Cascades passenger service. 
 
This chapter has two main but complimentary areas of focus—station 
location and transportation mode. This chapter and exhibits describe what 
exists, what could exist, and shows these by each Amtrak station.  
 
Other issues that can influence traveler choice were examined. They 
include communication of the alternatives, clarity of the message and 
pricing, and through-ticketing opportunities.  

Connections with Other Modes 

Public Transportation 

Vancouver, B.C. 

Translink, the regional transportation authority in the greater Vancouver, 
B.C. area, provides extensive transit services throughout the region. 
SkyTrain’s 30.8 miles of track, making it the longest automated light rapid 
transit system in the world, operates on multiple routes with stations at 
key locations. The Main Street Skytrain Station is located adjacent to the 
Pacific Central Station served by Amtrak Cascades, providing an effective 
connection to and from the trains. Depending upon time of day, Skytrain 
locations are served every four to twelve minutes.  
 
The Skytrain Waterfront Station, in the heart of downtown Vancouver, 
provides access to cruise terminals, and links with West Coast Express 
commuter trains and the Vancouver SeaBus. In 2009 the station will link 
with the new Canada Line, connecting downtown Vancouver with the 
Vancouver International Airport. 
 



 

December 2008 Amtrak Cascades Mid-Range Plan 
Page 8-2 State Rail and Marine Office, 360-705-7900, rail@wsdot.wa.gov 

Translink also provides extensive bus service throughout the region with 
routes that stop at Pacific Central Station. Greyhound Canada Thruway 
connections also depart from Pacific Central Station. 
 
Translink has implemented an extensive “trip planner” to assist 
individuals in determining schedules and the most effective methods of 
reaching their destinations. 

Washington State 

Most communities served by Amtrak Cascades are also served by 
local/regional transit agencies. In some cases stations—like Centennial 
Station in Olympia/Lacey and Skagit Station in Mount Vernon—are 
owned and operated by local transit agencies as multimodal facilities. 
Although some public transit agencies have coordinated schedules to 
coincide with Amtrak Cascades arrivals and departures, there are 
opportunities to improve these connections. Exhibit 8-1 lists Amtrak 
Cascades stations within Washington State and types of transportation 
connections that are available. Individual station stops throughout the 
corridor are highlighted on the Amtrak Cascades Web site 
(www.amtrakcascades.com/RoutesAndDestinations.aspx), where 
additional information on available connecting services is provided.  
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Exhibit 8-1: Amtrak Cascades Stations in Washington State 
and Transportation Connections 

Station Transportation Connections 
Fairhaven Station, Bellingham • Whatcom Transportation Authority 

• Greyhound 
• San Juan Island Commuter 
• Alaska Marine Highway System  
• Taxi 

Skagit Station, Mt. Vernon • Skagit Transit 
• Greyhound 
• Taxi 

Everett Station, Everett • Everett Transit 
• Sound Transit 
• Community Transit 
• Greyhound 
• Northwestern Trailways 
• Taxi 

Edmonds Station, Edmonds • Community Transit 
• Sound Transit 
• Washington State Ferries 
• Taxi 

King Street Station, Seattle • King County Metro 
• Sound Transit 
• Greyhound 
• Northwestern Trailways 
• Washington State Ferries 
• Victoria Clipper 
• Community Transit 
• Taxi 

Tukwila Station, Tukwila • Seattle Express 
• Sound Transit 
• Metro Transit 
• Taxi 

Tacoma Amtrak Station, Tacoma • Pierce Transit 
• Sound Transit 
• Tacoma Link Light Rail 
• Greyhound 
• Washington State Ferries 
• Northwestern Trailways 
• Taxi 

Centennial Station, Olympia/Lacey • Intercity Transit 
• Taxi 

Union Depot, Centralia • Twin Transit 
• Taxi 

Kelso Multimodal Transportation 
Center, Kelso 

• CUBS (Community Urban Bus 
Services) 

• Taxi 
Vancouver Station, Vancouver • C-TRAN (Clark County 

Transportation Benefit Area) 
• Taxi 
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Portland, OR Area 

Tri-Met, the public transit agency in greater Portland, provides MAX light 
rail throughout Portland and surrounding suburbs, as well as extensive bus 
service. The north end of the Portland Transit Mall is located at Portland 
Union Station. Additional construction is underway at the station and will 
provide dedicated bus and MAX lanes that will extend to points 
throughout the Portland area. Currently, MAX service is located several 
blocks from Union Station. MAX service connects with neighboring 
suburbs, the Portland Exposition Center, and Portland International 
Airport. The system further integrates with the Portland Streetcar and 
Westside Express Service commuter rail that will open in early 2009.  
 
Tri-Met, like Translink, provides an extensive “trip planner” to allow 
passengers to determine routing, schedules, and options to coordinate their 
trips. 

Sound Transit: Light Rail, Sounder, and ST Express Bus 

Sound Transit, the regional transportation authority in the Central Puget 
Sound, is developing a network of commuter rail, light rail, and express 
bus services in the region. 
 
Sounder Commuter Rail currently operates between Tacoma, Seattle, and 
Everett during peak commuting hours. Sounder and Amtrak Cascades use 
the same route, and both serve stations at Everett, Edmonds, Seattle, 
Tukwila, and Tacoma. Sounder provides additional intermediate stops 
along the route. Sound Transit and WSDOT are exploring opportunities to 
provide for coordinated ticketing, which would allow persons to travel 
between sites (i.e. Auburn to Portland via Sounder and Amtrak Cascades) 
that are uniquely served by one or the other, similar to coordination of 
services in Europe. Between Seattle and Everett, the “Rail Plus” program 
allows Sounder travelers to ride Amtrak Cascades using their Sounder 
monthly pass and vice versa. Sounder operating schedules are already 
coordinated with Amtrak Cascades to eliminate operational conflicts.  
 
Sound Transit will be operating light rail in Seattle in 2009. The 
International District light rail station at the Metro Bus Tunnel is one 
block from King Street Station. Construction is underway to provide a 
light rail link to Sea-Tac International Airport.  
 
In Tacoma, Sounder, Tacoma Link Light Rail, and ST Express Bus 
services operate from the Tacoma Dome Station at Freighthouse Square. 
Amtrak Cascades will be moving to that facility upon completion of the 
Tacoma—Bypass of Point Defiance – 66th St. to Nisqually project, 
described on page 4-7. 
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Washington State Ferries 

Washington State Ferries operate a ferry service from several places in the 
Puget Sound. Edmonds and Seattle are located near Amtrak Cascades 
stations. Amtrak is not mentioned on the Washington State Ferries Web 
site, although it indicates connections by road, local transit, and Sound 
Transit Sounder trains.  
 
Edmonds Ferry Terminal is the closest, with a 5-minute walk connecting 
the train station and the ferry terminal. The Seattle ferry terminal 
(Coleman Dock) is within walking distance of Seattle’s King Street 
Station. A regular connection runs on Metro Transit Service 99 
(Waterfront Streetcar) from the ferry terminal to within a block of King 
Street Station and vice versa.  

Amtrak Thruway Motorcoach 

Thruway motorcoach service provides coordinated train/bus service with 
connections at Amtrak stations as well as through integrated fares and 
ticketing.  
 
Amtrak has contracted with Olympic Trailways to provide “thruway” bus 
service between Seattle and Vancouver, B.C. This service meets up with 
Amtrak long-distance and Amtrak Cascades trains in Seattle.  
 
Since May 2008, WSDOT has sponsored a round-trip thruway bus 
connection with trains 500 and 509 in Seattle that provides service to 
Everett, Mount Vernon, and Bellingham. This bus provides direct 
connections and ticketing with Amtrak Cascades and provides for a 
southbound link to Amtrak’s Empire Builder, which travels east to 
Chicago via Spokane and Minneapolis. 
 
Oregon’s Department of Transportation sponsors multiple daily round-trip 
thruway bus connections to Amtrak trains that serve Portland Union 
Station.  

Intercity Bus 

There are a variety of intercity bus providers (i.e. Greyhound, etc.) that 
parallel the Amtrak Cascades route. Greyhound Canada serves Pacific 
Central Station in Vancouver. In Portland, the Greyhound terminal is one 
block from Union Station. Greyhound serves most Amtrak stations 
throughout the route. These bus companies do not have coordinated 
ticketing/interline connections with Amtrak at this time, but they do 
provide information on Amtrak service to potential customers who are not 
well served by existing bus schedules. 
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The initial phase of WSDOT’s Travel Options (intercity travel planner) is 
anticipated to be in place by January 2009. Amtrak Cascades schedules 
are integrated in the travel planner to be proposed as travel options. 

Sea-Tac International Airport 

Tukwila station is less than five miles from Sea-Tac International Airport. 
In the future a more direct shuttle bus connection between the two 
facilities should be explored, as a more seamless connection between the 
airport and the train station could attract more riders. 

Bellingham Cruise Terminal 

The Bellingham Cruise Terminal, located adjacent to Bellingham’s 
Fairhaven Station (Amtrak Cascades), provides cruise ship and ferry 
connections to southeast Alaska, Victoria, B.C., and the San Juan Islands. 

Rental Cars  

Amtrak has explored providing rental car satellites at train stations on the 
Amtrak Cascades route. Currently, rental cars are available at Union 
Station in Portland and Vancouver’s Pacific Central Station.  

Car Sharing Services 

Another option that is open to visitors to a different city is the use of car 
sharing. There are a number of car sharing services, such as Zipcar and 
Car Sharing US. The service operates when a user pays a subscription fee 
and then makes use of the service of a car. Not all locations offer this 
service, but it is possible for it to be available in Seattle, Portland, and 
other locations. 

Taxi 

Taxis are available at the stations shown in Exhibit 8-1, but it is important 
to note that they are limited to particular areas. Edmonds and Centralia 
have limited taxi service. The current Amtrak Cascades timetable does not 
indicate if taxi service is available at stations, or what hours they operate if 
they are available. Adding an entry on this aspect may influence some 
people to travel by train.  

Bike 

There are two ways that bike riders could build ridership numbers.  One 
concerns the “on the ground” facilities at stations (racks and lockers) and 
dedicated bike lanes to and from stations. The other is the ability to 
transport bicycles onboard the trains.  Both of these impact whether bike 
users will take the train.   
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Cruise Ships 

Passengers who use the cruise ship service are usually one-way 
passengers. They either travel to Seattle or Vancouver, B.C. to catch a 
cruise ship, which then takes them back to a different port, or they arrive 
in Seattle or Vancouver, B.C. having boarded in a different port.  
 
They are very unlikely to be local residents of the Vancouver, B.C. or 
Seattle area. The vast majority of cruise ship passengers is on an inclusive 
tour package that includes bus or shuttle transfers between the train station 
and the docks.  
 
Amtrak often works cooperatively with cruise ship lines to develop 
“packages” that include travel by rail as part of the trip. As an example, 
coordinated travel between Amtrak Cascades, Victoria Clipper, and other 
major cruise lines provide for coordinated travel for thousands of 
passengers annually on Amtrak Cascades to Vancouver, B.C. 

Other Issues Impacting the Integration of Transportation 

Integrated Fares/Travel Packages 

Many passengers, who use the Amtrak Cascades service to connect with 
cruise ships, are taking advantage of an integrated fare that was put 
together by the tour operator. However in addition to these fares, there are 
many other avenues that could be explored. WSDOT needs to work with 
the Washington State Ferries and local transit agencies to explore what 
opportunities exist for integrated fares.  

Travel Planners 

Also mentioned, as part of the marketing of the Amtrak Cascades service, 
is the ability for these trains to be shown alongside other services in 
timetables and journey planners that operate in the corridor. WSDOT 
should pursue connections with these other agencies and organizations 
that produce these documents, and work with them to obtain maximum 
visibility for the service.  

Integrated Schedules 

An issue that has been raised by passengers in the past has been the lack 
of integration between services that are operated by different 
organizations. While it is never possible to cater for late running services, 
it should be possible to ensure that buses, ferries, and trains make every 
effort to coordinate their timetables to ensure that passengers, who are not 
using only the one mode, are able to make reasonable connections.  
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WSDOT could improve coordination of schedules and, where it is 
practical, show these connections in published literature.  

Passenger Information Systems 

One aspect of travel, which is gaining in importance as technology 
becomes more readily available, is access to real-time information systems 
on train arrival and departure times. Passengers are becoming accustomed 
to finding out how flights are performing from the Internet. This avoids 
arrival at the terminal too early for services that are running late. As the 
timetable develops and reaches multiple journeys each day, it will become 
even more important that real-time running information be available over 
the Internet and cell phones.  

Signs Including Pictograms 

Some parts of the state enjoy a far greater degree of tourism, and thus 
non-English speaking people could be users of the Amtrak Cascades 
services. WSDOT knows that tourism is an important aspect of the 
service. The Amtrak Cascades service must cater to the non-English 
speaker, and one way to accomplish that is to use internationally 
recognized pictograms for signage on the stations throughout the network. 
 
WSDOT found several examples where there are a few signs from 
different modes of transportation. Signs from I-5 to Amtrak Cascades 
stations were good, but signs for pedestrians from ferry terminals, transit 
centers, and bus stops are rarely found. A full survey of locations that 
could benefit from better signage should be performed and submitted for 
future funding consideration.  

Parking 

An inventory of parking availability appears in Exhibit 8-2. Some 
locations have insufficient parking at this time. WSDOT should determine 
how to add to the pool of parking spaces. In addition WSDOT noted that 
at locations such as Tacoma, when the service moves to Freighthouse 
Square in the future, parking will become a major issue. WSDOT will 
need to work with Sound Transit to explore options for expanding parking 
availability at this location.  
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Exhibit 8-2: Parking Availability at Amtrak Cascades Stations 
Portland, OR to Vancouver, B.C. 

Station Free at 
Station 

On-Street 
Parking 

Pay Lots Disabled Bikes Other 

Union Station 
Portland, OR 

0 45 & 1 
motorcycle 

177 @ 
1.25/hr or 
$6.50/day 

9 5 There is a 411-stall 
Smart Park two blocks 
north at $1.25/hour or 
$6.00/day, limit 
24 hours. It also has 
motorcycle parking. 

Vancouver Station 
Vancouver, WA 

30 – 2 hr. 
max. 
60 – long term 

0 0 3 0 None 

Kelso Multimodal 
Transportation Center 
Kelso, WA 

15 – 7AM to 
9PM, no 
overnight 
45 – 1 week 
max 

16 0 2 8 + 
lockers 

None 

Union Depot 
Centralia, WA 

72 15 + street 
parking 
within two 
blocks 

0 1 16 None 

Centennial Station 
Olympia/Lacey, WA 

126 0 0 6 5 + 
lockers 

None 

Tacoma Amtrak Station 
Tacoma, WA 

80 0 0 0 0 2,400 spaces at 
Tacoma Dome 
Station, 3 blocks west 

Tukwila Station 
Tukwila, WA 

250 0 0 0 0 None 

King Street Station 
Seattle, WA 

0 Metered 
$1.50/day 

Day only 
$9/day 

0 0 Several other garages 
within 3 blocks, 
day/overnight $20/day 

Edmonds Station 
Edmonds, WA 

6 pickup 
/dropoff only 

0 210 
$12/day 

0 0 None 

Everett Station 
Everett, WA 

25 +8 
rideshare 

0 0 0 6 4 Park & Ride lots 
with 750 stalls 
adjacent to station 

Skagit Station 
Mt. Vernon, WA 

90 13 free, 
2 hr. limit 

0 4 8 None 

Fairhaven Station 
Bellingham, WA 

18 0 160 
$6/day, 
$30/week 

0 8 None 

Pacific Central Station 
Vancouver, B.C. 

0 19 $2 
Canadian, 
2 hr. max. 

21 $1 
Canadian, 
1 hr. max. 

0 0 37 Free, 2 hr limit 
within 1 block; 
20 long-term within 
3 blocks northwest, 
$12/day Canadian 

 
An outcome of the two Advisory Committee meetings included different options to 
improve connectivity. Although there wasn’t enough time to examine or test these 
options, WSDOT will need to explore them further in the future. 
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Chapter 9: Amtrak Cascades Marketing 

Introduction 
Marketing and advertising efforts for Amtrak Cascades is a cooperative 
effort shared by Amtrak and the Washington State Department of 
Transportation (WSDOT). A comprehensive advertising campaign has 
been employed annually focusing on brand building and awareness to 
reach a mass media target market. In addition to media advertising, 
Amtrak employs two regional field marketing representatives to develop 
and implement grassroots marketing in designated markets serving the 
Amtrak Cascades route. 
 
Looking ahead to the next eight years, the marketing plan is focused on 
the following key elements: 

• The travel experience—delivery of service, frequency/schedule, 
ease of travel. 

• Customer satisfaction—onboard customer service, amenities 
offered, consistency. 

• Execution and attention to detail. 

Goals and Objectives 
1. To support the achievement of ridership and revenue targets. 
2. To establish strong brand awareness for Amtrak Cascades. 
3. To differentiate Amtrak Cascades from other transportation 

options in this market and position it as the preferred method of 
intercity travel. 

4. To establish Amtrak Cascades as the preferred choice for business 
travel in the I-5 corridor. 

Marketing Analysis 

Market Size 

In Washington State about 2.4 million people live within a 10-minute 
drive of an Amtrak Cascades train station as of 2008. Population growth 
in this area is expected to climb to over 3 million by FY2030.  

Current Ridership 

Total ridership on Amtrak Cascades has risen from 94,000 in 1993 to over 
676,000 in 2007. In the history of the service, ridership has risen steadily 
with losses sustained in only one year. 
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Rising gas prices, on-going construction projects along the I-5 corridor, 
and growing concerns about the quality of the environment have helped to 
drive consumers to consider alternative transportation options. These 
conditions have contributed to substantial growth in ridership in 2008.  

Current Travel Options 

Multimodal travel options include personal vehicles, public and private 
transit, aviation, marine, and rail. The current primary mode of travel is 
the automobile.   
 
The main thoroughfare available to consumers traveling within the 
PNWRC is Interstate 5 (I-5). On average, people are making roughly 
seven  
one-way trips on I-5 during a given year. Seattle, Tacoma, and Portland 
remain the most popular destinations, and more than twice as many trips 
are for leisure, as opposed to business. Travel times for Amtrak Cascades 
are very competitive with private vehicles and transit alternatives due to 
the congestion on I-5. 
 
Air travel is accommodated by a choice of domestic and international 
carriers, operating out of Seattle-Tacoma International, King County 
International/Boeing Field (Seattle), Portland International, and 
Vancouver (Canada) International. Amtrak Cascades will compete 
directly with air travel in the I-5 corridor that it serves. Air travel may 
provide faster flight plan times, but once airport access, check-in, security, 
and baggage claim wait times are factored in, the total travel time by 
Amtrak Cascades is relatively comparable. 
 
Travel by Amtrak Cascades also allows customers to take advantage of 
onboard amenities and facilities and make more productive use of their 
travel time. 

Segments and Target Markets 
The Amtrak Cascades market comprises a mix of local residents and 
visitors, traveling for a variety of purposes including intercity travel, 
vacation/recreation, business travel, and personal business.   
 
The business traveler is a “golden egg” in that they represent the potential 
for significant revenue and ridership increases. In order to capitalize on 
this segment, significant improvements in service, frequency, and on-time 
performance will need to be made to accommodate the business traveler’s 
needs. 
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Demographics 

Current demographics (advertising target): 
• Adults 25-54. 
• Household income (HHI) $50,000+. 
• Slightly skewed female. 
• Employed (52 percent full time, 12 percent part time). 
• Educated (54 percent college graduate, 31 percent some college). 
• Travels an average of seven one-way trips along the I-5 corridor 

per year, for business or leisure. 

Pricing 
Current pricing for Amtrak Cascades ranges from as low as $10 one-way 
to/from neighboring cities, to as high as $114 for one-way travel on the 
entire route between Vancouver, BC and Eugene, OR.  
 
Amtrak Cascades service between Seattle and Portland is as low as 
$28 one-way. Comparable one-way air travel between Seattle and 
Portland (depending on airline restrictions and policies) ranges from $95 
to $150, inclusive of all taxes and fees. For travel by automobile, the 
estimated cost between Seattle and Portland is $0.61 per mile. This makes 
the comparable cost of traveling the 173 miles between Seattle and 
Portland by automobile roughly at $106 (one-way). 

Marketing Strategy  

Opportunities and Challenges 

Strengths 

• Convenience. 
• Alternative to driving a car on already congested roads. 
• High levels of customer service and access to amenities. 
• Traditional allure of passenger rail services. 
• High level of public support. 

Weaknesses 

• Dependence on the host railroad (Amtrak does not own railroad). 
• Service reliability (on-time performance). 
• Speed of service/travel time. 
• Frequency/schedule. 
• Perception of cost, relative to automobile use. 
• Dependency on other services for trip connections/completion. 
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Threats 

• Continuing challenges with on-time performance (rail line 
capacity—congestion from increased freight rail traffic). 

• Equipment maintenance and malfunctions. 
• Harsh weather conditions resulting in mudslides and flooding. 
• Limited political support/funding. 
• Volatile gas prices: 

o Reduce discretionary spending. 
o Increase Amtrak’s fuel costs, creating pressure for fare 

increases. 

Opportunities 

• Volatile gas prices help increase awareness and consideration of 
alternative travel. 

• Development of partnership and alliances with other transportation 
service providers, attractions, and the travel industry to deliver a 
seamless, integrated customer travel experience. 

• Unique Pacific Northwest brand. 
• Promotion of “green” travel. 

Branding and Positioning 

Amtrak Cascades is a unique Northwest brand. Awareness of train travel 
is fairly significant and Amtrak is well known. However, there is still 
confusion among consumers regarding the difference between Amtrak and 
Amtrak Cascades. Most consumers assume that Amtrak and Amtrak 
Cascades are one and the same. It is important to establish Amtrak 
Cascades as its own independent identity from Amtrak (similar to 
Amtrak’s Coast Starlight and Empire Builder) and highlight the 
Northwest appeal and branding. 

 
More than just a convenient way to travel, trains are also energy efficient. 
Amtrak Cascades intercity passenger rail can move more people for each 
energy dollar, minimize damage to the environment, and increase the 
safety of our transportation system. Highlighting Amtrak Cascades’ 
energy efficiency will be an effective way to reach out to the consumer’s 
consciousness and desire to choose travel options that reduce carbon 
emissions.   

Advertising and Promotion 

An annual marketing and advertising plan is executed through the 
advertising agency under contract by Amtrak and WSDOT. The 
advertising budget is funded cooperatively by Amtrak and WSDOT. 
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Media Strategy 

The current media strategy is a broad-based reach campaign to educate the 
total target market about Amtrak Cascades. Primary target markets are 
focused on Seattle and Portland, with secondary targets in Tacoma, 
Bellingham, and Eugene. Vancouver, B.C. is a primary target as well, but 
the media strategy has been put on hold due to the fluctuation between 
U.S. and Canadian currencies and the uncertainty of the second train 
service.  
 
Current time frame for advertising campaigns remain focused on the 
spring season (March – May) and the fall season (September – 
November). These time frames are considered the “shoulder” seasons 
between the “peak” seasons of the summer and holiday travel periods. 
Ridership is usually lower during these times and the need to fill seats is 
greater. 

Promotions  

Currently, promotions are executed at two levels: grassroots marketing 
and regional promotions. Amtrak employs two field marketing 
representatives who work assigned markets, executing grassroots 
marketing and promotions, and drive trial (sampling) through cooperative 
marketing efforts with travel and tour operators. Regional promotions, 
with properties such as professional sports, state and regional tourism 
bureaus, and hotel chains, are executed through the advertising agency 
jointly employed by Amtrak and WSDOT.  
 
Promotions allow Amtrak Cascades to:  
 

• Drive immediate train ridership in low—or moderate—use 
periods, or on specific routes with low ridership. 

• Stimulate trial (sampling), which could lead to repeat ridership. 
• Generate awareness and exposure when no advertising is running. 
• Generate awareness and exposure in markets not included in the 

media buy. 
• Extend marketing budget. 
• Reward repeat ridership with consumer loyalty/rewards program 

(Amtrak Guest Rewards). 

Customer Service 

Customer service is the cornerstone to the success of any service-based 
business. It is crucial that customer service needs on Amtrak Cascades are 
addressed on a consistent and proactive basis. 
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Service Reliability – Passenger Guarantee 

Service and travel reliability will be paramount to the ongoing success of 
Amtrak Cascades. No other single factor is more critical to the current and 
future success of Amtrak Cascades than on-time performance. In order to 
continue to be a viable transportation option and to become a preferred 
method of intercity travel, on-time performance will have to be improved 
to a level of consistency. 

Real-Time Information 

In an increasingly wired and wireless society, there is growing expectation 
that service providers will have the capability to assemble and disseminate 
real-time schedule information. Amtrak Cascades must be able to deliver 
real-time service information (delays, cancellations, etc.) using the latest 
technology. 

Enhanced Amenity Package 

There are a wide range of amenities that could be considered both onboard 
the trains and at stations that will enhance the customer experience. For 
business travelers, wireless Internet capability is critical. Vacationing 
families could choose from a variety of onboard entertainment options 
(games, movies, and designated play areas) to keep their children 
occupied for the duration of their trip.  

Marketing Action Plan  

Option 1: Maintaining Current Operation Strategy 

Option 1 investment strategy would maintain the current advertising and 
promotion levels with a flat budget. In this option, the advertising and 
promotions budget would continue to be invested strategically with the 
expectation of diminished returns on our investment due to the annual 
increase in media costs that cannot be met by our current budget.  

Options 2 and 3: Incremental Investment Strategies 

Options 2 and 3 investment strategy would require a significant increase 
in the advertising and promotion budget. With the proposed budget 
increase, the advertising plan could reach more consumers and develop 
more targeted campaigns aimed at the business traveler to meet the added 
service. This would make a significant impact in media reach, brand 
awareness, and driving demand. 
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Option 4: Rail as a Long-Term Alternative Strategy – No Financial 
Constraints 

Option 4 investment strategy would require a comparable budget for 
advertising and promotion as Options 2 and 3. This would continue to 
reach the mass market while investing in targeted media aimed at the 
business traveler.   

Build Usage and Market Share 

• Retain core ridership constituencies through effective service 
delivery and customer communications. 

• Build loyalty and ridership frequency among occasional riders 
through service improvements, appropriate fare media, and 
promotional efforts. 

• Attract new riders from population segments with viable ridership 
potential, through targeted promotional programs. 

Price 

• Pricing objectives – pricing should be managed along with market 
demand (what the market will bear) and operational costs.   

• Sales promotion – promotional pricing should be used as an 
incentive to drive trial (sampling) and promote brand awareness. 

Promotion and Public Relations 

• Maintain an ongoing image campaign to educate the general public 
about Amtrak Cascades.  

• Use aggressive public relations efforts to maximize positive media 
coverage and news media support.  

• Leverage brand awareness by developing cooperative promotion 
opportunities. 

Advertising  

A combination of radio, outdoor, online, and newspaper are used to 
provide message continuity throughout the advertising campaigns.   

Financial Forecast 

Option 1: Maintaining Current Operation Strategy 

Option 1 investment strategy would maintain the current advertising and 
promotion levels with a flat budget. The current advertising and promotion 
budget is $600,000 annually and has not changed since the inception of 
the service. In this option, the current budget would remain static while 
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media costs will continue to increase annually, which will result in 
diminishing returns on our advertising investment.  

Options 2 and 3: Incremental Investment Strategies 

Options 2 and 3 investment strategies would require a significant increase 
in the advertising and promotion budget. In order to effectively reach our 
consumers, raise awareness levels of the service expansion, and develop 
demand for the service, the advertising investment must be seriously 
considered. As Exhibit 9-1 shows, the amount of advertising investment is 
significantly larger in Options 2, 3, and 4 as compared to Option 1. This is 
because the advertising investment has not changed in the last 14 years, 
although media costs have risen at approximately 7 percent annually. In 
order to meet the rising costs of today’s (and future) advertising 
opportunities and drive demand, the budget must grow with the service.  

Option 4: Rail as a Long-Term Alternative Strategy – No Financial 
Constraints 

Option 4 investment strategy would require a comparable budget for 
advertising and promotion as Options 2 and 3.  
 

Exhibit 9-1: Proposed Marketing Budget 

FY Option 1 Option 2 Option 3 Option 4 

2010 $600,000 $915,000 $915,000 $915,000 

2011 $600,000 $940,000 $940,000 $940,000 

2012 $600,000 $989,000 $1,054,000 $949,000 

2013 $600,000 $1,032,000 $1,095,000 $1,078,000 

2014 $600,000 $1,038,000 $1,100,000 $1,109,000 

2015 $600,000 $1,035,000 $1,097,000 $1,228,000 

2016 $600,000 $1,030,000 $1,091,000 $1,221,000 

2017 $600,000 $1,030,000 $1,151,000 $1,222,000 

 

Performance Measurements  
• Reviewing monthly ridership and revenue reports can help 

determine if the marketing message is effective.  
• Market research using focus groups, surveys, and advertising 

awareness research will help gain insight to the effectiveness of 
our campaigns.  

• Obtain feedback from customers using comment cards and on-
board surveys to gather information about key attributes such as 
service reliability, personal safety, employee presentation and 
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helpfulness, condition of equipment and facilities, and quality and 
availability of customer information.  

• Operating statistics such as on-time performance and customer 
service ratings are important performance indicators related to the 
execution of the advertising strategy and marketing promotions, 
and the effectiveness of customer service delivery.  
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Chapter 10: Financing Amtrak Cascades Service: 
The Challenges and Opportunities 

 
The 2006 long-range plan identified various construction projects for 
infrastructure improvements, equipment requirements, capital 
investments, and operating expenditures for providing and expanding 
Amtrak Cascades services. The Amtrak Cascades Mid-Range Plan 
outlines the implementation options and steps for each option to achieve 
additional services over the next eight years. Capital and operating 
investments that improve capacity and service are developed for the four 
mid-range plan options. The benefits and costs of these options are 
assessed.  
 
The options analyzed in the mid-range plan provide information for 
policymakers to consider in how Amtrak Cascades service can be funded. 
The implementation of improved Amtrak Cascades service will depend on 
funding availability.  
 
This chapter discusses how the Amtrak Cascades was funded in the past 
and what the challenges and opportunities are to fund Amtrak Cascades 
services in the future. This chapter includes three sections: 

Funding History 
The states of Washington and Oregon, Amtrak, Sound Transit, the 
Province of British Columbia, the federal governments of the United 
States (U.S.) and Canada, railroads, other participating organizations and 
agencies, and passengers that use the service are all direct or indirect 
sources of funding to the Amtrak Cascades. 
 
Since Washington State began providing public funds for intercity 
passenger rail service in April 1994, it has been assumed that major 
capital construction projects, which are needed to support expanded 
Amtrak Cascades service, would be funded in the following manner: 
 

• Projects necessary to provide faster, more frequent Amtrak 
Cascades service, between downtown Portland, OR and the 
Columbia River, would be funded by the state of Oregon, with 
potential funding coming from the U.S. federal government and 
Amtrak. 

 
• Projects necessary to provide faster, more frequent Amtrak 

Cascades service, between the Columbia River and the Canadian 
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border, would be funded by the state of Washington, with potential 
funding coming from the U.S. federal government and Amtrak. 

 
• Projects needed to improve Amtrak Cascades service in British 

Columbia would be funded by the Province of British Columbia, 
the Canadian federal government, and regional transportation 
agencies. 

 
• Train sets and locomotives would be funded by the states of 

Washington and Oregon, with additional funds provided by the 
U.S. federal government and Amtrak.  

 
• Projects necessary for increased Sounder commuter rail service in 

the Central Puget Sound would be funded by Sound Transit and 
the federal government. 

 
Funding of the Amtrak Cascades program and related projects is listed by 
funding entity in Exhibit 10-1: 
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Exhibit 10-1: Amtrak Cascades Investment History: 1994-2007 

Capital Investments 
Portland, OR-Seattle-Bellingham-Vancouver , B.C. 

 

Funding Source Types of Projects Amount 
BNSF Railway Company Track and signal work to support 

reintroduction of ra il service between Seattle 
and Vancouver, B.C. 

$   9.4 million 

State of Washington (WSDOT 
and the W ashington State 
Transportation Improvement 
Board) 

Traffic control and safety systems; ra il 
replacement and track re locations; 
crossovers; siding extensions; storage tracks; 
tra in sets; station restorations and 
improvements. 

124.4 million 

Amtrak Track relocation; train  sets; locomotives; 
Seattle Maintenance Faci lity; station 
improvements.  

62.0 million 

Federal Funds (non-Amtrak, 
Federal Transit Admin istra tion, 
and Federa l Railroad 
Administration)  

Station renovations and improvements; 
crossing signals and closures. 

44.1 million 

Sound Transit and the Federal 
Transit Administration 

Capacity improvements between Everett and 
Tacoma that benefit commuter, intercity 
passenger, and fre ight services. 

284.3 million 

 Capacity improvements between Tacoma and 
Lakewood that benefit commuter and in tercity 
passenger service. 

165.7 million 

Oregon (Union Station to the 
Columbia River) 

Traffic control system; track ad justments; 
improvements at Portland’s Union Station.  

13.7 million 

Local/Other Station improvements. 13.6 million 

Total Capital Investment  $717.2 million 
 

Operating Subsidies 
Portland, OR-Seattle-Bellingham-Vancouver , B.C. 

 

Funding Source Amount 
State of Washington $176.0 mil lion 

Amtrak 91.4 mil lion 

Total Operating Funds $267.4 million 

 
Total Capital and Operating Investments for  Amtrak Cascades 

Portland, OR-Seattle-Bellingham-Vancouver , B.C. 
 

Total $984.6 million 

Washington State Share of Total $300.4 million 

  
 
Source: WSDOT State Rail and Marine Office 
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Current Funding Status 
The primary source of funding for the Amtrak Cascades capital and 
operating programs are state funds. These funds, which are generated from 
non-fuel tax revenues such as licenses, permits and fees, rental car tax, 
vehicle weight tax, and a portion of the sales tax on new and used 
vehicles, are deposited in the Statewide Multimodal Account. The state 
constitution restricts the use of motor vehicle fuel tax revenues exclusively 
to highway related expenditures. 
 
The Washington State Legislature provided up to $29 million in the 2007-
2009 biennial budget for Amtrak operations of Amtrak Cascades and for 
the maintenance of Talgo train sets attributable to state-supported services.  
 
The state legislature has provided direction on capital investments with an 
approved project list and 10-year spending plan for rail capital investment. 
Currently programmed passenger rail investments are $360.4 million 
through 2025. The approved project list provides funding for several 
major projects, including the Vancouver – Rail Bypass and W. 39th St. 
Bridge, the Tacoma – Bypass of Point Defiance Phase 1, and a $49 million 
phase of the Kelso-Martin’s Bluff project, as discussed earlier in this mid-
range plan.   
 
Limited federal funds have been available for intercity passenger rail 
development. The Pacific Northwest Rail Corridor (PNWRC), between 
Vancouver, B.C. and Eugene, OR, is one of 11 regional corridors 
identified by the USDOT for high-speed rail development. The corridor is 
one of the original five corridors designated in 1992. An average of 
$690,000 per year has been made available through the federal “High-
Speed Rail Grade Crossing and Hazard Elimination” program. In 
September 2008, the Federal Railroad Administration announced the 
award of a $6 million grant to WSDOT for intercity passenger rail capital 
assistance. This grant will be used to partner with Sound Transit to help 
fund the Tacoma – Bypass of Point Defiance project.  

Challenges and Opportunities 
The mid-range plan focuses on infrastructure and operating improvements 
in the “highest transportation demand” segment of the PNWRC, Seattle to 
Portland, a segment that is traditionally funded by the state of Washington.  

Challenges 

• Limited Multimodal Funding: The Statewide Multimodal Fund, 
the primary source of state funding that is available for investment 
in the Amtrak Cascades program, also provides funding for transit, 
the Washington State Ferries system, bike, pedestrian, and some 
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highway activities. The amount of funds available is tied to vehicle 
registrations, various fees, and a percentage of the sales tax on new 
and used vehicles. The recent economic recession, witnessed by 
unprecedented volatility of capital market, may adversely impact 
the overall funding available for multimodal activities. Meanwhile, 
policies to heavily invest in infrastructure, which are often used by 
governments to stimulate the economy in prolonged economic 
recession or depression, could create emerging opportunities in 
passenger rail funding given its multiple benefits to society. In 
addition, there will be tremendous competition for available funds 
due to budget shortfalls and increased costs. Policymakers will be 
challenged to prioritize the limited resources. This mid-range plan 
attempts to provide comprehensive information through both 
quantitative and qualitative analyses to help policymakers make 
informed decisions. 

 
• No Dedicated Federal Funding: Historically, there has not been a 

dedicated multi-year source of federal funding to provide a 
partnership similar to other modes of surface transportation.  

 
• Capital Funding in Oregon and Canada: The availability of 

capital funding for improvements south of the Columbia River and 
north of the U.S./Canadian border is uncertain. Each of those 
entities needs to participate in rail capacity and reliability projects, 
if there is to be Amtrak Cascades service expansion, as described 
in the long-range plan.  

Opportunities 

Future Capital Funding Opportunities 

After many years of deliberation, in October 2008, the US Congress 
passed the Rail Safety and Investment Act of 2008. This legislation 
provides, for the first time, a multi-year federal matching program with the 
states to fund intercity rail passenger capital projects. The legislation 
authorizes $1.9 billion in federal grants over five years. This 80 percent 
federal and 20 percent state program will allow WSDOT the opportunity 
to use state funds as leverage for federal funds for rail capital projects 
(infrastructure and equipment) in a manner that is similar to how other 
modes of surface transportation have been supported at the federal level. 
This program, if and when funds are actually appropriated, would need to 
be an essential component for the future development of Amtrak 
Cascades. 
 
Provisions in the legislation allow states like Washington to use state 
investments as a 20 percent match for federal funds, up to a maximum of 
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$15 million per year, applying for up to $60 million in federal capital 
funds annually—prior to expending “new” state capital funds. The ability 
to use state funds as a match will be an important factor to consider when 
policymakers make determinations on future program funding levels. 

Funding for Future Amtrak Cascades Operations 

Ticket-buying passengers, the states of Washington and Oregon, and 
Amtrak currently fund the operating costs for Amtrak Cascades service in 
the PNWRC. It is assumed that any proposed increases in service as 
provided for in this mid-range plan, which focuses on enhanced Seattle to 
Portland service, would be funded by ticket buying passengers and by the 
state of Washington. Projected additional operating costs for each of the 
options presented in this plan are described in Chapter 6. 
 
One of the major challenges is how to capture the opportunity of strong 
ridership growth to make the program more self-funded. Currently the 
farebox recovery ratio is about 50 percent—with strong ridership growth 
this year, it could reach a higher level. A 50 percent farebox recovery is 
considered very good for publicly-funded transportation. Policymakers 
need to determine the appropriate balance of farebox and public costs. It is 
possible that policymakers could view the many benefits of rail 
transportation as worthy of an appropriate level of public support. There 
are several factors that could drive a long-term growth of ridership. 
 

• High Energy Prices: Rising fuel costs and the environmental 
advantages of rail passenger service have contributed to strong 
ridership growth. As Washington State and other entities in the 
region attempt to reduce greenhouse gas emissions and make 
environmentally responsible infrastructure choices, intercity 
passenger rail development as a method of travel should receive 
stronger consideration in the future. The mid-range plan options 
provide information on environmental impacts of multimodal 
investments for consideration. 

 
• Reliability Improvements: There is tremendous opportunity to 

improve Amtrak Cascades service reliability through targeted 
investments in capital and in enhanced maintenance as discussed in 
this report. On-time performance can be expected to improve from 
the current 60+ percent to more than 90 percent in the next several 
years with investments outlined in this plan. 

 
• Reduced Travel Times: Mid-range plan options for investment 

can reduce scheduled travel times in the range of 4 to 30 minutes 
due to infrastructure and reliability improvements, boosting 
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ridership by providing a more attractive and dependable rail 
transportation option in our region. 

 
• High Frequency of Train Service: Higher frequency of train 

services, along with higher reliability (on-time performance and 
time savings) could trigger significant growth as business travelers 
start to use reliable train service. The mid-range plan did not 
forecast such growth due to lack of data. However, experiences in 
other corridors show this is a likely scenario as Amtrak Cascades 
operates at a service level of eight daily round trips. 

 
Higher ridership could create a strong opportunity for the program to 
reduce net public costs.  
 

• Higher ridership could increase occupancy that in turn decreases 
cost per passenger mile. If ticket prices hold, the lower costs mean 
lower public costs. 

 
• If higher ridership is met by higher levels of service, economy of 

scale of running train services could also lead to lower costs per 
passenger mile. 

 
This plan uses conservative estimates in analyzing ridership and farebox 
recovery. Actions proposed in the plan could lead to further improvements 
of revenue and cost performance. 
 

• Marketing Concepts: For the first time, the mid-range plan 
includes marketing concepts that lay out actions to expand market 
reach to targeted customers. With the right marketing concepts, 
ridership fluctuation caused by seasonality could be improved and 
the average occupancy rate could be higher. Consequently, state 
support could be lowered. An investment in marketing could be 
fruitful in support of infrastructure and operation improvements. 
More people seek alternative transportation choices for many 
reasons, including concerns about high energy prices, congestion, 
and the environment. 

 
• Increased Ticket Prices: Higher prices could lead to higher 

revenue, if the demand is not price sensitive for such a price 
increase. As the cost of using other modes (auto and airplane) 
increases sharply due to the fuel price hikes, people might select 
less expensive modes, such as rail and bus. This creates an 
opportunity for price increases. A study is proposed in the 
operation plan to further explore such an opportunity. 
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• Improve Revenue Opportunity: Revenues could be increased by 
improvements to onboard service quality, improving existing 
amenities such as the food and beverage service.   
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The Eastman Company
Real Estate Appraisers/Analysts/Consultants (206) 363-6611
925 N. 130  Street Fax (206) 363-5507th

Seattle, WA  98133 appraisers@wavalue.com

October 30, 2012

Mr. Ross Macfarlane

Senior Advisor, Business Partnerships

Climate Solutions

1402 Third Avenue, Suite 1305

Seattle, WA  98101

RE: Increased Coal Train Traffic and Real Estate Values:

A study of the potential impact of increased coal train traffic on property values

resulting from the proposed Gateway Pacific Terminal at Cherry Point, WA

Eastman Company File No. 2036.1

Dear Mr. Mcfarlane:

As requested, I have completed my Valuation Consultation assignment that addresses and

examines the impacts of increased coal train freight traffic on property values resulting from

the proposed Gateway Pacific Terminal at Cherry Point, WA, and my conclusions are

summarized in this report.  Generally, this project required the consultant to provide a

document for use in assisting the client, Climate Solutions, in evaluating the impacts of this

proposed new rail traffic on affected real estate.  The depth of discussion contained in this

report is specific to the needs of the client, and this report is for the intended use and users

specifically stated on Page Two.  The consultant is not responsible for unauthorized use of

this report.  The following summarizes my research and conclusions.

Client:  Mr. Ross Macfarlane, on behalf of Climate Solutions

Consultant:  Paul Zemtseff

Overview of Problem to be Considered:  Pacific International Terminals, a subsidiary of

SSA Marine, has proposed building a deep-water, multi-user, import and export marine

terminal at Cherry Point, west of Ferndale in Whatcom County, WA.  The proposed Gateway

Pacific Terminal would eventually handle import and export of up to 54 million dry metric

tons per year of bulk commodities – mostly exporting coal (48 million tons annually) to

destinations in Asia.  Coal mined in the Powder River Basin by Peabody Energy would be

hauled by trains along the Burlington Northern and Santa Fe Railway Company (BNSF) rail

lines.  The proposed coal train transportation corridor route extends from mines in Montana

and Wyoming through Sandpoint, Idaho to Spokane down through the Columbia River

Gorge, then up along the Puget Sound coast, passing through the Washington state cities of

Longview, Tacoma, Seattle, Edmonds, Everett, Marysville, Stanwood, Mount Vernon,

Bellingham, Ferndale and all points in-between.  It is understood that up to an additional 18

trains per day (9 loaded and 9 returning empty of 125 to 150 uncovered rail cars each) would
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be expected to transport the coal along this the main line route, and the shipping terminal at

Cherry Point would expect the addition of approximately 30 miles of coal trains daily along

the BNSF rail line that runs along the Puget Sound coast.  It is understood that nothing in the

proposed project materials specifies a maximum; therefore, the 18 trains per day round trip

could be increased if export capacity of the proposed port were expanded in the future.  

A wide variety of physical, environmental and other potential impacts have been anticipated

from resultant unprecedented levels of regional rail usage.  As segments of the Washington

state rail system are already nearing or at practical capacity, the dramatic increase in rail

traffic would likely constrain passenger rail and adversely affect the transport of freight other

than coal.  Negative impacts also associated with coal trains include concerns due to train

length, weight, content, and polluting capacity.  

This valuation consultation assignment was specifically undertaken primarily as an attempt

to provide an opinion of the impact on property values and/or real estate tax revenues (if any)

resulting from the influence of an additional 18 trains per day (9 loaded and 9 returning

empty of 125 to 150 uncovered rail cars each) using the main line route expected to transport

the coal to the terminal at Cherry Point .  This study and analysis is specifically intended to1

address BNSF’s main rail line areas running through Whatcom, Skagit, Snohomish, King and

Pierce Counties, which comprise the areas expected to be most adversely impacted as they

are the most densely populated, intensely improved, and therefore, potentially the most

affected metropolitan and urban areas along this route.  

Purpose, Intended Use / User of the Consultation and Restrictions On Use:  The purpose

of this consultation is to provide my opinion of the range of diminution in property values

for various affected property types resulting from the influence of an assumed additional 18

trains per day (9 loaded and 9 returning empty of 125 to 150 uncovered rail cars each) using

BNSF’s main line (running through Whatcom, Skagit, Snohomish, King and Pierce Counties

in Washington state) to transport coal to the proposed Gateway Pacific Terminal at Cherry

Point .  The intended use of this consultation to assist the client and other intended users in2

understanding and evaluating the impacts of this new rail traffic.  The “broad brush”

conclusions rendered within this report are intended to provide the user a framework to

consider and address anticipated potential effects on property value resulting from a number

of widely recognized value influencing factors that vary in impact due to their varying

degrees of intensity and the unique attributes of different affected properties amongst a range
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of differing property types.  This consultation is intended for use by the Client (Climate

Solutions), or persons specifically authorized by the Client for the indicated purpose and

intended use.  All others reading or relying on this report are unintended users.  

Effective Date of Consulting Service:  October 30, 2012

Scope of Work and Data Collection Process:  The scope of this assignment was iterative

with initial and possible future phases based upon what was found during the investigation

and research process.  The first phase was to determine if any loss in real estate value and/or

real estate tax revenues would occur as a consequence of the new coal freight train traffic,

assuming the levels of increased service previously described.  The next phase was to

determine if it was feasible to create a reliable model that could be used to quantify the dollar

loss in value to various affected types of real estate, either on an individual property or some

form of aggregate basis.  

In preparing this report, I initially familiarized myself with the nature and extent of the

proposed new coal train traffic and the rail corridors proposed for use in transporting coal to

the Gateway Pacific Terminal (GPT) at Cherry Point.  Numerous sources of public

information were used to investigate and fully understand the background, scope, history and

status of the project relative to the permitting process, the environmental impact statement

(EIS), anticipated levels of use, and a variety of other meaningful parameters associated with

the GPT project as proposed.  I researched, assessed and reviewed fairly recent historical to

the most current available data describing the status of the levels of service, capacities,

anticipated increases and future projections for increased freight rail traffic along the

previously defined subject areas of interest along BNSF’s main line rail corridor and for

Washington State as a whole.  These documents included detailed analyses and

recommendations along with detailed data regarding rail choke points, rail system needs, rail

impacts and proposed mitigation measures and recent, anticipated and recommended rail

corridor improvement projects.  Studies and EIS’s from other (non Washington State) rail

corridor improvement projects were also reviewed and considered, as they address many of

the same issues, elements and influences.  I examined and reviewed various maps, online

aerial mapping and other resources and exhibits to understand the rail route and property

types within the areas of interest.

Access to a proprietary GIS based database identifying all tax parcels and various other

information for properties located within 600 lineal feet of either side of BNSF main line

route within the areas of interest was made available to me for possible use in this

assignment.  I familiarized myself with this tool, as well as with the transportation route

corridor and the nature and type of surrounding properties.  I visited many areas along the

corridor to assess the nearby real estate as well as the nature and quality of crossings to

obtain firsthand knowledge of existing conditions.  I visited a representative sampling of the
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various property types considered and addressed in this report (single family residential,

multi-family, commercial and industrial properties) in all of the counties that abut the main

rail line within the subject area of interest and/or that might be impacted by various adverse

elements associated with the increased coal freight train traffic.  (Note that while agricultural

properties abut the area of interest, they were not specifically addressed or evaluated in this

study).  During this process, I was able to observe and experience coal trains traveling along

this route.  I reviewed recently conducted studies performed by Gibson Traffic Consultants,

Inc. (GTC) that identify some of the possible rail impacts associated with transport of

commodities to the proposed Cherry Point facility that affect the cities of Bellingham,

Burlington, Mount Vernon, Stanwood, Marysville, Edmonds and Seattle and their access

roads.  

I was assisted by staff from the Appraisal Institute’s Y.T. and Louise Lee Lum Library

(which provides reference services in the subject area of real estate appraisal) and performed

my own research, exploring numerous areas of interest associated with diminution in value

issues involving rail and many other adverse influences.  I found, read and/or reviewed

numerous empirical research studies, statistical analyses utilizing hedonic models and

regression analyses, professional research abstracts, and other publications that might provide

support for my rail impact study and valuation analyses and conclusions.  Although many of

the studies reviewed did not specifically deal with rail impacts, they did function as proxy

studies, demonstrating anecdotal evidence supporting the relative range of diminution in

property values experienced in response to a variety of types of adverse influences.  I

surveyed a sample of a range of active, knowledgeable, real estate market participants and

other experts for input as to their opinion of the extent of the influence of the proposed new

coal train freight traffic on property values for the various property types.  I performed

extensive internet research on all of the above-referenced topics in order to maximize my

understanding of the nature and extent of effects on real estate values due to a wide variety

of adverse influence generating externalities including freight rail traffic.  

All of the foregoing information gathered from these resources was considered from my

personal experience perspective as a real estate appraiser/consultant, having been involved

with numerous assignments and situations requiring the analysis of simple to complex real

estate valuation problems for the purpose of rendering my opinion of diminution in value.

Based upon the information and resources available to me for this assignment and my

understanding of the wide variety of, and vastly differing types of, adverse influences

associated with the increased coal train rail traffic, I concluded that the information and tools

available would be insufficient to allow me to provide a reliable model that could be used to

quantify the dollar loss in value to various affected types of real estate and/or real estate tax

revenues, either on an individual property or some form of aggregate basis. 

The as-described body of knowledge gathered, however, was deemed sufficient in its

theoretical and functional application as background information to support and form the
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basis for me to provide my opinion of a range of diminution in property value for the various

property types considered, resulting from the range of adverse impacts associated with the

increase in coal train freight rail traffic, as assumed.  The final process required taking the

perspective of an unbiased consultant and synthesizing this data in order to develop my

conclusions.  The nature of such real estate problems is often unique and involves a

considerable degree of complexity; therefore, this consultation is seen as a means of bringing

professional objectivity to, and market based support for, a framework that can generally be

utilized to consider and address anticipated potential effects on property value resulting from

the proposed additional coal freight train traffic assumed.  

Subject Property:  The subject property addressed in this study generally includes all

properties with the potential to be adversely impacted by the proposed increase in coal train

freight rail traffic along BNSF’s main rail line areas running through Whatcom, Skagit,

Snohomish, King and Pierce Counties.  Although the nature of this assignment and scope of

investigation required the consultant to visit a representative sampling of the different

property types considered in these counties in order to acquire a good understanding (and a

real sampling) of the range of potential situations to be considered, this assignment is not

intended to address any specific subject properties or situations.  

Elements of Adverse Influence Associated With Increased Coal Train Traffic:  The

literature reviewed generally identifies a number of categories of adverse influences

associated with increased coal train freight rail traffic that have the potential to adversely

influence real estate values.  These elements and a summary of the perceived and potential

impacts are briefly summarized as follows:  

Access and Vehicular Traffic:  The GTC traffic studies focus on six cities with a significant

number of non-grade-separated (typically at grade/gate controlled) main line rail crossings,

mostly in or near their central business districts in areas that experience substantial traffic,

particularly during traditional “traffic times.”  The studies state language similar to the

following (excerpted from their 6/21/12 Bellingham report) for each of the cities, but in some

cases, the reports address somewhat different crossing conditions:  “Each coal train will be

up to 1.6 miles long, which at 50 mph would mean approximately 3-4 minutes between train

approach warning/gate closure and ultimate gate opening.  At 35 miles per hour, it could take

approximately 6-7 minutes to clear a crossing as the siding near this area is rated for 35 mph.

The 18 trains per day would equate to approximately one additional coal train every 1.3

hours, all day long, in addition to existing train traffic.  Thus, train crossing delays in

Bellingham can be estimated to increase with an additional train every 1.3 hours, if train trips

were evenly spaced throughout the day and night, at between 3-4 minutes and 6-7 minutes

depending on if they are having to use sidings or speed restricted crossing.  Assuming just

a 5-minute average (consistent with the existing smaller coal trains traveling through

Bellingham) would lead to every crossing on the track in Bellingham being closed for an
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additional 90 minutes a day not including the additional clearance time for back ups to clear

after a crossing arm lifts.  Based on current data, the existing numbers of trains in the

Bellingham area is averaging 15 trains a day. . . . The Washington State 2010-2030 Freight

Rail Plan published by WSDOT in December 2009 identified that the rail line North from

Everett in 2008 was already at its capacity of 18 trains per day.  The State plan shows that

it hopes to increase that capacity to 30 trains per day; however, the design and cost of the

specific improvements needed to do that have not yet been identified.  Additional study and

inquiry should be conducted to determine whether federal or state funding is committed to

expand the capacity of the BNSF freight system, sufficient to allow the projected additional

16-18 trains per day and still leave adequate capacity for local freight and future commuter

services.”

The increased traffic and reduced quality of access not only have the potential to cause

isolation and business interruption effects for properties in the immediate corridor area (say,

within 800 feet of the track), but depending upon whether or not, and to what extent,

alternative access potential exists, the area of adverse effect could, and in many cases does,

cover a substantially larger area.  

Life Safety Issues:  Although infrequent, a potential problem associated with freight train

traffic is that accidents occur at crossings and along the tracks, and fear of accidents is a

perception that has the potential to affect nearby real estate values.  Another duly noted life-

safety consequence of the increased traffic identified for all of the GTC study areas is the

potential for a first responder, such as an ambulance, police car, fire truck, aid car or utility

provider, to suffer increased response times in reaching their destination at a critical time

when emergency responses are needed. 

Vibration:  “Local and long-distance freight trains are similar in that they both are diesel-

powered and have the same types of cars.  They differ in their overall length, number and

size of locomotives, and number of heavily loaded cars.  Locomotives and rail cars with

wheel flats are the sources of the highest vibration levels.  Because locomotive suspensions

are similar, the maximum vibration levels of local and long-distance freights are similar.  It

is not uncommon for freight trains to be the source of intrusive ground-borne vibration.  Most

railroad tracks used for freight lines were in existence for many years before the affected

residential areas were developed. . . . .  Vibration mitigation is very difficult to implement

on tracks where trains with heavy axle loads will be operating. . . . 

Although the perceptibility threshold is about 65 VdB, human response to vibration is not

usually significant unless the vibration exceeds 70 VdB.  Rapid transit or light rail systems

typically generate vibration levels of 70 VdB or more near their tracks.  On the other hand,

buses and trucks rarely create vibration that exceeds 70 VdB unless there are bumps in the

road.  Because of the heavy locomotives on diesel commuter rail systems, the vibration levels
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average about 5 to 10 decibels higher than rail transit vehicles.  If there is unusually rough

road or track, wheel flats, geologic conditions that promote efficient propagation of vibration,

or vehicles with very stiff suspension systems, the vibration levels from any source can be

10 decibels higher than typical.  Hence, at 50 feet, the upper range for rapid transit vibration

is around 80 VdB and the high range for commuter rail vibration is 85 VdB.  If the vibration

level in a residence reaches 85 VdB, most people will be strongly annoyed by the vibration.”3

Horn Noise:  “In a large number of community attitudinal surveys, transportation noise has

been ranked among the most significant causes of community dissatisfaction. . . . .  The

percentage of high annoyance is approximately 0 percent at 45 decibels, 10 percent around

60 decibels and increases quite rapidly to approximately 70 percent around 85 decibels.” 4
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The noise from a train is produced by a variety of sources and determined by numerous

variables including the diesel locomotive noise, wheel noise (squeal, rolling noise), braking,

signal horns and crossing gate bells, the type, quality and condition of the train, and the

quality, condition and composition of the track and track bed.  

Pollution:  Sources of air and ground pollution include the exhaust from diesel locomotive

engines, coal dust from open coal cars and other petrochemicals that typically fall from the

train on to the tracks (such as lubricants).  Concerns exist that adverse influences from coal

dust due to open car transportation practices and from diesel exhaust that are expected to

result from the increased coal train traffic may be sufficient to potentially cause negative

human health effects.  Even if studies are conducted that do not support these concerns, the

public perception about them is sufficient to have an adverse effect on property values.  

Stigma and Perception:  Effects on real estate values are colored by the perception of the

market participants (typically the buyer or seller) and not based on objective factors or

parameters that can easily be measured or quantified.  For example, fear of accidents is a

subjective factor that can be quite variable in perception by different individuals.  Some

segments of the market are more sensitive to the preceding element items, and at the extreme,

would not consider the possibility of owning property located nearby to, or significantly

affected by, such freight rail influences, while others are less sensitive to these influences.

Studies reviewed conclude that real estate values are increasingly adversely impacted as the

level of dissemination of information to the public that concerns exist increases.  Considering

that the potential adverse effects of the additional coal train traffic have been very widely

publicized, it is expected that the adverse effect on the market already exists to some extent.

Anecdotally, more than one Realtor interviewed cited an example of property value or

marketability being directly affected by the proposed increases in coal train traffic.  

Property Types, Variables and Comments:  The coal trains typically have two locomotive

diesel engines at the front and two at the rear of the train.  The distance of the real estate from

the rail line traffic and/or crossing is a most significant variable in determining the extent of

most of the aforementioned value-influencing elements.  Other factors influencing the extent

of adverse effect include the time of day (or night) that trains travel, and for noise and

vibration effects, the duration, frequency of occurrence, noise frequency (i.e. hertz range),

existing non-rail noise conditions, type of crossing (trestle, at grade or grade-separated),

nature of the surrounding topography (relative elevation of tracks versus the real estate) and

acoustical conditions, intervening property improvements, vegetation or other features that

may exist between the rail line and the property to dampen or amplify the noise.  Note that

it is generally accepted that night noise is far more disturbing than daytime noise, and is

therefore more heavily weighted as an adverse influence.  
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Differing property types are typically influenced to differing degrees by the aforementioned

elements of adverse influence.  Single family residences are generally acknowledged as the

most sensitive property type to all of these elements, as the consequential impacts can be

perceived as having the capacity to directly influence the quality of life of the occupant(s).

In my opinion, all of the aforementioned elements have the potential to significantly impact

the value of affected single family residential property.  The train’s signal horn, which is

typically repeatedly blown prior to at grade crossings, is generally acknowledged as one of

the loudest noises produced by freight trains, and is the primary negative externality

generated by train traffic.  The duration of the horn blast and time of day is a significant

factor determining its grade on the nuisance scale.  It has been found that residents living

within 1,000 feet of the rail line were severely annoyed by train horns.  During my survey,

one Realtor who lives near the rail line noted that a “whistle happy” conductor blew the horn

for 15 seconds at 4:30 to 5 AM the other morning.  Hedonic price models and studies have

shown that the loss in value for residences is amplified with each additional freight train trip.

Multi-family properties similarly have the potential to be strongly influenced by these

elements.  Multi-family properties observed near the rail line included a mixture of sizes,

with many being larger mid-rise buildings containing many units, a number of which front

Puget Sound.  In many of these properties, due to the size of the buildings, some units face

the rail line, while others face upland or toward the sound.  In these cases, the units facing

the tracks are more influenced by the noise, vibration and pollution factors, while those

further away can be perceived as experiencing little or no adverse effects in this regard.

Particularly in the case of multi-family properties located seaward of the tracks, with limited

or no alternative access, the access and vehicular traffic elements tend to carry significant

weight.  Also of consideration for multi-family properties is the occupancy status - whereas

apartment dwellers have the ability to be more transient and relocate if ambient conditions

do not meet their preferences, condominium owners are more like single family residential

owners to the extent that relocating represents a substantial barrier to changing their situation.

Commercial properties include restaurants, retail stores, offices and other similar uses.  A

number of the potentially most affected properties observed are located seaward of the tracks.

Although noise and vibration are seen as influencing factors relative to the adverse influences

of the increased coal freight train rail traffic, in my opinion, the access and vehicular traffic

elements are considered to have the greatest potential to adversely influence property value

for commercial properties.  Also, depending upon proximity, the pollution factors also have

potential to represent a substantial negative influence.  

Industrial properties are the category of real estate considered to be least influenced by the

increased rail traffic.  By nature, these properties are typically in locations zoned to allow for

a variety of vibration, noise and pollution influences.  They are often sited near, and many

specific properties benefit from or require, rail access or service.  The access and vehicular
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traffic elements are considered to have the greatest potential to adversely influence the value

of industrial properties, particularly if they are located in areas where the presence of a train

precludes vehicular and employee ingress and egress, as is typical for numerous facilities

observed.  Freight trains, unlike commuter trains, are often not on a specific or predictable

schedule.  This can create a substantial nuisance for companies with large workforces if

access is blocked near the time employees need to arrive at or leave work.  Often the

industrial properties that are exposed to being landlocked by trains are marine dependent

facilities that have no option to relocate to the other side of the tracks as they need to retain

their waterfront location or proximity.  

Conclusions:  This assignment required the consultant to provide an opinion of a range of

diminution in property value for the various property types considered resulting from the

range of adverse impacts associated with the increase in coal train freight rail traffic, as

described in this report.  As discussed, the wide variety of elements of influence and their

variations in intensity of impact which are dependent upon numerous variable factors and a

wide variety of physical conditions and influences impacting a single property within a given

property type result in an almost unlimited number of diminution in value situations.  Based

upon all of the research and study undertaken in performing this assignment, and because of

this extreme variability, the concluded diminution in value has been expressed in a

percentage range intended to capture the most probable effects on a given property type.

Although the range is intended to reflect the “less” to the “most” affected diminution in value

situations, it should be understood that in some specific instances, a specific property may

be more affected than indicated by the range concluded; however, in my opinion, such cases

are rare.  At the low end are properties that suffer no adverse impact, which typically would

be properties lying outside of the area of rail influence.  

Most of the literature relied upon addressed studies of residential real estate, and they tend

to specify the outer limit of rail traffic influence at a distance in the approximate 750 to 1,000

foot range from the tracks.  Unfortunately, due to the unique nature of real estate and the

variety of influencing factors determining the net intensity of adverse influence, there is no

set distance that is certain to suffer influence.  It is clear, however, that the closer the distance

of the property to the rail line or crossing, the greater the influence.  Because of this, in

general, the upper end of the range of diminution in value concluded would be expected to

strongly correlate with properties located closest to the rail line or crossing.  At the opposite

end of the spectrum, although property with the least net total intensity of adverse influence

might be expected to experience a diminution in value of less than five percent, such minimal

impacts are generally considered so slight as to be effectively immeasurable; therefore, five

percent has been used at the lower end of the range.  

As noted, empty coal trains are expected to use a different route from Everett, returning

easterly to pass through the Cascade Tunnel (not the Stampede Pass Tunnel). 
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Property located north of Everett with 18 new train trips daily:  Based upon all of the

information and data gathered, in my opinion, the applicable range of diminition in value for

single family residences, the property type expected to suffer the most severe impacts, has

been concluded to range from five to twenty percent of market value.  Multi-family

properties as a whole, are considered to be less intensely impacted for reasons discussed in

this report and would be expected to suffer a loss in market value ranging from five to fifteen

percent of market value.  It is anticipated that impacted commercial properties would

experience loss in market value in the approximate five to ten percent range.  Industrial

properties, considered the least impacted of the property types overall, would be expected to

suffer a five to eight percent range of loss in market value.  

Property located south of Everett with 9 new train trips daily:  Because the property south

of Everett would experience half of the anticipated new rail traffic compared to property

north of Everett, and because the nine trains south of Everett would all be fully loaded coal

trains with no returning empty rail cars, the effects of pollution, coal dust and traffic would

result in a decreased range of net overall impacts.  In my opinion, the impacts for all

property types considered would be approximately three to five percent less than the

diminutions in value concluded for property located north of Everett, with a five percent

threshold setting the lower end of the limit of measurable diminution in value for affected

properties.  

The suggested conclusions may not provide a reliable range of diminution in value for each

and every property of a given property type in all possible situations that may be found, due

to the fact that real estate is unique, and the variety of conditions that may be encountered

are unlimited as they are “situation dependent.”  Therefore, the methodology and conclusions

rendered in this report are intended to be viewed and used as general guidelines.  Specific

appraisals are suggested as the most effective means of providing defensible solutions to

complex real estate problems.  Solutions to complex valuation problems often rely upon

subjective judgements based upon expertise that is primarily gained through familiarity and

experience. 

Although this report is not intended to be used to provide an aggregate loss in value for

property that would be affected by the proposed increase in coal train freight rail traffic, it

is felt that the total loss in value due to such influence would be substantial in terms of

property market value and real estate tax revenues to taxing districts.  The proprietary

database provided and used in this assignment indicates a total of 21,548 tax parcels for

properties identified as located within 600 feet of the BNSF main line railroad tracks in the

subject area of interest, with a total aggregated assessed value of $26,556,663,168.  If one

were to assume these properties would suffer a loss in assessed value of one percent, the loss

would be equal to approximately $265 million, which applied at a one percent millage rate

is equivalent to an approximate $2,655,000 in annual tax revenue loss.  In my opinion, the
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effects and impacts of the additional freight rail traffic not only affect the properties within

600 feet of the main line, but also potentially affect property beyond this identified zone.  At

the very least, this information indicates that the aggregate losses to market value and tax

revenues could be quite substantial. 

This report is subject to the enclosed limiting conditions and has been prepared in conformity

with, and subject to, the requirements of the Uniform Standards of Professional Appraisal

Practice promulgated by the Appraisal Standards Board of the Appraisal Foundation.  I hope

this report addresses your needs and concerns.  If you are in need of further assistance, please

do not hesitate to contact me.  

Respectfully Submitted,

Paul Zemtseff

Washington State Certified General

Real Estate Appraiser (1100208)
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CONSULTATION CERTIFICATION

I, Paul Zemtseff, certify that, to the best of my knowledge and belief:

The statements of fact contained in this report are true and correct.

The reported analyses, opinions, and conclusions are limited only by the reported assumptions and limiting
conditions, and are my personal, impartial, and unbiased, professional analyses, opinions, conclusions and
recommendations.

I have no present or prospective interest in the property that is the subject of this report, and I have no
personal interest with respect to the parties involved. 

I have performed prior appraisal services with regard to the property that is the subject of this report within
the three year period immediately preceding acceptance of this assignment. 

I have no bias with respect to any property that is the subject of this report or to the parties involved with this
assignment. 

My engagement in this assignment was not contingent upon developing or reporting predetermined results.

My compensation for completing this assignment is not contingent upon the development or reporting of a
predetermined value or direction in value that favors the cause of the client, the amount of the value opinion,
the attainment of a stipulated result, or the occurrence of a subsequent event directly related to the intended
use of this appraisal consulting assignment.  

My analyses, opinions and conclusions were developed, and this report has been prepared, in conformity with
the Uniform Standards of Professional Appraisal Practice.

I have made personal inspection of portions of the property that is the subject of this report.  

No one provided significant real property appraisal or appraisal consulting assistance to the person signing
this certification.  

The reported analyses, opinions, and conclusions were developed, and this report has been prepared, in
conformity with the Code of Professional Ethics and Standards of Professional Appraisal Practice of the
Appraisal Institute

The use of this report is subject to the requirements of the Appraisal Institute relating to review by its duly
authorized representatives.

As of the date of this report I have completed the Standards and Ethics Education Requirement of the
Appraisal Institute for Associate Members.  

I do not authorize the out-of-context quoting from, or partial or full reprinting of this consultation report.

Paul Zemtseff
Washington State Certified General
Real Estate Appraiser (1100208)
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LIMITING CONDITIONS AND ASSUMPTIONS

APPRAISAL CONSULTING REPORT

1. This is an appraisal consulting report that is intended to comply with the reporting requirements set
forth under Standard Rule 5 of the Uniform Standards of Professional Appraisal Practice.  Report.
The information contained in this report is specific to the needs of the client and for the intended use
stated in this report.  As such, it includes a summarized discussion of the data, reasoning, and
analyses that were used in the appraisal process to develop the appraiser’s opinion of value.  The
appraiser is not responsible for unauthorized use of this report.

2. LIMIT OF LIABILITY:
The liability of The Eastman Company and employees is limited to the client only and to the fee
actually received by the appraiser.  Further, there is no accountability, obligation or liability to any
third party.  If this report is placed in the hands of anyone other than the client, the client shall make
such party aware of all limiting conditions and assumptions of the assignment and related
discussions.  The client agrees that in case of a lawsuit, any and all awards, settlements of any type
in such suit, regardless of outcome, the client will hold appraiser completely harmless in any such
action.

3. COPIES, PUBLICATION, DISTRIBUTION, USE OF REPORT:
Possession of this report or any copy thereof does not carry with it the right of publication, nor may
it be used for other than its intended use.  

The Bylaws and Regulations of the Appraisal Institute require each member and candidate to control
the use and distribution of each appraisal report signed by such member or candidate; except as
hereinafter provided, the client may distribute copies of this appraisal report in its entirety to such
third parties as he may select; however, selected portions of this appraisal report shall not be given
to third parties without the prior written consent of the signatories of this appraisal report.  Neither
all nor any part of this appraisal report shall be disseminated to the general public by the use of
advertising media, public relations, news, sales or other media for public communication without
the prior written consent of the appraiser.  

Use of this appraisal by any party other than the party(ies) identified within this report, and for any
other use or purpose(s) than the stated intended use, is expressly prohibited.  The appraiser assumes
no responsibility or liability for the use of this report, or any information contained herein, including
the valuation conclusion, by any party not named as a user of this report.

4. CONFIDENTIALITY:
This appraisal is to be used only in its entirety, and no part is to be used without the whole report.
All conclusions and opinions concerning the analysis as set forth in the report were prepared by the
appraiser(s) whose signature appears on the appraisal report.  No change of any item in the report
shall be made by anyone other than the appraiser and/or officer of the firm.  The appraiser and firm
shall have no responsibility if any such unauthorized change is made.

The appraiser may not divulge the material (evaluation) contents of the report, analytical findings
or conclusions, or give a copy of the report to anyone other than the client or his designee as
specified in writing except as may be required by the Appraisal Institute as they may request in
confidence for ethics enforcement, or by a court of law or body with the power of subpoena.
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5. TRADE SECRETS:
This appraisal was obtained from The Eastman Company or related companies and/or its individuals
or related independent contractors and consists of “trade secrets and commercial or financial
information” which is privileged and confidential and exempted from disclosure under 5 U.S.C. 552
(b) (4).  Notify the appraiser(s) signing the report of any request to reproduce this appraisal in whole
or in part.

6. INFORMATION USED:
No responsibility is assumed for accuracy of information furnished by work of others, the client, his
designee or public records.  The data relied upon in this report has been thought reasonable; all are
considered appropriate for inclusion to the best of our factual judgment and knowledge.  An
impractical and uneconomic expenditure of time would be required in attempting to furnish
unimpeachable verification in all instances, particularly as to engineering and market-related
information. 

7. TESTIMONY, CONSULTATION, COMPLETION OF CONTRACT FOR APPRAISAL
SERVICES:
The contract for appraisal, consultation or analytical service are fulfilled and the total fee payable
upon completion of the report.  The appraiser(s) or those assisting in the preparation of the report
will not be asked or required to give testimony in court or hearing because of having made the
appraisal, in full or in part, nor engage in post appraisal consultation with the client or third parties
except under separate and special arrangement and at an additional fee.  If testimony or deposition
is required because of any subpoena, the client shall be responsible for any additional time, fees and
charges regardless of issuing party.

8. CHANGES, MODIFICATIONS:
The appraisers and/or officers of The Eastman Company, reserve the right to alter statements,
analysis, conclusion or any value estimate in the appraisal if there becomes known to us facts
pertinent to the appraisal process which were unknown to us when the report was finished.

9. ACCEPTANCE OF, AND/OR USE OF, THIS APPRAISAL REPORT BY CLIENT OR ANY
THIRD PARTY CONSTITUTES ACCEPTANCE OF THE ABOVE CONDITIONS.
APPRAISER LIABILITY EXTENDS ONLY TO STATED CLIENT, NOT SUBSEQUENT
PARTIES OR USERS, and it is limited to the amount of fee received by appraiser.
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The effect of freight railroad tracks and train activity on residential 
property values. 
By Robert A. Simons & Abdellaziz El Jaouhari |  Summer, 2004 

Appraisal Journal

abstract  

This study evaluates the impact of freight railroad tracks on housing markets. A hedonic price model is used to estimate 
reduction in the sale price of residential properties near freight railroad tracks in Cuyahoga County, Ohio for 1996 and 1999. 
The findings indicate an average loss in value between $3,800 and $5,800 (5%-7%) for houses under 1,250 square feet located 
within 750 feet from a railroad track. Larger houses showed mixed results. After substantial publicity about a freight train 
company merger, freight trip counts showed a negative and statistically significant impact on the sale price of smaller houses,
and some larger houses, for each additional daily freight train trip.  

**********  

The benefits of transportation in linking markets and generating positive externalities are well established in economic theory.
Access to transportation links, such as highway interchanges, airport hubs, train stations, and boat landings, is a positive factor. 
However, being too close to transportation uses that are far away from access links can have a negative effect on property 
values due to the nuisance and potential problems of accidents. This is particularly true for railroads that crisscross the country 
carrying freight and have very few access points. For freight railroads, the access points are not directly used by residential
property owners. In addition, there is train noise and whistle blowing as the trains pass by, the fear of accidents exists, and
potential for other related nuisances. The main questions addressed by the research here are how much markets discount 
houses near railroad tracks and whether the discount decreases with distance from the track and less freight trip volume.  

Variables Related to Railroad Freight Lines  

Periodically, train companies merge and consolidate track activity; sometimes this can lead to changes in trip volumes on 
specific segments. Because proximity to train tracks is considered a nuisance, nearby property values can be affected. The 
effect could be related solely to proximity or to the volume of activity (e.g., freight train cars passing by the property). Effects 
may also be more pronounced on properties adjacent to where the freight lines cross streets. Also, if trip counts change due to
rerouting, would there be any differential effect on property values? This study finds that rail traffic, as opposed to simply 
proximity to tracks, makes a difference in the sale price of residential properties. Further, publicity is found to increase public
awareness of this issue.  

In the Cleveland, Ohio area in the mid- to late-1990s, CSX Corporation (CSX) and Norfolk Southern Corporation (Norfolk 
Southern) decided to reorganize and acquire another railroad, Consolidated Rail Corporation (Conrail). An environmental 
impact statement (EIS) was done to determine track reconfiguration. Freight trip counts on various segments were scheduled to
change. Beginning in 1997, there was a lot of publicity regarding the reconfiguration, and the railroad lines negotiated with 
various cities about the impacts of the train reconfiguration on property values. Cities received millions of dollars, but none of 
the money went toward property damage awards. By 1999, the EIS process had been completed and changes to track volumes 
had been implemented.  
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This study examines the "before" and "after" of the reconfiguration in freight railroads in Cuyahoga Count, Ohio, and comments 
on the inclusion of property damage awards in a process of this type. The study focuses on the effect of freight-carrying railroad 
tracks on single-family housing in Cuyahoga County, Ohio, which includes a total of 15 rail segments with over 50 miles of 
track. After a review of the extant literature, this article discusses the study area, data collection, and variables. Size-stratified 
hedonic regression models of the county residential real estate market are developed, and the proximity to railroad tracks is 
tested in various forms. The results are presented, as well as conclusions and implications for appraisers.  

Overview and Literature Review  

This study was inspired, in part, by a project done in a graduate urban planning class on the factors affecting the desirability of 
an urban neighborhood. A questionnaire was administered in person to 105 prospective homebuyers of inner-city homes on the
near-west side of Cleveland, Ohio, during the summer of 2000. The questions mainly related to neighborhood characteristics 
that could have a positive or a negative effect on housing values. Residents were asked to weigh their willingness to live close
to various urban factors (e.g., an auto junkyard, interstate, railroad tracks, city park) on a seven-point scale, where -3 was 
strongly negative and +3 was very desirable. The results of the questionnaire are shown in Table 1.  

The least desirable site characteristics were junkyard (-2.81), leaking underground storage tank (LUST) (-2.71), and factory (-
2.60). Living next to a train track had the next most negative score of -2.07, closely followed by proximity to a highway and main
street (both about -1.9). Scores ranged up to +2.2 for lake views. (1)  

Effects of Other Linear Urban Uses on Residential Property  

Roads are a linear land use similar in some ways to railroad tracks. Hughes and Sirmans found a significant 1% negative 
change in residential property values for each 1,000 annual average daily traffic (AADT) in city areas, and a 0.5% change per 
1,000 AADT in suburban areas in Baton Rouge, Louisiana. (2) A related study by the same authors showed an 11% decrease 
in value for houses on high traffic streets, compared with low traffic streets. (3) However, this study did not explicitly control for 
street design. This same research also showed an average reduction of 0.8% in property values per 1,000 AADT. (4) For a 
typical collector street with 5,000 to 10,000 more trip counts per day than a purely residential street, this would equate to a 5%-
10% reduction in property values, holding all else constant.  

Another linear and visible type of land use that is somewhat similar to railroad tracks is high-voltage overhead electrical 
transmission lines (HVOTL). Studies by Colwell, and Kinnard and Dickey showed a significant reduction of 5%-8% in residential 
property values within a few hundred feet of the transmission lines. (5) Another use similar to trains in its linearity is pipelines. In 
a study of the effect of a pipeline rupture on non-contaminated residential property on the pipeline easement in Fairfax County,
Virginia, Simons estimated that single-family housing experienced a loss in value of 4%-5% after the rupture. (6)  

Rail Impact Studies  

Noise, especially from train horns, is the primary negative externality generated by train traffic. A study by Rapoza, Rickley, and 
Raslear (7) found that residents living within 1,000 feet of a railroad track were severely annoyed by train horns. Consistent with
this unsurprising finding, many communities have enacted regulations to ban the use of train horns especially during nighttime 
hours to reduce the interference of train noise with the comfort of local residents. However, numerous studies funded by the 
Federal Railroad Administration (FRA) have proven that banning train horns increases fatalities and that the bans are costly to
both residents and railroad companies. (8)  

The FRA's numerous studies on the impact of noise on communities have also evaluated the effectiveness of warning systems,
specifically the wayside train horn at crossing sections. A study conducted by the U.S. Department of Transportation and the 
FRA indicated that the use of railroad horns in addition to wayside horns could reduce accidents by 69%. The same study 
surveyed actions taken by residents to reduce the interference of noise with their daily activities. While most residents, as 
reported by the study, would stop talking or close windows, 14% considered moving. (9)  

Most studies measure the frequency and level of noise to assess their impact on residents or property values. Few studies 
have examined the effect of proximity to a railroad track in terms of distance. Clark used distance from a railroad track to 
measure loss in property values for the mostly rural districts of Middletown and Niles in Ohio. (10) The findings indicate property 
values decreased by 2.1% in Middletown and 2.8% in Niles for every additional rail line within a buffer of 1/4 mile. The loss is
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even higher for properties located near a crossing section where the use of train horns is more frequent. Another study in Oslo,
Norway, looked at the relationship between tracks and residential sale price, based on pure proximity. Residential sale price 
decreased by up to 7%-10% within 100 meters (about 330 feet) of a railroad track. (11) These results were derived from both 
hedonic modeling and a type of contingent valuation analysis done by real estate salespeople.  

To summarize, the benefits of railroad transportation in connecting markets are well established in economic theory but there is
still a tension between the need for safety and the need to reduce the level of annoyance generated by railroad activities. 
Based on previous train studies and the negative effect on property values from other similar urban land uses, property value 
decreases in the single digits are expected from trains and train traffic.  

Railroad Merger in Cleveland  

Railroads sometimes merge and consolidate. As previously noted, in Cleveland this began in 1997 as CSX and Norfolk 
Southern sought to combine operations, acquire Conrail, and streamline and consolidate track utilization in Cuyahoga County. 
The negotiations were accompanied by an environmental impact statement that examined reconfiguring lines and train 
volumes. Trip counts on various segments ranged from 0-75 trips per day before the merge, with 15-30 trains per day being 
typical. The reconfiguration was finalized and operational by 1998. As a result, some lines experienced substantial reductions in
traffic (e.g., from 50 per day down to 5 per day), some increased (10 to 45 per day), while other segments remained the same. 
(12)  

COPYRIGHT 2004 The Appraisal Institute Reproduced with permission of the copyright holder. Further reproduction or distribution is prohibited 
without permission. 
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Examining the Spatial Distribution of Externalities: Freight Rail

Traffic and Home Values in Los Angeles

Michael Futch∗

November 11, 2011

Abstract

This paper measures the impact of infrastructure expansion on local home values and examines
the persistence of that impact over distance. Specifically, I exploit a natural experiment in which
rail traffic from the Los Angeles seaport, one of the busiest in the country, was permanently
redirected from several tracks to a central line, termed the Alameda Corridor. I link a rich,
repeat-sale housing dataset to plausibly exogenous changes in local rail traffic to estimate these
effects, controlling for local price trends using a Case-Shiller style housing index. Using the
actual traffic changes the result is an estimated $3500 decrease in average home value where
traffic increased and a $1300 increase in average home value where rail traffic was reduced. The
welfare impact of concentrating a negative externality on a smaller population should depend
on the convexity of the cost function, but I find evidence that suggests the marginal cost is
symmetric for winners and losers. Instead, the total welfare impact hinges on the efficiency gains
achieved by relocating the traffic from circuitous routes to the more direct Alameda Corridor,
thereby affecting fewer homeowners. While the net gains are minimal, the re-routing of traffic
resulted in a transfer of housing wealth of approximately $200 million.

∗Email: mfutch@ucsd.edu. I would like to thank Craig McIntosh, Gordon Dahl, Paul Niehaus, Mark Jacobsen,
Josh Graff Zivin and UCSD seminar participants for their helpful comments.
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1 Introduction

Economic reforms often do not benefit everyone involved; instead, there are typically winners

and losers. Identifying who wins and who loses and by how much is important when evaluating

policy options especially because many of the groups affected often do not have representation at

the negotiating table. This process is further complicated when policy actions impact groups or

individuals external to the original intent of the policy.

This is particularly true of public infrastructure projects. Causal identification of public in-

frastructure impact is often challenging as the location is rarely random and may correlated with

wealth and political clout. Using year to year changes in the intensity of an externality is also

problematic as these changes are also likely to be correlated with local growth patterns. When con-

centrating a negative externality on a segment of the population it is important not just to measure

the marginal effect at a point, but to understand the convexity of the cost imposed on individuals.

If the marginal cost of the externality were increasing, this would suggest distributing the exposure

to the externality among as many people as possible. If the marginal cost were decreasing, a case

could be made for concentrating greater amounts of a negative externality on a smaller population.

This paper examines these issues in the context of urban rail in Los Angeles. This setting

offers an attractive natural experiment, solving some of the identification issues discussed above

by exploiting a shift in the way rail traffic travels through the city. The Alameda Corridor, an

urban infrastructure project in Los Angeles, allowed for consolidation of most freight rail traffic

into and out of the San Pedro port facilities from three geographically distinct tracks into one

higher capacity line. Figure 1 depicts the level of rail traffic in the region before and after the

opening of the Alameda Corridor. Rail traffic involves negative environmental spillovers onto local

communities in the form of air and noise pollution, along with congestion effects caused by long

waits at rail crossings. Because the rail traffic involved is freight and not transportation, there are

fewer demand-side effects that could cause upward or downward pressure on housing values apart
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Figure 1: Rail Traffic Density - Before and After

from the pollution and congestion caused by rail traffic alone. Most interestingly, the change in the

flow of rail traffic was approximately zero-sum overall, providing a very straightforward window on

the extent to which a redistribution generated net social gains or harm.

This setting allows me to directly measure the distribution of an externality using the cost

inflicted on homeowners, exploiting substantial variation (both upwards and downwards) in the

intensity of the externality. Many papers relate the existence of an externality to house prices,

but most lack the data to clearly identify the costs actually induced by the environmental harm.

I find that an increase in rail traffic by 10 million gross ton miles per mile (MGTM/mi) causes

a 0.7 percentage point lower growth in home values within a 1/3 mile band around the tracks.

Furthermore, under a stronger set of assumptions our results suggest that the response of property

values is linear in the degree of damage in both positive and negative directions for an identical size

change, indicating that a zero-sum redistribution of environmental damage has no overall effect on

total welfare. Using the actual traffic changes this results in an estimated $3500 decrease in average

home value where traffic increased and a $1300 increase in average home value where rail traffic

was reduced. Aggregating our estimates over the number of homes affected yields a net home value

increase of $23 million - a negligible sum considering the total housing value for homes inside the

one-mile zone was roughly $36 billion in 1997.
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The rest of the paper is organized as follows: Section 2 discusses identification strategies and

the data available, Section 3 outlines the estimation strategy and counterfactual selection, Section

4 presents the estimating equations, Section 5 discusses the results, and Section 6 concludes.

2 Identification Strategy and Data

2.1 Causal Identification Issues

While understanding the impacts of public infrastructure on local communities is of much interest,

clean causal identification is typically difficult or impossible in many circumstances. The first

hurdle to causal identification is due to the non-random nature in which locations are chosen

for infrastructure. If the location for a project, say a new railroad track, is chosen based on

unobservable factors that are related to the outcome of interest, OLS estimates of the treatment

effect will be biased. There have been many papers that have taken this approach using cross-

sectional data: Espey and Lopez (2000) and Cohen and Coughlin (2006) both look at the impact

of airport proximity on housing values. Kim, Phipps, and Anselin (2001) use a cross section of

home values and to measure the impact of air pollution on housing prices in South Korea. Chay

and Greenstone (2005) look at air pollution and housing values, but circumvent this identification

hurdle by instrumenting for air pollution using regulation changes triggered by county pollution

levels.

If the housing data available spans several time periods, it could be tempting to use changes

in pollution or changes in the external costs of public infrastructure (greater freeway or airport

traffic) to identify the causal impact on house price changes. However, changes in infrastructure

intensity or air pollution are likely to be correlated with other important variables that may drive

the outcome measure. Greater freeway traffic may negatively impact nearby home values, but that

increased traffic may be a result of higher employment in the city center which could drive up

home prices. If causal effects are to be identified using changes in the externality, an argument
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must be made for the exogeneity of the changes. If the changes are not exogenous, an instrumental

variables or a natural experiment approach could be used if possible. Currie and Walker (2010) use

a repeated cross section data set to exploit the creation of EZ-Pass toll lanes to find the impact of

automobile congestion and poor birth outcomes. The main results of their paper are focused on

health outcomes, but they do look for house price impacts and find none.

A housing data set that includes repeated sales of the same property is especially attractive

once the exogeniety issues have been ironed out. Repeat sale data are useful because they allow

better control of individual house idiosyncrasies. There have been several recent papers that utilize

repeat sale data to estimate the impact of some spatially sourced event. Case et al. (2006) looks

at the effect of water contamination on home prices. Cutter et al. (2009) follow a similar approach

but look at the positive impact of open space preserves on home prices and raise the issue of finding

the appropriate counterfactual. They craft an appropriate counterfactual using matching methods

of Ho, Imai, King, and Stewart (2007). The data Case et al. use has a narrow time window before

the sudden water contamination, so there is little opportunity to gauge the appropriateness of the

counterfactual house trends.

2.2 Natural Experiment

This paper exploits a natural experiment to avoid the common identification pitfalls highlighted

in the previous section. The setting for the natural experiment is freight rail traffic between the

Los Angeles/Long Beach port complex and transfer facilities near downtown Los Angeles about 20

miles away. The Los Angeles and Long Beach seaports rank first and second in terms of container

traffic into and out of the United States and combined comprise the fifth busiest port in the world.

Until recently, much of that traffic passed through the city of Los Angeles on a collection of low

speed rails to reach Union Pacific and BNSF transfer facilities. From there containers continue

on to destinations throughout the United States. In April 2002, the Alameda Corridor opened,
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Figure 2: Bounds on Rail Noise Decay

connecting the port facilities to the rail yards by a more direct and higher capacity track. Also

installed were a series of bridges, trenches, and underpasses at intersections with the purpose of

eliminating more than 200 street level crossings. The goal of the $2.2 billion Alameda Corridor

project was to increase the speed at which cargo travels through the port and to reduce the noise

and traffic congestion caused by slow freight trains at street level. The opening of the Alameda

Corridor should have reduced air and noise pollution in neighborhoods near the tracks through

reduced rail traffic and fewer idling automobiles at railroad crossings. Upper and lower bounds on

the noise decay from train signals are plotted in Figure 2, illustrating the potential noise impact

fading to conversation level after approximately one mile.

The shift in rail traffic induced by the Alameda Corridor was a structural redistribution that

decreased traffic along two of the three main routes between the port and the transfer facilities

increased traffic on the third line. This exogenous redistribution is used to identify the causal

impact of pollution and congestion from freight traffic on local home prices. The spatial shift

can be seen clearly in Figure 1 while the annual changes are plotted in Figure 4. The y-axis in

6



Figure 4 is the rail density code indicating the level of rail traffic as reported by the Federal Rail

Administration and the year is on the x-axis. The west and east rails are the non-corridor rails

where traffic decreased, while the center graph shows the sharp spike in traffic on the Alameda

Corridor after the completion of the project.

2.3 Timing of Experiment and Perfect Foresight

Consolidation of the three rails into one higher speed track had been a topic of discussion in Los

Angeles since the early 1980s, but did not become a reality until the late 1990s. Because the

Alameda Corridor required nearly five years of construction before it opened in 2002 it is unlikely

that homeowners near the corridor were taken by surprise when rail traffic skyrocketed after the

opening. Due to the premeditated nature of this intervention, I am likely to see the impact begin

to be capitalized into house prices before the actual opening of the corridor. The housing data

available begin in 1995, before funding was secured or construction commenced, allowing capture

of the full treatment period.

2.4 Housing Data

The housing data from DataQuick include all home sales in ZIP codes within 25 miles of the rails.

The data set includes parcel number, address, sale price, sale date, lot size, bathrooms, bedrooms,

and square feet. The data span the years 1995 to early 2009 and contain nearly 400,000 households

that appear more than once - allowing for creation of a rich panel data set. The data is geolocated

using the address and a streetline GIS file. After geocoding the housing data, a number of additional

variables can be linked to each house including distance from rail lines, proximity to rail crossings,

and Census block/tract.

Table 1 displays summary statistics for housing sales in the different rail zones. A house is

considered to be in a rail zone if it is within one mile of the affected rail. This distance will be

broken out into smaller increments in later analysis. Homes in the rail zones are on average smaller
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Table 1: Home Sale Summary Statistics: 1995-2009

Sales Price Sq. Feet Beds Baths

Corridor Zone 10,991 171,705 1,165 2.67 1.46
West Rail Zone 33,222 276,197 1,392 2.80 1.89
East Rail Zone 19,634 208,478 1,246 2.64 1.63
Greater LA 519,258 356,324 1,582 2.84 2.05

Table 2: Difference-in-Difference Estimates

One Mile Bands Incremental Bands DID
Log Price in Corridor Before 11.68 Corridor 0 - 1/3 mile -0.033
Log Price in Corridor After 12.29 (0.015)**
Difference 0.61 Corridor 1/3 - 2/3 mile -0.025
Difference-in-Difference w/ LA -0.018 (0.013)**
Standard Error on DID (0.008)** Corridor 2/3 - 1 mile -0.002

(0.013)
Log Price in Non-Corridor Before 12.03 Non-Corridor 0 - 1/3 mile 0.034
Log Price in Non-Corridor After 12.67 (0.010)***
Difference 0.64 Non-Corridor 1/3 - 2/3 mile 0.002
Difference-in-Difference w/ LA 0.013 (0.009)
Standard Error on DID (0.006)** Non-Corridor 2/3 - 1 mile 0.012

(0.009)
Log Price in LA Before 12.32
Log Price in LA After 12.95
Difference 0.627
Standard Error on Difference (0.002)***

and less expensive compared to homes in the rest of the city. Among the rail zones, the homes

around the Alameda Corridor tend to be the smallest and least expensive. The differences in value

and size of the homes in different zones highlight the need for care in controlling for localized price

trends. As motivation for further study of home price trends in the rail zones we provide a simple

difference-in-difference in Table 2. This table shows that the prices for homes within a mile of the

Alameda Corridor, where rail traffic increased considerably, grew about 1.8 percent slower than

homes in the rest of Los Angeles. The negative effect was also stronger for homes closest to the

rail as can be seen when the one mile zone is broken into increments. For homes nearest to the

non-corridor rails, where traffic was decreased, home prices outpaced the rest of Los Angeles by 1.3

percent. Again, the effect is strongest for homes nearest to the rail. Using the rest of Los Angeles

as the counterfactual may not be correct and this will be explored later, but the simple difference

in difference result motivates further inquiry.
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Figure 3: Los Angeles HPI (1995=100)

2.5 Housing Boom and Bust

The period under examination here contains the growth and subsequent popping of the house price

bubble in the United States. Home prices in Los Angeles were not exempted from this phenomenon

in the slightest. Figure 3 shows the rapid price growth witnessed in Los Angeles during the late

1990s and early 2000s and an equally rapid decline in prices when the bubble burst in 2006. The

volatile nature of home prices during this period is even more reason to be careful when choosing

a counterfactual set. Additionally, we want to be sure that our estimates are not being driven by

the unusual events of the time period. We will report estimates that include the entire time period,

boom and bust, and as a robustness check we restrict the sample to the period directly after the

opening of the Alameda Corridor and drop transactions that occurred during the crash.

2.6 Rail Traffic Data

Rail traffic data are provided by the National Transportation Atlas published by the Bureau of

Transportation Statistics. The data include a GIS map of the rail network along with a categorical

measure of rail traffic density for each rail segment from 1995 to 2006. Rail density is a measure of

the gross ton-miles of cargo traveled over a section of rail, divided by the length of the rail segment.
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Figure 4: Annual Rail Traffic Density

For example, if a 100 mile track had only one gross ton of cargo traveling its length it would have

a density of one gross ton mile per mile. A shorter track with the same number of gross ton miles

would clearly have a much higher density. While not a perfect measure of the number of trains

traveled, we believe it is an excellent proxy.

3 Estimation Strategy

3.1 Repeat Sale Framework

To estimate the causal impact of an increase in rail traffic on local home values we begin with the

assumption that home prices follow a hedonic price function:

pi,t = αi + τt + βDENi,t ∗ Proximityi + η′xi + ui,t (1)

where pi,t is the log price of home i at time t, τt is the local home price index at time t, DENi,t is

the rail density of the nearest rail interacted with some indicator for proximity to the rail, and xi is

a vector of home characteristics. Because our data contain repeated observations we can difference

this equation with its previous sale, eliminating individual home idiosyncrasies and giving us the
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following equation:

∆pi,t = ∆τt + β∆DENi,t ∗ Proximityi + vi,t (2)

The term ∆τ represents the change in the local house price index between time t and the

period in which the home was last sold. In order to estimate β we will need to first identify the

appropriate counterfactual group, then use the methods pioneered by Case and Shiller (1987) to

estimate local house price trends and find fitted values ∆̂τt for each home sale. If a home was sold

in 1995Q2 and again in 1999Q4, the fitted value for ∆τ for that home will yield the expected price

change for a home that sold in those time periods if the rail traffic pattern had not changed. The

xi could contain time-varying characteristics capturing home remodels or additions, though our

housing characteristic data are limited in this respect and do not vary over time.

3.2 House Price Index Calculation

To control for counterfactual price changes and to evaluate whether a set is an appropriate counter-

factual we estimate Case-Shiller style house price indices. Standard repeat sale estimation begins

with log home price as the dependent variable and an indicator for time period sold on the right

hand side of the equation.

Pi = γ + τ1Ti,1 + ...+ τnTi,n + ui (3)

We arrive at the estimating equation by taking a first difference:

∆Pi = τ1∆Ti,1 + ...+ τn∆Ti,n + vi (4)

so that a home sold first in period s and subsequently in period t would have a value of 1 for

∆Ti,t and a value of -1 for ∆Ti,s. The predicted log price change would then be given by τ̂t − τ̂s
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or, fitting with earlier notation, ∆τt. The τ coefficients are estimated using GLS, applying the

standard heteroskedasticity correction for differing lengths of time between sales.

3.3 Selection of Counterfactual Set

Measuring the impact of rail traffic on housing prices requires an appropriate counterfactual to

control for local price trends. House price trends are location specific, so the overall trend in a city

or region may not be a good predictor of changes in a neighborhood. Other approaches have used

matching methods to create a counterfactual group that resembled the affected homes in physical

attributes. The approach taken here is to create a house price index (HPI) using homes that closely

follow the pre-treatment trend in the rail zones, but are outside the one mile radius that we use to

define the rail zone. The house price index can then be used to generate predicted values for the

expected price change.

To find an appropriate counterfactual for homes in the affected rail zones we first compare the

house price index for Los Angeles in general with the indices generated by homes in each zone.

This is accomplished by running the standard repeat sale estimation equation and also interacting

the housing index regressors with indicators for the relevant zone. If homes in each zone follow the

same house price trend as the rest of the city, the difference in coefficients for each time period

before the treatment should be insignificant. These differences are plotted for each zone in Figure

5. Panel (a) shows the difference between HPI coefficients for the west zone versus those for the

rest of Los Angeles, panel (c) shows the same difference but for homes in the east zone, and finally

panel (e) shows the differences for the corridor zone versus the rest of Los Angeles. Each of the

three zones show statistically different house price index coefficients from Los Angeles as a whole.

This is especially true for the east and corridor zones in panels (c) and (e). This indicates that

using home prices for the rest of Los Angeles is not going to provide the correct counterfactual

changes.
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As an alternative to using city-wide trends as the counterfactual, we propose using homes in

the ”marginal” rail zone, homes one to two miles from each affected rail. To test the validity of

this counterfactual group we follow the same method as before. The difference in coefficients for

each zone and its marginal zone are plotted in panels (b), (d), and (f) of Figure 5. In each case

the HPI coefficients are statistically indistinguishable from those for the accompanying marginal

zone - confirming that the marginal zones are indeed providing the correct counterfactual changes.

For the remainder of the paper, the marginal zones around each rail will be used to produce fitted

values to control for counterfactual changes in the absence of the rail shift, though using the city

of Los Angeles as the counterfactual instead does not fundamentally alter the results.

4 Estimation

This section presents the basic estimation equations for measuring the impact of rail traffic density.

While the rail traffic density decreased in the east and west zones and increased in the corridor zone,

the coefficients on each density change regressor below are all expected to be negative reflecting

the disamenity value of rail traffic in a neighborhood. The magnitude of the coefficients should be

decreasing in absolute value as the distance from the rail increases, as homes further from the track

are likely to experience lower noise, pollution, and congestion. In each specification below, the log

price change for a home is regressed on the change in rail density, the predicted house price based

on the relevant WRS index, and a vector of seasonal and neighborhood dummies. The method for

choosing a predicted house price will be addressed in the following section.

4.1 Model 1 - Baseline

The first model examines the impact of the rail traffic changes in 1/3 mile-incremental bands around

each affected rail without distinguishing between the Alameda Corridor and the other two rails.

The assumption that all rail traffic affects home prices in the same way will be relaxed in later
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Figure 5: HPI Coefficient Differences and 95% Confidence Bands on Point Estimates

(a) West vs. LA (b) West vs. Marginal West

(c) East vs. LA (d) East vs. Marginal East

(e) Corridor vs. LA (f) Corridor vs. Marginal Corridor
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analysis.

∆Pi = γ∆̂Pi +

3∑
j=1

ψj∆DENi ∗AnyRailj,i + β′xi + ui

The format for regressors indicating the zone in which the house is located is as follows:

AnyRail1,i =


1 if Distance (mi) to Rail ∈ (0, .33)

0 otherwise

AnyRail2,i =


1 if Distance (mi) to Rail ∈ (.33, .67)

0 otherwise

AnyRail3,i =


1 if Distance (mi) to Rail ∈ (.67,1)

0 otherwise

4.2 Model 2 - Railroad Crossing Increments

The second specification includes an indicator for proximity to railroad crossings. Federal law

requires trains to sound their horn when approaching street crossings, which is likely to augment

the already negative impact of train traffic through a neighborhood. Train signals are required to be

heard between 96 and 110 dB from a distance of 100 feet. Figure 2 displays lower and upper bounds

on the sound decay of a train signal as you move further away from the track. Because the Alameda

Corridor was constructed using a series of trenches and bridges, railroad crossings only exist on

the east and west rail lines. This model divides the intersection zone into 500 foot increments to

explore how the impact of rail density evolves with distance around these intersections. Each home

in the intersection crossing zone will also be located in the zone closest to the rail, so the full effect

of a density change for these houses will be the sum of ψ1 and λ. As with the incremental zone

variables, the impact of the traffic change at an intersection is expected to fade with increased

distance.
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∆Pi = γ∆̂Pi +

3∑
j=1

ψj∆DENi ∗AnyRailj,i +

3∑
j=1

λj∆DENi ∗ (Crossingj,i ∗AnyRail1,i)+

β′X̄i + ui

4.3 Model 3 - Heterogeneous Rail Traffic Impacts

Part of the intent for the Alameda Corridor was to move containers through the city without the

need for rail crossings. This was accomplished through a series of bridges, trenches and underpasses.

To allow for heterogeneous impacts from rail traffic density, the previous two models are expanded

to distinguish between corridor and non-corridor rail traffic. The non-corridor traffic will be further

disaggregated by geography.

∆Pi = γ∆̂Pi +

3∑
j=1

ψj∆DENi ∗NonCorrj,i +

3∑
j=1

φj∆DENi ∗ Corridorj,i+

3∑
j=1

λj∆DENi ∗ Crossingj,i + β′X̄i + ui

5 Results

5.1 Locally Weighted Regressions

Before presenting the full regression results, inspection of Figure 6 helps to motivate the more

detailed study. In each figure, the unexplained price change is non-parametrically regressed on

the distance from the rail for home sale pairs both before and after the opening of the Alameda

Corridor. The unexplained price change is found by taking the actual log price change less the

predicted price change using the appropriate ”marginal” rail zone discussed above. Panels (a)

and (c) include homes within one mile of the rails where traffic was drastically reduced. Homes

closest to the rail that were sold before the change in rail traffic grew in price about 10 percent

less than expected, an effect that gradually fades toward zero as the distance increases, at least

for the westernmost rail. The price-distance pattern is clearly different for the homes sold after

the rail change. Homes close to the rail sold for more than expected and as the distance from the
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Figure 6: Locally Weighted Distance Regressions

rail increases the difference between the actual and expected price change falls toward zero. These

patterns give evidence that the rail change was not anticipated by home buyers in the rail zone

and that the redirection of traffic has given a noticeable boost to home prices close to the rail,

eventually fading as you get further from the line.

The plot in panel (b) shows the same non-parametric regression but for the homes around the

Alameda Corridor itself where rail traffic was significantly increased. Regardless of whether it was

sold before or after the opening of the corridor, homes closer to the corridor sold for less than

expected. The gap between sale price and expected sale price narrows for homes located further

from the corridor both before and after the opening, which fits with the idea that the impact of the

rail traffic should die off with distance. The similar price-distance pattern for homes sold before and

after indicates that prices in the corridor area were negatively impacted before the corridor opened.

With an infrastructure project of this scale, it is not surprising at all that prospective home buyers

and sellers in the area were aware of the potential impact. The fact that the pattern persisted even

after the opening suggests that the negative impact of the rail traffic was not completely capitalized

into home prices beforehand.
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5.2 Basic Model Results

The regression results for the first two models described earlier are summarized in Table 3. The

units of the rail density measure in these regressions are hundred millions of gross ton miles per

mile. In Panel A, the first column does not include zone or seasonal dummy variables or any

housing characteristics, only the density change of the nearest rail interacted with the indicator for

which zone in which the home is located. Column I shows a strong negative effect of an increase

in the rail density for the homes within 1/3 of a mile of a rail. This indicates that for these homes,

an increase in rail density of 100 million gross ton miles per mile will cause home prices in the area

to fall by -0.6 percent. While this may seem small, the re-routing of traffic due to the Alameda

Corridor increased traffic in the corridor zone by 50 to 90 million gross ton miles per mile. The

negative effect of a density increase is lessened, but still statistically different from zero, for the

next set of homes 1/3 to 2/3 of a mile from the rail. A one unit increase in rail density causes a

-0.3 percent fall in the home price in this zone. Finally, for homes between 2/3 of a mile and one

mile from the track the negative effect disappears. The coefficient for this last group is small and

positive, but not significant. Column II includes zone indicators for all homes, seasonal dummies,

and housing characteristics. All coefficients move towards zero and the standard errors are larger,

but the overall pattern where the impact diminishes with distance remains.

Column III introduces indicators for proximity to a rail crossing interacted with the rail density

change. The coefficient on density change for homes nearest an intersection (within 500 ft) is

considerably more negative than for the rest of the zone but is not statistically significant. The

period under study can be considered to be anomalous as the growth and subsequent popping of

the real estate bubble characterizes the second half of the housing data. As a robustness check,

Column IV restricts the data set to homes sold before the crash in housing prices. Truncation of the

data pushes the coefficient on density change for homes nearest a crossing further negative. Since

traffic was falling at these intersections we can interpret this result to mean the housing bubble

18



likely sapped some of the price boost felt by homes in this area.

Thus far it has been implicitly assumed that homebuyers and sellers are myopic about the

impact of the Alameda Corridor on home values. This assumption is especially strong for homes

near the corridor itself, as construction spanned several years and was by no means a minor project.

Ideally it would be possible to use a timeline of the corridor’s construction or news stories about

the planning of the corridor as the points in time when agents became aware of the potential

home price impacts. Unfortunately, the housing data available for this paper begin in 1995 and

planning for the corridor began in the early 1980s. Instead I exclude homes that were sold during

the construction period of the corridor and report the results in Panel B of Table 3. Despite the

reduction in observations, the coefficients do not change much and are more precisely estimated.

5.3 Heterogeneous Effects

The regressions above were re-run to allow the coefficients on rail density to differ for corridor and

non-corridor traffic. We see in Table 4 the pattern of negative impacts dissipating with distance

persists, but the coefficients for corridor traffic are larger and more precisely estimated. For homes

in the zone closest to the non-corridor rails, a 10 MGTM/mi increase in density causes a -0.5

percent decline in home prices. However, rail traffic in these areas fell so homes were appreciating

at a faster pace than expected. The impact of a density change in the next zone around non-corridor

rails is negative, but only statistically different from zero if the housing crash is excluded. In the

corridor zone a 10 MGTM/mi increase in density causes a -0.8 percentage point lower growth than

expected. This translates to a 4 percent lower home price growth when rail traffic increased by 50

MGTM/mi.

It should be noted that, while they are not statistically different, it is somewhat unexpected that

the coefficient on corridor traffic is larger in absolute value. My expectation was that the coefficient

would be smaller, capturing the concavity created by diminishing effect of greater amounts of traffic
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- a hypothesis that will be tested later. One possible explanation is that homeowners and sellers

surrounding the non-corridor rail were better informed as to the impact of the rails, they could

have acted on this information prior to the redirection of traffic, dampening the total effect. Under

this circumstance, excluding the construction period should bring the estimates for each zone closer

together, which we can see in Panel B is the case.

Once construction period homes are excluded, we find that rail density changes have similar

impacts for homes in the first two zones around corridor and non-corridor rails. While the impact

of density changes for the first two zones are similar, the effect dies out faster for non-corridor

homes. Homes located between 2/3 of a mile and one mile from the Alameda Corridor still felt

a negative impact, falling -0.2 percent for each additional 10 MGTM/mi. However, homes that

are the same distance from non-corridor rails do not experience a measurable impact from a rail

change. Whether using Panel A or B, the strength of the density effect is greatly magnified for

homes in the immediate vicinity of rail road crossings. Rail density in this area fell from about 30

MGTM/mi to 2.5 MGTM/mi meaning homes nearest the rail grew about 8.3 percent above the

expected price.

When the non-corridor traffic is disaggregated even further (Table 5), separating the rail west of

the corridor from the rail to the east, we find that the effect of the rail density change is concentrated

around the railroad crossings and is stronger in the west. In fact, there is no effect for homes around

the east railroad unless located near an intersection. The coefficient on density change for homes

nearest to an east intersection should be disregarded as very few homes are located in this zone and

even fewer (16) have sale pairs spanning a density change. These coefficients for rail crossing homes

are negative, but only significant if we consider home sales before the housing bust, suggesting that

any stronger growth felt in the area was given back when housing prices began falling. There are

two possible explanations for the weaker results along the east rail. First, if container traffic from

the port does not leave on rail, it leaves on trucks. Interstate 710 is the major truck route leaving
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the port and cuts directly through the east rail, so it is possible that rail traffic has been substituted

for truck traffic in this area; something that could be explored further. Additionally, the homes in

the most densely populated area of the east rail zone are also located adjacent to the rail yards

where idling train have created a health risk for neighboring communities (ARB 2007). For the

west rail, the coefficients are comparable to the earlier estimates, but the precision is reduced. If

the construction period is excluded, we get the familiar pattern of a strong negative effect of rail

density that diminishes as you move further from the rail.

5.4 Convexity of Costs

The nature of traffic shift that occurred due to the Alameda Corridor offers an opportunity to

explore how homeowners react to differing levels of an externality. Homeowners along the corri-

dor were faced with sharp increases in rail traffic near their homes, while homes in other areas

experienced a sharp decline in traffic. This tandem upward and downward shift allows us to gain

some insight into the marginal cost structure associated with the intensity of this externality. If

the marginal cost of an increase in traffic is different in absolute value than the marginal cost of

a decline in traffic the welfare implications of rail traffic will hinge on where these burdens are

borne. Consider a situation where two equally populated neighborhoods each had a track running

through. If the marginal cost of traffic were increasing total welfare would be largest with an equal

distribution of traffic. However, if the marginal cost were diminishing an argument could be made

that one of the neighborhoods should carry the traffic and could be compensated in some way by

the other. If the marginal cost were constant, distribution of the traffic would be less important as

it does not impact the magnitude of the welfare impact.

The test we perform to determine whether marginal costs are increasing or decreasing is to

use a approximation to the marginal cost and compare the regression coefficients for a change in

density in the corridor zone versus the non-corridor zone. Because the the areas have different
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home values we will need to incorporate this difference into the test in order to find the marginal

dollar cost. Additionally, to test convexity of the cost structure some stronger assumptions have

to be made. I am forced to assume that an increase in rail traffic in each area causes the same

level of negative impact and that the difference in how it is capitalized into home prices is due to

individuals preferences over these impacts. This may be a difficult assumption to accept as the

Alameda Corridor was constructed such that trains would no longer cross streets at surface level.

Removing traffic from surface level interactions is likely to reduce the impact that homeowners

perceive, so our test is possibly biased towards accepting the hypothesis that marginal costs are

diminishing. The hypothesis test is as follows:

H0 : ψ1AvgPriceNonCorridor1 = θ1AvgPriceCorridor

H1 : ψ1AvgPriceNonCorridor1 > θ1AvgPriceCorridor

(5)

Using estimates from Table 4 we fail to reject the null hypothesis that marginal costs are

constant. The coefficients on density change are similar or higher in the corridor zone, but the

average home value is higher in the non-corridor zone. A change of 10 MGTM/mi in rail density

causes a change in home value of $1,180 in the western non-corridor zone, $863 in east rail zone,

and a $832 change in home value in the corridor zone. The difference between these estimates is

not statistically significant at any conventional level. While this test is imperfect due to the strong,

and possibly invalid, assumptions required, it does still provide some evidence against diminishing

marginal cost of the externality as the test is biased in the direction of finding diminishing marginal

costs, but finds no evidence of this. Performing a joint test of the hypothesis that the marginal

effects for each distance band are the same between corridor and non-corridor rails brings us to the

same conclusion.
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Figure 7: Household Density

!!!!
!

!
!
!
!
!

!!
!

!!
!

!!
!
!
!

!

!
!

!

!

!!!
!!!

!
!!
!!

!
!!
!!

!

!

!!!
!!

!
!

!

!
!
!

!!
!!! !!!

!
!!!
!!!!!

!!
!!!!!!!!!!!!!!!!!!!!!!!!!

!!!
!!!!
!

Households per Sq. Mi.
Census Blocks 2000

1 - 2202
2203 - 4887
4888 - 9389
9390 - 17370
17380 - 41620

5.5 Aggregating Impact

If the population density and distance of each affected line were identical we would only need

the marginal effect and density change to determine whether the net effect capitalized into home

prices was positive or negative. As can be seen in Figure 7, the population density is not constant

along each line and, in fact, there are very few homes near the lower section of the central Alameda

Corridor. In addition to changing population densities, the length of each line differs. To understand

how this affects the overall impact of the rail shift, we must tabulate the number of homes and

the average price in each zone. Using Census 2000 data we find the number of housing units in

each Census block and using our housing data we find the average pre-treatment price. Using this

information and the marginal effects calculated in the earlier regressions we can add up the total

impact capitalized into home prices. Figure 8 displays number of housing units affected on the

x-axis, sorted by distance to a rail, and the cumulative impact on the y-axis with the negative

and positive impacts plotted separately. In panel (a) we use the regression coefficients from Panel

B Column II of Table 5 to estimate the total effect on housing, finding the positive impact to be
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Figure 8: Cumulative Impact of Rail Shift
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roughly $23 million greater than the negative impact. It should be noted that line for the negative

impact is more steeply sloped, not because of a difference in the marginal effect, but because the

change in rail traffic was greater on the Alameda Corridor than on the individual non-corridor

rails. Finally, when we use the most detailed specification including the effect on homes around

the railroad crossings we see in panel (b) that the positive impact is now steeper initially due to

the magnified effect around the rail crossings and that the gap between the positive impact and

negative impact is wider. Considering the magnitude of the housing value in the one-mile zone

around the rails totaled $36 billion in 1997, the small total positive impact is negligible. While

the net impact may be negligible, there has been a significant transfer of housing value from the

communities surrounding the Alameda Corridor, which tend to be predominantly minority and

lower income, to higher income neighborhoods surrounding the non-corridor rails.

6 Conclusion

This paper exploited a natural experiment to measure the positive and negative impacts of rail

traffic on neighboring homes. I find strong evidence negative spillovers from local rail traffic nega-
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tively impact home values. Additionally, the case for concentration of a negative externality is not

supported as I did not find evidence of concavity or convexity of the cost of rail traffic on homes.

Therefore a zero-sum redistribution of traffic would be expected to have no impact. In this case,

there was a small positive impact on housing values as a result of the more direct routing of traffic.

Because the Alameda Corridor saw a larger increase in absolute value than the decrease on the

other lines, the negative impact felt by a home along the Alameda Corridor was greater in absolute

value than the positive impact received by a home along a rail where traffic was reduced. However,

there were many more homes along the non-corridor rails leading to the small net positive effect.

The positive gain was muted by the narrowly focused impact felt around the eastern non-corridor

rail. Because of the confounding effect of the 710 interstate and nearby inter-modal railyards, the

positive benefit was confined to the homes near rail crossings.

The rail traffic setting explored here is ideal for investigating the negative externality effects

of infrastructure expansions with little interference from demand side effects. If the re-routing

experiment had been for highway or airport traffic the negative impacts would have been more

difficult to measure as the positive effects of proximity to airports or reduced commute times would

have likely influenced home values. The use of freight rail traffic allowed for cleaner estimation of

this impact. The most likely source of this type of demand side impact from freight rail would

be from greater employment opportunities during construction, though the longer window of data

available allows this issue to be circumvented.

Infrastructure expansions are often touted as local job creators, but there are also costs borne by

the localities. Understanding the spatial dispersion of the costs and whether there are convexities

is necessary when evaluating these projects. From this paper, the lack of evidence of diminishing

marginal cost suggests that concentrating the negative impacts of an infrastructure project yield no

reduction in the welfare costs. The fact that we uncover a relatively linear marginal damage curve

for winners and losers from this infrastructural redistribution indicates that there are no complex
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welfare dynamics at work, at least as revealed by home prices. This would indicate that planners

considering future projects will maximize welfare simply by making transportation infrastructure

as direct and efficient as possible when local impacts are unavoidable.
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I. Executive Summary 
 

In November 2011, Communitywise Bellingham retained Public Financial Management, Inc. 
(PFM) to conduct an independent review of the potential economic impacts associated with the 
development of the Gateway Pacific Terminal (GPT) at Cherry Point.   
 
A prior study by Martin Associates, conducted on behalf of the developers of GPT, projected the 
economic benefits that would result from the development and operation of the terminal.  That 
study and a subsequent third party review of its results did not address either potential costs 
that could result from the development and operation of GPT or the degree to which the 
development of GPT could reduce potential benefits from other sources of economic 
development or job growth in Whatcom County.   
 
Our analysis suggests that the potential for cost is real.  To the extent that the development and 
operation of GPT would lead to an increase in rail traffic in Bellingham and other parts of 
Whatcom County, there would be costs to mitigate the impact – particularly given the number of 
active rail crossings in the City. 
 
The impact on other job growth and economic development strategies may be even more 
significant.  To the extent that GPT’s construction and operation could put other projected or 
planned growth at risk, it is possible that even if all of the projected employment benefits of GPT 
were achieved it could still have a net negative employment impact on Whatcom County’s 
economy.  If the development and operation of GPT led to the loss of more than 17 percent of 
projected job growth in Whatcom County between 2012 and 2021, or more than 13 percent in 
the ten year period after construction begins, the result would be a net loss in employment in 
the County.   
 
Moreover, the planned development and operation of GPT could pose a specific risk to 
redevelopment plans for the Bellingham waterfront.  State and local agencies have committed 
more than $40 million to the redevelopment of the former Georgia Pacific site in downtown 
Bellingham. The Port of Bellingham projects that over 25-30 years, redevelopment of the site 
could produce $1 billion in investment – including a net increase of 5,600 direct jobs alone.  To 
the extent that development and operation of GPT increases rail traffic, it could reduce the 
feasibility of redevelopment and projected resulting jobs. 
 
The risk of offsetting reductions in projected job growth is largely due to train traffic.  First, the 
operation of GPT would lead to a significant increase in rail traffic through Whatcom County – 
especially through downtown Bellingham.  Phase I operation would add five trains traveling to 
GPT through Bellingham on a daily basis.  Each train would be between 7,000 and 8,500 feet – 
1.3 to 1.6 miles – in length.  Additional traffic is likely due to the return of rail cars from GPT.   
 
Impacts to Bellingham – positive and negative – are significant for Whatcom County due to its 
role as the economic center of the County.  Approximately 60 percent of all employment in the 
County is in Bellingham; Bellingham businesses generate more than three-quarters of all retail 
sales and more than half of all revenue related to accommodation and food services; in 2010, 
more than half of all residential home sales occurred in Bellingham; and, despite accounting for 
just 1.3 percent of total land in the County, 36 percent of total assessed county property value 
was in Bellingham.   
 
Additional potential risks to growth beyond baseline projections are related to tourism and the 
in-migration of skilled workers and entrepreneurs to the region’s economy.  Again, these risks 
are related to both the projected increase in rail traffic and stigma associated with the transport 
of large amounts of coal through Whatcom County. 
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If the development of GPT proceeds, steps can be taken to reduce the impact of additional rail 
traffic through re-routing of rail traffic or new overpasses or changes to the street grid.  Those 
steps could reduce potential risk and thereby increase the likelihood of net economic benefits 
for Whatcom County and Bellingham.  Such steps, however, come at a cost that – to date – no 
party has assumed.  To the extent that those costs are assumed by the public, it would reduce 
the net fiscal benefit of the GPT development to the public – especially if local governments 
were asked to bear those costs. 
 
In assessing the findings of this report, different decision makers may not view the risks 
imposed by the development and operation of GPT in the same way and reach dissimilar, yet 
valid conclusions.  The purpose of the study is not to recommend a specific course of action.  
Instead, the purpose is to provide policymakers – and the public – with additional information 
about the potential economic impact to reach a better-informed decision.  With that aim, other 
communities along the rail line may find the economic analyses and risk-based approach in this 
report to be a template for undertaking their own review of the economic impact of GPT. 
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II. Introduction and Project Overview 
 
In November 2011, Communitywise Bellingham retained Public Financial Management, Inc. 
(PFM) to conduct an independent review of the potential economic impacts associated with the 
development of the Gateway Pacific Terminal (GPT) at Cherry Point.  In particular, 
Communitywise Bellingham asked PFM to assess some impacts not considered in the report by 
Martin Associates (Martin) which projected employment and other economic benefits associated 
with the development and operation of GPT. 
 
PFM is a national consulting and financial advisory firm, headquartered in Philadelphia, 
Pennsylvania, that serves public-sector clients.  With 30 offices and over 450 professionals 
located across the country, PFM is the nation’s leading provider of independent government 
financial advisory services.  Throughout the remainder of this report, the professionals 
representing PFM in this engagement will be referred to as the project team or PFM. 
 
To facilitate its work on this report, the project team spent four days in Washington conducting 
meetings in Bellingham, Olympia, and Bellevue.  During this time, the project team met with 
over 50 people representing a diverse set of interests, viewpoints, and backgrounds – including 
representatives of SSA Marine (SSA), the State of Washington, Whatcom County, the City of 
Bellingham, the Port of Bellingham, the Whatcom County Chamber of Commerce, Northwest 
Washington Central Labor Council, not-for-profit entities, and local businesses.  The meetings 
provided an opportunity for the project team to ask questions, receive information, seek 
clarification, and obtain verification of its approach, assumptions, and analysis. 
 
The project team met with the SSA representative in Bellingham and a representative of SSA 
was invited to – and did – participate in the project team’s meeting with state officials in 
Bellevue.  The project team welcomed the opportunity to include SSA and saw two distinct 
benefits from their participation: 1) an opportunity to understand SSA’s process and views; and 
2) provide the opportunity for SSA to raise concerns with the project team’s approach and 
methodologies.  On more than one occasion, SSA offered to provide additional information to 
aid in the study.  Unfortunately, SSA subsequently declined to provide information or additional 
input.   
 
To supplement the meetings described above, the project team reviewed extensive 
documentation including documents regarding the development of GPT, demographics and 
economic data for the City of Bellingham, Whatcom County, and State of Washington, and 
academic and professional research pertinent to this report.  Sources of data and information 
are cited throughout this report in footnotes. 
 
The projected benefits of GPT have already been the subject of a prior study – the Martin 
study.1  In addition, SSA retained Finance & Resource Management Consultants, Inc. (FRMC) 
to review methodologies used in the Martin analysis, and that review produced a different set of 
projected economic impacts.  While our report includes a discussion of the findings and 
underlying assumptions in the Martin study and FRMC’s review, it does not attempt to calculate 
– for a third time – projected job, economic activity and tax revenue benefits that might be 
realized from the completion of GPT.   
 
A traditional economic impact analysis presents projections of benefits based on known or 
assumed inputs to an economic model.  A cost-benefit analysis calculates offsetting costs that 
would be necessary to realize those benefits.  In this report, we provide what we hope is a 
broader look at overall benefits and costs as well as a discussion of risk and uncertainty related 
to costs and benefits. In particular, we identify the degree to which proceeding with 

                                                      
1 The project team discloses that PFM has previously engaged in collaborative work with Martin Associates on behalf of other 
clients. 
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development and operation of GPT might impose risks to other potential economic growth in 
Bellingham and in Whatcom County.  Understanding those risks – and any uncertainty related 
to costs and benefits – should allow policymakers and the public to make a more informed 
decision on the merits of the project. 
 
Thus, this report attempts to answer the following questions: 
 

 What are the projected economic benefits of GPT? 
 Are there assumptions or other factors related to the development of GPT that should 

be considered in assessing the economic impact of GPT on Whatcom County? 
 Are there potential costs that might be borne by the public in the development of GPT 

that could offset projected economic benefits? 
 Would the development of GPT create a risk for other potential economic growth 

strategies in Whatcom County? 
 What should the public and policymakers understand about the risks, the potential to 

mitigate those risks and uncertainty related to potential costs and benefits? 
 
This study is presented to contribute to the public discourse by presenting additional information 
for consideration as policy makers and the public consider the development of GPT.  With that 
goal in mind, other communities along affected rail lines may find it useful to build upon the work 
contained in this document or use a similar methodology to understand the specific potential 
risks to their respective communities and the resulting economic impacts due to the 
development of GPT. 
 
This report should not, in any manner, be construed as taking the place of the scoping process 
of the Environmental Impact Study (EIS), the EIS itself, or any other formal review of the project.  
As such, the failure to consider certain issues as part of this report and analysis should not be 
inferred as dismissing the importance of those issues.  As with any such review, individual 
components of our analysis rely on the validity, accuracy, and comprehensiveness of the 
information supplied to us, and projections of future events and outcome are inherently 
uncertain and subject to change.  Similarly, time and resources limit the ability to consider all 
factors. 
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III. Gateway Pacific Terminal 
 
Overview 
 
SSA Marine (SSA) through one of its subsidiaries – Pacific International Terminals, Inc. (PIT) – 
is proposing to develop Gateway Pacific Terminal (GPT) in Whatcom County.2  In February 
2011, PIT submitted a Project Information Document (PID) to the State and Whatcom County 
“to provide the public, the [multi-agency permitting team], decision-makers, and other 
stakeholders, including affected Native American Tribes, with a detailed description of the 
proposed project, the potential environmental effects of the project, and measures incorporated 
into the proposed project to reduce such effects.”3 
 
According to the project’s website, the port is to be developed in a naturally occurring deep-
water location and will be a full-service dry bulk commodity export-import facility on 1,092 acres 
in the Cherry Point Industrial Urban Growth Area. This area is zoned for heavy-impact industrial 
use and is located near the BP Refinery and INTALCO facility.  The website indicates GPT 
would be the largest facility of its type on the west coast of the United States, capable of 
handling up to 54 million metric tons per year of dry bulk commodities.4 
 
GPT is designed to accommodate ‘capesize’ ships in order to allow for the movement of the 
forecasted volume of dry bulk commodities.  Capesize ships, which take their name from the 
fact that they are physically too large to fit through locks of either the Panama or Suez Canals 
and therefore must travel via Cape Horn or Cape of Good Hope, are capable of carrying up to 
250,000 dead weight tons of cargo.  Due to the natural deep-water at Cherry Point, the 
development does not include the need for dredging.5  The facility is being built to 
accommodate 1 to 9 loaded trains per day that will travel to Cherry Point on the Burlington 
Northern Santa Fe (BNSF) rail line. 
 
In addition to deep water access and projected tonnage, the Cherry Point location provides an 
additional benefit to PIT due to its proximity to Asia – and growing importers like China and 
India – when compared to other US ports.  The result is a shorter duration (and associated 
lower cost) to deliver/return cargo.   
 
In February 2011, SSA and Peabody Energy (Peabody) announced an agreement to initially 
export up to 25 million metric tons of Powder River Basin (PRB) coal per year through GPT.  
Peabody, the world’s largest private-sector coal company, is the leading coal producer in the 
PRB.  The agreement provided Peabody with rights to throughput over the life of the operation 
of GPT and the ability to expand capacity in future years.6 
 
Proposed Phasing of Construction and Operations 
 
The PID outlines two construction development stages.  According to the PID, SSA (PIT) 
projects construction of the first phase to begin in 2013 – “when all required federal, state, and 
local permits and authorizations have been obtained and environmental review under the 
[National Environmental Policy Act (NEPA)] and [State Environmental Policy Act (SEPA)] has 

                                                      
2 SSA is a division of holding company Carrix, the largest US owned and privately held container terminal operator and cargo 
handling company in the world.  In 2007, Goldman Sachs Infrastructure Partners acquired a 49 percent share of Carrix. The project 
team uses the abbreviations ‘SSA’ and ‘PIT’ throughout this report. 
3 PID, p. 1-1. 
4 Pacific International Terminals, Inc. Project Information Document, February 28, 2011, p. 4-1. The PID indicates GPT construction 
would occur in two phases.  The first phase would allow for capacity of 25 million metric tons per year.  At full build-out – after phase 
2 – GPT would be designed to handle up to 54 million metric tons per year. 
5 Hhttp://www.gatewaypacificterminal.comH (accessed January 4, 2012). 
6 Peabody Energy Press Release, February 29, 2011. 
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been completed.”7  SSA (PIT) estimates that the first construction phase will be complete by 
2015 and the second phase complete by 2017.  After the completion of the first phase, GPT 
would have capacity to handle 25 million metric tons of dry bulk commodities per year.  The 
second phase would only begin if sufficient demand is present to handle an additional 29 million 
metric tons per year.  If so, construction of phase two would begin after the first phase is 
completed and operational.  After the completion of the second phase, GPT would be at its 
maximum throughput capacity of 54 million metric tons per year. PIT estimates that construction 
cost for both phases will total $665 million.  
 
Economic Impact Overview 
 
The project team reviewed the Martin study regarding the development of GPT8 and the FRMC 
review of Martin’s methodologies.9  Martin and FRMC data were produced using input-output 
models, though the model types varied.   
 
Martin Associates Analysis 
 
Martin used the BEA’s Regional Input-Output Modeling System (RIMS II) multiplier for 
construction activity in Whatcom County.10  Martin arrived at an estimate of 7.4 million person 
hours supported by direct phase one construction (based upon input construction costs of $536 
million) and 10.1 million person hours of indirect and induced activity.   
 
The analysis estimated that the operation of the terminal upon completion of phase one would 
create 294 direct jobs and 569 induced and indirect jobs, for a total of 863 jobs.  Among the 294 
direct jobs, the report estimated 170 would be members of the International Longshore and 
Warehouse Union (ILWU), 46 would be railroad-related, 32 would be in maritime services, 29 
would be terminal operators, and 17 would be for pilots and tugs.  The Martin report also 
estimated that upon completion of phase one construction, GPT’s operation would annually 
generate approximately $12.0 million of local purchases and the total state and local tax 
benefits associated with phase one operation would be approximately $8.1 million per year.  
 
FRMC Review of Martin Methodology 
 
FRMC used the Impact Analysis for Planning (IMPLAN) modeling system to generate its 
employment estimates.  FRMC used this input-output model to assess the assumed economic 
impact of phase one construction costs of $536 million.  The IMPLAN model yields a total that is 
reported in person hours, but also described person hours in worker years; FRMC assumed 
2,080 hours worked as a worker-year.11  IMPLAN calculations for phase one construction 
yielded an estimate of 6.85 million person hours of direct employment and 5.48 million hours of 
induced and indirect employment.   
 
FRMC used Martin’s estimate of direct jobs created by operation of the terminal and estimated 
that 576 induced and indirect jobs would result, for a total of 870 jobs.  The FRMC and Martin 
analyses differ on the potential induced and indirect employment attributable to phase one 

                                                      
7 PID, p. 4-1.  The US Army Corps of Engineers, the WA Department of Ecology, and Whatcom County will conduct a coordinated 
environmental review under the NEPA and SEPA.  The US Army Corps of Engineers has determined that an EIS is required.  
Additional information regarding these processes may be obtained at: 
 Hhttp://www.ecy.wa.gov/geographic/gatewaypacific/ 
 Hhttp://www.co.whatcom.wa.us/pds/plan/current/gpt-ssa/index.jsp 
8 Martin Associates, “The Projected Economic Impacts for the Development of a Bulk Terminal at Cherry Point.” July 2011. 
9 Finance & Resource Management Consultants, Inc., “Review of Martin Associates Economic Impact Study.” October 2011. 
10 The BEA indicates that, “RIMS II provides users with five types of multipliers: final-demand multipliers for output, for earnings, 
and for employment and direct-effect multipliers for earnings and for employment.” 
11 A person working a 40 hour week for 52 weeks a year will work 2,080 hours. 
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construction.  The FRMC estimate of indirect and induced jobs is 45.7 percent below that of 
Martin’s assessment.  Due to this difference, and a slightly smaller direct jobs estimate (7.5 
percent less), the FRMC estimate for total person hours is 29.5 percent below the Martin 
assessment.12  As FRMC notes, the variance could be due to classifications used as well as the 
different input-output models used in each analysis.  
 
SSA (PIT) Projection 
 
SSA (PIT) projects that during construction of the first phase, GPT would create approximately 
3,600 job years per year and provide $74 million in tax revenue for state and local governments 
during the estimated two-year construction period.13  This includes 1,700 direct job years14 and 
1,900 indirect15 and induced job years annually.16 
 
Once operating, after the first phase of construction, SSA (PIT) projects that GPT will provide 
over $8 million per year in state and local tax revenues as well as create 867 ongoing jobs (294 
of which are direct jobs).17 
 
If there is demand for additional capacity, SSA (PIT) projects that the second construction 
phase of GPT would create an approximate addition of 840 job years18 annually and provide an 
additional $18 million in tax revenue for state and local governments during the estimated 
construction period.  This phase would include approximately 400 direct job years19 and 440 
indirect and induced job years annually.20 
 
At full operation upon completion of the second phase, SSA (PIT) estimates GPT would provide 
over $11 million per year in state and local tax revenues as well as create 1,250 ongoing jobs 
(430 of which are direct jobs – including the original 294 direct jobs from the operation of phase 
one).21  SSA (PIT) projects the direct jobs to pay an annual average wage of $94,900.22 
 
There is an important distinction to be made between the discussion of job years during the 
construction phases and permanent jobs projected to be created during operation of the 
terminal.  Construction jobs are temporary in nature because once a structure or entity is built 
and operational, the construction ceases.  On the other hand, jobs created during terminal 
operation are projected to be ongoing – and thus more likely to have a permanent impact on the 
local economy. 
 
Martin and FRMC both discuss person-hours and do not convert the person-hours to ‘jobs’ 
because the length of the construction period is uncertain.  As FRMC notes, the person-hours 

                                                      
12 FRMC’s review of phase two estimates of construction direct jobs and induced and indirect jobs resulted in similar divergences 
from Martin; most notably in induced and indirect jobs. 
13 Job years includes direct, indirect and induced jobs.  The information below sets forth the employment impact projections that 
appear on the GPT website: the employment impact is an average of the Martin and FRMC estimates.  Where employment 
estimates, timing, or other details diverge from the PID, the project team represents the figures provided on the GPT website 
because those figures appear to have been more recently revised and the PID is a static document from February 2011. 
14 SSA (PIT) defines direct jobs are those jobs directly generated by the construction of the terminal.   
15 SSA (PIT) defines indirect jobs as those jobs that are created locally due to purchases of goods and services by firms for the 
construction of the Terminal.   
16 SSA (PIT) defines induced jobs as those jobs that are created throughout the local economy because individuals directly 
employed by the activity at the terminal will spend their wages locally on goods and services (i.e. food, housing and clothing). 
17 Includes direct, indirect, and induced jobs. 
18 This figure is the average of the Martin and FRMC estimates. 
19 This figure is the average of the Martin and FRMC estimates. 
20 This is the average of the Martin and FRMC estimates. 
21 These figures include the phase one job years (867) and revenues ($8 million). 
22 Hhttp://gatewaypacificterminal.com/economic-benefits/creating-new-jobs/H (accessed January 4, 2012). 
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number is difficult for a typical individual to interpret.  FRMC suggests a “conversion of person 
hours to job years (i.e. the number of workers it would take to build the project in one year), 
which can be used as well in place of the number of ‘jobs’ and would make the findings 
generally more interpretable.”23  The project team uses job years to discuss potential 
employment during construction, not ‘jobs.’ 
 
One way to think about this is over a fixed period of time.  Over a 10 year period, based on the 
projections provided by SSA (PIT), construction and operation of phase one would lead to: 
 

 3,400 direct job years and 3,800 induced and indirect job years during the two year 
construction phase 

 294 direct jobs per year and another 573 induced and indirect jobs per year – a total of 
2,352 direct job years and 4,584 indirect and induced job years during the first eight 
years of operation 

 
Taken together, based on SSA’s (PIT’s) projections, GPT would produce the equivalent of an 
average of 575 direct jobs and 838 indirect and induced jobs per year during the first 10 years 
of construction and operation. 
 
Assumptions and the Impact of Projected Economic Benefits on Whatcom County  
 
The project team did not review – and therefore has no basis for questioning – the methodology 
utilized by Martin Associates or FMRC.  Nor did we conduct our own independent impact 
analysis.  In considering the projected economic benefits of the GPT project, however, it is 
important to understand some of the underlying assumptions of those projections and the 
resulting impact specifically on Whatcom County. 
 
Phase I Construction Jobs are Unlikely to be Created Until 2016 and Permanent Jobs are 
Unlikely to be Created Until 2018 
 
Critical data and assumptions were provided to Martin Associates by SSA (PIT) including the 
projected construction phasing, projected cost of construction, projected terminal employment, 
throughput assumptions, and salary ranges for select terminal employees.   
 
SSA (PIT) provided Martin with a timeline that assumed terminal operations begin in 2015, with 
permitting completed in 2012 and construction beginning in 2013.24  The timeline, however, is 
subject to change.  First, representatives of SSA suggested that actual construction would 
depend on contractual guarantees for throughput.  Second, the timing of construction depends 
on the completion of the EIS process.  State officials told the project team that the scoping 
process for the EIS is likely to begin in the first or second quarter of 2012. 
 
The scoping process and the final EIS must both be completed before the projected two-year 
construction timeline begins.  While some officials estimated the EIS could be completed within 
two years, a greater number of parties suggested the process could take up to four years to 
complete.  As a result, construction jobs would not be created until 2016 and permanent jobs 
would not be created until 2018. 

  

                                                      
23 FRMC, p.3. 
24 Martin, p. 1. 
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Most, but not all, GPT Jobs Will Go to Whatcom County Residents 
 
Even if all SSA (PIT) projected job gains are realized, not all jobs created as a result of the 
construction and operation of GPT will go to residents of Whatcom County.   
 
During the construction of large scale projects, it is typical that a significant number of workers 
come from other parts of a region (or nationally) – on a temporary basis – to the project location 
for short-term work assignments.  Our understanding is that construction of GPT would be the 
subject of a project labor agreement (PLA) with local labor unions, guaranteeing that all work on 
the site goes to a unionized labor force.  PLAs appear to reduce the use of non-local labor on 
major construction projects, both through explicit local hiring requirements and by reducing the 
use of ‘independent contractors’ as part of the labor force.25 
 
The ability to staff the construction phase of the project will depend upon the capacity of the 
local construction workforce.  Based on the number of job years and the projected construction 
period, phase one of GPT construction will require approximately 1,700 construction workers 
per year.  Peak construction employment in the Bellingham MSA reached 6,310 in 2006 – some 
1,900 more construction jobs than in 2010.26  The combination of the PLA and existing capacity 
in the local construction workforce suggests that the majority of construction jobs during phase 
one will be held by local workers. 
 
Yet, even if a PLA requires that all – or most – workers on the construction of GPT are local 
residents, it would have no effect on the share of induced and indirect jobs during construction, 
direct jobs during operation or induced and indirect jobs during operation going to non-Whatcom 
County residents.27  Currently, among the general workforce, approximately 21.0 percent of 
jobs in Whatcom County are held by non-Whatcom County residents.  This could suggest a 
similar percentage of induced and indirect jobs from GPT construction – as well as direct, 
induced, and indirect jobs from GPT operation – would go to non-Whatcom residents.28   
 
Most GPT Tax Revenue Will Go to the State, Not Local Government 
 
The Martin report defines the tax impact as “tax payments to the state and local governments by 
firms and by individuals whose jobs are directly dependent upon and supported by (induced 
jobs) activity at the bulk terminal.”29  Thus, projected tax benefits include taxes that are the 
direct result of the construction and operation of GPT – such as sales tax related to goods 
purchased during construction – and taxes that are the result of indirect and induced economic 
activity – such as property taxes paid by individuals who are employed as a result of jobs 
created by GPT’s activity. 
 
Martin used SSA’s (PIT’s) estimated phase one construction cost ($536 million) to project state 
and local tax impact of $74.4 million.  Similarly, SSA’s (PIT’s) projected annual throughput of 25 
million metric tons (upon completion of phase one construction) was used to project the 

                                                      
25 See, Uyen Le and Lauren Applebaum, “Project Labor Agreements in Los Angeles: The Example of the Los Angeles Unified 
School District,” UCLA Institute for Research on Labor and Employment, December 2011 at 
Hhttp://www.irle.ucla.edu/publications/pdfs/ResearchBrief11.pdfH.  
26 US BLS OES 2000-2010 data. 
27 In understanding the effect of the project on local employment, it is worth noting that not all directly created jobs will go to 
individuals who are currently unemployed.  In fact, as is the case with many new jobs, the likely beneficiaries are individuals who are 
already currently working.  See: Geoffrey C. Ho, Todd L. Pittinsky, Margaret Shih, Daniel J. Walters. “The Stigma of Unemployment: 
When joblessness leads to being jobless.” UCLA Institute for Research on Labor and Employment, December 2011.  Thus, 
employment projections measure the net impact – i.e. by creating new vacancies in other positions, the effect will be to create a net 
increase in employment. 
28 US Census Bureau 2009 OnTheMap data. 
29 Martin, p. 3. 
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associated state and local tax impact of $8.1 million.30  These tax revenue projections are 
based on both direct activity related to the terminal and related economic activity.  
 
Most tax benefits from the project will likely go to the state, rather than to local governments.  
Every state has a different tax structure.  Nationally, in 2009, state governments received 56.3 
percent of general revenue tax dollars that were collected by state and local governments.  In 
most states – all but five – state tax share exceeded local government share.  In Washington, 
60.8 percent of general tax revenue went to the state government.31 
 
The precise division of revenue generated by GPT will depend, to a certain degree, on the types 
of tax revenue generated by the project. 
 
Sales and property tax revenue are among the largest sources of revenue for both state and 
local governments in Washington.  Washington does not have a state personal or corporate 
income tax.   
 
According to the City of Bellingham – the largest city in the Whatcom County and the location of 
60 percent of total jobs in the County – 75 percent of sales tax revenue collected in the 
Bellingham goes to the State of Washington; 10 percent goes to the City; 7 percent goes to the 
Whatcom Transportation Authority; 2 percent each goes to Whatcom County and the 
Transportation Benefit District; and 1 percent each goes to jail construction, the criminal justice 
fund, EMS, and the County mental health tax.  Statewide, general sales tax revenue (not 
including taxes on alcohol, tobacco, gasoline or utilities) accounted for 21.7 percent of local 
government tax revenue in Washington in 2009.32 
 
According to the Whatcom County 2011 Tax Book, approximately 33 percent of all property tax 
revenue goes to school districts; 24 percent goes to the State; 11 percent goes to both the City 
and the County; 7 percent goes to road districts; and 6 percent goes to fire districts.  No other 
entity receives more than one percent of property tax revenue.  Statewide, property tax revenue 
accounted for 59.8 percent of local government tax revenue in Washington in 2009. 
 
Based on the above information, and accepting the SSA (PIT) tax revenue projections, it is 
possible to roughly model likely revenue flow during the first decade of construction and 
operation of Phase I: 

  

                                                      
30 Martin, p.3. 
31 US Census Bureau, 2009 Annual Surveys of State and Local Government Finances. 
32 City of Bellingham, obtained from: Hhttp://www.cob.org/documents/finance/publications/sales-tax-distribution.pdfH. 
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Ten-Year Revenue Projection (all dollars in millions)33 

Year 1 2 3 4 5 6 7 8 9 10 
Total State and Local 
Revenue $37.0 $37.0 $8.0 $8.0 $8.0 $8.0 $8.0 $8.0 $8.0 $8.0 

State Revenue $22.5 $22.5 $4.9 $4.9 $4.9 $4.9 $4.9 $4.9 $4.9 $4.9 
Local Revenue $14.5 $14.5 $3.1 $3.1 $3.1 $3.1 $3.1 $3.1 $3.1 $3.1 

Local Property Tax 
Revenue34 $8.7 $8.7 $1.9 $1.9 $1.9 $1.9 $1.9 $1.9 $1.9 $1.9 

Schools $3.8 $3.8 $0.8 $0.8 $0.8 $0.8 $0.8 $0.8 $0.8 $0.8 
County Government $1.3 $1.3 $0.3 $0.3 $0.3 $0.3 $0.3 $0.3 $0.3 $0.3 
City Government $1.3 $1.3 $0.3 $0.3 $0.3 $0.3 $0.3 $0.3 $0.3 $0.3 
Road District $0.8 $0.8 $0.2 $0.2 $0.2 $0.2 $0.2 $0.2 $0.2 $0.2 
Fire District $0.7 $0.7 $0.1 $0.1 $0.1 $0.1 $0.1 $0.1 $0.1 $0.1 

Local Sales Tax Revenue $3.1 $3.1 $0.7 $0.7 $0.7 $0.7 $0.7 $0.7 $0.7 $0.7 
City35 $1.4 $1.4 $0.3 $0.3 $0.3 $0.3 $0.3 $0.3 $0.3 $0.3 
County (including WTA, 
Jail, Mental Health, 
CJ,EMS) 

$1.8 $1.8 $0.4 $0.4 $0.4 $0.4 $0.4 $0.4 $0.4 $0.4 

                                                      
33 Just as not all employment will go to Whatcom County residents, at least some of the local tax revenue will likely go to cities, 
counties and districts outside of Whatcom County. 
34 Does not include property tax revenues that go to support State entities. 
35 Does not include Transportation Benefit District revenue. 
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IV. Potential Public Costs Related to Development and Operation of 
Gateway Pacific Terminal 

 
The PID outlines infrastructure costs in the immediate area surrounding the GPT at Cherry 
Point.  Issues such as at-grade rail crossings – meaning they are on the same level as vehicular 
traffic – and traffic congestion are detailed.  The PID also suggests that the operational cost 
impacts in the immediate area of Cherry Point may be minimal – with greater instance during 
construction phases than operational phases.36 
 
The PID does not address infrastructure-related costs along this rail line (either in Bellingham or 
other communities through which it travels) such as crossings, improvements, realignments, 
bypasses, overpasses, and separations.  The PID mentions that the Bellingham Subdivision 
main line connects to the Cherry Point Line (Railway Custer Spur).37  The Bellingham 
Subdivision main line is operated by BNSF and, as its name indicates, runs through Bellingham 
– much of the way along the waterfront.   
 
Bellingham, as the hub of retail activity in the County, may have a greater use of its public 
infrastructure due to the development of GPT (roads, water and sewage systems, etc.) than 
other areas of the County.  Without a consistent revenue stream to offset increased costs, the 
City, and potentially other communities along the BNSF railway, could face increased budget 
pressures in an already strained fiscal environment. 
 
Rail crossing data from the Federal Rail Administration (FRA) indicate there are 29 active rail 
crossings in Bellingham on the BNSF rail line in question.38  Of the 29 crossings, 2 are private 
crossings, 24 are public crossings, and 3 are pedestrian crossings.  Of the public crossings, 16 
are at-grade crossings and the other 7 are over/underpasses.   
 
According to a 2009 report prepared for the Washington Department of Transportation (DOT) 
and Washington Public Ports Association, in 2008, an average of 15 trains per day traveled 
north from Everett on the BNSF line.39  The report indicates the line has a maximum capacity of 
18 trains per day.  By 2028, the report projects that maximum capacity would be 30 trains per 
day and traffic would be approximately 24 trains per day.   
 
The PID indicates that upon completion of Phase I and operation of the GPT, an additional 5 
loaded trains will travel to GPT along the train route through Bellingham on a daily basis.  The 
PID states up to 9 loaded trains are projected to arrive on a daily basis upon completion of 
Phase II.40  There may be additional rail traffic attributable to empty/unloaded trains returning 
from GPT.   
 
SSA (PIT) anticipates servicing GPT using 7,000 foot-long trains (approximately 1.3 miles) and 
eventually 8,500 foot-long (approximately 1.6 miles) trains may be used.41  The PID makes no 
mention of the potential infrastructure costs to remediate infrastructure and other service issues 
such as at-grade rail crossings, traffic congestion, access issues for business and commerce, 
access issues for recreational parks, or related issues.  Similarly, the PID does not discuss 
additional operation costs such as maintenance, emergency management, and public safety 
along the rail line.   

                                                      
36 PID, pp. 5-91 – 5-130. 
37 PID, p. 5-103. 
38 FRA data available at: Hhttp://safetydata.fra.dot.gov/OfficeofSafety/publicsite/crossing/crossing.aspx 
39 BST Associates, HIS Global Insight, and Mainline Management, Inc. “2009 Marine Cargo Forecast – Technical Report.” March 
23, 2009.  A June 2011 study by Cascadia Center for Regional Development indicates that BNSF reports an average of 15 trains 
per day.  
40 PID, p. 4-51. 
41 PID, p. 4-31. 
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The project team met with Bellingham City officials and discussed the potential costs and 
challenges associated with increased rail traffic along the rail line.  City officials identified three 
primary points of concern.   
 
First, access to certain areas of the waterfront could be severely restricted or cut off.  From a 
public use standpoint, this could be a concern as residents and tourists routinely use the City’s 
parks and trails for recreational activities.  Additionally, public safety and emergency service 
access to the waterfront could be jeopardized if a train was stopped or moving slowly through 
the rail line that separates some portions of the waterfront from the rest of the City. 
 
A second concern was the safety of the rail crossings in the City.  Many of the rail crossings in 
the City are ‘at-grade.’  Traffic delays, and increased traffic and use of side streets as a result of 
increased rail traffic (and longer trains) may cause greater wear and tear on main thoroughfares 
and alternate roads, a higher need for traffic management and direction activities, and overall 
challenges to move throughout the City (particularly in and around the waterfront area).  Absent 
any mitigation, there is concern that the City’s costs will increase and ease of transportation 
may suffer. 
 
The third concern was noise impact for residents and businesses in Bellingham.  Rail traffic 
results in two different types of noise.  Some noise is experienced as a result of vibrations due 
to train movement and most greatly affects residents living close to the rail line.  As trains pass 
through Bellingham, they are also required to use their horns as a safety precaution going 
through at-grade crossings. 
 
Fully addressing these concerns would require infrastructure investments to eliminate at-grade 
crossings through the creation of either overpasses or re-routing of the rail line.  Absent detailed 
engineering studies, the total cost of these investments is outside the scope of this report. 
 
Noise reduction – related to train horn use – could be achieved through the creation of quiet 
zones pursuant to Federal Railroad Administration (FRA) rules.  A September 2007 study 
prepared for the City of Bellingham notes that "[I]mplementing a quiet zone will not guarantee 
that the train will stop blowing its horn at all times and in all situations.  A quiet zone will only 
reduce the train horn noise." 
 
Quiet zones would require capital investments – gates and signage – and maintenance.  The 
2007 report evaluated the creation of two quiet zones in Bellingham – a Fairhaven zone (5 
grade crossings) had a projected capital cost of $1.3 to $2 million.  A waterfront zone (7grade 
crossings) had a projected capital cost of $1.4 to $3.5 million.  At the time, there was also a 
projected annual maintenance cost of $5,500 per crossing, per year. 
 
It remains unclear what party or parties would be responsible for bearing these costs – both in 
and around Cherry Point and in communities like Bellingham along the rail line that would 
require mitigation for commercial, public, or safety interests. 
 
The project team spoke with County officials, who indicated the County would not pay for any 
mitigation-related expenses.  SSA (PIT) does not address such costs in their PID outside of the 
immediate Cherry Point area.  Thus, mitigation costs and/or the associated economic and 
quality of life losses likely to occur absent mitigation could be borne by the communities along 
the rail line and would reduce the net fiscal benefits – offsetting the projected local government 
tax revenue discussed in the prior section. 
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V. GPT Related Risks to Economic Development 
 
 
To address the question of whether development and operation of GPT would put at risk other 
economic development, it is important to understand the recent economic history of Bellingham 
and Whatcom County.42 
 

 Employment: From 2001 to 2010, the Bellingham MSA’s rate of job growth was almost 
four times the state rate.  The Bellingham MSA (Whatcom County) added 8,100 non-
farm jobs – an 11.6 percent increase.  Statewide, non-farm jobs grew by 3.0 percent. 
Compared to the state, the Bellingham MSA grew jobs at a greater percentage or shed 
jobs at a smaller percentage for every super-sector for which data were available. 
 

 Population Growth: From 2000 to 2010, Bellingham and Whatcom County both grew in 
population by slightly more than 20 percent – greater than the State’s growth rate of just 
over 14 percent. The US Census Bureau reported Bellingham’s 2010 population as 
80,885, an increase of 13,714 individuals from the 2000 Census.  Whatcom County’s 
2010 population of 201,140 represented an increase of 34,326 from the 2000 Census.  
Migration played in important role in driving the increase.  New residents – most from 
other parts of Washington, but significant numbers from other states as well – brought 
new income with them: IRS data suggest that Whatcom County realized a net growth of 
over $172.3 million in aggregate Adjusted Gross Income (AGI) from migration between 
2004 and 2010.   

 
 Income and Wages: Whatcom County’s inflation adjusted per capita income has 

consistently been below both the State and US averages since 1969.  Average 
earnings per job in Whatcom County have consistently lagged the Washington average 
since 1987 when the data set began; Whatcom County also remained below the State 
and US average earnings per job, while Washington has been largely been near or 
above the national average.  Between 2000 and 2008, however, Whatcom County’s per 
capita income grew at a compound annual growth rate (CAGR) of nearly double that of 
the nation and significantly greater than the State. Whatcom County’s CAGR was 2.1 
percent; US CAGR was 1.1 percent, and Washington’s CAGR was 1.3 percent. 
 

 Bellingham’s Importance to the Regional Economy:  Approximately 60 percent of jobs in 
Whatcom County are located in Bellingham and the City accounts for approximately 76 
percent of all retail sales in Whatcom County.  Bellingham – with just over 1 percent of 
the County’s total square miles also accounts for nearly 36 percent of the County’s total 
assessed value of real property.   

 
The State of Washington currently projects that population will grow in Whatcom County at an 
average annual rate of 1.5 percent between now and 2030.  Similarly, the State projects 
employment growth in Whatcom County at a rate that would lead to 15,000 new jobs in 
Whatcom County by 2021.  These projections are based, in part, on the County’s relative 
economic strength over the last decade.   
 
 
 

                                                      
42 The project team reviewed economic data for the State of Washington, Whatcom County, and Bellingham and analyzed the data 
to quantify several important economic factors.  In certain instances, data are only available for Whatcom County and/or the 
Bellingham metropolitan statistical area (MSA) (the MSA is defined as Whatcom County) and not at the City level for Bellingham.  In 
these cases, City-level data are not included.  Additional detail and content are available in the appendices of this report and specific 
sources for the economic findings are detailed in footnotes to those appendices. 
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Assessing Risks 
 
A more detailed analysis might identify other potential risks, but for the purposes of our analysis 
we focus on three possible GPT-related scenarios that would put economic growth in 
Bellingham and Whatcom County at risk: 
 

 Development and operation of GPT could reduce the projected baseline growth in 
population and employment 

 Development and operation of GPT could reduce the possibility of redevelopment of the 
Bellingham waterfront 

 Development and operation of GPT could limit potential population and job growth 
related to tourism, in-migration of skilled workers and entrepreneurs 

 
Rail Traffic 
 
An increase in rail traffic through Bellingham resulting from the operation of GPT discussed 
above could increase the likelihood of all three of the risk scenarios.  An increase in rail traffic 
could: 
 

 Limit access to and redevelopment of the waterfront, its businesses, and recreational 
areas for residents and visitors 

 Increase noise and nuisance making Bellingham less of a livable city and less attractive 
to tourists 

 Reduce the capacity of existing rail infrastructure to provide service for residents and 
visitors 

 
As noted above, rail traffic already travels through Bellingham on a daily basis.  Rail traffic has 
recently increased due to the increase in transport of coal through Canadian ports.  Statewide, 
DOT reported that as of 2007 10.6 million tons of coal was moved by train in Washington each 
year.43  More recent data, however, suggest that amount has increased – with a specific 
increase due to exports that affect the rail line through Bellingham. 
 
The project team reviewed reports that indicate most, if not all, coal from the Seattle Customs 
District is transported to Canada, primarily on trains that run through Whatcom County and 
Bellingham.44  US Customs and Border Patrol data indicate that the Seattle Customs District 
(which encompasses Northwest Washington – including Whatcom County) experienced a 
significant increase in the amount of coal exported beginning in 2009 and 2010.45  Prior to 
2009, the annual volume of coal exported by the Seattle Customs District was often below 
30,000 short tons per year – in some instances below 5,000 short tons per year.  From 2010 
through the 3rd quarter of 2011, the average quarterly short tons exported by the Customs 
District was 1.1 million short tons; approximately 4.4 million short tons on an annual basis.  The 
graph below displays the 1995-2011 quarterly short tons of coal exported by the Seattle 
Customs District. 
 

                                                      
43 WSDOT 2010-2030 Freight Rail Plan, p. 4-21.  This data likely includes the coal consumed at the Centralia power plant.  A 
recent agreement was reached to end the use of coal-fired generators (one in 2020 and the other in 2025).  This may alter the 
amount of coal tonnage projected to move through Washington in the future and would not be included in the above projections.  
44 PFM did not perform its own analysis of this statement. 
45 US Customs and Border Patrol Quarterly and Annual Reports, 1995 to present. 
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  Source: US Customs and Border Patrol Quarterly and Annual Report 1995-present 
 
PIT projects the first phase of GPT to handle 25 million metric tons (approximately 27 million 
short tons) of throughput on an annual basis – much of which would be coal.46  This suggests 
that the amount of coal moving through Bellingham by rail could increase six-fold. 
 
More and longer trains will increase the amount of time that rail crossings in Bellingham are 
blocked.  This will impact businesses currently located on the waterfront side of the rail tracks 
that can only be accessed by at-grade crossings.  More and longer trains also may result in 
greater noise – both noise related to blowing of train whistles to comply with rail crossing rules 
and noise for property owners; including those immediately abutting the tracks and those 
nearby. 
 
It is also likely that the additional rail traffic will have a negative impact on the property value of 
residential properties that abut the rail lines.  A November 2011 study examined the impact of 
rail freight traffic on home values in Los Angeles after the Alameda Corridor, an urban 
infrastructure project in Los Angeles, consolidated most rail traffic into and out of San Pedro 
port facilities into one higher capacity rail line.47  The study measured the impact of increased 
rail traffic along one corridor and the decreased traffic elsewhere.  On average, the study found 
approximately a 2.0 percent decrease in average home value where rail traffic was more 
prevalent and approximately a 0.6 percent increase in home value where rail traffic was 
reduced. 
 
Lower property values resulting from increased rail traffic could have an impact for all residents 
of Bellingham and Whatcom County – not just the individual property owners.  As noted earlier, 
sales price data suggest that properties in the Fairhaven, South Hill, and Edgemoor sections of 
Bellingham had among the highest values in the County.  Thus, a loss in property value of these 
properties could also eventually lead to reductions in property tax revenue.   
 

                                                      
46 Upon completion of phase two, GPT’s throughput is projected to be approximately 54 million metric tons per year. 
47 Michael Futch. "Examining the Spatial Distribution of Externalities: Freight Rail Traffic and Home Values in Los Angeles, 
(November 2011). 
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Even those properties not directly affected by additional rail traffic could suffer from proximity to 
properties that are affected.  Stigma – associated with proximity to the increase in rail traffic or 
even resulting specifically from the fact that the rail was increasingly being used to transport 
coal – could affect property value even if the properties would not be affected by additional 
noise.48   
 
On the other hand, the negative impact on property value of properties near or abutting rail 
tracks could be offset by increased property values in Bellingham or Whatcom County that are 
not near the rail traffic.  To the extent that demand would remain consistent for property in or 
near certain areas, the values of affected properties could bear a discount while other properties 
nearby enjoy a premium. 
 
An increase in rail freight traffic could also limit the use of passenger rail in Bellingham and 
Whatcom County.  In 2010, the Amtrak Cascades service had total passenger on-offs in 
Bellingham of 62,562, an increase of nearly 20,000 per year from 2002 levels.49  Some of the 
County’s tourism industry – discussed in detail below – is dependent on passenger rail.  
Increased use of tracks in and near Bellingham for freight access to GPT could limit passenger 
rail and impact tourism. 
 

Cascades Total Passengers – Bellingham 

 
   Source: WSDOT, Amtrak Cascades Ridership and Station On-Off Information, March 2008 
 
Highest and Best Use of former Georgia Pacific site in Bellingham 
 
Redevelopment of the Bellingham waterfront has been the subject of significant planning and 
investment.  Much of the proposed redevelopment activity centers on the former Georgia Pacific 
(GP) site.   
 
From the early 1960’s through the early 2000’s, GP was the heart of the Bellingham waterfront, 
producing not only consumer and industrial goods, but also significant employment for the 
region – employing as many as 1,200 workers in the late 1970’s.  By 2001, the company ended 
its pulp-mill operations, but continued its tissue-manufacturing operations through 2007, when it 

                                                      
48 Two example studies reviewed were:  
Kevin J. Boyle, Nicolai V. Kuminoff, Congwen Zhang, Michael Devanney, and Kathleen P. Bell. “Does a Property-Specific 
Environmental Health Risk Create a ‘Neighborhood’ Housing-Price Stigma? Arsenic in Private Well Water.” September 2009. 
Kai-yan Lee. Federal Reserve Bank of Boston. “Examining REO Sales and Price Discounts in Massachusetts.” September 2010. 
49 WSDOT, “Amtrak Cascades 2010 Performance Report”, May 2011. 
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closed all operations at the site.50  During its operational years, the site produced a myriad of 
products including tissue products, sulfuric acid, paperboard, chlorine, and sodium chlorate, 
among others.  The manufacturing processes caused odors that led some to refer to the City as 
‘Smellingham.”  In addition to the noticeable odor from the GP site, the site’s operations also 
resulted in the introduction of harmful chemicals to the waterfront and Bellingham Bay.   
 
Over the past decade, significant time, energy, and money have been contributed by the State, 
Port, City, and the City’s Public Development Authority (PDA) in efforts to remediate the site 
and create a new game-changing redevelopment plan for the City and region.  While the plans 
of the PDA and Port plans are not the same, they are complementary and both suggest the 
opportunity for significant private investment and economic opportunity.   
 
In 2005, the Port of Bellingham (Port) purchased the property known as Georgia Pacific West 
as part of its long-term plan, in partnership with the City, to transform the larger 216.3 acre 
Waterfront District.51  Part of this plan calls for the formulation and implementation of “a Master 
Development Plan for the Waterfront District that would gradually transform this historically 
industrial waterfront property into a new neighborhood with residences, shops, offices, marine 
and light industry, and institutional uses [e.g. Western Washington University], as well as parks, 
trails and shoreline improvement” along the Bellingham Bay.52   
 
The Port’s Final Environmental Impact Statement (FEIS) – submitted in July 2010 – indicates 
that “substantial new opportunities for public access to the waterfront that do not exist under 
current conditions” would be part of the project.  The Port projects the full build out of the project 
– occurring over a 20 year period – to include “a diversity of uses that are complimentary to the 
downtown Bellingham [CBD], Old Town, and surrounding neighborhoods; an infrastructure 
network that integrates with and connects the waterfront to the surrounding area; and, a system 
of parks, trails and open space that opens up the waterfront to the community.”53  A map of the 
proposed preferred option follows: 
 

  

                                                      
50 Port of Bellingham data. 
51 The GP-West site required extensive environmental cleanup was necessary and as of December 2011, the first phase of interim 
cleanup was completed.  This initial phase cost approximately $1 million and the State Department of Ecology is reimbursing all 
costs incurred by the Port for cleanup at the site.  In the spring of 2012, it is anticipated a second phase – removing contaminated 
soils/debris and demolishing a building – will be completed. 
52 Port of Bellingham (Port), The Waterfront District Redevelopment Project, Final Environmental Impact Statement (FEIS), July 
2010. 
53 Port, FEIS. 
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The Port of Bellingham’s current plan calls for:54 
 

 Redevelopment of 6 million square feet of office and commercial space 
 1,892 housing units 
 Site population of 3,614 residents 
 Up to 460 slips 
 33 acres of public parks and open space 
 Maximum building heights 

 
The redevelopment of the GP site is well beyond the planning phase.  A September 2010 draft 
SubArea Plan estimates that the Port and City costs would be approximately $365 million for 
environmental remediation, streets, infrastructure, and parks to prepare the site for 
redevelopment.55  At full build out, the Port suggests the project would potentially attract 
upwards of $1 billion in public (i.e. university) and private development.  Some of this funding 
will come from other government sources (i.e. State grants, etc.).  Combined, the Port and the 
City have received and authorized approximately $41 million of State grant funds and their own 
funds to remediate the waterfront and to plan for its future development.   
 
            State Grants Received by Port of Bellingham for Remedial Action 

Description 
Dates 

Agency Funding 
Effective Expires 

Current Ecology MTCA Grants 
Central Waterfront (2) 1/1/2009 12/31/2012 $2,604,057 
Cornwall Avenue (2) 1/1/2009 12/31/2012 $3,166,650 
GP Mill (1) 1/1/2004 12/31/2012 $5,681,472 
Whatcom Waterway (2) 12/1/2006 12/31/2013 $26,047,141 
Sub-total $37,499,320 

  
Closed Ecology MTCA Grants 

Central Waterfront (1) 4/1/1998 12/31/2010 $646,736 
Cornwall Avenue (1) 1/1/2005 11/30/2009 $90,000 
Whatcom Waterway (1) 5/1/2004 3/31/2008 $348,300 
Sub-total $1,085,036 

  
Total $38,584,356 

  

                                                      
54 Port, FEIS. 
55 Port of Bellingham’s Draft SubArea Plan, Chapter 8 – Capital Facilities, September 2010. 
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Authorized Joint City/Port Expenditures for New Master Plan for City Waterfront 

Task Total Cost City share 
(50%) 

Port share 
(50%) 

Preliminary Design $300,000  $150,000  $150,000  
Outside funding $250,000  $125,000  $125,000  

Branding $60,000  $30,000  $30,000  
SEPA (EIS) $854,174  $427,087  $427,087  

Assumptions, market $315,332  $157,666  $157,666  

EIS data support $655,626  $327,813  $327,813  
Public Involvement $118,256  $59,128  $59,128  

Master Plan $393,000  $196,500  $196,500  
Devel. Regulations $164,000  $82,000  $82,000  

LEED ND $20,000  $10,000  $10,000  
Total Authorized Joint 

Expenditures $3,130,388 $1,565,194 $1,565,194 

  Source: Port of Bellingham 
 
In addition to the remediation efforts, the City’s PDA is moving forward with the first steps 
toward actual redevelopment.56  As part of its October 2011 strategic plan, the PDA has 
identified five potential priority projects including four related to waterfront redevelopment. 
 
The Army Street Project would serve as a jumping off point for waterfront redevelopment.57  
According to plans, the project "would span the BNSF railroad tracks and Chestnut 
Street/Roeder Avenue, including properties on both sides, providing a major urban plaza and 
pedestrian connection joining the Central Business District, Old Town District and the 
Waterfront District."58  The project area would include two acres north of the BNSF rail tracks 
and 22 acres south of the tracks within the former GP West property.   
 
As of 2011, PDA estimates that the waterfront’s "total build-out value could be in the realm of 
$350 million with public sector undertaking $120 million and the private sector...$230 million.  
[T]his public investment would yield benefits reflecting a 'whole greater than the sum of its parts' 
in terms of the multiplier effects of higher development feasibility and asset values in the CBD 
and Old Town."59  The Strategic Plan estimates that earliest development and construction 
would be projected for 2015 or 2016.   
 
PDA notes that "[a]n attractive, safe and convenient access way between the CBD/Old Town 
and the GP West property is considered a fundamental key to successful development of this 
portion of the waterfront and for the CBD (and Old Town) to accrue economic benefits from 
development of the Army Street Project."60  The PDA indicates that without such an access 
way, the "barrier imposed by the inconvenience and hazard of an at-grade crossing of the 
combination of the trail tracks and Chestnut/Roeder will...negatively [impact] development 
feasibility...and would be aggravated by increased vehicular or rail traffic if not mitigated."61  The 

                                                      
56 Bellingham Public Development Authority mission statement: “to maximize the public good by attracting sustainable development 
that generates capital investment, contributes to the vitality of the economy, and creates employment opportunities, while improving 
and preserving those historical and environmental assets that define the city's character.”  The PDA is an independent legal entity 
created by the City to develop public properties together with private investment, focusing on Bellingham’s Waterfront, Old Town, 
and Downtown districts. 
57 Bellingham Public Development Authority (PDA) Strategic Plan CY2011-CY2015, adopted October 25, 2011. 
58 PDA Strategic Plan, p. 6. 
59 PDA Strategic Plan, p. 16. 
60 PDA Strategic Plan, p. 15. 
61 PDA Strategic Plan, p. 15. 
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Port’s overall plan also recognizes that rail realignment will be necessary for full build out of the 
Georgia Pacific site.  The site plan calls for relocation of the BNSF rail track to the east, allowing 
for passenger and freight trains to move through the area without bisecting the site.62   
 
Both the Port and PDA waterfront development plans call for activity that could likely bring long-
term construction, investment, and economic opportunity.  Over the course of 25-30 years, the 
number of direct, induced/indirect jobs that would be created could serve as a significant 
economic opportunity for Bellingham and the region.   
 
A 2007 analysis by Western Washington University estimated that full build out of the Georgia 
Pacific site – at a projected investment of $1 billion over 20 to 35 years – would result in 
between 17,250 and 23,000 job years of employment.  The Port of Bellingham EIS for the 
Georgia Pacific site estimates that at full development, the site could be the home to as many 
as 7,200 jobs.63 
 
To the extent that both the Port of Bellingham and PDA waterfront development projects hinge 
on access to the waterfront, increased train traffic that reduces access and/or safety (real or 
perceived) could reduce development potential if current access issues are not addressed.  
Prospective developers of the waterfront site – or investors – may be discouraged by the fact 
that there is even a pending proposal to increase rail traffic and further limit access.   
 
  

                                                      
62 It is important to note that the FEIS assumes the relocation, but the relocation itself would be subject to a separate permitting and 
environmental review process that would be undertaken by BNSF and Washington State DOT. 
63 As is the case with the development of GPT, some of these jobs – as well as some of the resulting tax and other economic 
benefits – would go outside of Whatcom County. 
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Impact on Tourism and the Ability to Attract New Residents 
 
In addition to the impact on baseline growth, GPT development and operation could also 
impose risk by reducing the likelihood of significant growth related to tourism opportunities, as 
well as the ability to attract new residents and jobs to Bellingham and Whatcom County. 
 
Bellingham and Whatcom County Tourism (Tourism) actively markets the region’s natural 
resources and amenities to attract visitors.  According to a recent report commissioned by 
Tourism, total spending by visitors to the County increased each year since 2000, reaching 
$460 million in 2008.64  The report also indicated that "the largest age segment of the primary 
market will continue to be relatively young people, indicating the importance of attracting 
families and young, active visitors."65  Additionally, it suggested that Canadians are likely to 
continue to represent an important target market – dependent upon exchange rates and border 
crossing ability. 
 
The study indicated that most visitors to Bellingham and Whatcom County fit the following 
categories: 
 

 Return visitors 
 Relatively high incomes (over 50 percent of all visitors have family incomes of at least 

$75,000) 
 Almost 70 percent of visitors to Bellingham and Whatcom County possess a bachelor’s 

degree or graduate degree 
 
Four out of five visitors to Whatcom County traveled through Bellingham.  While in and around 
Bellingham, visitors found Chuckanut Drive and Boulevard Park among the top attractions.  
Additionally, the study suggested that activities such as visiting downtown Bellingham 
(especially among first-time visitors), dining, shopping, hiking, and attending fairs are popular 
with visitors to the region.  The highest rated quality of the County and City by visitors was its 
physical environment, as well as its parks, scenic areas, and recreational trails.66 
 
The report concluded that the ambiance of downtown Bellingham and Fairhaven was a 
particularly important draw.67  Similarly, the County's waterfront attractions and attributes, 
outdoor recreation activities, and natural beauty and environment were critical components of its 
tourism attraction. 
 
The same attributes that appear to be driving increases in tourism may also be contributing to 
the attraction of Whatcom County and Bellingham to new residents who are bringing higher 
levels of education attainment and income.  The County has attracted residents who migrate 
with higher AGIs than those who leave the County: migration between 2004 and 2010 resulted 
in an aggregate net increase of approximately $172.3 million in AGI.  Similarly, the County has 
a higher number of residents who commute outside of the County and earn higher wages than 
those who commute into the County (and earn lower wages).  Home prices remain high when 
compared to income, and individuals with higher education attainment levels are locating in 
Whatcom County despite lower wages and income. The choice of living in the County or City is 
worth something to individuals and they appear willing to pay for the region's location, lifestyle, 
and geography.  
 

                                                      
64 Dean Runyan Associates. Bellingham and Whatcom County Tourism Analysis, p. 14. 
65 Runyan Associates, p. 11. 
66 Runyan, p. 43. 
67 Runyan, p. 53. 
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Beyond the risk of an impact on baseline growth, GPT’s development and operation could have 
a risk of jeopardizing growth in tourism and in-migration of skilled workers and entrepreneurs 
because of its effect on the building brand of Whatcom County, particularly Bellingham.  Both 
tourism and the in-migration attraction are based in part on the perception of the area as 
environmentally conscious.  Currently, the region is seen as a green, clean, and socially 
responsible area.  The region’s view of itself as socially responsible and environmentally 
oriented is likely a leading reason why the Bellingham/Whatcom Chamber of Commerce will 
place an emphasis on the triple bottom line (TBL) with a focus on profit, people (i.e. social 
responsibility), and planet (environmental responsibility).68  To the extent that GPT changes 
current residents’ experiences with lifestyle characteristics they value, out-migration (particularly 
among those in the mobile class of skilled workers and entrepreneurs) could be a risk to the 
region. 
 
The risk exists, in part, because the principal freight to be transported to GPT is coal.  To the 
extent that the perception of Bellingham and Whatcom County as ‘clean and green’ wanes, it 
could put potential gains in tourism and in-migration of skilled workers and entrepreneurs at risk. 
 
Quantifying the Risk 
 
Researchers suggest that “decisions are said to be risky because the outcome following a 
choice may result in a potential loss, including lost opportunities or sub-optimal outcomes.”69  
Intuition and/or ad-hoc decisions where risk is present are unlikely to result in the best 
outcomes for decision makers; especially where decision makers hold the public trust.  As a 
result, a focus on understanding the decision and its potential impacts – pro and con – is critical 
to develop a sophisticated understanding of the decision.   
 
While it is possible that none of the risks identified in the prior section will be realized, a 
plausible case exists that the three scenarios outlined, in fact, pose some level of risk. 
 
We do not attempt to quantify a specific level of risk.  Instead, we know that if baseline growth 
rates are in fact reduced to a certain level as a result of GPT, the effect will be that the 
economic benefits of development and operation of the terminal will be more than offset by 
those lost opportunities.  In other words, we can determine what level of risk would be sufficient 
to preclude any net economic benefit to Whatcom County. 
 
Our analysis of risk makes a series of assumptions – each of which is uncertain.  First, we 
assume that GPT will produce the level of economic benefits projected by PIT.  Given the 
difference in projections from Martin Associates and FRMC, it is possible that those projections 
are too high or too low.  Second, we assume that the baseline growth projections established by 
the state will be achieved.  Again, these projections could be too low or too high.  Third, we 
assume that project construction will not begin until 2015.  As previously noted, it seems likely 
that the EIS process will not be concluded prior to 2016.  Fourth, we base our analysis solely on 
the construction and operation of Phase I of the terminal.  SSA (PIT) has indicated that they are 
prepared to proceed with construction of Phase I and Phase II would await additional 
throughput commitments.  At this point, Phase II economic benefits seem more speculative.  
Finally, for purposes of this analysis, we assume that job years associated with construction will 
be equally divided over a two year period.  
 
Our analysis examines two time horizons.  The first is a 10 year time horizon beginning in 2012.  
Under this analysis, GPT development would not create any jobs until its fourth year.  At the 
same time, while the proposal was pending, it could have an effect on other potential job 

                                                      
68 From discussions with Ken Oplinger, CEO/President – Bellingham/Whatcom Chamber of Commerce. 
69 Martin T. Schultz, Kenneth N. Mitchell, Brian K. Harper, and Todd S. Bridges, “Decision Making Under Uncertainty, US Army 
Corps of Engineers”, Washington, DC, November 2010, p. 1. 
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growth. The second analysis is a 10 year time horizon that begins in 2015, the assumed year 
that construction would begin. 
 
Without the development of GPT, by 2021, the current projections indicate that Whatcom 
County’s employment will increase from its 2010 level by 14,969, or 20.4 percent.  By 
comparison, from 2000 to 2010, employment in the County grew by 11,510, or 18.6 percent.  
Over the next 10 years, total projected GPT related employment will equal 11,509 job years.  
Over the same period, the County's projected baseline employment gains (absent GPT) are 
equal to 67,653 job years.  By comparison, from 2000-2010 factoring in both recessions, there 
was an increase of 86,630 jobs years in Whatcom County.70 
 
The project team also compared the projected trajectory of Whatcom County's employment and 
that of GPT from 2015-2024 (assuming construction begins in 2015).  In this time frame, without 
the development of GPT, it is projected that employment will grow in Whatcom County by 
13,603, or 15.4 percent.  Over the same period, the total projected GPT-related employment 
would equal 14,110 job years.  By 2024, baseline employment gains in Whatcom County would 
equal 107,597 job years.   
 
Thus, to the extent that development and operation of GPT would reduce baseline employment 
gains by less than 17 percent (between 2012 and 2021) or less than 13 percent (between 2015 
and 2024), it would produce net gains in employment for Whatcom County.  If, however, based 
on the scenarios outlined above – or for other reasons – development and operation of Phase I 
of GPT would result in the loss of more than 17 percent (between 2012 and 2021) or more than 
13 percent (between 2015 and 2024) of baseline growth, it would have a net negative impact on 
the Whatcom County economy.  Said another way, even if all of the PIT assumptions are 
accepted, there is a possibility that the development of GPT may have a negative net impact on 
the Whatcom County economy. 
 

  

                                                      
70 It is possible to have less job growth and more job years because growth focuses on point in time comparisons, while the job 
years analysis takes into account higher employment numbers during the period. 



    

 
Whatcom County Natural Trajectory Job Years and GPT Projected Job Years (2012-2021) 

GPT Jobs Years 
Created by 2021 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 Total 

Direct Jobs 
   Temporary 
Construction 

0 0 0 1,715 1,715 0 0 0 0 0 3,430 

   Permanent 
Operations 

0 0 0 0 0 294 294 294 294 294 1,470 

Indirect & Induced Jobs 
   Temporary 
Construction 

0 0 0 1,872 1,872 0 0 0 0 0 3,744 

   Permanent 
Operations 

0 0 0 0 0 573 573 573 573 573 2,865 

 Total Direct, Indirect & Induced Jobs 
   Temporary 
Construction 0 0 0 3,587 3,587 0 0 0 0 0 7,174 

   Permanent 
Operations 0 0 0 0 0 867 867 867 867 867 4,335 

Grand Total 11,509 
Job Years Created 
Absent GPT 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 Total 

Whatcom County 1,135 2,286 3,455 4,721 6,006 7,313 8,640 9,988 11,359 12,750 67,653 
 
Whatcom County Natural Trajectory Job Years and GPT Projected Job Years (2015-2024) 

GPT Job Years 
Created by 2024 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 Total 

Direct Jobs 
   Temporary 
Construction 

1,715 1,715 0 0 0 0 0 0 0 0 3,430 

   Permanent 
Operations 

0 0 294 294 294 294 294 294 294 294 2,352 

Indirect & Induced Jobs 
   Temporary 
Construction 

1,872 1,872 0 0 0 0 0 0 0 0 3,744 

   Permanent 
Operations 

0 0 573 573 573 573 573 573 573 573 4,584 

 Total Direct, Indirect & Induced Jobs 

   Temporary 
Construction 3,587 3,587 0 0 0 0 0 0 0 0 7,174 

   Permanent 
Operations 0 

 
  

0 867 867 867 867 867 867 867 867 6,936 

Grand Total 14,110 
Job Years Created 
Absent GPT 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 Total 

Whatcom County 4,721 6,006 7,313 8,640 9,988 11,359 12,750 14,163 15,599 17,058 107,597 
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From 2012-2021, if development of GPT reduces otherwise projected job growth by more than 17%, 
the project will be a net loss. 
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From 2015-2024, if development of GPT reduces otherwise projected job growth by more than 13%, 
the project will be a net loss. 
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VI. Understanding and Managing the Risk 
 
Some have suggested, that to the extent most of the risk involved with the development of GPT 
is related to the increased rail traffic to the site, other developments could lead to the same level 
of risk without the same level of benefits.   
 
The project team heard from several entities that indicated if GPT is not located at Cherry Point, 
coal could be shipped by rail through Whatcom County to ports in British Columbia.  If this 
occurred, the region would still have the rail traffic, but none of the economic benefits 
associated with the development and operation of GPT.  At this time, there is not sufficient 
evidence to support the claim that if GPT is not located at Cherry Point, the same magnitude of 
coal-related train traffic as caused by GPT would occur as a result of coal delivery to ports in 
British Columbia.71 
 
In 2007, approximately 90 percent of Canada's coal exports were shipped through terminals in 
British Columbia.72  The main coal export locations in British Columbia are Prince Rupert73 
(Ridley), which accounts for approximately 20 percent of all Canadian exported coal, and Port 
Metro Vancouver (Neptune and Westshore), which accounts for approximately 80 percent of all 
Canadian exported coal.74  Prince Rupert is likely to receive some US coal in future years, 
adding to its larger Canadian-based demand, to increase annual coal export capacity; though 
there is some concern from at least one US coal company that shipping coal to Prince Rupert is 
uneconomic.75 
 
Still, expansion of shipments of U.S. coal to Canada will depend upon the capacity of both the 
ports and rail.  Westshore does not currently have plans to expand its physical footprint but has 
made operational and equipment adjustments to add incremental capacity.  According to 
Washington DOT information and its Marine Cargo Forecast, rail capacity for the BNSF rail line 
along coastal Whatcom County (and Bellingham) has a capacity for 18 trains per day currently, 
and 30 trains per day by 2028.  Additionally, a factor affecting capacity is that BNSF has 
performance and on-time agreements with Washington DOT (and Amtrak) to provide passenger 
rail service on the Cascade line.   
 
While there is clearly an increase in demand for coal in Asia – particularly China – any 
additional cost related to transportation could tip the competitive advantage to other sources.  
More of China’s demand for coal could be met domestically.  According to the US Energy 
Information Administration's (EIA) 2011 International Energy Outlook, China has the ability to 
meet "substantial portions of their future coal demand with domestic production."76  According 
to the EIA, China's domestic production of coal is expected to grow from 70.5 quadrillion Btu to 
107.6 quadrillion Btu in 2035. Over the same time frame, US coal production is projected to 
increase from 22.6 quadrillion Btu to 26.5 quadrillion Btu.   
 
Australia and New Zealand are both expected to become larger exporters of coal, increasing 
production from 10.1 quadrillion Btus in 2010 to 15.6 quadrillion Btus by 2035.  Peabody, which 
has contracted with SSA for shipment of coal through GPT, has invested heavily in Australia - 
recently purchasing assets belong to Macarthur Coal for a reported $5.1 billion.  Peabody 

                                                      
71 Requests for such information were made to SSA representatives. 
72 British Columbia Ministry of Energy, Mines and Petroleum Resources.  2010 Coal Resources in British Columbia: Opportunities, 
Logistics and Infrastructure, p. 15. 
73 Ridley Terminals Inc. is owned by the Canadian government. 
74 Canadian Minerals Yearbook -- 2009. 
75 Ridley Terminals, Inc. 2010 Annual Report: Building On A Strong Foundation, p. 9.  In its 2011 Fourth Quarter and Full Year 
Highlights, Cloud Peak Energy, Inc. – a large Powder River Basin coal producer indicated that it had no additional shipments 
planned through Ridley because it was uneconomic. 
76 US Energy Information Administration (EIA), 2011 International Energy Outlook, p. 69. 
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executives recently indicated that Australian mines are expected to supply roughly half of the 
growth in global coal exports in 2012, driven by demand in China and India.77   
 
It is also possible that some U.S. coal could be shipped through ports that would not affect rail 
traffic in Whatcom County – such as ports on the Gulf of Mexico.  For instance, Arch Coal 
recently signed a deal with Kinder Morgan Energy Partners LP to ship PRB coal from its Gulf 
ports and is in talks to ship additional coal from Kinder Morgan’s east coast ports.78 
 
Some of the risks to economic development posed by the development and operation of GPT 
can be managed.  Plans for the redevelopment of the Georgia Pacific site already call for 
moving the existing BNSF tracks and for a series of projects that would eliminate grade 
crossings.  The Army Street Project, the first step in the proposed redevelopment by PDA, calls 
for a design that specifically addresses the issue of rail traffic by bridging over existing tracks. 
 
To the extent that noise and access issues are addressed,79 the risks related to limitation on 
other economic growth can be reduced.  It may not be possible to limit risks related to image or 
reputation – and their potential impact on tourism and attraction of in-migration among the 
mobile class of skilled workers and entrepreneurs – resulting from the proximity to GPT.   
 
Risk management, however, comes at a cost.  While some might argue that investments related 
to rail were already planned, the potential of the GPT development would clearly increase the 
need to act.  The question then becomes who would pay and whether local governments and 
residents should be asked to bear the cost of risk management. 
 
In the absence of risk management, decision makers need to determine how much risk they are 
willing to tolerate.  If our analysis indicated that it would require the loss of 90 percent of 
projected baseline job growth for the GPT project to produce net negative employment impact, it 
would be relatively clear that the risk was relatively low.  Similarly, if our analysis suggested that 
a loss of just 1 percent of projected baseline job growth would offset any benefits of GPT, it 
would be fairly clear that the risk was relatively high. 
 
As noted earlier, different decision makers can look at our findings and reach different, yet valid 
conclusions.  The important thing is that they weigh the risk and understand the need to 
manage it. 
 

 
77 Steve James, “Peabody profit misses estimate, sees U.S. coal slump.” Reuters. January 24, 2012. 
78 Jeremy Fugleberg, “Powder River Basin coal to ship from Gulf Coast,” Casper Star-Tribune. February 12, 2012. 
79 It should be noted that some noise problems can be mitigated (i.e. horn noise, crossings, etc.), but vibrations, rail screeches, and 
other likely occurrences of rail traffic cannot be fully mitigated. 
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Appendices: Whatcom County and Bellingham Economy 
 
Appendix A: Employment and Unemployment 
 
From 2001 to 2010, the Bellingham MSA’s rate of job growth was almost four times the state 
rate.  The Bellingham MSA (Whatcom County) added 8,100 non-farm jobs – an 11.6 percent 
increase.  Statewide, non-farm jobs grew by 3.0 percent.  
 
Compared to the state, the Bellingham MSA grew jobs at a greater percentage or shed jobs at a 
smaller percentage for every super-sector for which data were available.80 
 

Percentage Change in Number of Jobs by Super Sector 
2001 to 2010 

   Source: BLS CES Data – Not Seasonally Adjusted 
 
The super-sectors with the largest increase in number of jobs in the MSA were: 
 

 Education and Health Services (1,900 jobs)81 
 Government (1,800 jobs)82 

                                                      
80 Those super sectors for which data are available accounted for the growth of 4,800 of the 8,100 jobs from 2001 to 2010.  While 
data from the CES database are not available individually for all super sectors, calculations indicate the missing super sectors 
accounted for 12,000 jobs in 2001 and 15,300 jobs in 2010.  Given the composition of Bellingham and Whatcom County’s economy, 
it could be argued that, of the super sectors that are not available at the Bellingham MSA level (and for the City of Bellingham in 
particular), education and health services sector was the most likely to be driving the significant increase in jobs during the 2001 to 
2010 time period.  The most recent BLS Occupational Employment Statistic (OES) data available for the Bellingham MSA estimated 
there were approximately 73,420 jobs in the Bellingham MSA.  OES defined jobs of these types accounted for 14.8 percent of the 
MSA's total jobs.  Applying that percentage to the total estimated number of jobs in 2010, yields 11,550 jobs, or 75.5 percent of the 
total jobs not included in a defined super sector.  From 2001 to 2010, healthcare practitioner and technical operations occupations 
grew by 30.5 percent and healthcare support occupations grew by 52.6 percent.  If applied to the CES data, it could be estimated 
that the health and education sector was responsible for job growth in the range of 1,900 jobs. While combining/comparing OES 
data and CES data is not a perfect or even ideal method for a variety of important reasons, the process suggests there is likely 
support to suggest that the education and healthcare sector (particularly healthcare) was an important driver of job growth in the 
Bellingham MSA over the last decade. 
81 Estimated – see previous analysis.  Education includes jobs in private higher education institutions.  Government (specifically 
state government) includes jobs in public higher education institutions (i.e. WWU).  
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 Leisure and Hospitality (1,700 jobs) 
 Trade, Transportation, Utilities (1,200 jobs). 

 
Collectively, from 2001 to 2010, the four super-sectors above accounted for 81.5 percent of the 
total job growth in the Bellingham MSA.  The education and health services super-sector grew 
at an estimated 20.5 percent from 2001 to 2010.   
 
By comparison, the super-sectors with the largest increase in number of jobs at the state level 
were: 
 

 Education and Health Services (76,900 jobs) 
 Government (41,300 jobs) 
 Professional and Business Services (29,300 jobs) 
 Leisure and Hospitality (18,700 jobs). 

 
The project team met with several individuals and groups that suggested public sector growth 
was responsible for the majority of the increase in jobs in Whatcom County.  The data suggest 
that while local government in the MSA added a greater percentage of jobs than the state 
average for local government, the likely increase in education and health services, leisure and 
hospitality produced more total jobs than the growth in government.  Similarly, job growth in the 
Bellingham MSA exceeded statewide growth across all super sectors.  Even where it lost jobs, 
the Bellingham MSA losses were at a lower rate than statewide.   
 
For example, Bellingham’s role as the regional retail center for the MSA was likely a significant 
driver behind the MSA’s retail trade job growth of 9.0 percent from 2001 to 2010 – significantly 
greater than the Statewide experience in which jobs declined by 1.3 percent over the same time 
period.   
 
Given the overall trend for the Bellingham MSA as compared to the State, government 
employment contributed to the growth, but was among many drivers – and not the sole driver – 
to affect job increases in the region.  Even if there had been no increase in government jobs 
from 2001 to 2010, the Bellingham MSA would have still added jobs and added them at a rate 
approaching three-times greater than the rate of statewide job growth.  
 
 

  

                                                                                                                                                                           
82 The project team received information that suggested the 600 job increase in Federal government jobs was primarily due to 
increased border security post September 11, 2001.  
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Job Changes by Super Sector 

2001 to 2010 
 

Sector 
WA Bellingham MSA 

Jobs 
+/- 

Jobs 
% Chg  

Jobs 
+/- 

Jobs 
% Chg 

Total Jobs (non-farm) 80,400 3.0% 8,100 11.6% 

   Mining, Logging, Construction (21,500) -12.8% (400) -6.6% 
      Mining and Logging (3,900) -39.8% 

      Construction (17,600) -11.1% 

   Trade, Transportation, Utilities (7,200) -1.4% 1,200 9.0% 
      Wholesale Trade 1,200 1.0% 

      Retail Trade (4,200) -1.3% 800 8.9% 

      Transportation and Utilities (4,100) -4.4% 

   Information 3,900 3.9% 
   Financial Activities (10,100) -7.0% 200 7.7% 
      Finance and Insurance (8,400) -8.6% 

      Real Estate and Rental and Leasing (1,600) -3.4% 

   Manufacturing (58,300) -18.4% (700) -8.2% 
   Professional and Business Services 29,300 9.9% 1,000 17.5% 
      Professional, Scientific, and Technical Services 18,800 13.2% 

      Management of Companies and Enterprises 1,900 6.4% 

      Administrative and Support and Waste Mgmt 
      and Remediation Services 

8,500 6.8% 
   

   Education and Health Services 76,900 25.8% 
      Educational Services 9,200 23.1% 

      Health Care and Social Assistance 67,500 26.1% 

   Leisure and Hospitality 18,700 7.6% 1,700 22.7% 
      Arts, Entertainment, and Recreation 4,300 10.6% 

      Accommodation and Food Services 14,300 6.9% 

   Government 41,300 8.2% 1,800 12.8% 
      Federal Government 7,600 11.2% 600 66.7% 

      State Government 4,500 3.1% (200) -3.8% 

      Local Government 29,200 9.9% 1,300 16.0% 

   Other Services 7,600 7.8% 
Note: totals may not sum due to rounding   
Source: BLS - Current Employment Statistics - Not Seasonally Adjusted 

 
Unemployment 
 
As the graph below shows, since 2005, Bellingham’s unemployment rate has been nearly equal 
or slightly less than Whatcom County’s unemployment rate and consistently below the State’s 
unemployment rate.83 

  

                                                      
83 US Bureau of Labor Statistics – Local Area Unemployment Statistics (LAUS), November 2001 – November 2011,  Not 
seasonally adjusted data. 
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Unemployment Rate (Not Seasonally Adjusted) 
November 2001 – November 2011 
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Appendix B: Population Growth 
 
From 2000 to 2010, Bellingham and Whatcom County both grew in population by slightly more 
than 20 percent; greater than the State’s growth rate of just over 14 percent.84  The US Census 
Bureau reported Bellingham’s 2010 population as 80,885, an increase of 13,714 individuals 
from the 2000 Census.85  Whatcom County’s 2010 population of 201,140 represented an 
increase of 34,326 from the 2000 Census. 
 
Much of the population growth in both Bellingham and Whatcom County was attributable to 
increases in the number of residents between the ages of 20-39 and those between the ages of 
50-69.  These two age groups accounted for 84.0 percent of all population growth in Bellingham 
and 78.1 percent of all population growth in Whatcom County – statewide, these two age 
groups accounted for 86.9 percent of the State’s net population growth. 
 
Examining the data by 10-year age bands shows that there were several notable differences in 
the population changes experienced by Bellingham, Whatcom County, and Washington.  For 
example, the number of residents between the ages 30 and 39 declined statewide by 2.1 
percent and in the parts of Whatcom County outside of Bellingham by 0.3 percent: in 
Bellingham, the number of residents between 30 and 39 increased by 13.5 percent.  While the 
number of 60-69 year old residents increased statewide by more than two-thirds, population in 
that age range nearly doubled in Bellingham and grew by more than 90 percent in the non-
Bellingham parts of Whatcom County. 

                                                      
84 US Census Bureau 2000 and 2010 Decennial Census Data.  Bellingham’s population grew by 20.4 percent, Whatcom County’s 
population grew by 20.6 percent, and Washington’s population grew by 14.1 percent. 
85 According to Bellingham’s Planning & Community Development Department, annexations that occurred in Bellingham between 
2000 and 2010 accounted for a population increase of 1,216 residents. 



    

 
Population Change from 2000 to 2010 

Total Population  WA 2010 
vs 2000 (#) 

WA 2010 
vs 2000 

(%) 
Whatcom County 
2010 vs 2000 (#) 

Whatcom County 
2010 vs 2000 (%) 

Bellingham 2010 vs 
2000 (#) 

Bellingham 
2010 vs 2000 

(%) 
Non-Bellingham 
2010 vs 2000 (#) 

Non-Bellingham 
2010 vs 2000 (%) 

Total Population 830,419 14.1% 34,326 20.6% 13,714 20.4% 20,612 20.7% 
Total Population Under Age 10 49,319 6.0% 1,080 5.0% 482 7.2% 598 4.0% 
Total Population Age 10-19 37,557 4.4% 2,311 9.0% 993 10.4% 1,318 8.2% 
Total Population Age 20-29 148,073 18.7% 6,849 25.0% 4,256 25.1% 2,593 24.7% 
Total Population Age 30-39 (19,438) -2.1% 1,092 4.8% 1,133 13.5% (41) -0.3% 
Total Population Age 40-49 7,247 0.8% 544 2.1% (119) -1.4% 663  4.0% 
Total Population Age 50-59 271,120 40.0% 8,653 45.6% 2,548 38.6% 6,105 49.3% 
Total Population Age 60-69 265,261 68.5% 10,212 93.8% 3,585 99.5% 6,627 91.0% 
Total Population Age 70-79 25,165 8.3% 1,518 17.0% 67 1.8% 1,451 27.6% 
Total Population Age 80 and Over 46,115 25.3% 2,067 38.7% 769 26.1% 1,298 54.1% 
          0       
Population Age 60 and Over 336,541 38.5% 13,797 54.8% 4,421 43.2% 9,376 62.8% 
Population Age 65 and Over 165,529 25.0% 7,240 37.3% 2,027 24.3% 5,213 47.2% 
Population Age 70 and Over 71,280 14.7% 3,585 25.1% 836 12.6% 2,749 35.9% 
Population Age 75 and Over 45,475 14.0% 2,405 25.1% 631 13.1% 1,774 37.4% 

 
Working Age (25-64) Population Change from 2000 to 2010 

Working Age Population  WA 2010 
vs 2000 (#) 

WA 2010 
vs 2000 

(%) 
Whatcom County 
2010 vs 2000 (#) 

Whatcom County 
2010 vs 2000 (%) 

Bellingham 2010 vs 
2000 (#) 

Bellingham 
2010 vs 2000 

(%) 
Non-Bellingham 
2010 vs 2000 (#) 

Non-Bellingham 
2010 vs 2000 (%) 

Total Population 25-64 506,687  16.0% 20,194 24.2% 7,880 25.5% 12,314 23.5% 
Total Population Age 25-29 76,746  19.0% 3,348 31.4% 1,924 36.0% 1,424 26.7% 
Total Population Age 30-34 15,905  3.6% 1,392 12.9% 853 20.0% 539 8.3% 
Total Population Age 35-44 (66,782) -6.8% (423) -1.7% 435  5.3% (858) -5.3% 
Total Population Age 45-54 142,233  16.8% 3,311 13.8% 75 0.9% 3,236 21.1% 
Total Population Age 55-59 167,573  58.7% 6,009 76.9% 2,199 85.1% 3,810 72.8% 
Total Population Age 60-61 72,128  79.9% 2,783 114.9% 1,074 137.5% 1,709 104.1% 
Total Population Age 62-64 98,884  81.9% 3,774 112.4% 1,320 120.0% 2,454 108.7% 
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Population Growth – Migration 
 
IRS migration data for tax years 2004 through 2010 suggest the important role that migration 
played in the County’s population growth.86  The data show that Whatcom County experienced 
a greater amount of population inflow than population outflow during the years reviewed.  The 
chart below displays the total number of income tax returns and the associated number of 
exemptions for those moving to and moving from Whatcom County. 
 

 
The large majority of inflow to Whatcom County (68.7 percent) was from other Washington 
counties.  Specifically, based upon the number of returns, King County (4,092 returns), 
Snohomish County (2,377 returns), and Skagit County (2,340 returns) accounted for 41.1 
percent of all inflow, and 59.9 percent of all intra-state inflow, to Whatcom County from 2004-
2010. 
 
The remaining 31.3 percent of inflow was attributable to migration from 19 states and other 
countries.  Former Californians represented 12.6 percent of total migration to Whatcom County 
(2,694 returns) and 40.2 percent of inflow from states excluding Washington.  Within California, 
Los Angeles County (537 returns), San Diego County (435 returns), and Orange County (291 
returns) represented 46.9 percent of all inflow from the State.  Oregon was the next most 
popular previous state of residence for new Whatcom residents with 801 former citizens 
migrating to the County.  Multnomah County (281 returns), Lane County (148 returns), and 
Washington County (134 returns) comprised the majority of the inflow from Oregon.  Residents 
abroad/those moving from other countries (736 returns) and former Arizona residents (571 
returns accounted for the next two most popular location of residence prior to moving to 
Whatcom County.87   
 

                                                      
86 Bellingham and Whatcom County each experienced significant population growth from 2000 to 2010.  The project team explored 
Internal Revenue Service (IRS) migration data to obtain a greater understanding of the previous location of newcomers to Whatcom 
County.  IRS migration data is available on a County-to-County level and is based upon year-to-year address changes reported on 
individual income tax returns filed with the IRS.  The data track inflows and outflows and where residents went. 
The IRS defines inflows as “the number of new residents who move to a county or state…”  Outflows are defined as “the number of 
residents leaving a county or state…”  The IRS data report both the location of origin and the new location.  The IRS notes that the 
data represent between 95 and 98 percent of total annual filings (those filed prior to late September of each calendar year). 
87 172 returns listed AFO/AFP addresses as previous locations and are included within the ‘foreign' category. 
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Whatcom County outflow destinations were similar to its inflow patterns.  From 2004-2010, the 
great majority (72.8 percent) of all outflow was to other Washington counties.  Similar to inflow 
data, King County (4,820), Snohomish County (2,316), and Skagit County (2,275) had the most 
returns associated with outflow data and accounted for 64.8 percent of all outflow to other 
Washington counties and 47.2 percent of all outflow from Whatcom County. 
 
The IRS data also provide a summation of AGI from each of the jurisdictions from/to which 
people migrated.  The chart below shows that, on the whole, Whatcom County realized a net 
aggregate growth of over $172.3 million in AGI from migration between 2004 and 2010.   
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Appendix C: Income and Wages 
 
Washington’s Office of Financial Management (OFM) data indicate that Whatcom County’s 
inflation adjusted per capita income has consistently been below both the State and US 
averages since 1969; the graph below shows this trend.88  Analysis by the Washington 
Regional Economic Analysis Project (WA REAP), which used data published by the US Bureau 
of Economic Analysis (BEA), demonstrates that Whatcom County’s per capita income has 
maintained its relative position below the State per capita income through 2009.89 
 
Between 2000 and 2008, Whatcom County’s per capita income grew at a compound annual 
growth rate (CAGR) of nearly double that of the nation and significantly greater than the State. 
Whatcom County’s CAGR was 2.1%; US CAGR was 1.1%, and Washington’s CAGR was 1.3%. 
 

 
Source: WA Office of Financial Management (OFM) 

 
Just as Whatcom County has consistently lagged the State and the national per capita income, 
Bellingham’s per capita income has consistently lagged the per capita income of Whatcom 
County (and naturally the State and the nation).  As of 2010, Bellingham’s per capita income 
($23,308) was 8.3 percent less than Whatcom County’s per capita income ($25,429), 13.5 
percent below US per capita income ($26,942), and 20.8 percent below the State’s per capita 
income ($29,420).90  Per capita income is sensitive to special populations (i.e. students, 
inmates, etc.) that can result in lower estimates than are experienced by the rest of the 
population. 

                                                      
88 OFM data are presented through 2007.  Since 2008, Whatcom County has remained below both State and US per capita income 
levels according to the US Census Bureau’s ACS 1-year Estimates in 2008, 2009, and 2010 and 2010 ACS 3-year Estimates data. 
89 WA REAP data is available at: http://washington.reaproject.org. 
90 US Census Bureau 2010 ACS 3-year Estimates data. 
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  Source: US Census Bureau ACS 1-year Estimates – 2005 through 2010 
 
Income may also be viewed at the household level.91  Similar to per capita income, median 
household income can be sensitive to student-aged populations as several or many students 
residing in a household could lower the median household income below the experiences of the 
rest of the population.  However, it provides a useful measure to assess the relative levels of 
incomes across jurisdictions.   
 
The US Census Bureau’s ACS 1-year data for 2010 indicated that Bellingham’s median 
household income ($39,599) was less than that of Whatcom County, Washington, and the 
nation.92  In 2010, Whatcom County’s median household income of $49,938 was 3.3 percent 
above the US average ($50,046) and 7.7 percent below the State median household income 
($55,631). 

                                                      
91 The US Census Bureau defines household income as including income of the householder and all other people 15 years and 
older in the household, whether or not they are related to the householder. 
92 The project team endeavored to use US Census Bureau ACS 3-year Estimates data for the graphs on pages 23 through 25, but 
due to data issues experienced by the US Census Bureau, used ACS 1-year Estimates data for the charts on the aforementioned 
pages.  The data are slightly different, but the patterns and relative rankings of the jurisdictions are largely unchanged.  The primary 
objective of these graphs is to show relative relationships between jurisdictions and that is maintained by using the ACS 1-year 
Estimates data. 
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  Source: US Census Bureau ACS 1-year Estimates – 2005 through 2010 
 
Median family income data are less affected by student population data.93  In four of the last six 
years, Bellingham’s median family income was below that of Whatcom County, Washington, 
and the US.  However, in 2006 and 2009, Bellingham’s median family income was greater than 
both Whatcom County and the US average.  Whatcom County’s median family income was 
above the US average in four of the six years reviewed (2006-2007, 2009-2010), though it 
remained below the Washington state median household income in all six years. 
 

 
  Source: US Census Bureau ACS 1-year Estimates – 2005 through 2010 

                                                      
93 The US Census Bureau defines family household as a householder and one or more other people living in the same household 
who are related to the householder by birth, marriage, or adoption.  All people in a household who are related to the householder 
are regarded as members of his or her family.  A family household may contain people not related to the householder, but those 
people are not included as part of the householder’s family in tabulations. 
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Wages 
 
Overall, Whatcom County’s average annual wage was below the State’s average wage.94  
Similarly, in 18 of the 20 sectors reviewed, Whatcom County’s average annual wage was below 
the State’s average annual wage for the respective sector.  In the two instances where 
Whatcom County had a higher average annual wage, both were less than 4.0 percent greater 
than the State average.  In all 18 sectors where the County lagged the State average annual 
wage, all lagged the State average by more than 4.0 percent. 
 
Growth industries in the Whatcom/Bellingham region that were discussed earlier in this report 
included leisure and hospitality (accommodation and food services; arts, entertainment, and 
recreation), health care and social assistance, government, and retail trade.  Among these 
growth sectors, all had an annual average wage in Whatcom County below their peers in similar 
sectors in the State.   

  

                                                      
94 Washington’s OFM and the State’s Employment Security Department (ESD) collaborate to compile median and hourly wage 
information for each County.  Similar, but different, data are available from the BEA and WA REAP.  While methodologies may vary 
slightly causing different results, both data sets provide quality data that are useful in reviewing income and wages.  For the 
remainder of the income – wages discussion, the project team will use data from Washington’s ESD (in partnership with the BLS).  
Neither State nor BEA data for the full year 2011 are available as of January 10, 2012. 
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Whatcom County’s Variance from State – 2010 Jobs and Wages by Occupation95 

Sector 
Whatcom 

County Percent 
of Total Jobs 

WA Average 
Annual Wage 

Whatcom 
County Average 

Annual Wage 

2010 Difference in 
Average Annual Wage 

($) 

2010 Difference in 
Average Annual Wage 

(%) 
All Industries 100.0% $48,521 $37,312 ($11,209) -23.1% 
Ag., forestry, fishing & hunting 3.9% $24,034 $24,977 $943  3.9% 
Mining 0.2% $55,654 $51,050 ($4,604) -8.3% 
Utilities 0.2% $77,591 $73,842 ($3,749) -4.8% 
Construction 6.2% $51,127 $51,891 $764  1.5% 
Manufacturing 9.8% $64,925 $53,740 ($11,185) -17.2% 
Wholesale trade 3.4% $63,348 $47,072 ($16,276) -25.7% 
Retail trade 12.5% $30,021 $25,136 ($4,885) -16.3% 
Transportation & warehousing 2.4% $47,743 $37,127 ($10,616) -22.2% 
Information 1.9% $109,777 $42,615 ($67,162) -61.2% 
Finance & insurance 2.4% $70,137 $53,210 ($16,927) -24.1% 
Real estate & rental & leasing 1.1% $38,359 $27,494 ($10,865) -28.3% 
Professional & technical services 3.8% $75,376 $55,156 ($20,220) -26.8% 
Mgmt. of companies & 
enterprises 0.6% $95,731 $58,393 ($37,338) -39.0% 
Administrative & waste services 3.8% $41,466 $30,903 ($10,563) -25.5% 
Educational services 0.9% $35,158 $21,141 ($14,017) -39.9% 
Health care & social assistance 12.4% $44,673 $37,532 ($7,141) -16.0% 
Arts, entertainment, & recreation 2.0% $25,121 $16,078 ($9,043) -36.0% 
Accommodation & food services 9.6% $17,632 $14,482 ($3,150) -17.9% 
Other services, ex. public admin. 4.4% $24,227 $22,808 ($1,419) -5.9% 
Government 18.4% $51,394 $45,430 ($5,964) -11.6% 

Source: WA ESD – Covered Employment Classified By Industry – Annual Averages 2010 (Revised) 
 
One of the super-sectors that added the most jobs in Whatcom County since 2001 was leisure 
and hospitality (accommodation & food services and arts, entertainment & recreation sectors); 
which is also the sector with the lowest annual wage in Whatcom County.  Similarly, the retail 
trade sector and education and health services sectors both experienced growth in Whatcom 
County and were comprised of industries that have average annual wages at or below the 
County’s average annual wage.  The only significant growth sectors in the County with wages 
above the County’s average annual wage were Finance and Insurance and Government. 
 
Taken together, this suggests that while the County added many good paying jobs relative to 
the annual average wage, it also added a significant number of jobs that provide annual wages 
at or below the County average.96 

  

                                                      
95 Washington ESD. 
96 Additional information is available from the WA ESD.  In July 2011, ESD published a 2011 Occupational Employment and Wage 
Estimates Guide that provides estimated employment, average wage and percentiles of wages for a multitude of professions.  The 
data are presented for MSAs, regions, and Statewide.  While a profession by profession comparison is beyond the scope of this 
report, a cursory review of the data seems to support the trend of Whatcom County (Bellingham MSA) having lower average wages 
than Statewide averages.  The ESD publication is available at: Hhttps://fortress.wa.gov/esd/employmentdata/docs/occupational-
reports/occupational-employment-wage-estimates-2011.pdfH. 
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2010 Average Annual Wage by Sector – Whatcom County 

 
According to OFM and ESD data, the average earnings per job in Whatcom County have 
consistently lagged the Washington average since 1987 when the data set began; Whatcom 
County also remained below the State and US average earnings per job, while Washington has 
been largely been near or above the national average.   
 

 
  Sources: WA OFM and WA ESD 
 
Whatcom County’s average hourly wages were closer to the State’s average hourly wages 
among those on the lower-end of the wage scale.97  As hourly wages increased, the County’s 
lag significantly increased.  In other words, the proverbial wage-floor to wage-ceiling was more 
compressed in Whatcom County than for the State. 

                                                      
97 The wage scale shown is for hourly wages by decile.  This range begins with the lowest-paid 10 percent of jobs and increases by 
10 percent intervals up to the highest paid 10 percent of jobs (based upon average hourly wage). 
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Wage data is based on location of employment.  OFM and ESD historical data showed an 
important distinction that wages earned in Whatcom County are not equal to wages earned by 
Whatcom County residents.  The data showed that the inflow of earnings from cross-county 
commuters was consistently greater than the outflow of earnings from cross-county commuters.  
This suggests that workers who resided in Whatcom County and commuted outside of the 
County for work earned higher wages than those who resided in other counties and commuted 
into Whatcom County.98  Similarly, US Census OntheMap application data also showed that 
more Whatcom County residents commuted outside of the County for work than non-Whatcom 
residents who commuted into the County for work.  In 2009, the difference was estimated to be 
4,107 individuals; as shown in the below graphic.99  Importantly, according to this data, 40.1 
percent of those leaving Whatcom County earned more than $3,333 per month as compared 
with 32.8 percent of those who commuted into Whatcom County, and 34.6 percent of Whatcom 
residents who lived and worked in the County. 
 

  

                                                      
98 WA OFM and ESD personal income data. 
99 It is possible that data from OnTheMap understates the effect of Whatcom residents who commute outside the County for work 
due to the Canadian border affecting its estimates. 
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Workers Commuting Into and Out of Whatcom County 

 
 
Further evidence that Whatcom County’s labor market pays a lower wage in comparison to 
other regions is found in the County’s trend of trailing the State average in wages for those with 
a Bachelor’s degree or higher.  Specifically, those with a Bachelor’s degree or higher earned an 
average of $1,706 less per month than the State average for those with a Bachelor’s degree or 
higher; equating to over $20,000 less per year.100  This result suggests that in addition to being 
a lower-wage region than the State average – as mentioned previously – Whatcom County and 
Bellingham may have instances of underemployment among residents.  Underemployment is 
discussed at greater length below. 
 

                                                      
100 US Census Bureau Quarterly Workforce Indicators (QWI) – 2010 Quarters 1-4. 
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Appendix D: Underemployment and Poverty 
 
Bellingham’s poverty rate of 21.0 percent was greater than the poverty rates for both Whatcom 
County (14.6 percent) and Washington (12.5 percent).101  Bellingham accounted for 56.2 
percent of Whatcom County’s total population in poverty and 68.6 percent of those in poverty 
between the ages of 18-64.  As shown in the chart below, much of Bellingham and Whatcom 
County’s poverty was concentrated among those between the ages 18-24.102  The City’s 
poverty rate was likely impacted by the significant post-secondary student population in 
Bellingham; many of whom lived below the poverty line.  Bellingham residents ages 18-24 with 
incomes below the poverty line accounted for 50.9 percent of the City’s total and 83.3 percent of 
all age 18-24 County residents living in poverty. 
 

 
Source: US Census Bureau 2010 ACS 3-year Estimates 
 
Across all educational attainment levels, Bellingham’s poverty rate was greater than the 
remainder of the County, State, and national rates.  Almost one-quarter (22.4 percent) of 
Bellingham residents age 25 and over who live in poverty possessed a Bachelor’s degree or 
greater.103  This percentage was significantly more than that seen in both the remainder of 
Whatcom County (13.4 percent) and Washington (13.3 percent) for the same population.  The 
remainder of Whatcom County’s poverty rate is generally below or on par with that of the State.  
The relative high level of poverty experienced by those in Bellingham with high educational 
attainment suggests there is some level of choice or desire to reside in Bellingham as opposed 
to other locations.   

                                                      
101 US Census Bureau 2010 ACS 3-year Estimates. 
102 US Census Bureau 2010 ACS 3-year Estimates. 
103 Source: US Census Bureau 2010 ACS 3-year Estimates. 
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Source: US Census Bureau 2010 ACS 3-year Estimates 
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Appendix E: Cost of Living 
 
An important consideration to contextualize income – and economic conditions independent of 
income – is the associated cost of living for the region.  One measure of this is the BLS 
Consumer Price Index (CPI) data.104  The Bellingham MSA is not one of the local areas for 
which BLS produces an index.   
 
As CPI data are not available for Whatcom County or Bellingham, the project team reviewed the 
cost of housing to help inform discussions of the cost of living.  Over half (51.1 percent) of 
Whatcom County households who rented their residence and 45.0 percent of those who owned 
their residence spent 30.0 percent or more of their income on housing – compared with 47.2 
percent of renters and 41.0 percent of homeowners in Washington.105 
 
As shown in the following graphs, all jurisdictions had a significant portion of renters and home 
owners who paid 35 percent or more of household income for their residence.  Bellingham had 
the highest percentage of households among renters and home owners who paid over 35 
percent of household income toward their residence; 48.4 percent of all Bellingham renters and 
35.3 percent of Bellingham home owners.  A portion of Bellingham’s high rent as a share of 
household income may have been attributable to the student population, many of whom may 
have rented apartments or homes.   
 
The remainder of the County tended to be more similar to the State than to Bellingham.  
However, rental and housing prices as a whole appeared to consume a greater percentage of 
total household income in Whatcom County and Bellingham as compared to the rest of the 
state.  This could have been due to the jurisdictions’ lower wages, higher housing prices, or a 
combination of both. 
 

                                                      
104 The BLS publishes various CPI measures of ‘market basket’ price changes as indicators of cost-of living.  BLS cites the 
Chained CPI-U as its most accurate measure for cost-of-living.  This index is produced on a national basis, and is available dating 
back to 1999.  To provide insight into more localized changes, BLS also produces indexes for local areas covering all urban wage 
earners.  While available for a longer duration and regionally focused, the BLS advises that such area series are less reliable due to 
sample size volatility. 
105 OFM analyzes the cost-of-living by measuring housing costs (rent or mortgage) as a percent of household income.  OFM 
considers households to be in distress when gross rent or mortgage costs are 30 percent or more of household income.  OFM data 
use 2000 Census data as the base year and is current through 2009 ACS 1-year estimate data.  In the data discussed, the project 
team used the 2010 ACS 3-year estimates. The project team examined mortgage costs as a percentage of household income for 
owner-occupied housing units in order to review housing costs as a percentage of household income without large potential for 
interference from the student population.   
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  Source: US Census Bureau 2010 ACS 3-year Estimates. 
 

 
  Source: US Census Bureau 2010 ACS 3-year Estimates. 
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Washington State University’s Washington Center for Real Estate Research (WCRER) 
publishes a myriad of housing-related data, including an affordability index and data on median 
sales prices.  WCRER compiles an affordability index for home purchases that measures the 
ability of a typical family to make payments on a median price home.  For example, if a 
jurisdiction had an affordability index of 110, it would mean that a family earning the median 
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income would have 10.0 percent more income than the bare minimum required to qualify to 
purchase a median-priced home with a 20.0 percent down payment and a 30-year mortgage. 
 
Traditionally, Whatcom County’s affordability index was slightly above the State’s index until 
early 2004.  Since that point, the County’s index has generally remained below the State’s 
index, meaning home purchases are slightly more affordable in the State as compared to 
Whatcom County.  It is possible that Whatcom County’s lower wages as compared to the State 
average (discussed above) contributed to this affordability lag, though the wage trend existed 
for a significant period prior to 2004.   
 
The second chart below reviews the median home price for the State and County on a quarterly 
basis from 2004-2010.106  Whatcom County’s median home price was below the State’s median 
home price until the middle of 2004.  At this point, the County’s median home price was nearly 
equal to the State’s for the next 18 months; even briefly spiking above the State average.  From 
early 2006 through early 2010, the County’s median home price was lower than or nearly 
equaled that of the State.   
 
Since mid-2010, the County’s median home price has been greater than the State’s median 
home price.  A portion of the County’s increase could be due to the types of individuals 
migrating to the County from outside areas.  These individuals (discussed in a previous section) 
have higher AGIs and may have helped sustain the housing prices by creating demand in the 
market whereas similar demand was not present in other markets.  To the extent this 
supply/demand effect occurred, it increases the likelihood that people chose to move to 
Whatcom County and Bellingham because of the quality of life, quality of place, and/or 
amenities, as they were willing to pay more for a home in Whatcom County or Bellingham than 
other locations. 
 
Considering both the affordability index data and median home price data, there may be two 
variables combining to create a lower affordability and higher median home price as compared 
with the State; this experience may even be potentially greater in Bellingham.  The County and 
City’s consistently lower wages coupled with the home prices that didn’t fall as far from their 
peak as the State likely each play a role in the more expensive real estate (on an affordability 
measure and a median price measure) than the State average.   
 
Given these facts, it could be argued that Whatcom County and Bellingham could be expected 
to have seen a small decrease in population as individuals and families seek more 
commensurate wages and home prices.  However, this did not occur.  In fact, the opposite 
occurred which again could suggest some level of desirability and choice associated with 
wanting to reside in Bellingham and or Whatcom County – even if it was less affordable. 
 

                                                      
106 The Federal Housing Finance Agency (FHFA) House Price Index for the same period also reports similar data. 
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Appendix F: Bellingham’s Importance as a Regional Economic Center 
 
Approximately 60 percent of jobs in Whatcom County are located in Bellingham.107  
Countywide, jobs are concentrated in Bellingham and, within Bellingham, are concentrated west 
of Interstate 5 (I-5) and clustered near the Central Business District and within short distance to 
the waterfront. 
 
  Whatcom County Jobs Per Square Mile                Bellingham Jobs Per Square Mile 

  
  Source: US Census Bureau Local Employment Dynamics (LED), 2009. 
 
According to the US Census Bureau’s 2007 Economic Census, the City also accounted for 76.1 
percent of all retail sales in Whatcom County.  In addition, Bellingham’s retail sales per capita 
($25,169) was nearly double the sales per capita of the County ($13,254).  The City’s 
accommodation and food services sales accounted for $226.6 million (55.6 percent) of the 
County’s total accommodation and food services sales of $407.8 million.108  The US Census 
Bureau’s Local Employment Dynamics (LED) 2009 Work Area Comparison Report for Whatcom 
County indicates that the retail trade sector, as seen in other data earlier in this report, is one of, 
if not the largest industry sector in the County.   
 
Specifically, as seen in the below maps, it appears that a significant portion of the City’s retail, 
accommodation, and food services jobs are located in and around the waterfront area.   

  

                                                      
107 US Census Bureau Local Employment Dynamics (LED) 2002-2009 data. 
108 US Census Bureau 2007 Economic Census. 
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 Bellingham Accom. & Food Service Jobs                 Bellingham Retail Trade Jobs 

   
  Source: US Census Bureau Local Employment Dynamics (LED), 2009. 
 
Property Values 
 
Just as Bellingham is the commercial center for Whatcom County, it also has a significant 
portion of the County’s property value.  As of 2010, Bellingham accounted for 35.8 percent of 
the County’s total assessed value of real property.  Bellingham achieved these results despite 
representing only 1.3 percent of the County’s total square miles – further highlighting the 
importance of property value (for residential and commercial parcels) in the City for the rest of 
the County.109 
 
In 2010, Bellingham accounted for 56.0 percent of the total residential sales volume in the 
County (in dollar amount) and 52.1 percent of total residential transactions in the County; 
suggesting the City’s average house price is greater than the County’s average price – a trend 
that has existed since the data set used began in 2006.  Similarly, while Bellingham and the 
remainder of Whatcom County have both seen significant declines in residential sales volume 
(in dollars) since 2006, the City’s decline is marginally slower than the decline experienced by 
the remainder of the County (-44.8 percent versus -47.1 percent). 
 
Between 2005 and 2010, Bellingham’s median and average home prices have been higher than 
the median and average prices for the County as a whole.  It is important to note that the data 
for Whatcom County include the Bellingham data and are not presented in a disaggregated 
form.  As a result, Bellingham’s median and average home values are likely even greater than 
the non-Bellingham portion of the County.   
 
During the peak of the housing bubble (2006-2008), Bellingham’s home prices were not as far 
above the County’s home prices as after the burst of the bubble (2009-2010), when the City’s 
home prices appear to have increased the value difference with the County’s home prices.  This 
suggests that the Bellingham housing market did not decrease in value to the same extent as 
the remainder of the County (keeping in mind that County data are not disaggregated and 
include Bellingham’s prices). 

  

                                                      
109 US Census Bureau, 2010 data. 
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Median and Average Prices of Houses Sold, 2005-2010 
Median Sales Price Bellingham Whatcom County Difference ($) Difference (%) 

2010 Median Sales Price $264,950 $255,000 $9,950 3.9% 

2009 Median Sales Price $274,000 $259,990 $14,010 5.4% 

2008 Median Sales Price $285,000 $278,533 $6,467 2.3% 

2007 Median Sales Price  $300,000 $290,725 $9,275 3.2% 

2006 Median Sales Price $295,000 $283,000 $12,000 4.2% 

2005 Median Sales Price $269,000 $259,900 $9,100 3.5% 

Average Sales Price Bellingham Whatcom County Difference ($) Difference (%) 

2010 Average Sales Price $313,813 $291,985 $21,828 7.5% 

2009 Average Sales Price $320,767 $301,124 $19,643 6.5% 

2008 Average Sales Price $333,731 $323,172 $10,559 3.3% 

2007 Average Sales Price $351,063 $340,448 $10,615 3.1% 

2006 Average Sales Price $341,105 $324,852 $16,253 5.0% 

2005 Average Sales Price  $302,749 $288,277 $14,472 5.0% 

 
Most recently, the 2011 report reviews the differences in median sales price for new and 
existing homes in Whatcom County and Bellingham.  In both 2009 and 2010, the City’s median 
sales prices for new and existing homes were greater than the County’s median sales prices for 
new and existing homes.  New homes in Bellingham had a particularly higher median sales 
price than did new homes in Whatcom County (2009: $336,650 vs. $262,500; 2010: $313,500 
vs. $256,750).   
 
According to the report, in 2010, houses in Bellingham’s Census tracts had a higher average 
sales price for new homes than new homes sold in the rest of Whatcom County.  In the nine 
Census tracts in Bellingham with new home sales in 2010, eight had an average sales price of 
over $300,000.  Of the ten Census tracts in the remainder of the County with new homes sales 
in 2010, only one Census tract had an average sales price over $300,000.110 
 
Among single family sales by Census tract in 2010, the properties in the Fairhaven, South Hill, 
and Edgemoor sections of the City had significantly higher sales prices than the rest of the City. 
The average sales price in the Fairhaven/South Hill section was $574,167 and the average 
sales price in Edgemoor was $555,433.  Sales volumes were the highest in the Mount Baker, 
Alabama Hill/Silver Beach, North and South Short/Lake Whatcom, and Puget/Whatcom 
Falls/Samish areas of the City. 
 

                                                      
110 Similar data for condominium sales are also included in the report.  Bellingham accounted for 63.0 percent of condominium 
sales in Whatcom County during 2010 and had a higher average sales price than the remainder of the County. 
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Appendix G: Projections for the Future – Population and Job Growth 
 
Population Growth 
 
WA OFM produces projections for future population growth on the State and County levels.111  
OFM projects the State’s population growth rate from 2010 to 2030 to be 1.1 percent, just above 
the US rate of 0.9 percent.  OFM projects Whatcom County’s 2010-2030 population growth rate 
to be 1.5 percent.   
 
Population growth forecasts for the City of Bellingham are not included in the OFM data.  
Bellingham’s population growth rate is assumed to be similar, though not identical, in real 
experience to the County’s population growth rate.  It should be noted that Bellingham’s CAGR 
for the most-recent 10 years (1.9 percent) is the same as Whatcom County’s most-recent 10-
year CAGR, for this reason, the project team used the same out-year CAGR for Bellingham as 
projected in OFM’s estimates for Whatcom County.   
 
For purposes of calculations later in this report, the project team used OFM's compound annual 
growth rate projections for Whatcom County for Bellingham; 1.6 percent through 2019 and 1.5 
percent through 2030.  This is in line with OFM’s projections for a decreased rate of population 
growth for Whatcom County and the State in future years. 
 

 
  Source: WA OFM 
 
OFM estimated that Whatcom County accounted for 2.9 percent of the State’s total 
population.112  By 2030, OFM projects the Whatcom County population to reach approximately 
261,000 individuals and represent 3.1 percent of the State’s population.  Whatcom County's 
proportional increase in State population share occurs due to OFM’s long-term forecasted 
population growth rate for Whatcom County being greater than the State’s long-term forecasted 
population growth rate; this can be seen in the graph above. 

                                                      
111 OFM produces a Forecast of State Population (released in November 2011) that solely forecasts the population of Washington 
through 2040.  OFM, as part of the Growth Management Act (GMA), produces population estimates every five years.  New 
estimates are to be released in March of 2012 and were not available for use in this report.  This report uses OFM 2007 Growth 
Management Projections through 2030.  Historical differences between OFM projections and actual occurrences have been small.  
OFM’s 2007 projections for 2010 were 97.3 percent of 2010 Census data.  Similar or smaller margins were also seen in prior data. 
112 OFM’s estimates were made prior to the release of data from the 2010 Census.  The 2010 Census suggested Whatcom County 
comprised 3.0 percent of the State’s total population; up from 2.8 percent in 2000. 
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On a State level, it is worth noting that OFM’s November 2011 Forecast of State Population 
(statewide projections) projects significant growth in the age 65 and over population from 2010 
levels (24.2 percent) by 2040.  Specifically, between 2010 and 2040, those age 65 and over 
account for 49.7 percent of OFM’s projected total net population growth in the State.  OFM’s 
projections are consistent with growth in the population from the 2000 census to the 2010 
census.  OFM’s projections likely account for baby boomers continuing to age and live longer, 
thus driving the increase in the population age 65 and over. 
 
Job Growth 
 
Washington’s ESD produces Occupational Employment Projections for the State and its sub-
regions that forecast the 2019 estimated levels of employment for over 800 occupation types.113  
Statewide, ESD projects an average annual growth rate of 1.4 percent for all occupations 
through 2019 resulting in an increase in employment of approximately 495,000 from 2009 
levels.  Over two-thirds of the State’s projected increase is attributable to projected gains in nine 
occupational categories: 
 

 Office and Administrative Support 
 Sales Related 
 Computer and Mathematical 
 Computer Specialists 
 Food Preparation and Serving Related 
 Transportation and Material Moving 
 Healthcare Practitioners/Technical Related 
 Personal Care and Service 
 Building and Grounds Cleaning and Maintenance. 

 
ESD projects the Northwest Washington region114 (includes Whatcom County) to grow at a 
slightly greater average annual growth rate than the State estimate through 2014 (1.5 percent 
versus 1.4 percent).  Thereafter, through 2019, it projects the region will grow at annual average 
rate of 1.6 percent and the State will remain at the same average annual growth rate of 1.4 
percent.  In total, ESD projects the Northwest region’s 2019 employment level will be 16.6 
percent greater than its 2009 employment level; higher than the Statewide projected 15.3 
percent increase during the same time period.  By 2019, Northwest Washington is projected to 
have estimated employment of 207,449; an increase of nearly 30,000 over 2009 levels.  
Similarly to the State, over two-thirds of the region’s projected increase is attributable to 
projected gains in nine types of occupations: 
 

 Office and Administrative Support (3,900 new jobs; accounts for over 13.2 percent of 
total increase) 

 Sales Related (2,400 new jobs) 
 Production (2,300 new jobs) 
 Transportation and Material Moving (2,100 new jobs) 
 Food Preparation and Serving Related (2,000 new jobs) 
 Personal Care and Service (1,900 new jobs) 
 Education, Training, and Library (1,900 new jobs) 
 Building and Grounds Cleaning and Maintenance (1,800 new jobs) 
 Construction and Extraction (1,700 new jobs).115 

  
                                                      
113 The project team reviewed ESD’s May 2011 (most recently available) projections. 
114 ESD indicates that Northwest Washington region is comprised of Island County, San Juan County, Skagit County, and 
Whatcom County. 
115 ESD differentiates between Construction and Extraction occupations and Construction Trades Workers. 
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Baseline Growth for Whatcom County and Bellingham 
 
Without the planned development of GPT, the State has already projected significant population 
and job growth for Whatcom County that build upon the County’s historical growth trend.  These 
projections are outlined above.  Based on the state’s projections, it is possible to state a 
baseline scenario for county population and job growth over a ten-year period. 
 
Population Growth 
 
The project team used OFM’s projected annual growth rates from 2011 through 2030 to project 
the growth of the 2010 Census population data for Whatcom County and Bellingham.116  By 
2021, Whatcom County’s projected population is approximately 240,000 and Bellingham’s 
projected population is approximately 96,000.  Through 2021, the OFM’s projected average 
annual growth rate is approximately 1.6 percent, and 1.5 percent through 2030.  Whatcom 
County’s 2030 population is projected to be 269,000 and Bellingham’s 2030 population is 
projected to be 108,000. 
 

Projected Population Growth 

 
2010 Census 
Population 

Average Annual Growth 
Rate Through 2021 

Average Annual Growth 
Rate Though 2030 

Proj. 2021 
Population 

Proj. 2030 
Population 

Whatcom County 201,140 1.6% 1.5% 240,000 269,000 
Bellingham 80,885 1.6% 1.5% 96,000 108,000 

 
 
Job Growth 
 
In 2009, Washington’s ESD projected that the northwest region of Washington (including 
Whatcom County) will see an average annual job growth of 1.5 percent from 2009-2014 and a 
1.6 percent annual average job growth from 2014-2019.117  At the projected rates, Whatcom 
County would have 88,389 jobs by 2021, an addition of almost 15,000 jobs from 2010.  
Similarly, Bellingham would have 53,034 jobs by 2021, an increase of almost 9,000 jobs from 
2010. 

  

                                                      
116 The project team used Bellingham’s 2010 population as a percentage of total Whatcom County population throughout the 
estimates.  This ratio is used purely for the purposes of estimations; actual results will vary and are subject to tangible and intangible 
occurrences that cannot be incorporated in projections. 
117 The project team used these annual average growth rates and applied them to the BLS OES data for 2010 jobs in Whatcom 
County.  To calculate the number of Bellingham jobs, the project team used took 60 percent of all jobs in the County (per LED data 
suggesting an average of 60 percent of all jobs in the County exist in Bellingham).  The calculation did not include the estimated job 
growth for 2009 as the OES figure is from 2010.  However, the project team did apply the 2010 growth rate to this figure so as to 
ensure it captured the possible net increase and not artificially lower job growth.  For 2020-2022, the project team used the 
projected 1.6 percent average annual growth rate to estimate the number of jobs.   
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Projected Job Growth118 

 
Growth 

Multiplier 
Whatcom 

County Jobs Net Increase  Growth 
Multiplier 

Bellingham 
Jobs Net Increase 

May-10 - 73,420 -  - 44,052  
2010 1.015 74,521 1,101  1.015 44,713 661 
2011 1.015 75,639 1,118  1.015 45,383 671 
2012 1.015 76,774 1,135  1.015 46,064 681 
2013 1.015 77,925 1,152  1.015 46,755 691 
2014 1.015 79,094 1,169  1.015 47,457 701 
2015 1.016 80,360 1,266  1.016 48,216 759 
2016 1.016 81,645 1,286  1.016 48,987 771 
2017 1.016 82,952 1,306  1.016 49,771 784 
2018 1.016 84,279 1,327  1.016 50,567 796 
2019 1.016 85,627 1,348  1.016 51,376 809 
2020 1.016 86,998 1,370  1.016 52,199 822 
2021 1.016 88,389 1,392  1.016 53,034 835 

    
Total 88,389 14,969   53,034 8,982 

 
 

                                                      
118 The project team also assessed US Census Bureau LED data from 2009 for Bellingham and Whatcom County.  The 2009 LED 
data indicated 69,610 jobs in the County and 41,613 jobs in the City.  Applying an annual average growth rate of 1.015 percent for 
2009-2014 and an annual average growth rate of 1.016 percent for 2015-2021, yielded a total job growth in the County of 14,193 
and 8,484 in Bellingham.  Ultimately, the project team used the OES data as it is more recent and showed a higher number of actual 
jobs than projection based upon the 2009 data.  The OES data were used so as to not artificially discount ‘trajectory’ growth when 
comparing to projected growth from GPT. 
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  Executive Summary 

 

 
McNary Lock and Dam were completed in 1953, creating McNary Reservoir, or Lake 

Wallula. The shoreline of the reservoir is federally owned and as a result the U.S. Army Corps of 

Engineers (USACE) has certain land and fish habitat management responsibilities to balance 

with other multipurpose benefits.  The Endangered Species Act (ESA) listing of Columbia and 

Snake River salmon stocks has changed the management of salmon harvest, hydropower 

operations, hatchery practices, and habitat management in recent years. There are 12 salmon 

Oncorhynchus spp., steelhead Oncorhynchus  mykiss, and bull trout Salvelinus confluentus 

evolutionarily significant units (ESU‘s) that use this reach of the Columbia River at one or more 

stages in their life history. Of those 12, 8 are listed as threatened or endangered under the federal 

Endangered Species Act. The entire portion of the Columbia River in the Hanford Reach and 

McNary Reservoir is designated critical habitat for seven ESA-listed salmon species. 

 

The USACE is in the process of updating the 1983 McNary Lakeshore Management 

Plan.  The updated Shoreline Plan provides criteria for private use of the federal shoreline of 

McNary Reservoir, specifically the permitting of private docks, over-water structures, and 

modifications to shoreline vegetation by adjacent land owners.  The previous Shoreline Plan was 

written prior to the federal listing of salmon species. At the request of the USACE, the purpose 

of this report is to review information from the literature and determine the extent to which the 

criteria proposed by USACE for the docks and over-water structures are supported by the current 

body of scientific knowledge.  

 

A large body of scientific literature was reviewed, including two previous literature 

reviews conducted to better understand the impacts docks might have on salmonids (Carrasquero 

2001; Chapman 2007). Our review of the available literature has yielded the following 

conclusions (proposed criteria are in italics).  

 

 To prevent damage to shallow water habitat, piers and/or ramps shall extend at least 40 

feet perpendicular from the ordinary high water mark (OHWM).  

 

This proposed criterion serves to locate docks off the nearshore and in deeper water.  We 

have found that there is ample evidence that motor boat activity near shore has a negative 

impact on vegetative communities.  There is also ample evidence that placing the docks in 

deep water helps to avoid interactions between piscivorous predators and juvenile salmonids.  

 

 Piers and ramps shall be no more than 4 feet in width.  

 

 Grating shall cover the entire surface area (100%) of the pier and/or ramp.  The open 

area of grating shall be at least 50% as rated by the manufacturer.  

 

 Grating shall cover 100% of the surface area of the float(s).  The open area of the 

grating shall be no less than 50% as rated by the manufacturer.  
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 Nothing shall be placed on the over-water structure that will reduce natural light 

penetration through the structure.  

 

There is strong evidence that changes in the lighting regime can cause changes in fish 

behavior and predator-prey interactions.  We concluded that near docks or over-water 

structures, the most likely important piscivorous fish species are the introduced smallmouth 

bass Micropterus dolomieu and the native northern pikeminnow Ptychocheilus oregonensis.  

In general, the literature supports the conclusion that as lighting decreases, predation on 

juvenile salmonids by piscivorous fishes increases.  Minimizing the width of the dock and 

ramp, as well as allowing the maximum amount of light to pass through the dock, helps to 

reduce the changes in natural daytime lighting.  

 

 The bottom of the pier or bottom of the landward edge of the ramp shall be elevated at 

least 2 feet above the plane of OHWM. 

 

Elevating the landward edge of the ramp above the OHWM raises the ramp, allowing more 

light to penetrate the water beneath the ramp.  The benefits of maximizing light levels are 

outlined above.  We have found no additional biological science to support raising the ramp 

above OHWM. 

 

 Skirting shall not be placed on piers, ramps, or floats.  Protective bumper material will 

be allowed along the outside edge of the float as long as the material does not extend 

below the bottom edge of the float frame or impede light penetration.  

 

We found no mention of skirting in the literature except where other authors also reported 

finding no data linked to how skirting might impact predation on juvenile salmonids.  

Skirting does provide a visual barrier that may be used by predators to ambush prey.  

Additionally, skirting will likely reduce the amount of light under the dock.  Based on our 

review of predator-prey interactions and reduced light associated with over-water structures, 

we believe that the literature supports not permitting skirting. 

 

 Shoreline concrete anchors must be placed at least 10 feet landward from the OHWM 

and shall be sized no larger than 4 feet wide by 4 feet long, unless otherwise approved by 

NMFS, USACE, and WDFW.  

 

No biological science regarding the placement of anchors was found while conducting this 

review.  Minimizing the ―footprint‖ of the anchor would minimize impact to riparian 

vegetation.  The importance and function of riparian vegetation is well documented.  Because 

subyearling Chinook salmon in the nearshore areas of McNary Reservoir consume numerous 

terrestrial insects apparently associated with riparian vegetation and the surrounding 

landscape, minimizing the footprint of the anchors and maintaining riparian vegetation has 

merit. 

 

 Piling shall not exceed 5 inches in diameter.  

 Each over-water structure shall utilize no more than 6 piles total for the entire project. 
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There are many studies indicating that bass and other predators utilize in-water structure.  

Pilings also create low velocity areas which are preferred by predators.  Minimizing the 

numbers and size of pilings is supported by the scientific literature. 

 

 Floats shall not be located in shallow water habitat where they could ground or impede 

the passage or rearing of any life stage of salmonids.  Floats shall be in at least 10 feet of 

water at all reservoir pool levels including Minimum Operating Pool (MOP) (which is 

335 feet above sea level).  Depth is measured from the bottom of the landward-most edge 

of the float.  

 

Reviewing available literature provides many reasons why newly-constructed docks should 

be placed in relatively deep water.  Smallmouth bass will be attracted to structure.  Where 

bass and juvenile salmonids overlap in habitat, the bass will predate upon the juvenile 

salmon.  Juvenile salmonids use the littoral zone (shallow area along the shoreline where 

light reaches all the way to the bottom) for rearing (i.e., feeding, resting, refuge from 

predators).  By avoiding the locating of docks in the shallow littoral zone, the impact that 

docks or over-water structures have on juvenile salmonids can be minimized.  Additionally, 

constructing docks in deeper waters avoids damage to aquatic vegetation and the re-

suspension of sediments by boating activity.  Both of these deleterious effects may be caused 

by the operation of motorboats in shallow water near dock.  

 

 We reviewed peer reviewed scientific journal articles, technical reports, and other 

literature reviews regarding predator-prey interactions, habitat use by juvenile salmonids, and the 

potential impacts docks may have on ESA-listed juvenile salmonids.  We found no specific 

studies or articles that assigned discrete values for the proposed criteria.  We have, however, 

found that maximizing depth, minimizing structure (number and size of pilings), and maximizing 

light levels all contribute in a significant way to minimizing the impacts that docks and other 

over-water structures have on federally listed salmonids and other aquatic organisms.  

Furthermore, we found no studies specifically estimating a change in survival of juvenile 

salmonids associated with the cumulative effects of intensive development of over-water 

structure.
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Introduction 
The U.S. Army Corps of Engineers (USACE) is in the process of updating the 1983 

McNary Lakeshore Management Plan.  The updated Shoreline Plan provides criteria for private 

use of the federal shoreline of McNary Reservoir, specifically the permitting of private docks, 

over-water structures, and modifications to shoreline vegetation by adjacent land owners 

(Appendix A).  The previous Shoreline Plan was written prior to the federal listing of salmon 

species under the ESA, which provides certain protections.  In February 2008, the National 

Marine Fisheries Service (NMFS), Washington Department of Fish and Wildlife (WDFW), and 

USACE (Walla Walla District) released the objectives and proposed criteria for docks for public 

comment.  The period of public comment was extended from February 17, 2009 to July 15, 

2009.  The USACE has received considerable public comment on these criteria and wants to 

ensure that the criteria are appropriate.  The purpose of this report is to review information from 

the literature and determine the extent that the criteria proposed for the docks and over-water 

structures are supported by the current body of scientific literature.  

 

McNary Lock and Dam Project was completed in 1953 and created McNary Reservoir, or 

Lake Wallula which extends from the dam (RM 292) to the free-flowing Hanford Reach (RM 

353) of the Columbia River.  The multipurpose benefits of the project include navigation, flood 

control, irrigation, power, and recreation.  The reservoir shorelines provide recreational 

opportunities to visitors and residents of the Tri-Cities (Pasco, Kennewick, and Richland), 

Washington located upstream of the confluence of the Columbia and Snake rivers (Figure 1).  

The three municipalities have a combined population of about 235,000 people.  The Tri-Cities 

has over 10,000 registered boats with about a 10% per year growth in boat numbers in recent 

years (Port of Kennewick 2007).  The shoreline of the reservoir is federally owned, and as a 

result, the USACE has certain land and fish habitat management responsibilities to balance with 

multipurpose benefits.  The USACE has recognized that ―there are trade-offs which must be 

carefully weighed against each other as we all face new decisions about water use in our future‖ 

(Mighetto and Ebel 1994).  Upstream of McNary Reservoir is the regulated, but free-flowing 

Hanford Reach of the Columbia River.  On June 9, 2000, portions of the Hanford Site, including 

the Hanford Reach and associated islands, wildlife management areas to the north, White Bluffs, 

Hanford Dunes, Arid Lands Ecology Reserve, and the McGee Ranch/Riverlands area, were 

designated as the Hanford Reach National Monument (RM 347-385) to be administered by the 

Department of Interior.   

 

The ESA listing of Columbia and Snake River stocks of salmon changed the management 

of salmon harvest, hydropower operations, hatchery practices, and habitat management.  During 

the 1990s, 12 Columbia River Basin (above the Willamette River) salmon and steelhead 

populations were listed under the ESA (endangered or threatened).  Of those 12 Evolutionarily 

Significant Units (ESU), eight are likely to be found migrating through McNary Reservoir as 

juveniles or adults (Table 1).  The ESA includes a 4(d) section that requires NMFS and U.S. Fish 

and Wildlife Service (USFWS) to issue regulations to protect listed species by prohibiting 

―take‖.  Examples of the ―take‖ of a listed species would be the killing or harming of a listed 

species or destroying or destructively altering the habitat of the species.  These definitions led us 

to question the presence or absence of listed species and to more broad questions about the 

functioning of riverine and reservoir ecosystems to support restoration of listed salmonid species. 
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Figure 1.  Map of study area on the Columbia River, including McNary Dam, Hanford Reach, 

and Priest Rapids Dam.  McNary Reservoir extends from McNary Dam upstream to Richland, 

WA and the Hanford Reach extends from Richland, WA upstream to Priest Rapids Dam. 
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Table 1.  Salmonid populations in the Columbia (above the Willamette River), and Snake rivers 

and their federal protection status. 

 

 

Species Evolutionarily Significant Unit (ESU) Federal ESA status 
   

 

Chinook Snake River Fall Chinook
a,b

 Threatened 

 Snake River Spring/Summer Chinook
a,b

 Threatened 

 Upper Columbia River Spring Chinook
a,b

 Endangered 

 Upper Columbia River Summer/Fall Chinook
a
 Not Warranted 

 Mid-Columbia River Spring Chinook
a
 Not Warranted 

 Lower Columbia River Chinook Threatened 

  

Coho Lower Columbia River Coho Threatened 

 

Chum Columbia River Chum Threatened 

 

Sockeye Snake River Sockeye
a,b

 Endangered 

 Okanogan River Sockeye
a
 Not Warranted 

 Lake Wenatchee Socheye
a
 Not Warranted 

   

Steelhead Snake River Steelhead
a,b

  Threatened 

 Upper Columbia River Steelhead
a,b

 Threatened 

 Middle Columbia River Steelhead
a,b

 Threatened 

 Lower Columbia River Steelhead Threatened 

  

Bull Trout Columbia River Bull Trout
a
 Threatened 

 
a
Fish which use the Hanford Reach and McNary Reservoir as a migration and/or rearing corridor. 

b
Fish with designated critical habitat in the Hanford Reach and McNary Reservoir. 
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The reach of the Columbia River including the Hanford Reach and McNary Reservoir is 

designated critical habitat for seven ESA-listed salmon species (Table 1).  The ESA protects 

threatened and endangered species in several ways. Under Section 7, all federal agencies must 

ensure that any actions they authorize, fund, or carry out are not likely to jeopardize the 

continued existence of a listed species, or destroy or adversely modify its designated critical 

habitat.  These complementary requirements apply only to federal agency actions, and the latter 

only to habitat that has been designated.  Critical habitat is defined as: (1) specific areas within 

the geographical area occupied by the species at the time of listing, if they contain physical or 

biological features essential to conservation, and those features may require special management 

considerations or protection and (2) specific areas outside the geographical area occupied by the 

species if the agency determines that the area itself is essential for conservation.  A critical 

habitat designation does not set up a preserve or refuge, and applies only when federal funding, 

permits, or projects are involved.  Critical habitat requirements do not apply to citizens engaged 

in activities on private land that do not involve a federal agency.  

 

Although this review is in response to issues directly related to the ESA listing of 

salmonid species that use McNary Reservoir as rearing habitat or a migration corridor, the ESA 

is not the only federal responsibility.  Below are several federal regulations that may have 

jurisdiction for activities related to docks and over-water structures (Carrasquero 2001).  In 

addition to these regulations, state and local governments have jurisdictional responsibility and it 

is in their interest to restore listed species in order to avoid future costs and regulations. 

 

 Regulatory Framework Governing Over-water Structures: 

 

 National Environmental Policy Act (NEPA) 

Federal agencies making funding decisions or issuing permits for over-water structures are 

required to comply with the National Environmental Policy Act.  

 

 Clean Water Act Section 404 

Construction of over-water structures that would result in discharge or excavation of dredged or 

fill material requires a Clean Water Act section 404 permit.  

 

 Rivers and Harbors Act Section 10 

 Any work affecting navigable waters of the United States that extends to the ordinary high water 

mark in freshwater areas (including the construction of piers, docks, and floats) requires a section 

10 permit issued by USACE. 

 

 Endangered Species Act (ESA) 

The Endangered Species Act provides broad protection for fish, wildlife, and plant species that 

are listed as threatened or endangered.  The shoreline development activities that have federal 

nexus (i.e., federal funds or federal permits) are subject to review under the statute.  

 

 

 



   

 5  

 

5 

 Fish and Wildlife Coordination Act 

This act requires consultation with the USFWS and the fish and wildlife agencies of States where 

the "waters of any stream or other body of water are proposed or authorized, permitted or 

licensed to be impounded, diverted, or otherwise controlled or modified" by any agency under a 

Federal permit or license.  

 

 Magnuson-Stevens Fishery Act 

The Magnuson-Stevens Fishery Act provides a national program for the conservation and 

management of the fishery resources of the United States.  It provides broad powers to the 

National Marine Fisheries Service to rebuild overfished stocks, insure conservation, and to 

facilitate long-term protection of essential fish habitats. 
 

 Other State and Local Regulations 

 There are many other state and local regulations including the State Environmental Policy Act, 

Shoreline Management Act, Clean Water Act, National Pollutant Discharge Elimination System, 

Hydraulic Project Approval Code, Forest Practices Act, Aquatic Lands Act, Water Pollution 

Control Act, Aquatic Resource Mitigation Act, Salmon Recovery Act, Wetland Mitigation 

Banking, and various county and city shoreline management plans. 

 

We reviewed a wide variety of information to determine if the proposed dock criteria 

were supported by facts in the scientific literature.  We started with several recent reviews on the 

biological effects of docks and over-water structures.  We recognized that such reviews may or 

may not be biased, but they do represent the work of other authors that have evaluated the merit 

of relevant studies in the literature.  Subsequently, we examined the peer-reviewed articles 

published in scientific journals and gave those articles the greatest weight in this review.  

Concurrently, we identified many technical reports prepared by other scientists and professionals 

that present information we considered relevant.   

 

Criteria for the construction of over-water structures, such as private docks, have been 

developed by local, state, and federal agencies as guidance to parties within their jurisdiction 

proposing to construct over-water structures.  To add perspective and understand the reasoning 

leading to dock criteria, we briefly reviewed some criteria from other regions of the U.S. such as 

the Southeast and Midwest (NOAA 2003; USACE 2005).  To add a Northwest regional 

perspective, we reviewed dock criteria or reviews from the Puget Sound area and the Wells Dam 

Pool on the mid-Columbia River (Simenstad et al. 1999; Carrasquero 2001; Chapman 2007).  

We looked to entities having jurisdiction in the Columbia River Basin and reviewed proposed 

dock and over-water structure criteria of the Washington Department of Fish and Wildlife.   

 

We have organized the results of this review paper in two primary sections followed by a 

brief discussion.  The first section is the ―Background‖ and the second section is the ―Proposed 

Criteria and Findings‖.  During the review, it became evident that the risk of predation for 

juvenile salmonids may increase for juvenile salmonids near docks and over-water structures.  

Because no studies specifically evaluated docks and predation risk to juvenile salmon in McNary 

Reservoir, some readers may feel the available literature provides little information.  That is not 

the case.  Most scientists strive to demonstrate broadly applicable functional relations in biology 

and peer-reviewed journals prefer to publish papers that are broadly applicable.  Therefore, in 
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this review we start by presenting compelling findings about predators, predator-prey relations, 

light, and habitat from a wide range of locations and habitats.  However, in weighing the 

information during our review, we did not restrict our observations to predator-prey relations to 

large rivers, but selectively included lakes, streams, and marine environments.  In an attempt to 

be selective, we relied most heavily on descriptions of the distribution and biology of juvenile 

salmonids from McNary Reservoir and the nearby reaches of the Columbia and Snake rivers.  In 

the Proposed Criteria and Findings section, we present information from the literature most 

applicable to the proposed criteria along with our findings.  

 

 

Background 

 

 
Dock Criteria of Other Jurisdictions 

 

We conducted a literature search to survey dock criteria as required in other jurisdictions. 

We have examined city, county, state, and federal documents from several regions of the United 

States and Canada.  Many regulatory agencies have some criteria regarding the permitting of 

docks in their jurisdiction.  We did not find any dock criteria specifically addressing concerns 

posed by the Endangered Species Act.  However, most localities share some of the same 

concerns related to over-water structures such as:  

 

 Adverse impacts to biological communities that provide functions to fish and wildlife, 

such as seagrass and other aquatic vegetation (such as marshes and mangroves) - due to 

shading and dredge/fill activities.  

 Loss of endangered species  

 Adverse effects of docks on other wetland-dependent species - for instance, those that 

nest and breed in the uplands and in adjacent shellfish beds.  

 Degradation of water quality - turbidity from installation of related pilings and leaching 

of chromium, arsenic, and copper from such pilings.  

 Propeller dredging and other dredging of access channels sometimes associated with 

dock use 

 Loss of archaeological and historical resources 

  

Specifically, we have found that in North and South Carolina, Georgia, and Florida dock 

criteria regulate maximum length, width, minimum height above the water and total square 

footage.  Federal managers in these states cite a lack of conclusive research on cumulative 

impacts of docks, and finding and accessing the research that has been done as the main 

difficulty in managing the permitting of docks and piers (NOAA 2003). 

 

Wisconsin regulates residential docks on private lands, and has requirements regarding 

the construction, size, and placement of the dock.  Again there seem to be no ―listed salmonid 

specific‖ criteria.  Other states such as Oregon and Minnesota are in a transitional period.  They 

have recognized the need for reform and regulation of over-water structures but have not yet 

published specific criteria for the construction of residential docks. 
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Salmonids in the Nearshore 

 

Bull trout are listed as threatened under the ESA (Table 1) and have fluvial, adfluvial, 

and anadromous forms (Brenkman and Corbett 2005; USFWS 2008).  Bull trout show diverse 

life histories and most live in cold-water tributaries in the Columbia River Basin.  However, bull 

trout can also move from natal watersheds to other watersheds and marine waters (Brenkman and 

Corbett 2005).  McNary Reservoir may provide connectivity between populations of bull trout in 

watersheds such as the Walla Walla River and the Yakima River.  As habitat in the lower reaches 

of tributaries is restored, it is possible that the connectivity provided by reservoirs will become 

more evident.  Reservoir habitats are probably mainly used by adult bull trout for overwintering 

and migration.  Nelson and Nelle (2008) showed that some adult bull trout overwinter in 

reservoirs in the upper mid-Columbia River where several tributaries have bull trout populations.  

We did not find information indicating that juvenile or adult bull trout specifically used the 

littoral areas of the reservoir, and the current available information does not suggest that use of 

reservoir littoral habitats would be very high if populations are restored in tributaries. 

 

Adult fall Chinook salmon historically spawned from the main-stem Columbia River, 

near The Dalles, Oregon, upstream to the confluence of the Kootenai River in British Columbia 

(Fulton 1968; Dauble and Watson 1997).  Impoundment by hydroelectric dams has blocked 

access to more than 75% of their historic spawning habitat (Van Hyning 1969; Horner and 

Bjornn 1979; Dauble and Watson 1997).  Primary spawning areas for upriver fall Chinook 

salmon in the Columbia River are now restricted to the Hanford Reach, RM 341-397 (Dauble 

2000) and the tailraces of main-stem dams (e.g., McMichael et al. 2005).  Spawning surveys 

conducted on the Hanford Reach have shown that redds are concentrated upstream of RM 348 

(Groves 1999; Geist 2000; Dauble 2000).  These redds are produced by fall Chinook salmon and 

no steelhead redds were found during aerial surveys conducted by Mueller (1999).  As much as 

80% of spawning in the Columbia River probably occurs in water too deep to be observed by 

above-water surveys (Chapman 1986; Swan 1989; Groves 1999).  We concluded adult salmon 

and steelhead use of the nearshore area is probably minimal so we further restricted our review to 

the juvenile life stages of salmon. 

 

The life history patterns of Pacific salmonids are complex and are expressed by high 

diversity in the seaward migration timing and habitat use by juvenile salmonids.  However, even 

observations made in recent decades about migration patterns of juvenile salmonids may not 

capture the richness or plasticity of salmon life history patterns that were historically present in 

the Columbia River.  For example, a wide variation in life history patterns is evident from the 

observations of Rich (1922) in the lower Columbia River.  In the upper Columbia River, 

steelhead can migrate to the ocean at ages ranging from one to seven years (Peven et al.1994).  

Chinook salmon can be divided into ocean-type and stream-type, as well as spring, summer, and 

fall runs (Carl and Healey 1984).  Ocean-type salmon migrate to the ocean during their first year 

and stream-type salmon spend one or more years rearing in natal streams.  Upper Columbia 

River sockeye Oncorhynchus nerka migrate from Lake Okanagan and Lake Wenatchee at 

different sizes.  In general, juvenile salmon of different sizes often have different behavior, 

disposition to migrate, and distribution in reservoirs (Peven 1987). 
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 Millions of juvenile salmonids migrate through McNary Reservoir each year.  The 

Hanford reach alone produces 20-30 million subyearling fall Chinook salmon annually, 

(Washington Department of Fish and Wildlife, unpublished data) many of which rear in Lake 

Wallula.  These fall Chinook salmon are not ESA-listed (Table 1).  Wild and hatchery stocks of 

fall and spring Chinook salmon, sockeye salmon, coho salmon Oncorhynchus kisutch, and 

steelhead migrate through this reach each spring and summer.  Of these species, juvenile fall 

Chinook salmon are the most likely to inhabit the littoral zone (Dauble et al. 1989; Rondorf et al. 

1990).  However, other stocks are occasionally found near shore in smaller numbers (Mains and 

Smith 1956, Dauble et al. 1989).  Moreover, juvenile salmonids in the littoral zone commonly 

assumed to be fall Chinook salmon are probably intermixed with spring Chinook salmon stocks, 

which are listed as endangered. 

 

Subyearling Chinook salmon use shallow, nearshore areas from the time they emerge 

from the redd until the time they reach approximately 80 mm in length.  They rear in the littoral 

zone from approximately March through June (Chapman 2007).  As they grow, they increasingly 

use deeper water, though they continue to move into the shallows at night to rest on the bottom.  

Some subyearlings remain in the main-stem Columbia River to over winter and migrate 

downstream as yearlings.  These may be either ocean or stream type fish though this is the 

defining life history pattern for stream-type Chinook salmon.  As subyearlings become larger 

than 60-70 mm, their behavioral tendency to use offshore habitats reduces their susceptibility to 

predators in the littoral zone and, hence, their vulnerability around docks (Chapman 2007).  As 

the subyearlings begin to move downstream, they continue to use the littoral zone for feeding 

and resting. 

 

Mains and Smith (1956) conducted a two-year study on the Columbia and Snake rivers 

and found that juvenile Chinook salmon began migrating downstream in March and the 

migration was virtually over by the beginning of July.  Seaward migrating Chinook salmon 

passed Beyers Landing (RM 341) on the Columbia at the upper end of the McNary Reach during 

all hours of the day.  Peak movement occurred between 1800 hours and 0600 hours, but fish 

were caught throughout the day.  Nets deployed closest to shore (about 100 ft from shore) 

accounted for 68% of the total sample.  Approximately 76% of fish were age 0 that were 36-55 

mm in length.  The remaining 24% of fish were age 1+ that were 85-105 mm.  These 85-105 mm 

fish represent spring Chinook salmon, and the 36-55 mm fish represent fall Chinook salmon.  

Chinook salmon were present in considerable numbers over the entire width and depth of the 

river.  Subyearling fall Chinook salmon preferred the surface layers and water near the shoreline 

whereas spring Chinook salmon generally occupied deeper waters farther from shore. 

 

Dauble et al. (1990) conducted a similar study in 1989 during the spring out-migration.  

They found that 52% of subyearling fall Chinook salmon were caught within 100 ft of shore in 

water 5.9 m deep, or less.  In contrast, yearling spring Chinook salmon used deeper water with 

only 7% of fish being caught within 100 ft of shore in water 5.9 m deep, or less.  Sockeye 

salmon also used deeper water with 3% of fish being caught from waters less than 5.9 m deep.  

 

Although both of these studies demonstrate that spring Chinook and sockeye salmon 

mainly use deeper water during their downstream migration, they also show that some fish are 
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found in the littoral zone.  Additionally, the most abundant group in the littoral zone—

subyearling fall Chinook salmon—is likely composed of both fall and spring (ocean and stream) 

type Chinook salmon.  In most cases, these groups are visually indistinguishable.  Marshall et al. 

(2000) used allozyme allele frequency differences to identify subyearling Chinook salmon 

caught in beach seines along the lower Snake River.  They found that a large proportion of 

subyearlings were actually spring Chinook salmon.  In fact, in 1991, 50% of the subyearlings 

caught in beach seines were spring Chinook salmon.  In 1993, 62% of the subyearlings sampled 

along the lower Snake River were spring Chinook salmon.  In 1994 and 1995, spring Chinook 

salmon composed 14% and 5% of the total catch, respectively.  They concluded that although the 

timing and sample locations were selected to capture subyearling fall Chinook salmon, numerous 

subyearling spring Chinook salmon were also found in non-natal, main-stem areas.  In a 

subsequent study, Connor et al. (2001) concluded that subyearling spring Chinook salmon are 

capable of dispersing long distances from natal  stream habitats to main-stem riverine habitats.  

These subyearlings that rear along the shorelines of main-stem habitats are able to exploit the 

higher growth opportunity found there and reach smolt sizes as subyearlings.  Though these 

studies have not been repeated in the McNary Reservoir, it is reasonable to expect subyearling 

spring Chinook salmon to occasionally use nearshore, main-stem habitats just as fall 

subyearlings do.  As spring Chinook salmon populations are restored, we believe studies will 

show their life histories and habitat preferences are more diverse than many expect.  We 

conclude that although subyearling fall Chinook salmon are abundant and not listed, listed stocks 

of salmonids will use nearshore areas as well. 

 

Predators 

 

Predation by piscivorous fish and birds is the principal mechanism of mortality of 

juvenile salmonids migrating through Columbia River reservoirs (Chapman et al. 1994).  The 

most significant predators of salmonids in the Columbia River reservoirs are smallmouth bass, 

northern pikeminnow, walleye Sander vitreus, and channel catfish Ictalurus punctatus (Rieman 

et al. 1991; Vigg et al. 1991).  Smallmouth bass is a non-native predator that has flourished in 

reservoir habitats.  It was introduced to the West Coast in 1874 (CA) and the Yakima River in 

1925 (Boersma et al. 2006).  By the early 1940‘s, smallmouth bass were well established and 

plentiful in the Columbia River up to the Snake River (Lampman 1946).  Northern pikeminnow 

are native predators that consume large numbers of juvenile salmonids annually.  Both channel 

catfish and walleye are known to prey on juvenile salmonids, but to a less extent than 

smallmouth bass and northern pikeminnow. 

 

Much attention has been directed toward non-indigenous species in the past few years.  A 

recent count of non-native species that have successfully established populations in WA, OR and 

ID is over 900 (Sanderson et al. 2009).  The effects of non-native species invasions and habitat 

degradation are the two leading causes of decline of native species in North American 

freshwaters (Richter et al. 1997; Wilcove et al. 1998).  On the Columbia River, reservoirs created 

by hydroelectric dams have created prime habitat for non-native species to thrive and spread.  

For example, the population of American shad Alosa sapidissima has dramatically increased in 

recent years.  A peak of 5.3 million adults were counted at Bonneville Dam in 2004.  Juvenile 

American shad may reduce zooplankton biomass and act as a food source for predators.  

However, it is unclear how severely shad are affecting salmon populations (Petersen et al. 2003).  
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The littoral zone of the Columbia River is seeing a shift from native resident fish to non-native 

species (ISAB 2008).  Of concern is the proliferation of predators in these habitats. 

 

Avian predation constitutes a significant source of mortality to juvenile salmonids during 

out-migration.  Rates of predation on juvenile salmonids by piscivorous birds may range from 5-

15 million out migrating smolt each year (Collis and Roby 2008).  Over the past 40 years the 

populations of gulls Larus spp., terns Sterna spp., cormorants Phalacrocorax spp., and pelicans 

Pelecanus spp., in the Columbia Basin have increased, in some cases dramatically (Collis et. al 

2002).  Construction of docks and pilings can create habitat for perching birds such as 

cormorants.  This perching habitat may be limited by the use of pile caps and other avian 

exclusion devices.  Over-water structures and related construction activities that modify the 

shoreline configuration (e.g., increasing the shoreline slope and eliminating shallow-water 

habitat refugia) could potentially affect predation rates by piscivorous birds on salmonids.  This 

may occur, for example, if the shore-zone habitat and shallow habitat refugia are eliminated, 

forcing juvenile fish to venture into deeper waters where predator diving birds may have 

increased success.  This is of particular importance to juvenile Chinook salmon, which have the 

greatest affinity to shore-zone shallow-water habitats (Garland and Tiffan 1999; Rondorf et al. 

1990). 

 

Our review led us to consider the proposed criteria and how these changes will affect 

predator-prey interactions in the littoral area of McNary Reservoir.  Extensive literature research 

confirms that our knowledge on many of these topics is limited.  Empirical evidence is lacking 

and much of the scientific information is based on research of other species and other ecological 

systems (free-flowing rivers or lakes).  In the Northwest, studies have been conducted on 

predator use of over-water structures, but many of these were conducted in Lake Washington and 

Lake Sammamish (Stein 1970; Pflug 1981; Pflug and Pauley 1984; Kahler et al. 2000; Fresh et 

al. 2003).  Though numerous research studies have been conducted on predator-prey relations in 

Columbia River reservoirs, none of the studies has addressed the use of docks and piers.  Much 

of the literature on light and its relation to over-water structures and predator-prey interactions 

was derived from laboratory experiments. 

 

The salmonid prey most likely to be found near over-water structures in the littoral zone 

is the migrating ocean-type juvenile fall Chinook salmon.  Nearshore habitats in the main-stem 

Columbia River within the study area are critically important for subyearling fall Chinook 

salmon (Dauble et al. 1989; Rondorf et al. 1990).  Since salmonid fry and juveniles use the 

littoral zone as rearing habitat, they are most vulnerable to predators.  Most predation on juvenile 

Chinook salmon in the Columbia River occurs during the peak of their out-migration (Gray and 

Rondorf 1986; Vigg et al. 1991; Poe et al. 1991; Zimmerman 1999).  After subyearlings become 

larger than 60 to 70 mm, their behavior greatly reduces their vulnerability to predators in littoral 

zones and around docks (Chapman 2007).  Larger smolts (i.e., yearling Chinook salmon, 

steelhead, and sockeye) use deep, mid-channel areas in contrast to subyearling Chinook salmon, 

which use shallower shoreline areas (Dauble 2000).  

 

Over-water structures may increase predation of juvenile Chinook salmon in several 

ways.  First, piers and docks can provide cover and preferred habitat for ambush predators such 

as smallmouth bass.  Second, they create shaded areas that can increase a predator‘s capture 
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efficiency of prey.  Third, they interrupt migration routes and timing of migrating salmonids.  

The additional time spent navigating around these structures increase exposure to predators in 

these areas.  Finally, changes in substrate, aquatic vegetation, and ambient light caused by over-

water structures may indirectly increase predation through complex ecological pathways. 

 

Since the primary disruption of predator-prey interactions associated with over-water 

structures is probably greatest in the littoral zone, we will focus on predators that use nearshore 

habitat:  northern pikeminnow and smallmouth bass.  Both predators are generalist piscivores, 

practicing visual, ambush, and habituation foraging type hunting styles.  Northern pikeminnow 

feed primarily on juvenile salmonids (Petersen et al. 1993), are the primary predator of juvenile 

salmonids in Columbia River reservoirs (Poe et al 1988; Vigg et al. 1991; Zimmerman 1999), 

and have the greatest potential for predation of juvenile salmonids (Beamesderfer and Rieman 

1988).  Smallmouth bass are also a substantial predator of subyearling Chinook salmon because 

of the overlap in rearing habitat between the species (Curet 1993; Tabor et al. 1993; Garland and 

Tiffan 1999).   

 

Consumption 

 

Consumption rates of smallmouth bass and northern pikeminnow vary among species, 

habitat, and prey availability.  Tabor et al. (1993) found that subyearling Chinook salmon made 

up 59% of smallmouth bass diets and 28.8% of northern pikeminnow diets in a study conducted 

during May and June upstream of McNary Reservoir.  These authors showed smallmouth bass 

consumed 1.0–1.4 salmonids/day and northern pikeminnow consumed 0.3–0.6 salmonids/day 

Research conducted from 1983 to 1986 concluded that resident predator fishes consumed 

between 1.9 and 3.3 million juvenile salmon and steelhead annually in the John Day Reservoir 

alone.  Northern pikeminnow accounted for 78% of the losses, which equated to 1.5-2.6 million 

fish or 7.2% of the run of 19 million salmon migrants (Rieman et al. 1991).  Petersen et al. 

(1993) estimated that losses of juvenile salmonids to northern pikeminnow decreased to 1.4 

million per year (7% of run) if stratified by four or more reservoir areas rather than the two areas 

used by Rieman et al. (1991).  The findings of Beamesderfer (1996) mirrored both Rieman and 

Petersen‘s results closely: northern pikeminnow consumed an estimated 16 million migrants per 

year or about 8% of the population.  Zimmerman (1999) suggested that salmonids are only 

seasonally abundant in bass diets in the Columbia River and that other fish species, crayfish and 

invertebrates are the major source of food during the rest of the year.  There is evidence that 

consumption rates and energetic demands of northern pikeminnow and smallmouth bass increase 

between spring and summer as temperatures rise (Vigg et al. 1991; Petersen and Ward 1999).  

 

Non-native species consume significantly more juvenile salmonids as water temperatures 

rise (Vigg et al. 1991).  Consequently, predators that use shallower, warmer habitats near shore 

will consume more prey compared to those that select cooler temperature off shore.  

Centrarchids (e.g., sunfishes such as bass) have greater tolerance for higher expected average 

water temperatures than native salmonids and other resident species (ISAB 2008).  Climate 

change models predict an increase of 1°C or greater in the Columbia and Snake River reservoirs 

by 2040 (Hamlet and Lettenmaier 1999; Payne et al. 2004).  These increases in temperature will 

result in higher growth rates and consumption by predators.  Subyearling fall Chinook salmon 

will suffer the most from these changes due to late spring and summer migrations coinciding 
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with the hottest months of the year and highest consumption rate by predators (Poe et al. 1991; 

Vigg et al. 1991). 

 

Nearshore Habitat Use 

 

We focused our review on nearshore, littoral habitats because these are most important 

for rearing salmonid and are also important to predators.  Subyearling Chinook salmon rear 

along shallow main-stem shorelines for 2 to 4 months in the spring following emergence (Tiffan 

et al. 2006).  After this time, larger fish migrate downstream during late spring and through the 

summer.  As the salmon migrate downstream, they increase in size and move farther offshore.  In 

McNary Reservoir, subyearling Chinook salmon favored water less than 2 m deep in May and 

moved to deeper water as they approached 80 mm in June (Grey and Rondorf 1986).  In the 

Hanford Reach, juvenile Chinook salmon used nearshore depths of 0.75 m until about June 

(Vendetti et al. 1997) and preferred low lateral bed slope (<30%) with velocities less than 0.4 

m/s (Tiffan et al. 2002). 

 

These shallow shoreline habitats with low velocities and slopes offer juvenile salmon 

refugia from predatory fish that may be too large to enter very shallow water.  Several studies 

have shown lack of predation in the littoral zone making this a safe place for small fish to rear 

and feed.  Feeding rates by fish smaller than 100 mm was 10 times higher in shallow water (<10 

cm) than in the rest of the littoral zone (Collins et al.1995).  Brown (1998) observed no 

piscivores in ―littoral fringe‖ (within 2.5 m of shore) transects in Lake Joseph, Ontario.  These 

findings support the criteria for the minimum 10 feet depth of water and the placing of the dock 

40 feet from the OHWM.  Savino and Stein (1989) found that largemouth bass captured all prey 

fish that strayed from areas with aquatic vegetation into open water, demonstrating that refuge is 

critical for prey survival.  Bass preyed on grazing minnows from all but the shallow sections of 

pools in Oklahoma streams (Power et al. 1985).   

 

Although shallow waters provide warmer temperatures that enhance growth, seasonal 

warming in nearshore habitats of the Columbia River ultimately causes temperatures to become 

too warm for salmonids.  By mid to late summer, nearshore areas often become too warm for 

rearing subyearling Chinook salmon (Tiffan et al. 2006).  Curet (1993) observed fish moving 

into deeper, cooler waters when shoreline areas became too warm in the Lower Granite 

Reservoir.  During a study in the Columbia River, Key et al. (1994) found that optimal 

temperatures for sampling subyearling Chinook salmon were between 12-15.9°C and that catch 

decreased significantly when temperatures were any warmer.  Average temperatures in the 

Columbia River can reach 20–21.5°C in August and September, (Goniea 2006) whereas 

nearshore temperatures can be much higher.  By this time, most subyearling Chinook salmon 

have left nearshore areas and are actively migrating seaward.  

 

The littoral zone also contains the highest abundance of terrestrial insects, the preferred 

food for subyearling Chinook salmon in McNary Reservoir (Rondorf et al. 1990).  This close 

relation between the diet of subyearling Chinook salmon and riparian vegetation and possibly the 

upland landscape is important to recognize when considering criteria for shoreline use in urban 

areas.  The preferred diet of juvenile Chinook salmon in the Hanford Reach differs from that in 

McNary Reservoir.  Rondorf et al. (1990) found that caddisflies (64% by weight) were preferred 
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by fish in the Hanford Reach, whereas zooplankton and especially terrestrial insects, were 

abundant in diets of fish in McNary Reservoir.  These findings are consistent with those of 

Becker (1973) and Dauble (1980) who also observed caddisflies making up the majority of 

juvenile Chinook salmon diets in the Hanford Reach.  Wiggins (1977) also reported caddisflies 

making up 64% by weight of the diet of fish in riverine reaches, but less than 1% of the diet in 

reservoir reaches.  In a study of lower Columbia River reservoirs, Craddock (1976) showed that 

terrestrial insects were the major component in juvenile Chinook salmon stomachs in the spring 

and fall.  

 

Developed shorelines may limit available habitat for juvenile salmonids while providing 

habitat for predator species.  Numerous studies in the mainstem Columbia and Snake rivers 

report that subyearling Chinook salmon prefer sandy or small gravel/cobble substrate and avoid 

complex habitats such as bedrock cliffs and riprap (Bennet et al.1992; Curet 1993; Key et 

al.1996; Garland and Tiffan 1999).  In McNary Reservoir, substrate size was the most important 

factor in determining subyearling Chinook salmon presence in nearshore habitats (Garland et al. 

2002).  These authors found that dominant substrates larger than 256 mm (i.e., riprap) have the 

lowest probability of subyearling salmon presence.  Key et al. (1996) observed that predator 

species were often located in riprap areas in McNary Reservoir.  Riprap shoreline constitutes 

23% of the McNary Reservoir according to a study done by the USACE in 1976.   

 

In contrast to juvenile salmonids, smallmouth bass prefer hard substrates such as 

cobble/gravel and steep drop-offs lacking aquatic vegetation (Coble 1975; Pflug 1981; Pflug and 

Pauley 1984).  Ninety percent of the smallmouth bass sampled in a study of the upper McNary 

Reservoir were collected from low-velocity backwater areas along the shoreline (Tabor et al. 

1993).  When smallmouth bass are found over sandy substrates, they show an active hunting 

behavior and pelagic feeding (Danehy and Ringler 1991).  According to Dauble et al. (1989), 

wild fall Chinook salmon may be more vulnerable to predation by smallmouth bass because they 

are often smaller and more abundant in nearshore areas than hatchery-released fall Chinook 

salmon.  McNary Reservoir contains significant reaches of sand and gravel shoreline and bass 

have adapted to use this habitat in absence of more complex substrate.   

 

Northern pikeminnow in Columbia River reservoirs occupy free-flowing areas with low-

velocity (1-foot per second or less) microhabitats and back-eddies (Beamesderfer and Rieman 

1988; Petersen et al 1992).  Northern pikeminnow are the primary predator of juvenile salmonids 

in Columbia River reservoirs (Poe et al 1988; Vigg et al.; 1991; Zimmerman 1999).  The 

predation of northern pikeminnow upon salmonids is of such great concern that since 1990, there 

has been a federally administered angler reward program in the main-stem Columbia and Snake 

rivers.  From 1990 to 2008, over 3.3 million northern pikeminnow were removed by the sport 

reward program and it is estimated that predation on juvenile salmonids has been reduced by 

37% (pikeminnow.org 2009).  Pilings supporting over-water structures create backwater, low-

velocity habitat preferred by these predators, likely contributing to their overall biological 

success. 

 

Structure Use  
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Several studies suggest that bass populations benefit from use of docks and piers in lakes.  

Bass will use simple structures in the absence of more complex natural habitat.  However, it is 

unclear what feature (or combination of features) is actually attracting them to the structure.  

Smallmouth bass in flowing systems use the overhead cover and low-velocity refuge provided by 

physical structure (Probst et al. 1984; Rankin 1986; Todd and Rabeni 1989).  Hanes and Butler 

(1969) showed that structures providing shade were selected most frequently by yearling 

smallmouth bass.  In Lake Joseph, Ontario, densities of young-of-the year smallmouth bass were 

highest in areas with high concentrations of shorezone structures (Brown 1998).  In Spirit Lake, 

Iowa, smallmouth bass were the only juvenile species (of the 20 sampled) that were found in 

equal or greater abundance in developed sites than in undeveloped sites (Bryan and Scarnecchia 

1992).  During a SCUBA survey in Lake Washington, 72% of smallmouth bass were observed 

laying within 2 m of some sort of structure, and they preferred large docks with large numbers of 

pilings (Fresh et al. 2003).   

 

Bass often build nests near over-water structures, and the protection they afford may 

contribute to their reproductive success.  Male smallmouth bass in Lake Sammamish generally 

built nests within 7 to 20 m of shore, on gently sloping gravel/cobble substrates, devoid of 

vegetation at depths of 1 to 3 m, and near a structural element such as log, boulder, pile, or other 

artificial structure (Pflug and Pauley 1984; Kahler et al. 2000).  Smallmouth nests were also 

found close to sheltered habitat in Bull Shoals Reservoir (Vogele and Rainwater 1975).  Building 

nests adjacent to structures can provide visual isolation and reduce area that must be guarded by 

male parents.  It is likely that the construction of over-water structures near shore and in less than 

approximately 3 m of depth will increase the reproductive success of smallmouth bass. 

 

Perhaps another attraction of bass to over-water structures is due to the visual advantage 

gained for foraging.  Helfman (1979; 1981) found that the number of fish using shade-producing 

objects as cover on bright days was directly related to the dimensions of the structure.  

Largemouth bass preferred large to small study floats that shielded them from high light 

intensities suggesting that the created shade provided a visual advantage for predators to see 

approaching prey.  A shaded predator can see sunlit prey more than 2.5 times as far away 

compared to the distance a predator in bright light can see prey in a dark area (Helfman 1981).  

Therefore, prey fish may use the shade provided by small floating objects to avoid being detected 

by a predator approaching from the brightly lit surrounding area.  

 

We found no empirical evidence in the literature on how northern pikeminnows use over-

water structures.  Studies conducted on the lower Willamette River in Oregon did not find a 

relation between shoreline development (including piers) and northern pikeminnow predation on 

outmigrating Chinook salmon (Ward et al.1994; Friesen 2006).  However, it is noteworthy that 

these studies had small sample sizes and took place in areas with relatively low densities of 

predators.  In contrast, pile fields and pile dikes consistently produced high electrofishing catches 

of northern pikeminnow in the Columbia River downstream of Bonneville Dam (Conrad Frost, 

U.S. Geological Survey, personal communication).  It is reasonable to assume that where pilings 

provide sufficient refuge from surrounding velocity, northern pikeminnow will use them. 

 

Light 
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Light is important to a variety of biological functions of juvenile salmonids, particularly 

in shallow nearshore waters.  Light functions as a biomarker in such complex biological 

interactions as: foraging, schooling, predator avoidance, visual orientation, and migration 

(Simenstad et al. 1999).  As such, changes in ambient light conditions could alter the physiology 

and behavior of juvenile salmonids that may ultimately affect their survival. 

 
It is important to consider whether artificial illumination outside of the normal circadian 

cycle affects organisms.  Artificial lighting that is often present on over-water structures may 

disorient migrating juvenile salmonids, compromise their ability to avoid nocturnal predators, 

and affect the photosynthesis of aquatic vegetation.  Little is understood about how artificial 

lights affect these complex ecological systems.  Many laboratory experiments have been 

conducted in order to test the effects of artificial light on fish behavior.  However, it is not 

always possible to extrapolate behavioral responses from the laboratory to the field.  McDonald 

(1960) showed that downstream migration of sockeye and coho salmon fry was inhibited when 

artificial lights illuminated experimental stream channels; but when the lights were turned off, 

migration resumed as normal.   

 

Light also affects the efficiency of sight-feeding predators and the behavior and 

vulnerability of prey.  For example, there is a strong correlation between illumination and 

foraging efficiency in juvenile Chinook salmon.  Juvenile salmonids feed primarily on drifting 

invertebrates during sunrise and dusk, but do not feed during complete darkness (Brett and Groot 

1963; Fraser et al. 1997).  The presence of artificial light may facilitate juvenile fish feeding 

which in turn may increase their vulnerability to predation at night.  The dependence of 

invertebrate behavior on light is also well documented.  The diel vertical migrations of 

zooplankton and invertebrates such as Neomysis mercedis depend largely on light as a proximate 

cue (Forward and Hettler 1992; Haskell and Stanford 2006).  The presence of artificial light may 

alter zooplankton and invertebrate behavior making them more vulnerable to predation.  The role 

that artificial light plays in the feeding behavior of piscivorous predators may be more complex.   

 

Intuitively, one might think that additional light would be beneficial to visual ambush 

predators.  However, Petersen and Gadomski (1994) found that with increasing light intensity the 

predation rate between northern pikeminnow and juvenile Chinook salmon decreased.  This 

suggests that northern pikeminnow feed more actively under the low-light such as at dusk and 

dawn.  This relationship was also shown during studies between sculpin and sockeye fry (Tabor 

et al.1998).  This was probably due to an enhanced ability of the fry to detect and avoid sculpin, 

rather than a suppression of sculpin predatory behavior.  Sculpin are non-visual hunters; so in 

darkness they may use some other sensory mechanisms besides vision to detect prey.  We expect 

the amount of illumination provided around over-water structures at night to be relatively low, 

and may be more typical of dawn and dusk periods when predatory fishes actively feed. 

 

There is ample scientific literature to support the notion that migrating juvenile Chinook 

salmon become disoriented when confronted with shaded habitats.  Migrating juvenile salmon 

tend to avoid overhead cover and instead maneuver along the edges rather than penetrate them 

(Prinslow et al. 1980; Weitkamp 1982; Ratte and Salo 1985; Dames and Moore 1994; Taylor and 

Willey 1997; Pentec Environmental 1997).  This behavior has also been seen in other fish 

species that are reluctant to enter covered or darkened structures (Glass and Wardle 1995; 
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Welton et al. 2002).  It is unclear how this may affect energetic and predatory costs to the fish, 

but it is commonly assumed to be detrimental to survival (Simenstead et al. 1999).  Taylor and 

Willey (1997) observed schools of juvenile salmon splitting into groups and entering a state of 

confusion when confronted with overhead shading.  The reason for this behavior is also 

unknown, but it may be a predator avoidance mechanism (Scheuerell and Schindeler 2003).  

Kemp et al. (2005) found that when migrating subyearling Chinook salmon (average 95 mm) 

were faced with the choice of covered and uncovered channels at McNary Dam, 75% of the fish 

avoided the covered channels.  This behavior was size related with smaller fish being most likely 

to avoid traveling through shaded habitat.  

 

Visual Adaptations of Predators and Salmonids 

 

Due to the complex nature of light in water, fish have evolved well-developed and highly 

specialized eyes.  The Oncorhynchus spp. eye contains a large number of rods and cones, 

showing that it is adapted for vision in both bright and dim light (Brett and Ali 1958).  Rods and 

cones contained within the visual cell layer respond to changes in light by changing their 

position.  The visual cells of smolts are oriented such that they are responsive to ambient light, 

and not to a circadian clock (Simenstead et al. 1999). 

 

Variances in background illumination cause changes in sensitivity of rod and cone 

photoreceptors.  When light levels change abruptly, the eye has to adapt quickly in order to 

distinguish objects in the background (Dowling 1967; Riggs 1971).  Light adaptation can be 

explored by determining incremental thresholds:  as the background or adapting stimulus 

impinging on a receptor increases, so does the threshold level of stimulus to which the receptor 

can respond (Barlow 1972; Blackwell 1972; Dowling and Ripps 1972; Blaxter 1977; Northmore 

1977).  When the light intensity is above the thresholds levels, the cone cells contract to be near 

the source of light and the rods elongate away from the light.  In contrast, when the light 

intensity falls below threshold values, the cones expand away from the light and the rods contract 

towards it (Ali 1959).  The amount that a fish‘s eye must change from one state to another when 

encountering such a stimulus depends upon the intensity of the introduced light.  When the 

introduced light is bright, the eye will not respond to a dim light, which it may have detected 

under lower light conditions (Simenstad et al. 1999).  This makes it difficult for juvenile salmon 

to detect predators in the shaded region beyond the brightly lit area.   

  

Over-water structures can cause sharp differences in underwater light intensities, 

changing the natural lighting regime for both day and night.  It is important to understand the 

behavioral response of salmonids to these light variations.  Fish will respond differently 

depending upon the magnitude of light to which it was exposed before it encountered shade.  

When the light drops below the rod threshold, schools disband and feeding stops (Ali 1958).  

Differences in behavior are also species dependent.  Species that tend to school such as Chinook 

salmon, pink, and chum salmon typically react strongly to alarm (such as changes in light 

intensity).  Whereas coho, a non-schooling salmonid, exhibit a less startled behavior (Hoar 

1957).
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Proposed Criteria and Findings 

 
Proposed Criterion: 

To prevent damage to shallow water habitat, piers and/or ramps shall extend at least 40 feet 

perpendicular from the OHWM.   

 

 Establishes defacto no-wake zone 40 ft from the shoreline. 

 

 A no wake zone of 100 ft from the shoreline is an effective means to protect the littoral 

zone from erosion and other effects caused by motorized watercraft (Asplund 2000). 

 

 Aquatic plant community, diversity and biomass are negatively impacted by motor boat 

traffic (Zieman 1976; Murphy and Eaton, 1983; Vermaat and Bruyne 1993; Mumma 

1996; Asplund 1997). 

 

 There is no direct link in the literature to the 40 ft dimension.  There is substantial 

evidence that motor boat activity near the shore negatively affects erosion and aquatic 

vegetation and is therefore a reasonable criterion supported by the scientific literature. 

 

Proposed Criterion: 

Piers and ramps shall be no more than 4 feet in width.  

 

 The 4-ft width may minimize the effects of the decrease in light levels below the ramp, 

and still allow safe access to the dock. 

 

 There is much data regarding fish behavior in shadows and predation interactions under 

different lighting regimes.  In general, predation on juvenile salmonids decreases as light 

intensity increases (Petersen and Gadomski 1994; Tabor et al. 1998).  

 

 Structures providing darkness are most likely to be selected by smallmouth bass Haines 

and Butler (1969).  

 

 We found no scientific evidence that 4 ft was the optimum width of a ramp or pier, but 

there is much evidence that the lighting regime should remain as natural as possible. 

 

 

Proposed Criterion: 

 The bottom of the pier or bottom of the landward edge of the ramp shall be elevated at least 2 

feet above the plane of OHWM.  

 

 Minimizes the risk of losing the ramp to high flows. 
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 Allows light to penetrate the surface of the water.  The benefits of lighting are well 

documented both in terms of primary production and predator-prey interactions 

(Carrasquero 2001). 

 

 We did not find any additional scientific literature specifically addressing this criterion. 

 

Proposed Criterion: 

Grating shall cover the entire surface area (100%) of the pier and/or ramp.  The open area of 

grating shall be at least 50% as rated by the manufacturer.  

Grating shall cover 100% of the surface area of the float(s).  The open area of the grating shall 

be no less than 50% as rated by the manufacturer.  

Nothing shall be placed on the over-water structure that will reduce natural light penetration 

through the structure.  

 

 Allows light to pass through the ramp and float. 

 

 Juvenile salmon better avoid predators at higher levels of light which suggests that 

shaded areas around and under docks may reduce juvenile salmonids ability to avoid 

predation (Peterson and Gadomski 1994; Tabor 1998). 

 

 Migrating juvenile salmon avoid covered areas.  They tend to swim around docks, 

forcing them into deeper water where there is a greater chance of predation (Kemp 2005). 

 

 The cumulative effect of many individual docks limits primary production, reducing 

phytoplankton and insect populations (Jennings et al.1999; Simenstad et al. 1999; 

Carrasquero 2001). 

 

 We infer that changing the lighting regime will have an adverse effect on predation of 

juvenile salmonids.  Smallmouth bass, and to a lesser extent northern pikeminnow, are 

attracted to the cover that over-water structures provide.  If over-water structures are 

constructed in habitat used by juvenile salmonids for rearing or migrating, we expect 

there will be an increase in predation upon the juvenile salmonids 

 

Proposed Criterion: 

Skirting shall not be placed on piers, ramps, or floats.  Protective bumper material will be 

allowed along the outside edge of the float as long as the material does not extend below the 

bottom edge of the float frame or impede light penetration.  

 

 Lighting issues exacerbated by skirting are noted in the above section. 

 Skirting provides a visual barrier that may be used by smallmouth bass to ambush prey. 

 

 We found no literature specifically addressing the effects of skirting.  
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Proposed Criterion: 

Shoreline concrete anchors must be placed at least 10 feet landward from the OHWM and shall 

be sized no larger than 4 feet wide by 4 feet long, unless otherwise approved by NMFS, USACE, 

and WDFW.  

 

 The riparian zone holds significant value by providing habitat for aquatic insects, the diet 

choice of subyearling Chinook salmon in McNary Reservoir (Rondorf et al. 1990). 

 

 Minimal disturbance of riparian habitat should be weighed when deciding upon criteria 

for determining size and placement of concrete shoreline anchors in order to provide 

protection for terrestrial food sources. 

 

 We found no discussion in the literature of how shoreline anchors might affect the littoral 

zone or ESA-listed species.  

 

Proposed Criterion: 

Piling shall not exceed 5 inches in diameter.  Each over-water structure shall utilize no more 

than 6 piles total for the entire project. 

 

 Pilings placed in flowing water create low-velocity microhabitats that allow predators 

such as smallmouth bass and northern pikeminnow to conserve energy by holding in 

these areas and catching prey as it passes (Peterson et al. 1993).   

 

 Ward et al. (1994) found that offshore wharves supported by pilings did not affect 

juvenile salmon migration and predation.  However, these studies had small sample sizes 

and took place in low-velocity habitats that contained relatively low densities of 

predators. 

 

 Reducing the number of pilings reduces the potential for avian predation. 

 

 Noise generated by pile driving is well documented to have damaging effects to fish 

(Carrasquero 2007). 

 

 Limiting the size and number of piles as well as the seasonal timing of the pile driving is 

a justifiable criterion to reduce the effects of the piles on fish populations. 

 

Proposed Criterion: 

Floats shall not be located in shallow water habitat where they could ground or impede the 

passage or rearing of any life stage of salmonid.  Floats shall be in at least 10 feet of water at all 

reservoir pool levels including MOP (which is 335 feet above sea level).  Depth is measured 

from the bottom of the landward-most edge of the float.  

 



   

 20  

 

20 

 The reasons for locating docks in at least 10 ft of water are to reduce erosion of the 

bottom and shoreline, reduce the suspension of sediment in the water column, reduce 

damage to aquatic vegetation caused by propeller wash, and to minimize the effects to 

fish (Asplund 2000; Carrasquero 2001). 

 

 The primary goal of this criterion is to establish a 10-ft minimum depth at a given dock 

site for which MOP elevation may serve as a general reference.  Therefore, it is necessary 

to define MOP elevation at a given location.  The definition of MOP elevation at McNary 

Dam lacks clarity as a criterion.  MOP elevation is 335 ft at McNary Dam.  At the Blue 

Bridge (RM 330), MOP varies from 349 ft at 580 kcfs, to just under 340 ft at 47 kcfs. 

Flows at this site ranges from 150 to 300 kcfs during the spring and summer.  Therefore, 

pool elevations at the Blue Bridge coinciding with this time vary from 342 ft to 344 ft. 

The criterion should be defined at each river mile for a given flow, or other similar 

criterion to give the individual dock owner a clearer reference to measure the 10-ft depth. 

 

 Wave action caused by motorboats can cause erosion of the shoreline and bottom of both 

rivers and lakes (Asplund 2000).  The degree of erosion depends on substrate size and 

cohesiveness (Nanson 1994).  Wakes created by motorboats can cause sediments to 

resuspend in the water column, reducing water clarity that can potentially alter fish 

behavior and give rise to algal blooms.  This resuspension of sediment is well 

documented by the USACE (1994) Fox River Chain o‘ Lakes study in northeastern 

Illinois, and USACE work on the Mississippi (Johnson 1994).  Both of these studies, 

however, were conducted in bodies of water having very low (or no) velocity and fine silt 

substrates.  

 

 We reviewed information on substrate and shoreline materials of McNary Reservoir to 

determine the likelihood of shoreline sediments eroding from motorboat wakes and 

propeller washes.  McNary Reservoir shoreline is primarily composed of alluvium and 

eolian sands of fine, sandy, loam.  Where fine sediments are present, the maximum 

effects of erosion are observed in water shallower than 3 ft and no effects are observed in 

water deeper than 8 ft (USACE 1994).  A cursory examination of shoreline composition 

suggested that the shoreline of McNary Reservoir is susceptible to the erosive effects of 

motorboat traffic, therefore supporting the10-ft depth criterion. 

 

 There is a relatively low proportion of fine sediment in the main channel of the Columbia 

River.  Most of the substrate in the Tri-Cities area is composed of coarse sand and gravel.  

Sonar surveys conducted by the U.S. Department of Energy showed the amount of fine 

sediment decreased from 90% at McNary Dam to 51% travelling upstream to Port Kelly.  

Substrate at the Port of Kenniwick is composed of 4% gravel, 82% sand, 9% silt and 5% 

clay (Pinza et al. 1992).  At the Port of Burbank no samples were collected as the bottom 

was bedrock (USACE 1993).  Due to its high velocity and course substrate, we would not 

expect motorboat use to contribute to resuspension of sediment in the main channel of 

Lake Wallula. 
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 Plant growth may be inhibited where find sediments are present.  A large number of 

studies have demonstrated that aquatic plants grow better and have a greater biomass at 

sites having less boat traffic (Zieman 1976; Murphy and Eaton 1983; Vermaat and 

Bruyne 1993; Mumma 1996; Asplund 1997).  The detrimental effects of motorboats on 

aquatic plant communities can be minimized by placing docks in deeper water. 

 

 Eurasian watermilfoil Myriophyllum spicatum is an invasive aquatic plant that forms 

dense canopies that can shade out other vegetation.  Fragmentation caused by boat 

propellers is the primary cause of spreading milfoil from one waterbody to another 

(Washington Department of Ecology). 

 

 For all species of submerged aquatic vegetation, there is a direct correlation between 

water clarity and the depth at which the plants will grow (Chambers and Kalff 1985; 

Duarte 1991; Abal and Dennison 1996; Olesen 1996).  Kemp et al. (2004) found that the 

minimum percent light through water (PLW) required for submerged aquatic plants to 

survive is between 10-30%.  Levels of turbidity as low as 4 and 15 nephelometric 

turbidity units (NTUs) can interfere with the ability of aquatic vegetation to 

photosynthesize (Hunter and Wilhm 1984).  An increase in turbidity from 0 to 75 NTUs 

decreased primary production, species diversity, and biomass in a study conducted in the 

Northwest Territories (McCart et al. 1980).  Calculations from another study showed that 

a turbidity of only 5 NTUs decreased primary productivity by about 3-13% and an 

increase in turbidity of 25 NTUs decreased primary production of aquatic vegetation by 

13-50% in clear-water streams (Lloyd 1987).  The turbidity levels in McNary Reservoir 

in reference to boat use near the shoreline are unknown. 
 

 Turbidity can affect freshwater fish communities in both positive and negative ways 

(Judy et al. 1984).  Buck (1956) observed smaller growth rates, reduced reproduction 

rates, and smaller populations of fish in turbid ponds.  During a study conducted by 

Bisson and Bilby (1982), juvenile coho salmon avoided water with turbidities of 70 

NTUs and above where low light conditions prevented successful foraging.  In contrast, 

increased turbidity can reduce predations rate on juvenile salmon (Gregory and Levings 

1998) and improve the survival of migrating subyearling fall Chinook salmon (Smith et 

al. 2003).  Turbidity from motorboat operation will be minimized if docks are built in 

water that is 10 ft or deeper.  

 

 The 10-ft depth criterion is supported as a means to ensure that docks are not built where 

smallmouth bass and juvenile salmonid habitats overlap.  Construction of docks will 

attract smallmouth and pikeminnow because these fish prefer structure.  By constructing 

docks over deeper water, the interaction between predators and juvenile salmon can be 

reduced because juvenile salmon are rearing in shallow areas near shore. 
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Discussion 

  
The proposed criteria for residential docks and over-water structures specify discrete 

values such as 10-ft depth, 40 ft from OHWM, 4 ft wide, and 5-in diameters.  In general, we 

could not identify these discrete values in the available literature.  However, we found that 

maximizing depth, minimizing structure such as the number of pilings, and maximizing light 

levels all contribute to minimizing the negative effects that docks have on ESA-listed salmonids 

and other aquatic organisms.   

 

We found few studies that directly examine dock use by piscivorous fishes and what 

effect that has on juvenile salmonids.  We cite the large and relatively long-term studies on 

predation by smallmouth bass, northern pikeminnow, walleye, and channel catfish sponsored by 

the Bonneville Power Administration.  The results of those predation studies were sufficiently 

compelling to support the start of a bounty program for the northern pikeminnow.  The results of 

sampling in reservoir habitats from these studies are applicable to predator-prey relations in 

McNary Reservoir because most fish were sampled with electrofishing and beach seining along 

shores where both of those sampling gears are effective.   

 

An overlap in habitat use between juvenile salmon, smallmouth bass, and northern 

pikeminnow increases the potential for predation.  The current Biological Opinion for the 

Federal Columbia River Power System states that agencies will work together to develop 

strategies to reduce non-indigenous piscivorous predation (NOAA 2008).  By simply reducing 

the amount of shade, minimizing the number of in-water structures (pilings), and moving the 

docks into deeper water, we avoid this potential creation of overlapping habitat that may increase 

predation on listed and non-listed juvenile salmonids.  Specifically, placing docks in 10 ft of 

water, allowing light to pass through the dock, and minimizing the number and size of piles is 

reasonable and scientifically supported for waters containing federally listed fish species.  

 

As a result of this review, we have narrowed the complex life histories of eight ESA-

listed species of salmonids to a few that are most likely to occur in the nearshore areas of 

McNary Reservoir.  Numerous studies from the Snake River and Columbia River provided a 

strong collection of information to support our reasoning.  The juvenile salmon that will be 

affected in the nearshore area are the abundant subyearling fall Chinook salmon.  We were 

reluctant to dismiss the potential for deleterious effects on the subyearling fall Chinook salmon 

simply because they are abundant and not listed under the ESA.  The evidence supports the 

assumption that ESA-listed yearling and subyearling spring Chinook salmon currently occur in 

the nearshore areas or will use the nearshore areas as tributary populations are restored.  

  

The proposed criteria for docks address several issues not directly related to ESA-listed 

species, but rather to the nearshore ecosystem.  The criteria for structures attempt to minimize 

effects on lighting, the effects of motorboats on aquatic vegetation, shoreline erosion, and 

vegetation.  We recognize that the reservoir shorelines do not represent pristine riverine habitats 

to which the juvenile salmonids are well adapted.  However, these effects are recognized as 

widely deleterious to aquatic communities.  In general, modification of riparian areas and near-

shore littoral zone habitat (i.e., shoreline development) degrades freshwater aquatic communities.  
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Local habitat modifications (e.g., construction of individual residential docks) lead to changes in 

fish assemblages, particularly ―when many diverse incremental changes have accumulated 

within a basin over time‖ (Jennings et al. 1999).  Jennings et al. (1999) encourages shore zoning 

and permitting to consider the cumulative effects of small habitat modifications in addition to 

local effects of the structure. 

 

Historically, management decisions for the Columbia River corridor have been based 

primarily on species-centered and site-specific scientific research.  There are inherent challenges 

in managing and restoring a system fragmented by hydropower and other human perturbations.  

However, there has been a growing trend among prominent scientists, educators, and policy 

makers to view the river not as a sum of its parts, but as a whole interconnected system.  It is 

important to realize that human-caused activities occurring upstream affect environmental 

conditions further downstream.  This connectivity is a fundamental property of all ecosystems.  

Management actions that target the whole landscape or ecosystem are unlikely to be socially 

painless or inexpensive, nor are they likely to provide short-term reward.  However, this change 

of perspective is probably essential for the long-term survival of native species.  

 

In 1980, Vannote et al. (1980) first introduced the concept of ‗the river continuum‘.  This 

theory states that because a river changes constantly as it moves from the headwaters to the 

mouth, that it can only truly be understood as a continuum.  He saw a river as the equilibrium 

between physical characteristics such as width, depth, velocity, and temperature change and 

other biological factors.  These factors change constantly, in a predictable manner, as the water 

flows downstream.  More importantly, he recognized that those changes are interrelated.  

Gregory et al. (1991) subsequently described the dynamic relationship between rivers and 

streams and the surrounding terrestrial ecosystems that result in healthy riparian zones.  In 

McNary Reservoir, the remaining habitat reflects the fragmentation from the construction of 

dams and human disturbance (Jager et al. 2001; Quigley et al. 2001; Zabel and Williams 2002). 

 

  Due to the effects of hydroelectric dams on salmonid populations, much scientific 

research on the Columbia River over the past few decades has been conducted on salmonid 

passage and hatcheries.  Biological factors such as feeding, growth, and habitat have received 

little attention.  In a review of the Northwest Power Planning Council‘s Columbia River Basin 

Fish and Wildlife Program, Williams (2006) concluded that the current program was unlikely to 

recover declining salmon and steelhead stocks.  Adoption of a salmon life history ecosystem 

concept as a guiding foundation is needed to recover depressed stocks.  This ―Return to the 

River‖ work is a comprehensive scientific review of the programs intended to address the 

complex issues of habitat degradation, juvenile survival through the hydrosystem, the role of 

artificial production, and harvest reform.  It is a new conceptual foundation for managing salmon 

from an ecosystem standpoint in the 21
st
 century. 

 

 McNary Reservoir, located downstream of the Hanford Reach, includes the confluence of 

the Yakima, Walla Walla, and the Snake rivers.  The nearshore habitat offers limited habitat 

connectivity for the abundant fall Chinook salmon and to certain life stages of ESA-listed species 

of salmon.  At the same time, the Tri-Cities are typical of rapid urban growth in the interior West 

and a need for recreational opportunities on the water.  Our review emphasized the proposed 

criteria and most probable biological responses to those criteria.  However, in regards to ESA-



   

 24  

 

24 

listed salmonid species, it is the interaction of these complex ecological processes from the 

localized effects of a single dock to the cumulative effects of numerous docks over time that is 

probably more important. 
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Appendix A:  Proposed USACE criteria for Dock Design 

*Asterisks are placed by criteria for which we were asked to provide assessment.  

 

Lake Wallula/ McNary Pool residential over-water structure design criteria   
   

1. Objectives  

  

•      Over-water structure design, construction, and use shall minimize degradation of 

aquatic, nearshore, and shoreline habitats.   

 

•      Over-water structures shall not impede any juvenile or adult salmonid life stage 

including migration, rearing, and spawning.   

 

•      Over-water structures shall not enhance habitats used by potential salmonid 

predators (esp. fishes and birds).   

  

2. Over-water structure definitions and abbreviations   

  

• A residential over-water structure typically consists of a shoreline anchor, ramp, 

and float.  The structure may also include pile(s) and/or float anchor(s).   

 

• Functional grating is the area that is not covered or blocked by any objects such as 

framing wood, flotation tubs, etc.  The percent of functional grating is in relation 

to the surface area of the float.   

  

• USACE - United States Army Corps of Engineers, Walla Walla District   

  

• NMFS - National Marine Fisheries Service   

 

• WDFW - Washington State Department of Fish and Wildlife   

 

3. Piers and ramps   

  

• To prevent damage to shallow water habitat, piers and/or ramps shall extend at 

least 40 feet perpendicular from the ordinary high water mark (OHWM).
*
  

 

• Piers and ramps shall be no more than 4 feet in width.
*
   

 

• The bottom of the pier or bottom of the landward edge of the ramp shall be 

elevated at least 2 feet above the plane of OHWM.
*
  

 

• Grating shall cover the entire surface area (100%) of the pier and/or ramp.  The 

open area of grating shall be at least 50% as rated by the manufacturer.
*
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• Skirting shall not be placed on piers, ramps, or floats.  Protective bumper material 

will be allowed along the outside edge of the float as long as the material does not 

extend below the bottom edge of the float frame or impede light penetration.
*
   

 

• Shoreline concrete anchors must be placed at least 10 feet landward from the 

OHWM and shall be sized no larger than 4-feet wide by 4-feet long, unless 

otherwise approved by NMFS, USACE, and WDFW.
*
  

 

4. Preservatives   

  

• The dock shall be built with materials that do not leach preservatives or other 

materials.   

  

• No treated wood of any kind shall be used on any over-water structure (float, pier, 

or ramp).   

  

• No paint, stain or preservative shall be applied to the over-water structure.   

 

5. Preconstruction and construction activities   

  

• If native vegetation is moved, damaged or destroyed, it shall be replaced with a 

functional native species equivalent during site restoration.   

 

• Any large wood, native vegetation, topsoil, and/or native channel material 

displaced by construction shall be stockpiled for use during site restoration.   

 

• No existing habitat features (e.g., woody debris, substrate materials) shall be 

removed from the shore or aquatic environment.   

 

• Construction impacts shall be confined to the minimum area needed to complete 

the project.   

 

• The boundaries of clearing limits associated with site access and construction 

shall be flagged to prevent ground disturbance of riparian vegetation, wetlands, 

and other sensitive sites beyond the flagged boundary.  This action shall be 

completed before any significant alteration of the project area.   

 

• A supply of sediment control materials (e.g., silt fence, straw bales, coconut fiber 

COIR bales) shall be available onsite.  This action shall be completed before 

significant alteration of the project area.   

 

• All temporary erosion controls shall be in place and appropriately installed 

downslope of project activities within the riparian area until site restoration is 

complete.   

 

 



   

 40  

 

40 

6. General   

  

• No electricity shall be provided to or on the over-water structure.   

 

• No boat lifts or watercraft lifts (e.g., jet ski lifts) of any type will be placed on or 

in addition to the over-water structure.   

 

• Shoreline armoring (i.e., bulkheads, rip-rap, and retaining walls) shall not occur in 

association with installation of the over-water structure.   

 

• Construction of the over-water structure shall be completed during the in-water 

work window of December 1 to February 28.   

 

7. Piling and float anchors   

  

• Piling shall not exceed 5 inches in diameter.
* 

 

 

• Piling shall be spaced at least 18 feet apart on the same side of any component of 

the over-water structure.  The pier/ramp and float are separate components.   

 

• Each over-water structure shall utilize no more than 6 piles total for the entire 

project.
* 
  

 

• All pilings shall be fitted with devices to prevent perching by piscivorous (fish-

eating) birds.   

 

• Submerged float anchors will be constructed out of concrete and shall be 

horizontally compressed in form, by a factor of 5 or more, for a minimum profile 

above the stream bed (the horizontal length and width will be at least 5 times the 

vertical height).   

 

• No in-water fill material will be allowed, with the exception of pilings and float 

anchors (Note: uncured concrete or its by-products shall not be allowed).   

 

8. Floats   

  

• Float components shall not exceed the dimensions of 8 by 20 feet or an aggregate 

total of 160 square feet for all float components.   

 

• Float materials contacting the water shall be white in color.   

 

• Flotation materials shall be permanently encapsulated to prevent breakup into 

small pieces and dispersal in water, (e.g. rectangular float tubs).   

 

• Grating shall cover 100% of the surface area of the float(s).  The open area of the 

grating shall be no less than 50% as rated by the manufacturer.
*
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• Functional grating will cover no less than 50% of the float.
 *
   

 

• Floats shall not be located in shallow water habitat where they could ground or 

impede the passage or rearing of any life stage of salmonid.  Floats shall be in at 

least 10 feet of water at all reservoir pool levels including MOP (which is 335 feet 

above sea level). Depth is measured from the bottom of the landward-most edge 

of the float.
*
  

 

• Nothing shall be placed on the over-water structure that will reduce natural light 

penetration through the structure.   

 

• Floats shall be positioned at least 40 feet horizontally from the OHWM and no 

more than 100 feet from the OHWM as measured from the landward-most edge 

of the float.   

 

• Project construction shall cease under high flow conditions that could result in 

inundation of the project area except for efforts to avoid or minimize resource 

damage.   
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Note:  In general, English measurement units (e.g., feet, inches, miles) are used in this white 

paper; when the source material expresses a value in metric units, that measurement is also 

provided in parentheses.  However, measurements that by convention are typically made only 

in metric units are reported in those units (e.g., mg/L, μM/m2/sec).  Temperatures are reported 

in both Fahrenheit and Celsius, regardless of the scale used in the source material.
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EXECUTIVE SUMMARY 
Overview 

In Washington State, activities that use, divert, obstruct, or change the natural bed or flow of 

state waters require a Hydraulic Project Approval (HPA) from the Washington Department 

of Fish and Wildlife (WDFW).  The purpose of the HPA program is to ensure that such 

activities do not damage public fish and shellfish resources and their habitats.  To ensure 

that activities conducted under an HPA comply with the Endangered Species Act (ESA),  

WDFW is preparing a programmatic, multispecies Habitat Conservation Plan (HCP) to 

obtain an Incidental Take Permit from the U.S. Fish and Wildlife Service (USFWS) and the 

National Oceanic and Atmospheric Administration (NOAA) Fisheries Service (known as 

NOAA Fisheries).  WDFW’s objective is to avoid, minimize, or compensate for the 

incidental take of species potentially covered under the HCP resulting from the 

implementation of permits issued under the HPA authority.  In this context, to “take” 

means to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect or to 

attempt to engage in any such conduct (16 U.S.C. 1532(19)). 

 

To evaluate the feasibility of and develop a scientific foundation for the HCP, the WDFW 

has commissioned a series of white papers that will review and summarize the best 

available science for up to 21 HPA activities that could be included in the HCP. 

 

This white paper addresses the availability of scientific information on two such HPA 

activities, overwater structures and the installation and removal of non‐structural piling.  

Overwater structures are defined by WDFW as “docks, piers, floats, ramps, wharfs, ferry 

terminals and other structures that are supported above or float on the water.  This includes 

all structural or supporting pilings.  This does not include structures associated with a 

Marina.”  Non‐structural piling is defined by the WDFW as “individual, non‐structural 

pilings, power poles, transmission lines, conduits, etc.  Pilings are driven into the stream, 

lake, and ocean bed.”   

 

The literature review conducted for this white paper identified 12 impact mechanisms 

associated with the construction and operation of overwater structures and non‐structural 

piling that could potentially affect aquatic species being considered for coverage under the 

HCP (“potentially covered species”).  These mechanisms describe activities and 
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modifications to habitat arising from activities that can be temporary or permanent in 

duration.  The impact mechanisms evaluated in this white paper are: 

• Shading 

• Littoral vegetation 

• Freshwater aquatic vegetation 

• Riparian and shoreline vegetation 

• Noise 

• Water quality 

• Channel hydraulics 

• Littoral drift 

• Substrate modifications 

• Channel dewatering 

• Artificial light 

• Vessel activities  

 

Following a brief description of overwater structures and non‐structural piling activities and 

potential impact mechanisms, the 52 aquatic species being considered for coverage under 

the HCP are described.  Based on this information, the risks of direct and indirect impacts to 

the potentially covered species or their habitats are discussed.  In addition, the potential for 

cumulative impacts is discussed, and the risk for incidental take of potentially covered 

species is qualitatively estimated.  The white paper then identifies data gaps (i.e., instances 

in which the data or literature are insufficient to allow conclusions on the risk of take).  The 

white paper concludes by providing habitat protection, conservation, mitigation, and 

management strategies consisting of actions that could be taken to avoid or minimize the 

impacts of overwater structures and non‐structural piling.  Key elements of the white paper 

are summarized below. 

 

Species and Habitat Use 

This white paper considers potential impacts on 52 potentially covered species and 

summarizes the geographic distribution and habitat requirements of those species.  That 

information is used to assess potential impacts on the potentially covered species. 

 

Risk of Take and Potential Mitigation Measures 

The risk of take and potential mitigation measures are summarized below for each of the 

impact mechanisms listed above.   
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Shading 

Shading has been identified as causing incidental take of juvenile salmon in both marine 

and freshwater environments.  However, almost nothing is known about the effects of 

shading on other potentially covered species. 

 

Various authors have suggested minimization measures to reduce shading impacts, such as: 

• Increasing the height of overwater structures to allow light transmission under the 

structures  

• Decreasing structure width to decrease the shade footprint  

• Aligning the structure in a north‐south orientation to allow the arc of the sun to cross 

perpendicular to the structure  

• Using the smallest number of pilings possible, allowing more light beneath the 

structure 

 

Littoral Vegetation 

Littoral vegetation includes eelgrass, macroalgae, and intertidal vascular plants. Generally, 

the federal agencies have treated loss or reduced density of eelgrass as equivalent to loss of 

essential habitat for listed species known to occur in the area; as such, it constitutes a take of 

listed species such as salmon and bull trout.  Thus, eelgrass loss is almost certain to result in 

incidental take of potentially covered species that use eelgrass, including anadromous 

salmonids, anadromous and marine forage fishes, and certain larval pelagic fishes.  

Mitigation of impacts to littoral vegetation is best achieved through avoidance. 

 

Freshwater Aquatic Vegetation 

Most impacts on aquatic vegetation are not directly addressed by current best management 

practices or minimization measures required under the HPA authority, so they represent 

impacts that have a high potential to occur in practice.  This oversight has likely occurred 

because salmonids do not show a very strong dependence on freshwater aquatic vegetation.  

However, some other potentially covered species, including freshwater molluscs and an 

array of fishes, have a strong association with freshwater aquatic vegetation and would be 

at relatively high risk of incidental take from projects that remove or reduce such vegetation 

within their habitat.  There are few recommendations for how to minimize impacts to 

aquatic vegetation, except via avoidance. 
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Riparian and Shoreline Vegetation 

In past biological opinions, the National Marine Fisheries Service (NMFS) has found that 

loss of riparian and shoreline vegetation amounts to incidental take of listed fish, even 

though the relationship between habitat conditions and the distribution and abundance of 

those individuals in the action area was imprecise.  Many other potentially covered species 

also have demonstrated dependence on riparian and shoreline vegetation and so would be 

at high risk of incidental take. 

 

The following measures could help avoid and minimize incidental take arising from impacts 

to riparian and shoreline vegetation: 

• Prepare revegetation plans for projects that temporarily disturb vegetation during 

construction. 

• Submit monitoring reports to WDFW as part of the revegetation plan and require 

remedial action if pre‐established goals are not met.  

• Save vegetation (specifically large trees and root wads) removed for the project for 

later use in restoration efforts. 

• To the extent practicable, do not permit removal or disturbance of riparian 

vegetation in areas with high erosion hazard (Knutson and Naef 1997). 

 

Noise 

Underwater noise produced in association with the construction of overwater structures 

includes noise generated from pile driving (when applicable) and by construction vessels 

and equipment.  It is well established that impact pile driving can result in incidental take to 

fish.  However, the sound sensitivity of individual species is not well known, so it is difficult 

to predict the likelihood of incidental take for species other than salmonids. 

 

Several noise reduction devices have been developed for pile driving, including air bubble 

curtains, fabric barriers, pile caps, cofferdams, and use of vibratory hammers.  The usual 

strategy for minimizing other types of underwater noise is to time activities to occur when 

sensitive life stages of potentially covered species are less likely to be present. 
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Water Quality 

Placing constructed features in aquatic settings may adversely impact water quality mainly 

by causing increases in suspended solids concentrations, reducing dissolved oxygen levels, 

changing pH, or releasing toxic substances from treated wood products.  Stormwater runoff 

from constructed surfaces also poses a threat to water quality from its associated nonpoint 

source pollutant load.  With respect to suspended solids, the take risk to potentially covered 

fish species increases in proportion to the magnitude and duration of the impact; 

vulnerability of the affected life‐history stage; inability of the fish to alter behavior to avoid 

the impact; physiological, developmental, and behavioral impairments suffered by the fish; 

and indirect mechanisms such as exposure to predation.  In contrast, incidental take risk 

associated with dissolved oxygen impacts is probably quite low and, because the potential 

impact of pH change from uncured concrete is avoided in standard HPA measures, the risk 

of incidental take from pH change is near zero.  Risk of incidental take of potentially 

covered species due to the use of treated wood is significant but highly variable and is 

related to factors that include proximity, dilution, and type of treatment.  Risk of incidental 

take due to release of stormwater treated in accordance with current Washington State 

Department of Ecology guidance is generally low, but this finding has reduced confidence 

because some data indicate high salmonid vulnerability to some stormwater constituents 

(such as dissolved copper), and stormwater effects on most potentially covered species have 

received little study. 

 

There are a number of avoidance and minimization measures that could help to address 

water quality issues.  Current practice effectively addresses most potential impacts, but 

suspended sediment impacts warrant more detailed advance studies to determine site‐

specific vulnerability to impacts, and there are a variety of measures that could further 

reduce impacts associated with use of treated wood. 

 

Channel Hydraulics 

Impacts to potentially covered species as a result of channel hydraulic changes are 

summarized in Table ES‐1. 
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Table ES-1  
Potential Impacts of Changes in Channel Hydraulics on Potentially Covered Species 

 
Impact Potentially Affected Species 

No impact identified Marine species or marine life stages of estuarine and 
anadromous species 

Habitat destruction due to siting of structure Species potentially occupying the affected stream 
Embedding due to reduced sediment transport 
capacity or indirectly as a result of bank erosion 

Species potentially occupying the affected streambed: 
gravel spawners and benthos 

Scour due to locally increased transport capacity Species potentially occupying the affected streambed: 
gravel spawners and benthos 

Deposition downstream of scour areas Species potentially occupying the affected streambed: 
gravel spawners and benthos 

Loss of riparian vegetation due to bank erosion Species potentially occupying the affected stream   
 

Each of these changes (excepting “no impact”) can potentially result in incidental take of 

animals or an adverse impact on their habitat.  We found no studies specifically addressing 

the cumulative impacts of channel hydraulic changes on potentially covered species.  

Generally, the question of cumulative impacts emerges as a data gap.  The HPA program 

itself offers the best means of measuring these impacts, because WDFW has authority to 

require monitoring of the impacts of authorized projects. 

 

Littoral Drift 

Incidental take is most likely to result from changes in littoral drift via impacts on beach‐

spawning fishes and through eelgrass changes.  Some potentially covered species are beach 

spawners and these could suffer reduced reproductive success due to altered littoral drift.  

Other potentially covered species prey upon the beach spawners and could suffer reduced 

foraging success due to altered littoral drift.  Littoral drift could also change the distribution 

of eelgrass, with effects described under “Littoral Vegetation.” 

 

Impacts to littoral drift can be avoided or minimized by the following measures:   

• Design pile‐supported structures with open space between pilings.  

• Minimize the dimensions of floating structures placed perpendicular to shorelines. 

• Perform thorough hydraulic design to determine how a structure is likely to impact 

littoral drift. 

 

Substrate Modifications 

Piling associated with overwater structures, as well as non‐structural piling, in nearshore 

environments can alter adjacent substrates through shellfish deposition and changes to 
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substrate bathymetry.  Changes in substrate type can alter the flora and fauna.  Along with 

the minimization measures for eelgrass and macroalgae discussed above, use of fewer and 

more widely spaced pilings will help to reduce this risk.   

 

Channel Dewatering 

The primary risk of incidental take associated with channel dewatering results from the 

capture and handling of fish.  Past biological opinions have found that all such activity 

constitutes incidental take.  Potential additional causes of incidental take include impacts 

attributable to increases in turbidity and suspended solids.  These include indicators of 

major and minor physiological stress, habitat degradation, and impaired homing behavior.  

These effects are sublethal, but are still considered take under the ESA (NMFS 2006b).  Many 

measures can be employed to minimize or avoid incidental take during channel dewatering.  

 

Artificial Light 

Incidental take of listed fish species as a result of artificial light to build or operate 

overwater structures has not been quantified in past biological opinions and corresponding 

incidental take statements.  Although artificial light responses are unknown for most 

potentially covered species, there is a plausible risk that nighttime illumination of the water 

surface may contribute to incidental take.  However, such a risk is relatively easy to 

minimize by requiring structures to be lit so as to minimize direct illumination of the water 

surface. 

 

Vessel Activities 

Vessel activities associated with the installation and operation of in‐water and overwater 

structures may adversely impact potentially covered species.  Impact mechanisms include: 

• Physical disturbance of sediment, organisms, and submerged vegetation through 

grounding or water turbulence caused by propeller wash 

• Noise from vessel activity 

• Propeller‐wash entrained air bubbles that combine with turbidity increases from 

disturbed sediment, leading to a temporary reduction in the availability of light 

 

Incidental take may result from vessel activities via each of these mechanisms.  To minimize 

these impacts, it may be appropriate to require construction vessel operation plans for larger 
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projects, or projects located in particularly sensitive habitats to ensure that the potential for 

vessel and construction activity impacts to sensitive habitats and species is minimized. 
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1 INTRODUCTION 

In Washington State, activities that use, divert, obstruct, or change the natural bed1 or flow of 

state waters require a Hydraulic Project Approval (HPA) from the Washington Department of 

Fish and Wildlife (WDFW) (Revised Code of Washington [RCW] 77.55.011).  The purpose of the 

HPA program is to ensure that such activities are completed in a manner that prevents damage 

to public fish and shellfish resources and their habitats.  Because several fish and aquatic species 

in the state are listed as threatened or endangered under the federal Endangered Species Act 

(ESA), many of the activities requiring an HPA may also require approvals from the National 

Oceanic and Atmospheric Administration Fisheries Service (NOAA Fisheries) and the U.S. Fish 

and Wildlife Service (USFWS).  Such approvals can be in the form of an ESA Section 7 

Incidental Take Statement or an ESA Section 10 Incidental Take Permit (ITP).  As authorized in 

Section 10 of the ESA, ITPs may be issued for otherwise lawful activities that could result in the 

“take” of ESA‐listed species or their habitats.  In this context, to take means to “harass, harm, 

pursue, hunt, shoot, wound, kill, trap, capture, or collect or to attempt to engage in any such 

conduct” (16 United States Code [USC] §1532(19)). 

 

To ensure that the HPA program complies with the ESA and to facilitate ESA compliance for 

persons conducting work under an HPA, WDFW is preparing a programmatic, multispecies 

Habitat Conservation Plan (HCP) to obtain an ITP from the USFWS and NOAA Fisheries.  An 

HCP must provide an operating conservation plan for avoiding, minimizing, and mitigating, to 

the maximum extent practicable, the impacts of the permitted take on the potentially covered 

species2.  The federal agencies must also find in their biological opinion that any permitted 

incidental take will not jeopardize the continued existence of the species, i.e., the taking will not 

appreciably reduce the likelihood of survival and recovery of the species in the wild. 

 

To develop a scientific foundation for the HCP, WDFW has commissioned a series of white 

papers that will review and summarize the best available science for up to 21 HPA activities 

that could be included in the HCP.   

 
                                                      
1 Bed is defined as the land below the ordinary high water line of the state waters, but does not include irrigation 
ditches, canals, the outflow from stormwater runoff devices, or other artificial watercourses except where they exist 
in a natural watercourse that has been altered by humans. 
2 In this white paper, “potentially covered species” refers to fish and wildlife species that could be covered in the 
HCP; however, that determination would be made at the time the HCP is finalized between WDFW and the federal 
agencies. 
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Two of those activities, overwater structures and non‐structural piling, form the subject of this 

white paper.  Overwater structures are defined by WDFW3 as “docks, piers, floats, ramps, 

wharfs, ferry terminals and other structures that are supported above or float on the water.  

This includes all structural or supporting pilings.  This does not include structures associated 

with a Marina.”  Marinas will be the subject of a separate white paper.  Non‐structural pilings 

are defined by WDFW as “individual, non‐structural pilings, power poles, transmission lines, 

conduits, etc.  Pilings are driven into the stream, lake, and ocean bed.”  This white paper 

compiles and synthesizes existing scientific and commercial information, describes potential 

take mechanisms, and makes recommendations for measures to avoid or minimize the impacts 

on potentially covered species of constructing and operating overwater structures and non‐

structural piling.  Species being proposed for coverage under the HCP (the “potentially covered 

species”) are listed in Table 1. 

 
Table 1  

Potentially Covered Fish and Wildlife Species 
 

Common Name Scientific Name Status Habitat 
California floater (mussel)  Anodonta californiensis FSC/SC Freshwater 
Mountain sucker  Catostomus platyrhynchus SC Freshwater 
Margined sculpin  Cottus marginatus FSC/SS Freshwater 
Lake chub  Couesius plumbeus SC Freshwater 
Giant Columbia River limpet  Fisherola nuttalli SC Freshwater 
Great Columbia River spire snail  Fluminicola columbiana FSC/SC Freshwater 
Western ridged mussel Gonidea angulata (none) Freshwater 
Western brook lamprey  Lampetra richardsoni FSC Freshwater 
Olympic mudminnow  Novumbra hubbsi SS Freshwater 
Westslope cutthroat trout  Oncorhynchus clarki lewisi FSC Freshwater 
Redband trout Oncorhynchus mykiss FSC Freshwater 
Pygmy whitefish  Prosopium coulteri FSC/SS Freshwater 
Leopard dace  Rhinichthys falcatus SC Freshwater 
Umatilla dace  Rhinichthys umatilla SC Freshwater 
Coastal cutthroat trout Oncorhynchus clarki clarki FSC Freshwater &  Anadromous 
Bull trout Salvelinus confluentus FT/SC Freshwater & Anadromous 
Sockeye salmon  Oncorhynchus nerka FE/FT/SC Freshwater (kokanee) & Anadromous 
Pink salmon  Oncorhynchus gorbuscha SPHS Anadromous 
Chum salmon Oncorhynchus keta FT/SC Anadromous 
Coho salmon Oncorhynchus kisutch  FC/FSC Anadromous 
Steelhead  Oncorhynchus mykiss FE/FT/SC Anadromous 
Chinook salmon Oncorhynchus tschawytscha FE/FT/SC Anadromous 
Green sturgeon Acipenser medirostris  SPHS Anadromous 
White sturgeon  Acipenser transmontanus SPHS Anadromous 
River lamprey  Lampetra ayresi FSC/SC Anadromous 
Pacific lamprey  Lampetra tridentata FSC Anadromous 
Dolly Varden Salvelinus malma FP Anadromous 

                                                      
3 The definitions of overwater structures and non‐structural piling presented here were provided by WDFW in 
Appendix B of Exhibit B of the Request for Proposal for this project, RFP No. 06‐0005. 
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Common Name Scientific Name Status Habitat 
Longfin smelt  Spirinchus thaleichthys SPHS Anadromous 
Eulachon Thaleichthys pacificus  FC/SC Anadromous 
Olympia oyster  Ostrea lurida SC Estuarine 
Pacific sand lance  Ammodytes hexapterus SPHS Marine & Estuarine 
Pacific herring  Clupea harengus pallasi FC/SC Marine & Estuarine 
Surf smelt  Hypomesus pretiosus SPHS Marine & Estuarine 
Pacific hake  Merluccius productus FSC/SC Marine & Estuarine 
Lingcod  Ophiodon elongatus SPHS Marine & Estuarine 
Pacific cod  Gadus macrocephalus FSC/SC Marine (occ. Estuarine) 
Walleye pollock  Theragra chalcogramma FSC/SC Marine (occ. Estuarine) 
Newcomb’s littorine snail  Algamorda subrotundata FSC/SC Marine 
Northern abalone  Haliotis kamtschatkana FSC/SC Marine 
Brown rockfish Sebastes auriculatus SC Marine 
Copper rockfish Sebastes caurinus  FSC/SC Marine 
Greenstriped rockfish Sebastes elongates SC Marine 
Widow rockfish  Sebastes entomelas SC Marine 
Yellowtail rockfish  Sebastes flavidus SC Marine 
Quillback rockfish  Sebastes maliger FSC/SC Marine 
Black rockfish Sebastes melanops  SC Marine 
China rockfish Sebastes nebulosus SC Marine 
Tiger rockfish  Sebastes nigrocinctus SC Marine 
Bocaccio rockfish Sebastes paucispinis SC Marine 
Canary rockfish Sebastes pinniger SC Marine 
Redstripe rockfish  Sebastes proriger SC Marine 
Yelloweye rockfish  Sebastes ruberrimus SC Marine 

Notes: 
FE = Federal Endangered 
FP = Federal Proposed 
FT = Federal Threatened 
FC = Federal Candidate 
FSC = Federal Species of Concern 
SC = State Candidate 
SS = State Sensitive 
SPHS = State Priority Habitat Species 

Source:  The list of species being considered for coverage under the HCP was provided in “WDFW Hydraulic Project 
Approval HCP Exhibit B HPA Final Grant Proposal,” which was distributed with the Request for Proposal for this 
analysis. 
Note: Species listed by habitat type; within habitat type, species listed in alphabetical order by scientific name. 
 

This white paper focuses on overwater structures for which WDFW would benefit from 

securing programmatic coverage under the ESA; examples include docks, piers, ramps, and 

floats.   

 

The remainder of this white paper is organized as follows: 

• Objectives and methodology are detailed in Sections 2 and 3. 

• Permitted overwater structures and non‐structural piling activities are described in 

Section 4. 

• Habitats used by the potentially covered species are summarized in Section 5. 
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• The conceptual framework for assessing impacts is presented in Section 6. 

• The impact analysis appears in Section 7. 

• Cumulative impacts of overwater structures and non‐structural piling are discussed in 

Section 8. 

• The potential risk of take is summarized in Section 9. 

• An analysis of data gaps is presented in Section 10. 

• Strategies to offset impacts and management recommendations are provided in 

Section 11. 

• Section 12 lists publication details for the references cited in this white paper.  
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2 OBJECTIVES 

The objectives of this white paper are: 

• To compile and synthesize the best available scientific information related to the 

potential human impacts on potentially covered species, their habitats, and associated 

ecological processes resulting from the construction and operation of overwater 

structures and non‐structural piling permitted under the HPA authority 

• To use this scientific information to estimate the circumstances, mechanisms, and risk of 

incidental take potentially or likely resulting from construction and operation of various 

types of overwater structures and non‐structural piling 

• To identify appropriate and practicable measures, including policy directives, 

conservation measures, and best management practices (BMPs), for avoiding, 

minimizing, or mitigating the risk of incidental take 
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3 METHODOLOGY 

We employed the following procedures in preparing this white paper: 

1. Existing WDFW rules and guidance were reviewed to identify current knowledge and 

practices relevant to the analysis of the impacts to potentially covered species associated 

with overwater structures and non‐structurual piling. 

2. A literature review was conducted to review the current state of knowledge regarding  

potential impacts associated with overwater structures and non‐structural piling on 

potentially covered species.  The compiled literature set included (a) relevant previous 

white papers prepared for WDFW; (b) copies of HPAs for overwater structures and non‐

structural piling, provided by WDFW; (c) documents secured as a result of keyword 

searches on the Internet and in other literature databases; and (d) a review of biological 

opinions prepared by NOAA Fisheries and USFWS, addressing various projects 

involving overwater structures and non‐structural piling in Washington, Oregon, Idaho, 

and California.  The principal keyword search strategy was to look for documents 

linking terms describing the species (i.e., common and scientific names of all potentially 

covered species) with terms describing overwater structures and non‐structural piling or 

mechanisms of impact associated with the construction and operation of such structures. 

3. The compiled documents were reviewed to determine which potential mechanisms of 

impact were addressed in each document; the majority considered impacts to salmonids 

or to physical habitat features.  Documents that evaluated impacts to potentially covered 

species and physical habitat features were identified and evaluated during the literature 

review.  The literature review results were entered into a matrix, which allowed easy 

identification of literature relevant to each impact mechanism.  Documents located 

during the literature review were in turn used in Internet searches (mostly conducted 

using the Google® search tool) to locate additional relevant literature addressing 

specific impact pathways. 

4. Impact mechanism analyses were prepared for each of the principal impact mechanisms 

and for both overwater structures and non‐structural piling.   

5. The text of the white paper was prepared and subjected to review by technical 

specialists with Anchor Environmental L.L.C., Jones & Stokes Associates, and R2 

Resource Consultants, as well as by WDFW personnel. 
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4 ACTIVITY DESCRIPTION 

RCW 77.55.011(7) defines a hydraulic project as “the construction or performance of work that 

will use, divert, obstruct, or change the natural flow or bed of any of the salt or freshwaters of 

the state.”  Overwater structures and non‐structural piling are addressed together in this white 

paper because of the overlap in potential impact mechanisms associated with the construction 

and presence of these structures.  Overwater structures are defined by WDFW4 as “docks, piers, 

floats, ramps, wharfs, ferry terminals, and other structures that are supported above or float on 

the water.  This includes all structural or supporting pilings for the overwater structure.  This 

does not include structures associated with a Marina, or Non‐Structural (Supporting) Pilings.”  

For the purposes of this analysis: 

• A pier is defined as an elevated and stationary walkway supported by piling that 

extends waterward of the shoreline. 

• A float and a dock are both defined as a walkway or other surface that floats on the 

water. 

• A ramp is defined as a walkway connecting a pier or other shoreward structure to a float 

and providing access between the two. 

• A wharf is defined as an elevated and stationary structure oriented parallel to the 

shoreline, such that ships can lie alongside to load and unload cargo and passengers. 

 

Non‐structural pilings are defined by WDFW as “individual, non‐structural pilings, power 

poles, transmission lines, conduits, etc.  Pilings are driven into the stream, lake, and ocean bed.”   

 

The complete legal description of these activities is contained in Washington Administrative 

Code (WAC) 220‐110, the Hydraulic Code Rules, and is particularly detailed in WAC 220‐110‐060, 

Construction of freshwater docks, piers, and floats and the driving or removal of piling, and WAC 220‐

110‐300, Saltwater piers, pilings, docks, floats, rafts, ramps, boathouses, houseboats, and associated 

moorings.  Appendix A reproduces the full text of these WAC sections. 

 

For this white paper, overwater structures and non‐structural piling are defined as hydraulic 

projects that comply with all provisions specified in WAC 220‐110‐060 or WAC 220‐110‐300. The 

analysis presented in this white paper addresses the impacts of lawful activities, which are the 

                                                      
4 The definitions of overwater structures and non‐structural piling presented here were provided by WDFW in 
Appendix B of Exhibit B of the Request for Proposal for this project, RFP No. 06‐0005. 
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only activities that can be authorized under an ITP.  Accordingly, the impact analyses presented 

below were prepared with the assumption that all applicable provisions of WAC 220‐110, and 

any other applicable laws and regulations of the United States and the State of Washington, are 

observed in the construction and operation of overwater structures and non‐structural piling 

authorized by WDFW.   

 

Most overwater structures and non‐structural piling affect waters of the United States as well as 

waters of the State of Washington.  Thus, their construction also requires a permit from the U.S. 

Army Corps of Engineers (the Corps; USACE) authorizing the placement of fill in waters of the 

United States (known as a Section 404 permit) or the placement of structures in navigable 

waters (known as a Section 10 permit).  In many cases, the permit is some form of a Corps 

Nationwide Permit, meaning that standard conditions apply.  However, on September 26, 2006, 

the Corps proposed revision of the Nationwide Permit system; therefore, it is not practical for 

this analysis to make assumptions about future permit conditions that might be imposed by the 

Corps for projects authorized under the Nationwide Permit system.  Moreover, all projects 

authorized under Corps permits are subject to additional conditions, some of which may be 

derived pursuant to interagency consultation with the federal agencies as provided for under 

Section 7 of the ESA.  The analyses presented in this white paper do not reflect assumptions 

about what those conditions might be. 
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5 SPECIES AND HABITAT USE 

Table 2 identifies the approximate distribution of each of the 52 potentially covered species 

listed in Table 1 by noting its documented presence within Water Resource Inventory Areas 

(WRIAs) for freshwater and estuarine environments or Tidal Reference Areas (TRAs) for marine 

environments.  Figures in Appendix B show the locations of WRIAs and TRAs in Washington 

State.  The risk of incidental take is approximately zero for any species not present in the region 

where a given HPA is applicable.  Because the WRIAs and TRAs represent large areas, species 

habitat requirements are further identified in Table 3, which describes the critical life‐history 

stages of each species and the habitat dependency for each life‐history stage. 

 
Table 2  

Range of Potentially Covered Species Listed in Table 1 
 

Common Name Scientific Name 
Water Resource  
Inventory Area* 

Tidal Reference Area 
(see list below)* 

Green sturgeon Acipenser medirostris  25, 26, 27, 28 All 
White sturgeon  Acipenser transmontanus 3, 22, 24-37, 40-42, 44-61 

(Columbia and Snake 
rivers) 

All 

Newcomb's littorine snail  Algamorda subrotundata N/A 14, 15, 16, 17 
Pacific sand lance  Ammodytes hexapterus N/A All 

California floater (mussel)  Anodonta californiensis 30, 36, 37, 40, 42, 47-49, 
52-54, 58-61 

N/A 

Mountain sucker  Catostomus platyrhynchus 23, 26-33, 35-41, 44-46 
(Columbia, Snake, and 

Yakima rivers) 

N/A 

Pacific herring  Clupea harengus pallasi N/A 1, 2, 4, 5, 8, 9, 10, 11, 
12, 13, 16, 17 

Margined sculpin  Cottus marginatus 32, 35 N/A 
Lake chub  Couesius plumbeus 48, 61; other locations 

unknown 
N/A 

Giant Columbia River limpet  Fisherola nuttalli 35, 36, 40, 47-49, 54, 57; 
other locations unknown 

N/A 

Great Columbia River spire 
snail  

Fluminicola columbiana 35, 45, 48, 49; other 
locations unknown 

N/A 

Pacific cod  Gadus macrocephalus N/A All 
Western ridged mussel Gonidea angulata 1, 3-5, 7-11, 13, 21-42, 44-

55, 57-62 
N/A 

Northern abalone  Haliotis kamtschatkana N/A 10 
Surf smelt  Hypomesus pretiosus N/A All 

River lamprey  Lampetra ayresi 1, 3, 5, 7-16, 20-40 N/A 
Western brook lamprey  Lampetra richardsoni 1, 3, 5, 7-14, 16, 20-40 N/A 

Pacific lamprey  Lampetra tridentata 1, 3, 5, 7-42, 44-46, 58, 61 N/A 
Pacific hake  Merluccius productus N/A All 

Olympic mudminnow  Novumbra hubbsi 5, 7-14, 20-24, 26 N/A 
Coastal cutthroat trout Oncorhynchus clarki clarki 1-5, 7-30 All 

Westslope cutthroat trout  Oncorhynchus clarki lewisi 37-39, 44-55, 58-62 N/A 
Pink salmon  Oncorhynchus gorbuscha 1, 3-5, 7-13, 16-19, 21 1-13 

Chum salmon Oncorhynchus keta 1, 3-5, 7-29 All 
Coho salmon Oncorhynchus kisutch  1-42, 44-48, 50 All 
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Common Name Scientific Name 
Water Resource  
Inventory Area* 

Tidal Reference Area 
(see list below)* 

Redband trout Oncorhynchus mykiss 37-40, 45-49, 54-57 N/A 
Steelhead  Oncorhynchus mykiss 1, 3, 4, 5, 7, 8, 9, 10-12, 14, 

15, 17-41, 44-50 
All 

Sockeye salmon  Oncorhynchus nerka 1, 3-5, 7-12, 16, 19-22, 25-
33, 35-37, 40, 41, 44-50, 

Columbia River and Snake 
River 

5, 8, 14 

Chinook salmon Oncorhynchus 
tschawytscha 

1-41, 44-50 All 

Lingcod  Ophiodon elongatus N/A All 
Olympia oyster  Ostrea lurida N/A 1-14, 17 
Pygmy whitefish  Prosopium coulteri 7, 8, 19, 39, 47, 49, 53, 55, 

58, 59, 62 
N/A 

Leopard dace  Rhinicthys falcatus 21, 26-41, 44-50 N/A 
Umatilla dace  Rhinicthys umatilla 31, 36-41, 44-50, 59-61 N/A 

Bull trout Salvelinus confluentus 1-23, 26, 27, 29-41, 44-55, 
57-62 

All 

Dolly Varden Salvelinus malma 1, 3, 5, 7, 17-22, 24 6-10, 14-17 
Brown rockfish Sebastes auriculatus N/A All 
Copper rockfish Sebastes caurinus  N/A All 

Greenstriped rockfish Sebastes elongates N/A All 
Widow rockfish  Sebastes entomelas N/A All 

Yellowtail rockfish  Sebastes flavidus N/A All 
Quillback rockfish  Sebastes maliger N/A All 

Black rockfish Sebastes melanops  N/A All 
China rockfish Sebastes nebulosus N/A All 
Tiger rockfish  Sebastes nigrocinctus N/A All 

Bocaccio rockfish Sebastes paucispinis N/A All 
Canary rockfish Sebastes pinniger N/A All 

Redstripe rockfish  Sebastes proriger N/A All 
Yelloweye rockfish  Sebastes ruberrimus N/A All 

Longfin smelt  Spirinchus thaleichthys 1,2,3, 6-17, 22 and 24 1-9, 15-17 (mouths of 
rivers and streams; Lake 

Washington) 
Eulachon Thaleichthys pacificus  20-29 (mouths of major 

rivers) 
14-17 (tidal areas of 

rivers) 
Walleye pollock  Theragra chalcogramma N/A All 

 
Tidal Reference Areas:  

  TRA 1 – Shelton  TRA 2 – Olympia  TRA 3 – South Puget Sound  TRA 4 – Tacoma
  TRA 5 – Seattle  TRA 6 – Edmonds  TRA 7 ‐ Everett  TRA 8 – Yokeko Point
  TRA 9 – Blaine  TRA 10 – Port Townsend  TRA 11 – Union  TRA 12 – Seabeck.
  TRA 13 – Bangor  TRA 14 – Ocean Beaches  TRA 15 – Westport  TRA 16 – Aberdeen
  TRA 17 – Willapa Bay 
 
*Please refer to Appendix B for figures showing WRIA and TRA locations.  Estuarine and marine distributions are 
characterized by TRA rather than WRIA. 
Note:  Species listed in alphabetical order by scientific name. 
Note: The distribution of all fish species in this table is based on visual examination of range maps published by 
Wydoski and Whitney (2003) and comparison to published maps showing WRIA and TRA boundaries.  The 
distribution of all non‐fish (invertebrate) species is based on narrative descriptions presented by the Washington 
Department of Natural Resources (WDNR 2006b). 
N/A – Not applicable, because the species does not occur within a WRIA and/or a TRA. 
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Table 3  
Habitat Requirements of Potentially Covered Species 

 
Common 

Name 
Scientific 

Name Habitat and Life Requirements1 
Reproductive Timing2: Spawning, Egg 

Incubation, Emergence 
Green 

sturgeon 
Acipenser 
medirostris 

 

Habits and life history not well known; found in all marine waters in Washington and in 
estuaries; spend much of life in marine nearshore waters and estuaries, returning to rivers 
to spawn; spawn in deep pools, substrate preferences unclear but are likely large cobbles, 
although range from sand to bedrock; reside in lower reaches of fresh water for up to 3 
years; age at sexual maturity uncertain; feed on fishes and invertebrates (Wydoski and 
Whitney 2003; Nakamoto and Kisanuki 1995; Adams et al. 2002; Emmett et al. 1991) 

Spawning: Spring 
Incubation and Emergence: Large eggs sink 
to bottom, weak swimmers (Kynard et al. 
2005) 

White 
sturgeon 

 

Acipenser 
transmontanus 

Found in marine waters and major rivers in Washington; in marine settings, adults and 
subadults use estuarine and marine nearshore, including some movement into intertidal 
flats to feed at high tide; some landlocked populations behind dams; seasonally use main 
channels and sloughs; juveniles also occupy boulder and bedrock substrate; prefers swift 
(2.6 to 9.2 feet per second) and deep (13 to 66 feet) water on bedrock substrate for 
spawning; juveniles feed on mysid shrimp and amphipods; large fish feed on variety of 
crustaceans, annelid worms, molluscs, and fish (Parsley et al. 1993; Wydoski and Whitney 
2003; Emmett et al. 1991)  

Spawning: April to July 
Incubation: Approx. 7 days 
Emergence: Approx. 7 days 
  

Newcomb's 
littorine 
snail 

Algamorda 
subrotundata 

Found in Grays Harbor and Willapa Bay on Washington coast; current distribution 
uncertain; algae feeder occupying narrow band in Salicornia salt marshes above mean 
higher high water (MHHW); not a true marine gastropod (Larsen et al. 1995) 

Egg Laying: Unknown 

Pacific 
sand 
lance 

 

Ammodytes 
hexapterus 

Schooling plankton feeders; spawn on sand and gravel at tidal elevations of 4 to 5 feet 
(+1.5 meters [m]) MHHW; larvae and young rear in bays and nearshore; adults feed 
during the day and burrow into the sand at night (Garrison and Miller 1982, In: Nightingale 
and Simenstad 2001b; WDFW 1997b, In: NRC 2001). 

Spawning: November to February 
Incubation: On sand substrate 
Emergence: January to April 

California 
floater 

(mussel) 
 

Anodonta 
californiensis 

Freshwater filter feeder requiring clean, well-oxygenated water; declining through much of 
historical range; known to occur in Columbia and Okanogan rivers and several lakes; 
intolerant of habitats with shifting substrates, excessive water flow fluctuations, or seasonal 
hypoxia; fertilization takes place within the brood chambers of the female mussel; the 
fertilized eggs develop into a parasitic stage called glochidia; released glochidia attach to 
species-specific host fish; juvenile and adult mussels attach to gravel and rocks (Nedeau 
et al. 2005; Larsen et al. 1995; Box et al. 2003; Frest and Johannes 1995, In: WDNR 
2006b) 

Spawning: Spring 
Incubation: In brood pouch, duration 
unknown; glochidia attach to host fish during 
metamorphosis 

Mountain 
sucker 

 

Catostomus 
platyrhynchus 

Distribution restricted to Columbia River system; found in clear, cold mountain streams 
less than 40 feet wide and in some lakes; prefer deep pools in summer with moderate 
current; juveniles prefer slower side channels or weedy backwaters; food consists of algae 
and diatoms (Wydoski and Whitney 2003) 

Spawning: June and July 
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Common 
Name 

Scientific 
Name Habitat and Life Requirements1 

Reproductive Timing2: Spawning, Egg 
Incubation, Emergence 

Pacific 
herring 

 

Clupea 
harengus 

pallasi 

18 separate stocks in Puget Sound; utilize shallow subtidal habitats (between 0 and –10 
feet mean lower low water [MLLW]) for spawning and juvenile rearing; spawning has also 
occurred above MLLW; widely distributed throughout Puget Sound and coastal wetlands; 
feed on harpacticoid copepods; important forage fish (WDFW 1997a; Simenstad et al. 
1979, In: NRC 2001 and In: Nightingale and Simenstad 2001b). 

Spawning: Late January to early April, 
oviparous 
Egg Incubation: 10 to 14 days; eggs adhere 
to eelgrass, kelp, seaweed 
Emergence: Larvae are pelagic (i.e., free 
floating) 

Margined 
sculpin 

 

Cottus 
marginatus 

Endemic to southeastern Washington; habitat is in deeper pools and slow-moving glides in 
headwater tributaries with silt and small gravel substrate; spawn under rocks in pools; 
prefer cool water less than 68 degrees Fahrenheit (F) (20 degrees Celsius [C]); avoid high-
velocity areas; food is unknown (Wydoski and Whitney 2003; Mongillo and Hallock 1998) 

Spawning: May to June 
Incubation and Emergence: Unknown 

Lake 
chub 

 

Couesius 
plumbeus 

Bottom dwellers inhabiting a variety of habitats in lakes and streams; prefer small, slow 
streams; spawn on rocky and gravelly substrate in tributary streams to lakes; juveniles 
feed on zooplankton and phytoplankton; adults feed on insects (Wydoski and Whitney 
2003) 

Spawning: April to June, broadcast spawn 

Giant 
Columbia 

River 
limpet 

Fisherola 
nuttalli 

Also known as the shortface lanx; occupies fast-moving and well-oxygenated streams, 
specifically the Hanford Reach, Wenatchee and Methow rivers; found in shallow, rocky 
areas of cobble to boulder substrate; species feeds by grazing on algae and small 
crustaceans attached to rocks (Neitzel and Frest 1990, In: WDNR 2006b) 

Unknown 

Great 
Columbia 

River 
spire 
snail 

Fluminicola 
columbiana 

Also known as the Columbia pebblesnail and ashy pebblesnail; current range is restricted 
to rivers, streams, and creeks of the Columbia River basin; require clear, cold streams with 
highly oxygenated water; found in riffle pool on substrates ranging from sand to gravel or 
rock; graze on algae and small crustaceans (Neitzel and Frest 1990; Neitzel and Frest 
1989, In: WDNR 2006b) 

Unknown 

Pacific 
cod 

 

Gadus 
macrocephalus 

Adults and large juveniles found over clay, mud, and coarse gravel bottoms; juveniles use 
shallow vegetated habitats such as sand-eelgrass; opportunistic feeders on invertebrates 
(worms, crabs, shrimp) and fishes (sand lance, pollock, flatfishes); larval feeding unknown 
(Bargmann 1980; Hart 1973; Dunn and Matarese 1987; NMFS 1990; Garrison and Miller 
1982; Albers and Anderson 1985, In: NRC 2001 and In: Nightingale and Simenstad 
2001b)  

Spawning: Oviparous 
Incubation: Late fall to early spring, 1 to 4 
weeks 
Emergence: Larvae and juveniles are 
pelagic 

Western 
ridged mussel 

Gonidea 
angulata 

Specific information on this species is generally lacking; reside on substrates ranging from 
dense mud to coarse gravel in creeks, streams, and rivers; found in a variety of flow 
regimes; species may tolerate seasonal turbidity but is absent from areas with continuous 
turbidity (WDNR 2006b) 

Larvae generally attach to the gills of fish for 
1 to 6 weeks; post-larval mussels “hatch” 
from cysts as free living juveniles to settle 
and bury in the substrate 

Northern 
abalone 

 

Haliotis 
kamtschatkana 

Also known as pinto abalone; limited to the Strait of Juan de Fuca and the San Juan 
Islands; occupies bedrock and boulders from extreme low to 100 feet (30 m) below MLLW; 
usually associated with kelp beds (NMFS 2004; Gardner 1981; West 1997; In: WDNR 
2006b) 

Spawning: Broadcast spawners; release 
pelagic gametes that develop into free-
swimming larvae; mature larvae settle on 
crustose corralline algae 
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Common 
Name 

Scientific 
Name Habitat and Life Requirements1 

Reproductive Timing2: Spawning, Egg 
Incubation, Emergence 

Surf 
smelt 

 

Hypomesus 
pretiosus 

Schooling plankton-feeding forage fish, spawn at the highest tides at high slack tide on 
coarse sand and pea gravel; juveniles rear in nearshore areas and adults form school 
offshore; feed on planktonic organisms; important forage fish (WDFW 1997c; Penttila 
2000a, In: NRC 2001 and In: Nightingale and Simenstad 2001b) 

Spawning: Year round in north Puget 
Sound, fall and winter spawning in south 
Puget Sound, and summer spawning along 
the coast 
Incubation: 2 to 5 weeks 
Emergence: Varies with season; 27 to 56 
days in winter; 11 to 16 days in summer 

River 
lamprey 

 

Lampetra 
ayresi 

Detailed distribution records not available for Washington; occupy fine silt substrates in 
backwaters of cold-water streams; larvae (ammocoetes) are filter feeders in mud 
substrates of cold-water streams; juveniles believed to migrate to Pacific Ocean several 
years after hatching; adults spend May to September in ocean before migrating to fresh 
water; adults attach to and feed on fish (Wydoski and Whitney 2003) 

Spawning: April to July 
Incubation: April to July 
Emergence: 2 to 3 weeks after spawning 
  

Western 
brook 

lamprey 
 

Lampetra 
richardsoni 

Found in small coastal and Puget Sound rivers and lower Columbia and Yakima river 
basins; spend entire life in fresh water; adults found in cool water (52 to 64 degrees F; 11 
to 17.8 degrees C) on pebble/rocky substrate; ammocoetes inhabit silty stream bottoms in 
quiet backwaters; ammocoetes are filter feeders; mature adults do not feed (Wydoski and 
Whitney 2003) 

Spawning: April to July 
Incubation and Emergence: Adhesive eggs 
hatch in 10 days  

Pacific 
lamprey 

 

Lampetra 
tridentata 

Found in most large coastal and Puget Sound rivers and Columbia, Snake, and Yakima 
river basins; larvae (ammocoetes) are filter feeders in mud substrates of cold-water 
streams; juveniles migrate to Pacific Ocean 4 to 7 years after hatching; attach to fish in 
ocean for 20 to 40 months before returning to rivers to spawn (Wydoski and Whitney 
2003) 

Spawning: April to July 
Incubation: April to July 
Emergence: 2 to 3 weeks after spawning 

Pacific 
hake 

 

Merluccius 
productus 

The coastal stock of hake is migratory; Puget Sound stocks reside in estuaries and rarely 
migrate; schooling fish; larvae feed on calanid copepods; juveniles and small adults feed 
on euphausiids; adults eat amphipods, squid, herring, smelt (Bailey 1982; NMFS 1990; 
Quirollo 1992; McFarlane and Beamish 1986, In: NRC 2001) 

Spawning: May spawn more than once per 
season 
Incubation: January to April 
Emergence: Pelagic eggs and larvae  

Olympic 
mudminnow 

 

Novumbra 
hubbsi 

Occur in the southern and western lowlands of the Olympic Peninsula, the Chehalis River 
drainage, lower Deschutes River drainage, and south Puget Sound lowlands west of the 
Nisqually River and in King County; found in quiet water with mud substrate, preferring 
bogs and swamps with dense aquatic vegetation; feed on annelids, insects, and 
crustaceans (Harris 1974; Mongillo and Hallock 1999, In: WDNR 2006a; Wydoski and 
Whitney 2003) 

Spawning: Late November to December 
Early March to mid-June 
Incubation: 9 days 
Emergence: 7 days after hatching 

Coastal 
cutthroat 

trout 

Oncorhynchus 
clarki 
clarki 

NOAA Fisheries recognizes three Evolutionarily Significant Units (ESUs) in Washington: 
(1) Puget Sound; (2) Olympic Peninsula; (3) Southwestern Washington; coastal cutthroat 
trout exhibit resident (stays in streams), fluvial (migrates to rivers), adfluvial (migrates to 
lakes), and anadromous life-history forms; resident coastal cutthroat trout utilize small 
headwater streams for all of their life stages; coastal cutthroat trout are repeat spawners; 
typically rear in the natal streams for up to 2 years; juveniles feed primarily on aquatic 
invertebrates but are opportunistic feeders; utilize estuaries and nearshore habitat but has 
been caught offshore (Johnson et al. 1999; Pauley et al. 1988, In: WDNR 2006a) 

Spawning: Late December to February 
Incubation: 2 to 4 months 
Emergence: 4 months  
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Common 
Name 

Scientific 
Name Habitat and Life Requirements1 

Reproductive Timing2: Spawning, Egg 
Incubation, Emergence 

Westslope 
cutthroat 

trout 
 

Oncorhynchus 
clarki 
lewisi 

Subspecies of cutthroat trout; three possible life forms: adfluvial, fluvial, or resident; all 
three life forms spawn in tributary streams in the spring when water temperature is about 
50 degrees F (10 degrees C); fry spend 1 to 4 years in their natal streams; cutthroat trout 
tend to thrive in streams with more pool habitat and cover; fry feed on zooplankton, 
fingerlings feed on aquatic insect larvae, and adults feed on terrestrial and aquatic insects 
(Liknes and Graham 1988; Shepard et al. 1984; Wydoski and Whitney 2003) 

Spawning: March to July 
Incubation: April to August 
Emergence: May to August 
  

Pink 
salmon 

 

Oncorhynchus 
gorbuscha 

Pink salmon is the most abundant species of salmon, with 13 stocks identified in 
Washington; pink salmon, the smallest of the Pacific salmon, mature and spawn on a 2-
year cycle; opportunistic feeder in marine habitat, foraging on a variety of forage fish, 
crustaceans, ichthyoplankton, and zooplankton; will spawn in rivers with substantial 
amounts of silt; migrate downstream almost immediately after emergence, moving quickly 
to marine nearshore habitats where they grow rapidly, feeding on small crustaceans, such 
as euphausiids, amphipods, and cladocerans (Hard et al. 1996; Heard 1991, In: WDNR 
2006a) 

Spawning: August to October 
Incubation: 3 to 5 months 
Emergence: 3 to 5 months 
  

Chum 
salmon 

Oncorhynchus 
keta 

NOAA Fisheries recognizes four ESUs in Washington: (1) Hood Canal summer run; (2) 
Columbia; (3) Puget Sound/Strait of Georgia; (4) Pacific Coast; little is known regarding 
their ocean distribution; maturing individuals that return to Washington streams have 
primarily been found in the Gulf of Alaska; usually found in the rivers and streams of the 
Washington coast, Hood Canal, Strait of Juan de Fuca, and Puget Sound; in the Columbia 
River basin, their range does not extend above the Dalles Dam; chum salmon rear in the 
ocean for the majority of their adult lives; at maturity, adults migrate homeward between 
May and June, entering coastal streams from June to November; chum fry feed on 
chironomid and mayfly larvae, as well as other aquatic insects; chum fry arrive in estuaries 
earlier than most salmon; juvenile chum reside in estuaries longer than most other 
anadromous species (Quinn 2005; Salo 1991; Healey 1982, In: Wydoski and Whitney 
2003 and WDNR 2006a) 

Spawning: October to December 
Incubation: 0.5 to 4.5 months 
Emergence: 6 months 
  

Coho 
salmon 

Oncorhynchus 
kisutch 

 

NOAA Fisheries recognizes three ESUs in Washington: (1) Lower Columbia River/SW 
Washington; (2) Puget Sound and Strait of Georgia; and (3) Olympic Peninsula; this 
species is found in a broader diversity of habitats than any of the other native anadromous 
salmonids; coho spend between 1 and 2 years in the ocean before returning to spawn; 
adult coho feed on invertebrates but become more piscivorous as they grow larger; 
spawning occurs in gravel free of heavy sedimentation; developing young remain in gravel 
for up to 3 months after hatching; coho fry feed primarily on aquatic insects and prefer 
pools and undercut banks with woody debris; coho rear in fresh water for 12 to 18 months 
before moving downstream to the ocean in the spring (Meehan 1991; Groot and Margolis 
1991, In: WDNR 2006a; Wydoski and Whitney 2003) 

Spawning: September to late January 
Incubation: 1.5 to 2 months 
Emergence: 2 to 3 weeks 
  

Redband 
trout 

Oncorhynchus 
mykiss 

gairdneri 

Redband trout is a subspecies of rainbow trout found east of  the Cascade Mountains; 
prefer cool water, less than 70 degrees F (21 degrees C), and occupy streams and lakes 
containing high amounts of dissolved oxygen; spawn in streams; food consists of Daphnia 
and chironomids as well as fish eggs, fish, and insect larvae and pupae (Busby et al. 1996; 
Wydoski and Whitney 2003).   

Spawning: March to April 
Incubation: 1 to 3 months 
Emergence: 3 months 
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Common 
Name 

Scientific 
Name Habitat and Life Requirements1 

Reproductive Timing2: Spawning, Egg 
Incubation, Emergence 

Steelhead 
 

Oncorhynchus 
mykiss 

NOAA Fisheries recognizes 15 ESUs of steelhead, seven of which occur in Washington; 
during their ocean phase of life, steelhead are generally found within 10 to 25 miles of the 
shore; steelhead remain in the marine environment 2 to 4 years; most steelhead spawn at 
least twice in their lifetimes; a summer spawning run enters fresh water in August and 
September, and a winter run occurs from December through February; escape cover, 
such as logs, undercut banks, and deep pools, is important for adult and young steelhead; 
after hatching and emergence, juveniles establish territories feeding on microscopic 
aquatic organisms and then larger organisms such as isopods, amphipods, and aquatic 
and terrestrial insects; steelhead rear in fresh water for up to 4 years before migrating to 
sea (McKinnell et al. 1997, In: WDNR 2006a; Wydoski and Whitney 2003) 

Spawning: March to April 
Incubation: 1 to 3 months 
Emergence: 3 months 
  

Sockeye 
salmon 

 

Oncorhynchus 
nerka 

WDFW recognizes nine sockeye salmon stocks in the state; of these, three are in Lake 
Washington and two in the Columbia River. Sockeye are found in the Snake and 
Okanogan, Lake Wenatchee, Lake Quinault, Lake Ozette, Baker River, Lake Pleasant, 
and Big Bear Creek drainages. Kokanee (landlocked sockeye) occur in many lakes, with 
the larger populations in Banks and Loon Lakes and Lake Whatcom and Lake 
Washington-Sammamish; spawn in shallow gravelly habitat in rivers and lakes and live in 
lakes 1 to 2 years before migrating to ocean; juveniles feed on zooplankton, adults feed on 
fishes, euphausiids, and copepods (Wydoski and Whitney 2003) 

Spawning: August to October 
Incubation: 3 to 5 months 
Emergence: 3 to 5 months 

Chinook 
salmon 

 

Oncorhynchus 
tschawytscha 

Chinook exhibit one of two life-history types, or races: the stream-type and the ocean-type; 
Stream-type Chinook tend to spend 1 (or less frequently 2) years in fresh water 
environments as juveniles prior to migrating to salt water as smolts; stream-type Chinook 
are much more dependent on freshwater stream ecosystems than ocean-type Chinook; 
spring Chinook are especially dependent on high water quality and good access to 
spawning areas; stream-type Chinook do not extensively rear in estuarine and marine 
nearshore environments, rather they head offshore and begin their seaward migrations;  
 
Ocean-type chinook enter saltwater at one of three phases: immediate fry migrants soon 
after yolk resorption, fry migrants after 60 to 150 day after emergence, and fingerling 
migrants which migrate in the late summer of fall of their first year; ocean-type Chinook are 
more dependent on estuarine habitats to complete their life history than any other species 
of salmon 
 
Chinook “runs” are designated on the basis of adult migration timing.  Early, spring-run 
chinook salmon tend to enter freshwater as immature fish, migrate far upriver, and finally 
spawn in the late summer and early autumn. Late, fall-run Chinook salmon enter 
freshwater at an advanced stage of maturity, move rapidly to their spawning areas on the 
mainstem or lower tributaries of the rivers, and spawn within a few days or weeks of 
freshwater entry 
 
Chinook generally feed on invertebrates, but become more piscivorous with age 
(Wydoski and Whitney 2003; Myers et al. 1998, In: WDNR 2006a; Healey 1991) 

Spring Chinook: 
Spawning: mid-July to mid-December 
Incubation:  6 to 8 months 
Emergence: 6 to 9 months  
 
Fall Chinook: 
Spawning: Late October to early December  
Incubation: 1 to 6 months 
Emergence: 6 months 
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Common 
Name 

Scientific 
Name Habitat and Life Requirements1 

Reproductive Timing2: Spawning, Egg 
Incubation, Emergence 

Lingcod 
 

Ophiodon 
elongatus 

Spawn in shallow water and intertidal zone; juveniles prefer sand habitats while adults 
prefer rocky substrates; larvae and juveniles found in upper 115 feet (35 m) of water; 
adults prefer slopes of submerged banks with macrophytes and channels with swift 
currents; larvae feed on copepods and amphipods; juveniles feed on small fishes, adults 
on demersal fishes and squid and octopi (Adams and Hardwick 1992; Giorgi 1981; NMFS 
1990; Emmett et al. 1991, In: NRC 2001) 

Spawning: January to late March 
Incubation and Emergence: February to 
June; egg masses adhere to rocks  
 

Olympia 
oyster 

 

Ostrea 
lurida 

Species found throughout the inland waters of Puget Sound, as well as in Willapa Bay and 
possibly Grays Harbor; also grown commercially in Puget Sound; occupy nearshore 
ecosystem on mixed substrates with solid attachment surfaces; found from 1 foot (0.3 m) 
above MLLW to 2 feet (0.6 m) below MLLW; intolerant of siltation; larvae settle onto hard 
substrate such as oyster shells, rocks (West 1997; Baker 1995; In: WDNR 2006b) 

Spawning: Spring to fall; reproduce when 
water temperatures are between 54 and 61 
degrees F (12.5 and 16 degrees C) 
Incubation and Emergence: After 8 to 12 
days, larvae develop into free-swimming 
larvae; larvae are free-swimming for 2 to 3 
weeks  

Pygmy 
whitefish 

 

Prosopium 
coulteri 

In Washington, pygmy whitefish occur at the extreme southern edge of their natural range; 
pygmy whitefish were once found in at least 15 Washington lakes but have a current 
distribution in nine; most often occur in deep, oligotrophic lakes with temperatures less 
than 50 degrees F (10 degrees C); use shallow water or tributary streams during the 
spawning season; feed on zooplankton, such as cladocerans, copepods, and midge 
larvae (Hallock and Mongillo 1998, In: WDNR 2006a; Wydoski and Whitney 2003) 

Spawning: July to November 
Incubation and Emergence: Unknown 

Leopard 
dace 

 

Rhinicthys 
falcatus 

Within Washington, leopard dace currently inhabit the lower, mid, and upper reaches of 
the Columbia, Snake, Yakima and Similikameen rivers; utilize habitat on or near the 
bottom of streams and small to mid-sized rivers with velocities less than 1.6 feet/sec (0.5 
m/second); prefers gravel and small cobble substrate covered by fine sediment with 
summer water temperatures ranging between 59 and 64 degrees F (15 and 18 degrees 
C); juveniles feed primarily on aquatic insects, adult leopard dace consume terrestrial 
insects; little is known about leopard dace spawning habitat or behavior (Wydoski and 
Whitney 2003) 

Spawning: May to July 
Incubation and Emergence: Unknown 

Umatilla 
dace 

 

Rhinicthys 
umatilla 

Umatilla dace are benthic fish found in relatively productive, low-elevation streams; inhabit 
streams with clean substrates of rock, boulders, and cobbles in reaches where water 
velocity is less than 1.5 feet/second; juveniles occupy streams with cobble and rubble 
substrates; adults occupy deeper water habitats; food habits are unknown (Wydoski and 
Whitney 2003) 

Little known of reproduction 
Spawning: Early to mid-July 
Incubation and Emergence: Unknown 

Bull 
trout 

Salvelinus 
confluentus 

Widely distributed in Washington; exhibits four life-history types – anadromous, adfluvial, 
fluvial, and resident; bull trout typically rear in their natal streams for 2 to 4 years, although 
resident fish may remain in these streams for their entire lives; multiple life-history forms 
occur together in the same water; young-of-the-year occupy side channels, with juveniles 
in pools, runs, and riffles; adults occupy deep pools; diet of juveniles includes larval and 
adult aquatic insects; subadults and adults feed on fish; bull trout in the nearshore 
ecosystem rely on estuarine wetlands and favor irregular shorelines with unconsolidated 
substrates (Wydoski and Whitney 2003; Goetz et al. 2004, In: WDNR 2006a) 

Spawning: Late August to late December 
Incubation and Emergence: 4 to 6 months 
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Common 
Name 

Scientific 
Name Habitat and Life Requirements1 

Reproductive Timing2: Spawning, Egg 
Incubation, Emergence 

Dolly Varden Salvelinus 
malma 

Species restricted to coastal areas and rivers that empty into them; species occurs 
sympatrically in streams in Olympic Peninsula; prefer pool areas and cool temperatures; 
spawn and rear in streams, may feed and winter in lakes; juveniles extensively use 
instream cover; ages 1 to 13 utilize beaches composed of sand and gravel; opportunistic 
feeders on aquatic insects, crustaceans, salmon eggs, fish (Leary and Allendorf 1997, In: 
Wydoski and Whitney 2003) 

Spawn mid-September to November; hatch 
129 days after fertilization 

Brown 
rockfish 

Sebastes 
auriculatus 

Utilize shallow-water bays with natural and artificial reefs and rock piles; estuaries are used 
as nurseries; can tolerate water temperatures to at least 71 degrees F (22 degrees C); eat 
small fishes, crabs, isopods (Stein and Hassler 1989; Eschmeyer et al. 1983; Love 1991, 
In: NRC 2001) 

Spawning: March to June 
Incubation: June 

Copper 
rockfish 

Sebastes 
caurinus 

 

Occur both inshore and on open coast; adults prefer rocky areas in shallower water than 
other rockfish species; juveniles use shallow and nearshore macrophytes and eelgrass 
habitat; feed on crustaceans, fish, and molluscs (Eschmeyer et al. 1983; Matthews 1990a; 
Haldorson and Richards 1986; Stein and Hassler 1989, In: NRC 2001) 

Spawning: March to May 
Incubation: April to June 
Emergence: Larvae are pelagic 

Greenstriped 
rockfish 

Sebastes 
elongates 

Adults found in benthic and mid-water columns; utilize a variety of bottom types; feed on 
euphausiids, small fishes, and squid (Eschmeyer et al. 1983; Love et al. 1990, In: NRC 
2001) 

Spawning: Viviparous; spawn two or more 
times per season 
Emergence: Late April to late June 

Widow 
rockfish 

 

Sebastes 
entomelas 

Adults found from 330- to 1,000-foot (100- to 300-m) depths near rocky banks, ridges, and 
seamounts; adults feed on pelagic crustaceans, Pacific hake, squids; juveniles feed on 
copepods, euphausiids (Eschmeyer et al. 1983; Laroche and Richardson 1981; NMFS 
1990; Reilly et al. 1992, In: NRC 2001) 

Spawning: Viviparous; October to December
Incubation: 14 days 
Emergence: March to May 

Yellowtail 
rockfish 

 

Sebastes 
flavidus 

Adults found from 165- to 1,000-foot (50- to 300-m) depths; adults semi-pelagic or pelagic 
over steep-sloping shores and rocky reefs; juveniles occur in nearshore area; opportunistic 
feeders on pelagic animals including hake, herring, smelt, squid, krill and euphausiids 
(Eschmeyer et al. 1983; Love 1991; O’Connell and Carlile 1993, In: NRC 2001) 

Spawning: Viviparous; October to December
Emergence: February to March 
Larvae and juveniles are pelagic 

Quillback 
rockfish 

 

Sebastes 
maliger 

Shallow-water benthic species in inlets near shallow rock piles and reefs; juveniles use 
eelgrass/sand and beds of kelp; feed on amphipods, crabs, copepods (Clemens and 
Wilby 1961; Hart 1973; Love 1991; Matthews 1990b; Hueckel and Slayton 1982; 
Rosenthal et al. 1988, In: NRC 2001) 

Spawning: Viviparous; April to July 
Emergence: May to July 

Black 
rockfish 

Sebastes 
melanops 

 

Low and high rock substrates in summer, deeper water in winter; kelp and eelgrass for 
juveniles; feed on nekton and zooplankton (Boehlert and Yoklavich 1983; Stein and 
Hassler 1989, In: NRC 2001) 

Spawning: February to April 
Emergence: Larvae and juveniles are 
pelagic 

China 
rockfish 

Sebastes 
nebulosus 

Occur inshore and on open coast in sheltered crevices; feed on crustacea (brittle stars and 
crabs), octopi, and fishes (Eschmeyer et al. 1983; Love 1991; Rosenthal et al. 1988, In: 
NRC 2001) 

Spawning: January to July 

Tiger 
rockfish 

 

Sebastes 
nigrocinctus 

Semi-demersal to demersal species occurring at depths ranging from shallows to 1,000 
feet (305 m); larvae and juveniles occur near surface and range of depth; adults use rocky 
reefs, canyons, and headlands; generalized feeders on shrimp, crabs, small fishes 
(Garrison and Miller 1982; Moulton 1977; Rosenthal et al. 1988, In: NRC 2001) 

Spawning: Ovoviviparous; peak May and 
June Emergence: Juveniles are pelagic 
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Common 
Name 

Scientific 
Name Habitat and Life Requirements1 

Reproductive Timing2: Spawning, Egg 
Incubation, Emergence 

Bocaccio 
rockfish 

Sebastes 
paucispinis 

Adults semi-demersal in shallow water over rocks with algae, eelgrass, and floating kelp; 
larvae feed on diatoms; juveniles feed on copepods and euphausiids (MBC Applied 
Environmental Sciences 1987; Garrison and Miller 1982; Hart 1973; Sumida and Moser 
1984 In: NRC 2001) 

Spawning: Ovoviviparous; year-round 
Incubation: 40 to 50 days 
Emergence: Released 7 days after hatching; 
larvae and juveniles are pelagic 

Canary 
rockfish 

Sebastes 
pinniger 

Adults use sharp dropoffs and pinnacles with hard bottoms; often associated with kelp 
beds (Sampson 1996); feed on krill and occasionally on fish (Boehlert 1980; Boehlert and 
Kappenman 1980; Hart 1973; Love 1991; Boehlert et al. 1989, In: NRC 2001)  

Spawning: Ovoviviparous; January to March
Emergence: Larvae and juveniles are 
pelagic 

Redstripe 
rockfish 

 

Sebastes 
proriger 

Adults found at depths between 330 and 1,000 feet (100 and 350 m) and young often 
found in estuaries in high- and low-relief rocky areas; juveniles feed on copepods and 
euphausiids; adults eat anchovies, herring, squid (Hart 1973; Kendall and Lenarz 1986; 
Garrison and Miller 1982; Starr et al. 1996, In: NRC 2001) 

Spawning: Ovoviviparous 
Emergence: July; larvae and juveniles are 
pelagic and semi-demersal 

Yelloweye 
rockfish 

 

Sebastes 
ruberrimus 

Adults found from 80- to 1,800-foot (25- to 550-m) depths near reefs and cobble bottom; 
juveniles prefer shallow, broken-bottom habitat; feed on other rockfish species, cods, sand 
lance, herring, shrimp, snails (Clemens and Wilby 1961; Eschmeyer et al. 1983; Hart 
1973; Rosenthal et al. 1988, In: NRC 2001) 

Spawning: Ovoviviparous  
Emergence: June 

Longfin 
smelt 

 

Spirinchus 
thaleichthys 

Marine species that spawns in streams not far from marine waters; juveniles utilize 
nearshore habitats of a variety of substrates; juveniles feed on small Neomysis; adults 
feed on copepods and euphausiids; most adults die after spawning (Wydoski and Whitney 
2003; Lee et al. 1980, In: Alaska Natural Heritage Program 2006) 

Spawning: October to December 
Incubation and Emergence: Hatch in 40 
days; larvae drift downstream to salt water 

Eulachon Thaleichthys 
pacificus 

 

Eulachon occur from northern California to southwestern Alaska; occur in offshore marine 
waters and spawn in tidal portions of rivers; spawn in variety of substrates but sand most 
common; juveniles rear in nearshore marine areas; plankton-feeders eating crustaceans 
such as copepods and euphausiids; larvae and post-larvae eat phytoplankton, copepods; 
important prey species for fishes, marine mammals, and birds (Langer et al. 1977; Howell 
et al. 2001; Lewis et al. 2002; WDFW and ODFW 2001, In: Willson et al. 2006) 

Spawning: During spring when water 
temperature is 40 to 50 degrees F (4 to 10 
degrees C); eggs stick to substrate 
Incubation: Temperature-dependent, range 
20 to 40 days 
Emergence: Larvae drift downstream to salt 
water 

Walleye 
pollock 

 

Theragra 
chalcogramma 

Widespread species in northern Pacific; larvae and small juveniles found at 200-foot (60-
m) depth; juveniles utilize nearshore habitats of a variety of substrates; juveniles feed on 
small crustaceans, adults feed on copepods, euphausiids, and young pollock; important 
prey species (Garrison and Miller 1982; Miller et al. 1976;  Bailey et al. 1999; Livingston 
1991, In: NRC 2001) 

Spawning: February to April 
Incubation: Eggs suspended at depths 
ranging from 330 to 1,320 feet (100 to 400 
m) 
Emergence: Pelagic larvae 

Note:  Species listed in alphabetical order by scientific name. 
Definitions:   demersal—living near, deposited on, or sinking to the bottom 

oviparous—producing eggs that develop and hatch outside the maternal body 
ovoviviparous—producing eggs that develop within the maternal body and hatch before or immediately after release 
piscivorous—fish‐eating 
viviparous—producing living young rather than eggs 

1Comments related to distribution pertain only to the Washington portion of species distribution. 
2Spawning is given as seasonal timing, when information is available.  Incubation is the time elapsed between spawning and hatching. Emergence is the time 
elapsed between hatching and when juveniles enter the water column; as noted above where relevant, some hatchlings enter the water column immediately. 
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6 CONCEPTUAL FRAMEWORK FOR ASSESSING IMPACTS 

Overwater structures and non‐structural piling can impact potentially covered species via a 

number of mechanisms affecting organisms, their habitats, or critical ecological functions.  Such 

impacts can affect organisms either directly, such as when an organism is injured by a piece of 

machinery, or indirectly by affecting any of the elements shown on Figure 1 (reprinted from 

Williams and Thom 2001). 

 

 
Figure 1  
Conceptual Framework for Assessment 
 

The conceptual framework begins with an impact, which in this case would consist of activities 

authorized under an HPA for an overwater structure or non‐structural piling.  That impact can 

in turn alter controlling factors (e.g., flow conditions or sediment sources), which are expressed 

in the environment via habitat structure (e.g., sediment composition or the structure of the 

vegetation community).  Habitat structure is linked to habitat processes (e.g., shading or pool 

formation), which underpin ecological functions (e.g., production of forage fish) that support 

the ecosystem.  Altering any of these elements can potentially result in an impact to one or more 

of the potentially covered species. 

 

The literature reviewed for this white paper primarily identifies certain critical controlling 

factors, habitat structural elements, and habitat processes that have high potential to be affected 

by human activities in general and by overwater structures or non‐structural piling in 

particular.  The impact analysis that follows in Section 7 is based on a review of specific impact 

pathways associated with the controlling factors, habitat structural elements, and habitat 

processes.  Table 4 lists and defines the impact pathways evaluated in this white paper and 

describes how human alteration of a pathway can affect potentially covered species.  Section 7 

discusses the direct and indirect impacts associated with each impact pathway. 
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Table 4  
Principal Impact Pathways Evaluated 

 
Pathway Description 
Shading All shading of waters, whether by natural or artificial means. 

Littoral vegetation Artificial changes in submerged or intertidal marine or estuarine vegetation. 
Freshwater aquatic vegetation Artificial changes in submerged freshwater vegetation. 

Riparian and shoreline vegetation Artificial changes in riparian or shoreline vegetation, including all functions 
performed by large woody debris in or near the channel. 

Noise Artificial noise from pile driving, motors, vessel operations, and other noise-
generating activities. 

Water quality Changes in water quality, primarily in turbidity but also in temperature, pH, 
dissolved oxygen content, and metallic or organic toxins. 

Channel hydraulics Changes in substrate composition or morphology that result when channel 
processes are altered by artificial means. 

Littoral drift Changes in substrate composition or morphology that result when littoral 
processes are altered by artificial means. 

Substrate modifications Changes in substrate composition (grain size) or restructuring by artificial means 
(e.g., excavation, fill). 

Channel dewatering Changes that result from altered flow, principally dewatering that occurs due to 
stream diversion during overwater structure construction. 

Artificial light Artificial light used during construction or operation of a structure. 
Vessel activities Changes resulting from the operation of vessels and other submerged 

equipment during construction or other vessel-related activities that occur during 
construction of the overwater structure or installation of non-structural piling. 
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7 DIRECT AND INDIRECT IMPACTS 

Potentially covered species are vulnerable to incidental take via certain impact pathways, as 

identified in Section 6.  These pathways correspond to controlling factors and habitat structure 

elements (Figure 1).  The following discussion describes each of these pathways and how each 

pathway is linked to essential life‐history traits or particular habitat requirements of potentially 

covered species.  The risk of causing incidental take is discussed in Section 9, and potential 

means of avoiding or minimizing take are discussed in Section 11. 

 

Note that there is an element of overlap among some impact pathways; for instance, vessel 

activities (Section 7.12) necessarily include some element of noise (Section 7.5) and artificial light 

(Section 7.11).  In the following impact analysis, such areas of overlap are identified by cross‐

references.   

 

7.1 Shading 

The information summarized in this section is largely taken from two extensive literature 

reviews prepared for WDFW that analyze the biological impacts of overwater structures: 

Marine Overwater Structures: Marine Issues (Nightingale and Simenstad 2001b) and Over‐

Water Structures: Freshwater Issues (Carrasquero 2001).  The white papers discuss relevant 

literature on the environmental effects, data gaps, and recommended impact reduction 

techniques applicable to overwater structures, non‐structural pilings, marinas, and other 

structures found in and around water bodies of the state.  More recent studies and reports 

published between 2000 and October 2006 were also reviewed to augment information on 

the impacts of shading. 

 

Populations and diversity of aquatic species in the Pacific Northwest can be severely limited 

in environments shaded by overwater structures when compared to adjacent unshaded, 

vegetated habitats (Orth and Moore 1983, Thayer et al. 1984, Fresh et al. 1995, Parametrix 

and Battelle 1996, Thom et al. 1996, Ludwig et al. 1997, Fresh et al. 2000, all in Nightingale 

and Simenstad 2001b; Thom et al. 1998).  Overwater structures can create sharp underwater 

light contrasts by casting shade in ambient daylight conditions, in turn limiting light 

availability for plant photosynthesis and growth.  Limiting photosynthesis indirectly 

impacts the food chain for fish and invertebrates.  Artificial structures affect distributions, 

behavior, growth, and survival of fish and invertebrates in the vicinity of the structure.  
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Because teleost (i.e., bony) fishes such as salmonids, rockfish, flatfish, cod, pollock, and 

other common fishes in Washington place strong reliance on vision and light for migration, 

foraging, and refuge, changes in the ambient light regime can make such fishes vulnerable 

to predation, starvation, or reduced fitness (Nightingale and Simenstad 2001b).   

 

The effects of reduced underwater vegetation on potentially covered species are addressed 

in Sections 7.2 and 7.3, which discuss littoral vegetation (e.g., eelgrass and macroalgae) and 

freshwater aquatic vegetation, respectively.  Therefore, the following discussion focuses on 

the direct impacts of shading on potentially covered species. 

 

7.1.1 Fish Vision 

In addition to affecting aquatic vegetation, shade can affect fish and invertebrates by 

disrupting normal migration patterns, reducing the ability to avoid predators, and 

reducing available refuge.  Teleost fishes, which include all potentially covered fish 

species except sturgeon and lamprey, depend on sight for feeding and schooling.  As 

juveniles, they utilize nearshore or shallow water habitats and share a sensitivity to 

ultraviolet wavelengths reflected in shallow‐water habitats (Tribble 2000, Britt 2001, both 

in Nightingale and Simenstad 2001b).  Figure 2 depicts light conditions related to 

juvenile salmon behavior such as schooling, predator avoidance, feeding, and migratory 

behavior.  
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Figure 2  
Juvenile Salmon Behavior Patterns Related to Light Intensity 
Source: Nightingale and Simenstad 2001b  
 

 

Tribble (2000, in Nightingale and Simenstad 2001b) found the swimming and feeding 

behavior of juvenile and larval sand lance (Ammodytes hexapterus) to be reduced with 

low light levels.  Similar to other juvenile fishes with cone‐based vision, the retinal cells 

of larval sand lance fall in the violet to green range, with limited visual acuity in low‐

light environments.  Their visual acuity increases with growth as their cone pigments 
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shift from violet to blue sensitivity.  Tribble (2000, in Nightingale and Simenstad 2001b) 

reports that sand lance visual development reflects the habitats they occupy at given 

total lengths.  Rods appear to develop when the fish reach approximately 1 inch (24 

millimeters [mm]), and full adult visual acuity develops at 1.4 inches (35 mm).  At 

approximately 2 inches (50 mm) in size, the fish will begin to move into deeper pelagic 

waters, where the light environment changes, and their light requirements for prey 

capture change in response to the light wavelengths characteristic of that habitat.  At this 

point they will largely depart from the range of water depths where they may be 

affected by overwater structures.  A similar change in visual sensitivity has been 

observed in yellow perch.  Brownan and Hawryshyn (1994, in Nightingale and 

Simenstad 2001b) report this loss of ultraviolet sensitivity to be size‐dependent rather 

than age‐dependent and to likely correlates with the time when fishes move from 

shallow to deeper water.  These results suggest that shading effects attributable to 

overwater structures predominantly affect smaller fish, and that “shading” as an impact 

includes the loss of both visual and ultraviolet wavelengths of light. 

 

7.1.2 Prey Abundance, Feeding, and Growth 

Juvenile and larval fish are primarily visual feeders, and starvation is the major cause of 

larval mortality in marine fish populations.  Early life‐history stage survival is linked to 

the ability to locate and capture prey and avoid predators (Britt 2001, in Nightingale and 

Simenstad 2001b). 

 

Capture success is often directly related to prey abundance in a given location, as well as 

to fish growth and fitness.  Kahler et al. (2000) states that shading from overwater 

structures may reduce the abundance of prey organisms available to juvenile salmonids 

and forage fish by reducing aquatic vegetation and phytoplankton abundance.  

Similarly, Haas et al. (2002) found that densities and assemblages of important 

epibenthic prey organisms were reduced under large overwater structures.  In New 

York Harbor, Able et al. (1998, in Nightingale and Simenstad 2001b) found juvenile fish 

abundance to be reduced under piers when compared to open‐water areas or areas 

having only piles.  This is likely due to limitations in both prey abundance and prey 

capture.  In another study, Duffy‐Anderson and Able (1999, in Nightingale and 

Simenstad 2001b) compared growth rates of caged juvenile fish under municipal piers to 
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those of fish caged at pier edges and to fish caged in open waters.  Those fishes caged 

under the piers showed periods of starvation, making these individuals more vulnerable 

to predation, physiological stress, and disease.  Along the pier edges, variability in 

growth rate was found to be high and likely light related.  The authors concluded that 

light availability is likely an important component of feeding success.  They also 

concluded that large piers do not appear to provide suitable habitat for some species of 

juvenile fishes and that increased sunlight enhances fish growth. 

 

For young outmigrant salmon such as juvenile chum, pink, and ocean‐type Chinook, 

prey availability is an important component to migration behavior. 

 

7.1.3 Migration and Distribution  

Investigations on shading impacts to fish migration and distribution have primarily 

focused on impacts to juvenile salmonids.  Shading has been shown to have different 

consequences for migration and distribution of some fish in freshwater environments; 

therefore, shading impacts of overwater structures in freshwater and marine 

environments are discussed separately. 

 

7.1.3.1 Marine Environment 

Changes in ambient underwater light environments can alter juvenile salmon 

migration and distribution and potentially increase mortality risks.  For example, 

studies have consistently documented a tendency for juvenile salmon to avoid 

passing beneath shaded habitats (Pentec 1997; Weitkamp 1982; and Heiser and Finn 

1970, all in Nightingale and Simenstad 2001b; Southard et al. 2006; Tabor et al. 2006).   

 

Studies in the Puget Sound region have found that under‐pier light limitations and 

shadowing often change behaviors of juvenile salmonids in ways that could delay 

migration, alter schooling refuge behavior, and change migratory routes to deeper 

waters (which may increase their risk of predation).  Juvenile salmonids 

encountering docks and piers have been observed variously to pass under the 

structure, pause and go around the structure, break up from schools, aggregate in 

the lighted portion of the water column, or pause and eventually go under the 

structure (Weitkamp 1982, Feist 1991, Pentec 1997, all in Nightingale and Simenstad 
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2001b; Feist et al. 1992; Toft et al. 2004; Southard et al. 2006; Tabor et al. 2006).  Taylor 

and Wiley (1997, in Nightingale and Simenstad 2001b) and Weitkamp (1981, in 

Nightingale and Simenstad 2001b) found juvenile salmon distributed along the outer 

bulkheaded perimeters of marinas but did not find a significant abundance under or 

around floating docks.  Southard et al. (2006) consistently found juvenile Chinook, 

chum, and coho salmon aggregating on the light side of the shadow line of ferry 

terminals during the day, and then sometimes passing under the terminals in the 

evening when the shadow was less distinct.  Southard et al. (2006) also determined 

that, during the day, juvenile salmon may move more readily under structures at 

low tide, when more ambient light penetrates underneath.  In an experimental 

release at the Port Townsend ferry terminal, Shreffler and Moursund (1999) found 

that released Chinook fry ceased their migration at the terminalʹs shadow line before 

consistently swimming from the shadow line to lighted areas, then darting back into 

the light‐dark transition zone.  As the sun dropped along the horizon and the 

shadow line moved in under the terminal dock, the Chinook school appeared to 

follow the shadow line, staying with the light‐dark transition area. In studies of 

juvenile salmonid behavior around the Port of Seattle’s Terminals 90 and 91, 

Weitkamp (1982, in Nightingale and Simenstad 2001b) observed that juvenile 

salmonids primarily congregated on the more sun‐exposed west side rather than on 

the darker east side of the terminals.  Salo et al. (1980, in Nightingale and Simenstad 

2001b) observed that chum salmon shifted from nearshore migration to an offshore 

route upon encountering a wharf in Hood Canal, and Pentec (1997, in Nightingale 

and Simenstad 2001b) found that when juvenile chum salmon encountered piers in 

Everett Harbor, they milled around with no net movement for periods ranging from 

30 minutes to 2 hours.  Fewer and smaller schools were observed at piers, while the 

greatest number of and the largest schools were observed along riprapped 

shorelines, with feeding occurring along these shorelines but not under piers.  

Although the study revealed that fish encountering piers split up and moved around 

the piers, the conclusion was that the net effect of juvenile salmon encountering 

overwater structures was impossible to assess given the available data.  Williams 

and Thom (2001), however, state that although individual shoreline structures may 

not impose significant impacts on salmon species, populations, or stocks, the 
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cumulative effect of dense, contiguous shoreline modifications has likely contributed 

to the decline of several Puget Sound salmon species.  

 

7.1.3.2 Freshwater Environment 

Juvenile salmonids behave similarly when approaching overwater structures in 

freshwater environments as they do in marine environments, according to recent 

studies (Tabor et al. 2006).  Tabor et al. (2006) found that when migrating Chinook 

smolts approached piers in Lake Washington, they appeared to move into deeper 

water and then either pass directly under the structure or swim around the pier. 

 

Research data on adult salmon, however, indicate that migrating adults hold at 

various locations within the Sammamish River, and most of the holding locations are 

underneath bridges, where it is shaded (King County 2000, in Carrasquero 2001). 

  

7.1.4 Predation 

In freshwater, ambush predators are often found distributed in natural or man‐made 

shaded and covered environments (Stein 1970, Helfman 1979, both in Carrasquero 2001). 

Helfman (1979), studying shade‐producing experimental floats in Cazenovia Lake, New 

York, found that several species of predator fishes are particularly attracted to the area 

under the floats.  Carrasquero’s (2001) review found that the attraction of fish to floating 

or overhanging objects is linked to the shade produced by the objects, and Kahler et al. 

(2000) suggests that piers, piles, boatlifts, and moored boats provide cover, shade, and 

focal points that benefit exotic predators of juvenile salmon, such as smallmouth and 

largemouth bass.  An alternative explanation of fish attraction to on‐water and 

overwater structures in fresh water was presented by Fresh (pers. comm., in 

Carrasquero 2001), who explains that both the structures and the shade they cast may 

provide fishes with physical reference points for orientation. 

 

In the marine nearshore, daytime light reduction caused by shading under overwater 

structures could cause migrating juveniles to move into deeper waters, increasing the 

risk of predation by larger predators that occupy pelagic waters (Heiser and Finn 1981, 

Pentec 1977, in Nightingale and Simenstad 2001b).  Predation mortality may increase 
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through altering predator detection and reducing refugia provided by the schooling 

behavior of juvenile salmonids (Pentec 1997, in Nightingale and Simenstad 2001b). 

 

Although it is believed that predation risks are elevated when fish move into deeper 

waters around piers, the actual potential for increased predation due to aggregating 

predators under structures in marine environments is uncertain (Weitkamp 1981; Taylor 

and Wiley 1997, in Nightingale and Simenstad 2001b).  Taylor and Wiley (1997) found 

no aggregation of avian predators and Weitkamp (1981) reported no aggregation of 

aquatic predators during the peak juvenile chum outmigration.  Consistent with these 

findings, Penttila and Aguero (1978, in Nightingale and Simenstad 2001b) found no 

empirical evidence of predation among the marina floats in Birch Bay, but instead found 

evidence of competition among  fish species for mutually preferred prey resources (i.e., 

the calanoid and harpacticoid copepods).  Fresh and Cardwell (1978, in Nightingale and 

Simenstad 2001b) list 17 potential predators of juvenile salmon in the southern Puget 

Sound region and find that only three (maturing Chinook, copper rockfish, and staghorn 

sculpins) prey extensively on nearshore fishes.  Their analysis of food habits found only 

staghorn sculpins with juvenile salmon in their stomachs, and there was no evidence 

that staghorn sculpins were in greater abundance under structures than elsewhere in the 

study area.  Additionally, Ratte (1985, in Nightingale and Simenstad 2001b) found sea 

perch and pile perch, which do not prey on salmonids, to be the most abundant fish 

species under docks.  Nightingale and Simenstad (2001b) and Southard et al. (2006) 

summarize these and additional studies that pertain to fish behavior, including 

migration, distribution, and predator/prey relationships potentially associated with 

overwater structures in marine areas of Puget Sound. 

 

In freshwater environments of Western Washington, largemouth bass and smallmouth 

bass are common predators of juvenile salmonids, and several authors have 

documented the use of overwater structures by bass in Western Washington waters.  

Stein (1970, in Carrasquero 2001) examined the types of cover used by largemouth bass 

in Lake Washington and found that they prefer areas of heavy log and brush cover over 

other habitat types (including docks).  However, largemouth bass are commonly found 

under docks in early spring and are thought to be present there until late summer (Stein 

1970, in Carrasquero 2001).  Carrasquero (2001) found studies that suggest the attraction 
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of predatory fish (including largemouth bass) to floating or overhanging objects is 

linked to the shade produced by the objects rather than to the tactile stimulus and that 

the larger the floating object, the greater the shaded area, and thus the greater the 

number of fish attracted to such objects.  This assumption suggests that shading from 

overwater structures alters fish distribution and aggregation in fresh water. 

 

Interactions between smallmouth bass and juvenile salmonids depend on factors such as 

the timing of salmonid outmigration, salmonid species, and residence time of juvenile 

salmonids in lentic (still‐water) or lotic (flowing) environments (Warner 1972; Gray et al. 

1984; Pflug and Pauley 1984; Gray and Rondorf 1986; Poe et al. 1991; Shively et al. 1991; 

Tabor et al. 1993; Fayram and Sibley 2000, in Carrasquero 2001; Tabor et al. 2000). 

 

Carrasquero (2001) presents the following observations and inferences of predator/prey 

aggregations in freshwater environments under and around structures: 

• Different fish species respond differently to the shade produced by overwater 

structures. 

• Smallmouth bass and largemouth bass have a strong affinity to structures, 

including piers, docks, and associated pilings.  

• Bass have been observed foraging and spawning in the vicinity of docks, piers, 

and pilings; where vegetation is lacking, largemouth bass seek other forms of 

structures, such as dock pilings. 

• Smallmouth bass are opportunistic predators that consume prey items as they 

are encountered and are major predators of juvenile salmonids. 

• Fish, particularly largemouth bass, seem to be attracted to the shade produced by 

floats, rather than their physical structure.  In contrast, smallmouth bass do not 

seem to be attracted to the shade produced by such structures. 

• In reservoir systems of Eastern Washington, juvenile salmonid predation is 

specific to the behavior and distribution of each salmonid species and its 

predator.  The behavior and distribution of predator and prey species reportedly 

depend on temperature, the degree of shore‐zone development, the slope and 

substrate of the shoreline, and the presence of man‐made in‐water structures. 
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Additional details on shading and predation in fresh water can be found in Carrasquero 

(2001). 

 

7.2 Littoral Vegetation 

Impacts to habitats and species may occur through the loss of littoral vegetation, which 

includes eelgrass, macroalgae, and intertidal vascular plants (e.g., salt marsh plants) 

resulting from construction of overwater structures in estuarine or marine settings.  Eelgrass 

and macroalgae are recognized as important habitat for a wide variety of organisms.  The 

Washington State hydraulic code rules (WAC 220‐110‐250) designate eelgrass, kelp, and 

intertidal vascular plants as saltwater habitats of special concern and require that hydraulic 

projects result in no net loss of these habitats.  Furthermore, the hydraulic code rules require 

that overwater structures be designed or located to avoid shading or other impacts that 

could result in the loss of eelgrass and kelp habitat (WAC 220‐110‐300(3) and (4)). 

 

Phillips (1984) and Wyllie‐Echeverria and Phillips (1994) describe eelgrass ecology in the 

Pacific Northwest.  Two species of eelgrass (Zostera spp.) grow in Washington State and are 

considered saltwater habitats of special concern (WAC 220‐110‐250): the native eelgrass, 

Zostera marina, and the smaller Asian species, Zostera japonica (Wyllie‐Echeverria and 

Phillips 1994).  Typically, Z. marina grows at lower elevations than Z. japonica and may 

either form extensive beds covering many acres or exist in smaller patches (Phillips 1984).  

Z. japonica is generally found at higher elevations than Z. marina and typically grows in 

patches or a narrow fringe (Phillips 1984).  Many species of macroalgae (e.g., brown algae) 

also grow in the marine waters of Washington, generally attached to rocky substrates and 

always within the nearshore photic zone (Kozloff 1983). 

 

Eelgrass typically grows in sand and mud substrates in sheltered or turbulent waters 

(Phillips 1984).  Native eelgrass distributions range from approximately +2 feet mean lower 

low water (MLLW) to ‐22 feet MLLW (PSAT 2001), although light penetration in many 

portions of Puget Sound typically limits the lower elevation to less than ‐12 feet MLLW.  

Macroalgae have a wider tidal elevation range, and species such as rockweed (Fucus 

gardneri) can grow as high as mean higher high water (MHHW).  At the other extreme, 

brown algae (kelp) may grow at elevations as low as ‐100 feet MLLW where the water is 

clear enough to allow light penetration and the substrate supports algal attachment (WDNR 
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2004).  However, in Puget Sound, the depth to which sufficient light penetrates to support 

plant growth (i.e., photic zone) is considered to be –33 feet (‐10 meters [m]) MLLW (PSNERP 

2003). 

 

Eelgrass and macroalgae provide vertical structure in nearshore marine habitats and 

facilitate several important ecological functions.  Eelgrass and macroalgae are very 

productive and support marine food webs through the plant biomass and detritus that they 

produce, as well as provide shelter and influence the physical and chemical properties of the 

nearshore environment (Nightingale and Simenstad 2001b).  Eelgrass provides substrate for 

colonies of epiphytic algae and many crustacean species that are prey items for juvenile 

salmon and other fish (Nightingale and Simenstad 2001b).  Studies of eelgrass communities 

in Padilla Bay show that a specific group of copepods (Harpacticus uniremis and other 

copepods of the genera Zaus and Tisbe) is unique to the eelgrass epiphyte assemblage and 

the principal prey of juvenile chum salmon, Pacific herring, Pacific sand lance, and surf 

smelt (Nightingale and Simenstad 2001b), with Harpacticus spp. less likely to be found in 

low‐light conditions and Tisbe spp. found in areas high in detritus, irrespective of light 

levels.  Juvenile Dungeness crab, an important salmonid prey species, show a preference for 

eelgrass compared to other benthic habitats; this is thought to be due in part to the 

abundance of food items in eelgrass habitat (Pauley et al. 1989).  The complex structure of 

eelgrass communities and their associated epifauna and epiflora are also thought to limit the 

success of predators that typically associate and feed in unvegetated communities (Heck 

and Orth 1980, in Nightingale and Simenstad 2001b; Heck and Thoman 1984).  Given the 

strong association of important fish prey resources with eelgrass, reductions in eelgrass 

extent or vigor may also reduce prey resources for fish. 

 

Eelgrass retards current velocity at the sediment‐water interface, allowing fine particulates 

to settle (Phillips 1984).  This action typically affects sediment dynamics and local sediment 

characteristics, favoring continued growth and survival of eelgrass (Phillips1984).  The 

vertical structure of kelp forests also affords dissipation of wave energy (Jackson 1984), 

which can offer shoreline protection for other sensitive shoreline habitats. 

 

Both eelgrass and macroalgae provide substrate for herring spawning (Bargmann 1998).  

Herring is a key species in the nutrient and energy dynamics of the Puget Sound 
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environment, providing an important link between zooplankton and larger predators, 

including Chinook salmon, bull trout, and other salmonid species (Bargmann 1998). 

 

Blackmon et al. (2006) provides a synopsis of research on the use of seagrass and kelp 

habitats by fish, including many of the marine potentially covered species.  Forage fish and 

juvenile Pacific salmon species preferentially use eelgrass over other habitats.  Juvenile 

salmon are found in kelp habitat as well.  Rockfish (Sebastes sp.) produce planktonic larvae 

that settle in eelgrass, shallow kelp beds, and floating kelp mats.  Juvenile rockfish occupy 

shallow vegetated habitats, especially areas with eelgrass and kelp, during the summer 

growing period (Byerly et al. [no date]; Murphy et al. 2000), likely due to the enhanced 

forage opportunities and refuge from predators that the vertical structure can provide.  

Likewise, juvenile Dungeness crab (a major prey species for some rearing salmonids) are 

more frequently found in eelgrass and Ulva beds than in other habitats, and eelgrass beds 

are considered valuable nursery habitat for Dungeness crab (Blackmon et al. 2006). 

 

HPA‐regulated activities in marine waters have the potential to affect littoral vegetation 

through the following impact mechanisms:  

• Ambient light 

• Direct disturbance and displacement 

• Vessel interactions 

Each of these impact mechanisms is discussed below. 

 

7.2.1 Ambient Light  

Light availability is a fundamental requirement for eelgrass and macroalgae growth. 

Thom et al. (1998) analyzed the photosynthetically active radiation (PAR) levels at seven 

Washington State ferry terminal sites and found no eelgrass where instantaneous mid‐

day PAR levels were less than about 100 micro‐moles of photons within the PAR range 

of wavelengths striking a square meter in one second (μM/m2/sec). They found low 

eelgrass shoot densities where instantaneous mid‐day PAR was less than 150 μM/m2/sec, 

while maximum shoot densities required instantaneous PAR of 325 μM/m2/sec. PAR 

intensities less than about 300 μM/m2/sec can be limiting to eelgrass, whereas intertidal 

macroalgae may be limited by PAR less than 400 to 600 μM/m2/sec (Thom and Shreffler 

1996, in Simenstad et al. 1999).  Subtidal macroalgae can survive lower light levels and 
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may be limited only by PAR less than 100 μM/m2/sec (Luning 1981, in Simenstad et al. 

1999). 
 

Overwater structures are generally expected to limit light penetration to the substrate 

and can shade the area underneath and adjacent to the structures.  The orientation of the 

structures and their density (solid or open), height above water, water depth, and tidal 

range all affect the extent and degree of shading (Nightingale and Simenstad 2001b).  

Where shading reduces PAR, eelgrass and macroalgae growth may be impaired or 

prevented (Nightingale and Simenstad 2001b; Penttila and Doty 1990).  Burdick and 

Short (1999) found that floating docks severely impact eelgrass.  Three of the four 

floating docks they studied had no rooted eelgrass under them.  Increased structure 

height above the bottom was identified as the most important pier characteristic 

correlating to eelgrass bed quality.  Burdick and Short (1999) also found light to be the 

most important variable affecting canopy structure (i.e., shoot density and height) and 

eelgrass bed quality.  A dock study in Montauk, New York (Ludwig et al. 1997) reported 

the exclusion of eelgrass near a floating pier due to insufficient light in the floatʹs impact 

zone.  Penttila and Doty (1990) found that piers and floating docks largely eliminate 

existing eelgrass and macroalgae, even when the structures are only partially shading.  

Such shading impacts to eelgrass can be seen to occur in as little as 18 days (Backman 

and Barilotti 1976, in Nightingale and Simenstad 2001b), although light reduction 

capacity varies depending on combinations of both dock and environmental factors.  For 

example, Penttila and Doty (1990) found no apparent eelgrass loss due to shading under 

a floating dock secured by anchors and chains.  In that case, it was thought that, given 

the winds and current of the site, the degree of movement allowed by the anchor‐chain 

system resulted in no area beneath the dock being continuously shaded, thereby 

reducing the stress of shade on the eelgrass bed. 

 

7.2.2 Direct Disturbance and Displacement  

Aquatic vegetation may be uprooted or displaced during in‐water construction of 

overwater structures and non‐structural pilings; in‐water ground disturbance has been 

used as a measure of habitat take in ESA biological opinions (NMFS 2006e).  Structures 

located on or within eelgrass beds displace eelgrass.  Pilings that support overwater 

structures may also reduce eelgrass recruitment and survival through biotic interactions 
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with the piling reef community (Nightingale and Simenstad 2001b).  Pilings in marine 

waters become encrusted with mussels and other sessile organisms.  Shell material from 

these organisms (“shellhash”) is then deposited around the pilings over time, altering 

the local substrate and its ability to support eelgrass growth (Nightingale and Simenstad 

2001b).  The shellhash surrounding pilings is prime settling habitat for juvenile 

Dungeness crab (Nightingale and Simenstad 2001b).  The burrowing activities of large 

numbers of crabs can also affect the establishment of eelgrass (Nightingale and 

Simenstad 2001b). 

 

7.2.3 Vessel Interactions 

Vessels used during construction of overwater structures may physically disturb 

submerged vegetation as a result of propeller wash (Lagler et al. 1950, in Carrasquero 

2001; Haas et al. 2002) or grounding (direct disturbance).  Propeller wash may also 

entrain air bubbles and cause sediment suspension (Haas et al 2002).  The potential 

adverse impacts of vessel activities on eelgrass and macroalgae are discussed in Section 

7.12. 

 

7.3 Freshwater Aquatic Vegetation 

Freshwater aquatic vegetation includes submerged and emergent plants rooted below the 

ordinary high water line (OHWL) of freshwater bodies (rivers, streams, lakes, ponds, and 

open‐water wetlands).  Freshwater aquatic vegetation provides fish and wildlife habitat and 

is important to the cycling of nutrients and materials in freshwater ecosystems (Petr 2000).  

Aquatic vegetation can modify its physicochemical environment by slowing water velocity, 

trapping sediment, and altering temperature and water quality (Chambers et al. 1999).  

 

Aquatic plants provide shelter habitat and clinging substrate for a variety of aquatic 

invertebrate species, including insects and zooplankton (Petr 2000).  Aquatic plants provide 

energy to aquatic ecosystems through photosynthesis and provide food for herbivores and 

detritivores (Petr 2000).  Fish use aquatic plants for cover, and terrestrial wildlife species (in 

addition to potentially covered species) use emergent aquatic plants for food and habitat 

(Petr 2000).  Emergent aquatic vegetation can reduce wave‐induced bank erosion (Coops et 

al. 1996).  A review of the interactions of fish and macrophytes worldwide reiterated a 

number of beneficial functions that macrophytes provide that have direct or indirect 
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benefits for fish (Petr 2000).  The benefits listed by Petr (Cowx and Welcomme 1988, in Petr 

2000) include:  

• Water purification, both direct (for example, by oxygenation and conversion of toxic 

ammonia to usable nitrates) and indirect (for example, by plants providing a huge 

surface area for microbes to do the same tasks) 

• Nutrient recycling, including nutrient removal during the growth season and return 

during senescence  

• Physical link between water and air for many invertebrates, e.g., larvae and nymphs 

of caddis flies, mayflies, and chironomids, which are food for fish and have aquatic 

larval stages and aerial adults  

• Refugia for zooplankton, which graze phytoplankton and keep water clear  

• Cover for a large variety of invertebrates, many of which are food for fish  

• Cover for fish, which varies as to value and type with the age and species of fish, as 

well as type of vegetation  

• Spawning areas and sites of oviposition for many fish species, including Olympic 

mudminnow, a potentially covered species  

• Food sources for herbivorous fish or indirect food sources from invertebrate prey 

living on vegetation surfaces  

• Effects on flow patterns, i.e., accretion of sediments and deflection of flow, thus 

providing quiescent waters and faster shallows  

• Creation of discrete habitat that is as functional as physical structure 

 

The distribution of aquatic vegetation is limited by the ecological conditions of the water 

body and the requirements of aquatic plant species (Chambers et al. 1999).  Aquatic 

vegetation can provide valuable cover habitat for a number of fish species, including some 

freshwater potentially covered species.  Olympic mudminnow lay eggs in aquatic 

vegetation and juveniles stay close to vegetation (Wydoski and Whitney 1979; Mongillo and 

Hallock 1999).  An indirect link between aquatic vegetation and the California floater exists, 

in that the larvae (glochidea) of the California floater in Curlew Lake depend primarily on 

the Tui chub (Gila bicolor) as a host (Pacific Biodiversity Institute 2006), and juvenile Tui 

chub typically stay close to vegetation until they are longer than 0.5 inch (Wydoski and 

Whitney 1979).  
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HPA‐regulated activities in fresh waters have the potential to affect freshwater aquatic 

vegetation through the following impact mechanisms: 

• Ambient light 

• Direct disturbance and displacement 

• Vessel interactions 

• Introduction of noxious weeds 

 

Each of these impact mechanisms is discussed below. 

 

7.3.1 Ambient Light 

Light availability is a fundamental requirement for plant growth.  The light 

requirements of different plant species vary, but reduced light in the littoral zone of 

freshwater environments can potentially limit the growth of aquatic vegetation 

(Chambers et al. 1999).  Light limitations can lead to local reductions in primary 

production and reductions in other functions of aquatic vegetation, including cover, 

substrate for invertebrate species, and food for herbivores (Hruby et al. 1999). 

 

7.3.2 Direct Disturbance and Displacement  

Human activity associated with the installation of overwater structures can reduce 

submerged and floating leaved vegetation.  This results in temporary and sometimes 

permanent loss of the affected vegetation, with associated loss of the ecological functions 

described above. 

  

7.3.3 Vessel Interactions 

The potential impacts of vessel activities on freshwater aquatic vegetation are discussed 

in Section 7.12.  Briefly, vessels used during installation of overwater structures may 

physically disturb submerged vegetation through increased velocity from propeller 

wash.  As discussed in Section 7.12, Lagler et al. (1950, in Carrasquero 2001) reported 

that outboard motor use has been shown to clear a swath when the propeller was used 

within 1 foot of aquatic vegetation.  In addition, propeller use may entrain air bubbles 

and cause sediment suspension that results in a temporary reduction in light 

availability.   
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7.3.4 Introduction of Noxious Weeds 

The introduction of noxious weeds can be a concern in aquatic environments (Chambers 

et al. 1999; WNWCB 2006).  These plants are opportunistic and under the right 

conditions can out‐compete native vegetation and reduce habitat quality for native fish 

species (Chambers et al. 1999).  For example, the Lake Washington shorelines have 

developed extensive beds of Eurasian milfoil since it was first observed in the lake in 

1974 (WNWCB 2005).  The impacts of invasive plants on potentially covered species are 

not clear and depend on a variety of highly variable factors.  However, Eurasian milfoil 

can cause several adverse habitat conditions, including reduced dissolved oxygen and 

reduced access to habitat (Chambers et al. 1999).  Interlake transfer from boats is thought 

to be the chief means by which Eurasian milfoil is spread (WNWCB 2005).  Thus, 

support vessels used during the construction of overwater structures could facilitate the 

introduction of invasive aquatic plants by transporting invasive plants from one water 

body to another.   

 

7.4 Riparian and Shoreline Vegetation 

Riparian zones form the transition zone between terrestrial and aquatic systems.  

Riparian/shoreline vegetation is an important component of freshwater, estuarine, and 

marine systems, providing shade, streambank and shoreline stability, and allochthonous 

inputs (material that is produced in one area and consumed in another), as well as 

influencing groundwater conveyance and storage and the condition and complexity of 

aquatic habitats (Knutson and Naef 1997; Murphy and Meehan 1991).  Removal or 

disturbance of riparian/shoreline vegetation during construction or maintenance of 

overwater structures can have several potential impacts to habitat and species in each of 

these systems, including: 

• Shading and water temperature regime 

• Streambank/shoreline stability 

• Altered allochthonous input 

• Groundwater influence 

• Habitat conditions 

 

Each of these impact mechanisms is discussed below. 
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7.4.1 Shading and Water Temperature Regime 

Riparian vegetation provides shade from solar radiation (Murphy and Meehan 1991).  In 

general, the smaller the stream, the more closely water temperature will tend to track air 

temperature; exposure to the sun’s energy (due to a lack of riparian vegetation) causes 

an increase in water temperature, while streams without an insulating canopy of 

riparian vegetation may also lose heat more rapidly when the air temperature is colder.  

Removal of trees can thus affect the water temperature in streams both by affecting local 

air temperatures and by increasing incident radiation5 and heat loss (Quinn 2005; Bolton 

and Shellberg 2001; Poole and Berman 2001; Knutson and Naef 1997; Murphy and 

Meehan 1991).  The influence of riparian vegetation on water temperature generally 

diminishes as the size of the stream increases, because of the proportionally reduced 

area in which riparian vegetation can insulate against solar radiation and trap air next to 

the water surface (Knutson and Naef 1997; Quinn 2005; Poole and Berman 2001; Murphy 

and Meehan 1991). 

 

Water temperatures significantly affect the distribution, health, and survival of fish, 

especially salmonids.  Because fish are ectothermic (cold‐blooded), their survival is 

dependent upon external water temperatures, and they will experience adverse health 

effects when exposed to temperatures outside their optimal range (USEPA 2003). 

 

In lentic (still‐water) systems, water temperatures generally change gradually with the 

seasons, show less change from night to day, and are often stratified vertically.  Water 

temperatures associated with lotic (flowing) systems often change on a diel cycle, and 

can affect water quality, specifically dissolved oxygen.  Salmon, trout and other cold 

water fish, and many aquatic invertebrates require cool and well‐oxygenated water, 

with a preferred temperature range of 40 to 58 degrees Fahrenheit (F) (5.5 to 14.4 degrees 

Celsius [C]), and dissolved oxygen levels of greater than 5 parts per million.  As stream 

temperatures rise, dissolved oxygen content decreases.  Temperature increases and 

consequent reductions in dissolved oxygen tend to have deleterious effects on fish and 

other aquatic organisms by (Knutson and Naef 1997): 

• Inhibiting growth and altering metabolism 

                                                      
5 Incident radiation is solar radiation (i.e., sunshine) that falls directly upon an object (from the sky), as distinguished 
from reflected or reradiated radiation. 
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• Amplifying effects of toxic substances 

• Increasing susceptibility to disease and pathogens 

• Increasing potential risk of eutrophication through increased growth of bacteria 

and algae 

 

In marine and estuarine waters, shoreline vegetation is not likely to have much influence 

on marine water temperatures (Lemieux et al. 2004).  However, solar radiation has long 

been recognized as one of the classic limiting factors for upper intertidal organisms and 

plays an important role in determining distribution, abundance and species 

composition.  Although the influence and importance of shade derived from shoreline 

vegetation in the Puget Sound nearshore ecosystem is not well understood, it is 

recognized as a limiting factor to be considered and has prompted investigations to 

determine direct linkages between riparian vegetation and marine organisms.  One such 

link is the relationship between shad and surf smelt.  On the basis of a comparison of 

adjacent shaded and unshaded spawning sites sampled in northern Puget Sound, 

Penttila (2001, in Brennan and Culverwell 2004 and Lemieux et al. 2004) found 

significantly higher egg mortality on the unshaded beaches.  Anthropogenic changes in 

shoreline microclimate will change the intertidal incubating environment, potentially 

altering developmental rates or increasing physiological stress in fish embryos (Rice 

2006).  Considering the influences of temperature, moisture, and exposure on the 

diversity, distribution, and abundance of organisms that use upper intertidal zones, 

additional benefits of natural shading likely will be discovered as further investigations 

continue (Brennan and Culverwell 2004). 

 

7.4.2 Streambank/Shoreline Stability 

The root structure of riparian/shoreline vegetation resists the shear stresses created by 

flowing water and thus retards bank cutting by streams, stabilizes streambanks and 

shorelines, maintains undercut banks along stream margins, and inhibits sediment from 

entering streams by dissipating the erosive energy of flood waters, wind, and rain 

(Knutson and Naef 1997).  Removal of riparian/shoreline vegetation exposes 

streambanks and shorelines to the erosive effects of wind, rain, and current and 

increases the input of fine sediments to the aquatic system (Waters 1995).  Much of the 

scientific literature discusses the potential impacts of increased sediment as it relates to 



Direct and Indirect Impacts 

Overwater Structures and Non‐Structural Piling    Washington Department of Fish and Wildlife  
White Paper  7‐20   December 2006 

salmonids (Quinn 2005; Waters 1995; Furniss et al. 1991).  Refer to Section 7.7 for further 

information on the impacts to potentially covered species associated with sediment 

regime changes. 

 

For marine shorelines, and particularly those in areas with steep and eroding bluffs, 

native vegetation is usually the best tool for keeping the bluff intact and/or minimizing 

erosion (Brennan and Culverwell 2004).  Disturbing the face or toe of a bluff or bank 

may cause destabilization, slides and cave‐ins (Clark et al. 1980, in Brennan and 

Culverwell 2004).  Removal of the vegetation that helps to stabilize the face, or 

excavation along the face, increases the chance of slumping, which results in imperiled 

structures, lost land, a disruption to the ecological edge‐zone, and increased 

sedimentation to the aquatic environment (Brennan and Culverwell 2004).   

 

7.4.3 Altered Allochthonous Input 

Riparian/shoreline vegetation provides allochthonous input such as terrestrial 

macroinvertebrates, which supplement the diets of fishes, and detritus like leaves and 

branches, which provide food sources for benthic macroinvertebrates (Knutson and 

Naef 1997; Murphy and Meehan 1991).  Additionally, riparian/shoreline vegetation 

supplies large woody debris (LWD) to the aquatic environment, which in streams 

influences channel morphology/habitat complexity, retains organic matter, and provides 

essential cover for fish (Quinn 2005; Naiman et al. 2002; Knutson and Naef 1997; 

Murphy and Meehan 1991), as discussed below with regard to altered habitat conditions 

(Section 7.4.5). 

 

In lakes, estuaries, and marine environments, woody debris increases habitat 

complexity, affording cover for fish, protection from currents, and foraging 

opportunities (Quinn 2005). 

 

Removal of riparian vegetation diminishes allochthonous input into the aquatic 

environment, which can affect the prey base available to fish, the forage detritus 

available for benthic macroinvertebrates, future LWD recruitment, and aquatic habitat 

complexity, diminishing the quality and complexity of habitat and species diversity of 

fish and benthic macroinvertebrates (Murphy and Meehan 1991). 
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One of the characteristics that make marine nearshore areas so productive is that they 

act as sinks for nutrients derived from upland and marine sources.  The primary source 

of nutrients in the system is derived from primary producers (i.e. aquatic and terrestrial 

vegetation, phytoplankton), although terrestrial‐derived organic contributions have not 

been well studied.  Alterations of intertidal and subtidal areas by dredging, filling, 

diking, overwater structures, and shoreline armoring have dramatically affected marine 

wetland and other aquatic vegetation (i.e. eelgrass, algae) (Brennan and Culverwell 2004 

and Lemieux et al. 2004).  Similarly, upland development has greatly reduced the 

amount of vegetation and nutrients available to the marine system.  Such modifications 

have resulted in decreased abundance and taxa richness in both benthic and infaunal 

invertebrate and insect assemblages (Brennan and Culverwell 2004).   

 

7.4.4 Groundwater Influence 

Riparian/shoreline vegetation acts as a filter for groundwater, filtering out sediments 

and taking up nutrients (Knutson and Naef 1997).  Riparian vegetation, in conjunction 

with upland vegetation, also moderates stream flow by intercepting rainfall, 

contributing to water infiltration, and using water via evapotranspiration (Knutson and 

Naef 1997).  Plant roots increase soil porosity, and vegetation helps to trap water flowing 

on the surface, thereby aiding in infiltration (Knutson and Naef 1997).  Water stored in 

the soil is later released to streams through subsurface flows.  Through these processes, 

riparian and upland vegetation help to moderate storm‐related flows and reduce the 

magnitude of peak flows and the frequency of flooding (Knutson and Naef 1997).  

Riparian vegetation, the litter layer, and silty soils absorb and store water during wet 

periods and release it slowly over a period of months, maintaining stream flows during 

rainless periods (Knutson and Naef 1997). 

 

The interface between flow within the hyporheic zone6 and the stream channel is an 

important buffer for stream temperatures, so alteration of groundwater flow can affect 

stream temperature as well (Poole and Berman 2001).  The magnitude of the influence 

depends on many factors, such as stream channel pattern, structure of the alluvial 

aquifer, and variability in the stream hydrograph (Poole and Berman 2001). 

 

                                                      
6 The zone of hydrologic interchange between groundwater and surface water in stream channels. 
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7.4.5 Habitat Conditions 

Habitat conditions within freshwater, estuarine, and marine environments are 

influenced by riparian/shoreline vegetation.  Inputs of woody debris into these 

environments from riparian areas contribute significantly to habitat conditions within 

freshwater environments (Naiman et al. 2002).  Woody debris input in streams is 

important in controlling channel morphology, regulating the storage and transport of 

sediment and particulate organic matter, and creating and maintaining fish habitat 

(Murphy and Meehan 1991).  Within streams, approximately 70 percent of structural 

diversity is derived from root wads, trees, and limbs that fall into the stream as a result 

of bank undercutting, mass slope movement, normal tree mortality, or windthrow 

(Knutson and Naef 1997). 

 

In small streams, LWD is a major factor influencing pool formation in plane‐bed and 

step‐pool channels.  Bilby (1984, in Naiman et al. 2002) and Sedell et al. (1985, in Naiman 

et al. 2002) found that approximately 80 percent of the pools in several small streams in 

southwest Washington and Idaho are associated with wood.  Additionally, juvenile 

salmonid abundance in winter, particularly juvenile coho salmon, is positively 

correlated to abundance of LWD (Hicks et al. 1991).  In larger streams, the position of 

LWD strongly influences the size and location of pools (Naiman et al. 2002).  In larger 

streams, LWD is typically oriented downstream due to powerful streamflow, which 

favors formation of backwater pools along margins of the mainstem (Naiman et al. 

2002). 

 

In lakes, estuaries, and marine waters, large woody debris provides cover and foraging 

opportunities for fish (Quinn 2005).  Structurally, LWD provides foraging, refuge and 

spawning substrate for fishes; and foraging, refuge, spawning and attachment substrate 

for aquatic invertebrates and algae in the marine/estuarine environment (Brennan and 

Culverwell 2004).  The removal of riparian/shoreline vegetation limits the future input of 

woody debris to the aquatic environment and can limit habitat complexity, foraging 

opportunities, and predator avoidance (Quinn 2005). 
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7.5 Noise 

Underwater noise produced in association with the construction of overwater structures 

includes noise generated from pile driving (when applicable) and by construction vessels 

and equipment.  An increase in underwater noise may also be attributed to the operation of 

the structure if it involves increased boating traffic.  This section discusses potential impacts 

to fish and invertebrates from underwater noise produced by these activities. 

 

7.5.1 Pile Driving 

Pile driving within the water column is often necessary in the construction and 

retrofitting of overwater structures.  Placing piles in the benthic substrate affects both 

the substrate directly beneath the piles and the physical attributes of the water column 

in the vicinity of the activity (Nightingale and Simenstad 2001b).  One important 

physical attribute of the aquatic habitat affected by pile driving is sound pressure (noise) 

within the water column.  

 

Hastings and Popper (2005) recently performed a comprehensive literature review to 

evaluate the current best available science regarding noise thresholds at which fish 

would be injured by the percussive sound generated by pile driving.  Much of the 

information presented below has been extracted from that review.  

 

Fish are sometimes injured or killed by the impact of sounds generated by percussive 

pile driving (Yelverton et al. 1975; Hastings 1995, in Hastings and Popper 2005).  The 

specific effects of pile driving on fish depend on a wide range of factors, including the 

types of piles and hammer used, the fish species and life stages present, the 

environmental setting, and many other controlling factors (Hastings and Popper 2005; 

Popper et al. 2006; WSDOT 2006a).  Noise generated by pile driving can cause 

physiological and/or behavioral impacts depending on the size of the fish relative to the 

wavelength of sound, the mass and anatomical structure of the fish (Hastings and 

Popper 2005), the received sound, and the level and duration of noise produced (Popper 

et al. 2006; Scholik and Yan 2002).  Feist et al. (1992) found that pile driving impacted 

distributions and behaviors of juvenile pink and chum salmon relative to their location 

to the activity and to schooling behavior, although the consequences of these effects on 

the survivability or fitness of juvenile salmon are unknown. 
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Anatomical variations of the inner ear, swim bladder, esophagus, lateral line, and other 

structures determine how fish hear and feel sound pressure (Hastings and Popper 2005).  

All fish fall into two hearing categories: “hearing generalists” such as salmon and trout, 

and “hearing specialists” such as herring and eulachon (Hastings and Popper 2005).  

 

Hearing specialists have particular adaptations that enhance their hearing bandwidth 

and sensitivity (Hastings and Popper 2005).  Hearing specialists found on the Pacific 

coast include the sardine and related Clupeiforms such as herring, shad, menhaden, and 

anchovy (Hastings and Popper 2005).  

 

The majority of fish on the Pacific coast are hearing generalists and do not have 

specialized hearing capabilities apart from their swim bladder, inner ear, and lateral line 

(Hastings and Popper 2005).  Hearing generalists sense sound directly through the inner 

ear, and some use the inner ear coupled with the swim bladder to sense additional 

energy (Hastings and Popper 2005). 

 

In using the existing scientific literature to address potential effects of underwater noise 

on potentially covered species, it is not sufficient to simply extrapolate information by 

comparing species that are taxonomically related, because hearing categories do not 

usually follow fish taxonomic groupings.  Both hearing generalists and hearing 

specialists are found in many taxonomic groups (Hastings and Popper 2005).  Ideally, 

fish should be compared based on biomechanical properties of their swim bladder and 

any other internal gas‐filled chamber, hearing capabilities, and aspects of their behavior 

(Hastings and Popper 2005).  However, when such data are not available, it is probably 

more appropriate to extrapolate between species that have somewhat similar auditory 

structures or pressure‐detecting mechanisms (most notably the swim bladder) and 

species of similar size, mass, and anatomical variety (Hastings and Popper 2005).  This 

would enable at least a first‐order approximation of extrapolation to fishes such as 

salmonids and other teleost fishes that presumably do not have hearing specialization 

(e.g., rockfish).  The results are less easily extrapolated to teleosts without a swim 

bladder, such as sand lance and lingcod, and to fish with very different ear structures, 

such as lamprey and sturgeon (Hastings and Popper 2005).    
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Table 5 outlines the known and presumed hearing categories of potentially covered fish 

species.   
Table 5  

Hearing Categories for Potentially Covered Fish Species 
 

Common Name 
(Scientific Name) 

Hearing 
Category Notes and/or References 

Trout and salmon 
(Salvelinus, 

Onchorynchus spp.) 

Generalist Popper and Carlson 1998 

Sturgeon (Acipenser 
spp.) 

Undetermined Popper (2005) states that sturgeon can detect an extremely wide range of 
sounds, and several studies have found that some sturgeon produce sounds that 
may be used to facilitate breeding.  However, further studies are necessary to 
determine how sturgeon vocalize, what levels of sound are produced in the 
natural environment, and how their vocalizations are used in their behavior. 

Eulachon (Thaleichthys 
pacificus) 

Specialist Blaxter et al. 1981, in Scholik and Yan 2001a 

Rockfish (Sebastes 
spp.) 

Generalist Hastings and Popper 2005 

Lake chub (Couesius 
plumbeus) 

Specialist Hastings and Popper 2005; Popper et al. 2005 

Dace (Rhinicthys spp.) Unknown/ 
Presumed 
Generalist 

Not a member of a family or grouping identified as containing hearing specialists 
(Fay and Popper 1999) 

Lingcod (Ophiodon 
elongates) 

Generalist Does not have a swim bladder, which is generally an indication of poor hearing 
(Moyle and Cech 2004; Kapoor and Khanna 2004)  

Surf smelt (Hypomesus 
pretiosus) 

Generalist Included in the taxonomic order Salmoniformes – hearing generalists (Hastings 
and Popper 2005) 

Lamprey (Lampetra 
spp.) 

Generalist Popper 2005 

Margined sculpin 
(Cottus marginatus) 

Generalist Closely related to the bullhead (Cottus scorpius), which is identified as a 
generalist (Fay and Popper 1999); also not a member of a family or grouping 
identified as containing hearing specialists (Fay and Popper 1999) 

Mountain sucker 
(Catostomus 

platyrhynchus) 

Unknown/ 
Presumed 
Specialist 

Catostomus spp. are known to have weberian ossicles to assist with hearing 
(Krumholz 1943) 

Olympic mudminnow 
(Novumbra hubbsi) 

Unknown/ 
Presumed 
Specialist 

May have weberian ossicles to assist with hearing (Moyle and Cech 2004). Many 
closely related fish (minnows, pikeminnow cyprinids) are specialists (Scholik and 
Yan 2001b; Popper 2005). 

Pacific cod (Gadus 
macrocephalus) 

Generalist  Gadus sp. more sensitive than most generalists (Astrup and Mohl 1998, in 
Scholik and Yan 2002; Hastings and Popper 2005) 

Pacific hake 
(Merluccius productus) 

Unknown/ 
Presumed 
Generalist 

Not a member of a family or grouping identified as hearing specialists (Fay and 
Popper 1999) 

Pacific herring (Clupea 
harengus pallasi) 

Specialist Hastings and Popper 2005 

Pacific sand lance 
(Ammodytes 
hexapterus) 

Generalist Does not have a swim bladder, which is generally an indication of poor hearing 
(Moyle and Cech 2004; Kapoor and Khanna 2004) 

Pygmy whitefish 
(Prosopium coulteri) 

Generalist Of the order Salmoniformes – hearing generalists (Hastings and Popper 2005) 

Walleye pollock 
(Theragra 

chalcogramma) 

Unknown/ 
Presumed 
Generalist 

Not a member of a family or grouping identified as containing hearing specialists 
(Fay and Popper 1999) 
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Physical impacts to fish from intense noises may include temporary hearing loss 

(referred to as temporary threshold shift), permanent hearing loss (referred to as 

permanent threshold shift), damage or rupture to gas organs such as the swim bladder 

and the surrounding tissues, rupture of capillaries in the skin, neurotrauma, and eye 

hemorrhage (Hastings and Popper 2005).  The more serious of these impacts could cause 

instantaneous death or later death from injuries (e.g., breakdown of tissues in some 

organs) (NMFS 2003a).   

 

Behavioral and indirect effects may include movement of fish away from feeding 

grounds, reduced fitness to survive, increased vulnerability to predators, reduced 

success locating prey, effects on fish communications, effects on the fish’s sense of the 

physical environment, and many other possible scenarios (Hastings and Popper 2005).   

 

Not enough is known to provide discrete injury thresholds for different fish species, and 

even less is known regarding behavioral thresholds (Hastings and Popper 2005; Popper 

et al. 2006).  The National Marine Fisheries Service (NMFS) and the USFWS have 

adopted injury and disturbance thresholds for threatened and endangered salmonids at 

180 dBpeak (i.e., peak decibels during each pulse) for injury and 150 dBRMS (i.e., decibels 

root mean square, the square root of sound energy divided by impulse duration) for 

behavioral disturbance (WSDOT 2006a and numerous biological opinions). 

 

Recently, after extensive review of the existing literature (Hastings and Popper 2005), 

Popper et al. (2006) recommended using a combined, interim single‐strike criterion as a 

threshold for pile driving injury to salmonids: 187dBSEL and 208dBpeak, where SEL is the 

sound exposure level, which accounts for the accumulation of energy over a complete 

pile strike.  These thresholds are considered conservative by the authors, but current 

science limits the extrapolation of the single‐strike SEL to estimate the effects on fish due 

to accumulated energy from multiple pile strikes.  Discussions on the use of these 

proposed dual criteria are currently in progress. 

 

7.5.1.1 Impacts on Eggs and Larvae  

Although it is possible that some (but not all) fish species would swim away from a 

sound source, thereby decreasing exposure to sound, larvae and eggs are often at the 
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mercy of currents, move slowly, or are sedentary (Hastings and Popper 2005).  Data 

on the effects of sound on developing eggs and larvae are limited, although in a 

study by Banner and Hyatt (1973), increased mortality was found in eggs and 

embryos of sheepshead minnow (Cyprinodon variegates) exposed to broadband noise 

(100 to 1,000 hertz) that was about 15 dB above the ambient sound level.  Hatched fry 

of sheepshead minnow and fry of longnose killifish (Fundulus similes) were not 

affected in this study. 

 

7.5.1.2 Impacts on Invertebrates 

Although studies of noise impacts on invertebrates have consistently shown that 

very high sound pressure levels (in excess of 217 dB) can cause serious injury, the 

information is sparse, is poorly reported, and was obtained without due 

experimental rigor (Turnpenny et al. 1994).  The studies reported in Turnpenny et al. 

(1994) exposed mussels, periwinkles, amphipods, squid, scallops, and sea urchins to 

high airgun and slow‐rise‐time sounds at between 217 dB and 260 dB.  Mussels, 

periwinkles, and amphipods showed no detectable effect at 229 dB (Kosheleva 1992, 

in Turnpenny et al. 1994), although one Iceland scallop suffered a split shell after 

being exposed to 217 dB from a single airgun strike (Matishov 1992, in Turnpenny et 

al. 1994). 

 

7.5.2 Noise from Commercial and Recreational Boating Traffic  

Motors, sonars, and depth sounders used on commercial vessels and recreational boats 

can produce high levels of continuous underwater noise that can impact fish behavior 

(Blaxter et al. 1981, Boussard 1981, both in Scholik and Yan 2001a; Pearson et al. 1992; 

Scholik and Yan 2001a) and result in temporary hearing loss (Scholik and Yan 2001b). 

 

The potential impacts to fish from vessel noise are discussed in greater detail in Section 

7.12. 

 

7.5.3 Noise from Construction Vessels and Equipment  

Equipment and vessels necessary to dig trenches, place riprap, support equipment over 

water, and perform other activities associated with the construction of overwater 

structures also produce underwater noise.  Construction equipment tends to produce 
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the same type of slow‐rise‐time noise as do motor boats and ship engines.  Jones and 

Stokes (2006) estimated that noise produced by a rather large ocean‐cable‐installation 

vessel is about 154 dBRMS.  JASCO (2005) estimated that noise produced by a rock‐

dumping vessel is approximately 177 dB (neither peak nor RMS identified) at 3.28 feet (1 

m), and Richardson et al. (1995, in Jones and Stokes 2006) estimated that an equipment 

support vessel produces noise levels of 152 dBpeak at 3.28 feet (1 m).  Sounds of this 

amplitude may affect the behavior or physiology of fishes, depending on their hearing 

sensitivity and proximity to the sound. 

 

7.6 Water Quality 

Placing constructed features in aquatic settings may adversely impact water quality in 

several different ways, mainly by causing increases in suspended solids concentrations, 

reducing dissolved oxygen levels, changing pH, or releasing toxic substances from treated 

wood products.  Stormwater runoff from constructed surfaces also poses a threat to water 

quality from its often‐associated nonpoint source pollutant load.  These potential impact 

mechanisms may adversely impact potentially covered species. 

 

7.6.1 Suspended Solids 

Particulate matter suspended in the water column can have adverse impacts on aquatic 

life (Bash et al. 2001).  Disturbance of instream sediment during instream work, such as 

dock construction, or stormwater runoff from upland portions of construction sites may 

increase suspended sediment levels (E. Molash, pers. comm., in Bash et al. 2001).  

Sediment disturbance can be further increased by instream operation of equipment or 

storage of excavated material within the floodplain (Reid et al. 2004), although the latter 

activity is commonly prohibited under the HPA authority. 

 

Changes in stream profile and the presence of submersed structures often cause changes 

to hydraulic conditions that redistribute the energy of moving water, which may cause 

chronic increases in suspended sediment (NMFS 2005a).  The effects of hydraulic 

alteration are discussed in Section 7.7.  Similarly, vessel activities associated with 

construction or operation and maintenance of structures may also resuspend sediments 

and increase turbidity on a periodic to continuous basis, depending on nautical traffic 
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conditions (Simenstad et al. 1999).  The effects of vessel activities are detailed in Section 

7.12.   

 

7.6.1.1 Measuring Suspended Solids 

Suspended sediments are generally measured and reported in one of three ways: as 

turbidity, as total suspended solids (TSS), or as water clarity (Bash et al. 2001).  These 

three measurement methods are not always well correlated and may yield different 

results for any single sample (Duchrow and Everhart 1971). 

• Turbidity can be quantified by the degree to which light is scattered as it 

passes through water.  Turbidity is reported in nephelometric turbidity units 

(NTUs), measured using a nephelometer, or in Jackson turbidity units (JTUs), 

measured using an older tool called a Jackson candle turbidimeter.  NTUs 

and JTUs are roughly equivalent at higher values but measurement of JTUs 

below 25 relies on human judgment (USEPA 1999).  NTUs are now the 

preferred turbidity unit (USEPA 1999). 

• TSS concentration is measured by filtering the sample, weighing the dried, 

filtered residue, and reporting TSS as weight of dried residue per volume of 

water sample.  Older literature sometimes refers to TSS as suspended 

sediment concentration.  TSS and suspended sediment concentration are 

equivalent (Bash et al. 2001). 

• Water clarity is a measure of sight distance through water and is affected by 

both suspended and dissolved loads. 

 

7.6.1.2 Determining Background Suspended Solids Levels 

Determining background suspended solids levels is a difficult process confounded 

by the inconsistency in measurement methods and natural environmental variation 

in factors contributing to turbidity levels (Bash et al. 2001).  Turbidity often varies 

temporally with variations in precipitation, runoff, and discharge regimes as erosion 

and transport of suspended material varies.  Turbidity may also vary spatially 

between watersheds or within watersheds as geology and water velocity vary.  

Widespread, continuous sampling would be required to determine a reasonable 

estimate of natural background turbidity levels (Bash et al. 2001). 
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7.6.2 Suspended Solids Impacts on Fish 

Fine sediment has been recognized as detrimental to the reproductive success of 

salmonids since at least 1923 (Harrison 1923).  Bash et al. (2001) exhaustively reviews 40 

years of research on the physiological and behavioral effects of turbidity and suspended 

solids on salmonids, with findings as briefly summarized below: 

 

Physiological effects of suspended sediment on salmonids include gill trauma and 

altered osmoregulation7, blood chemistry, reproduction, and growth.  Most research has 

entailed laboratory studies.  Stress response is a result of the combination of duration, 

frequency, and magnitude of exposure and other environmental factors.  Stress 

responses vary between salmonid species and life stages.  Abrasive suspended 

sediments may irritate gills.  Several laboratory studies have shown gill trauma and 

increased coughing frequency with increased turbidity.  Other studies have shown 

impairment of osmoregulation during smolting in association with increases in 

suspended sediment (Bash et al. 2001). 

 

The behavioral effects of suspended sediments on salmonids are described by laboratory 

and field studies in the categories of avoidance and changes in territoriality, foraging, 

predation, homing, and migration.  Salmonids appear to avoid areas of increased 

turbidity in laboratory and field studies.  Laboratory studies have shown alterations in 

social interactions and territoriality in response to increases in turbidity.  It has been 

suggested that decreased territoriality and a breakdown in social structure can lead to 

secondary effects such as altered feeding and growth rates which may, in turn, lead to 

increased mortality.  Some laboratory studies have shown a negative impact of increased 

turbidity on foraging, possibly due to reduced visibility, while other studies have shown 

a positive effect of increased turbidity on foraging, possibly due to reduced risk of 

predation.  Laboratory and field studies have shown a link between increased turbidity 

and reduced primary production and prey availability.  Field studies have indicated that 

increased turbidity may delay migration (Bash et al. 2001). 

 

Additional studies have supported the assertion that water clarity affects fish behavior.  

Avoidance responses, changes in territorial behavior, feeding patterns and homing 

                                                      
7 The act of regulating osmotic pressure to maintain water and mineral salt content in body fluids. 
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ability have been observed in association with increased turbidity levels (Sigler 1988).  

Avoidance responses of rainbow trout and Atlantic herring to suspended sediment have 

been observed at concentrations of 10 milligrams per liter (mg/L) and 20 mg/L, 

respectively (Wildish and Power 1985).  Juvenile chum salmon, considered a species 

more tolerant of suspended sediment (Nightingale and Simenstad 2001a), have also 

exhibited avoidance behavior in response to elevated turbidity levels (Salo et al. 1979).  

However, turbidity plumes that do not extend from bank to bank are not expected to 

significantly impact the behavior of migrating fish, as they are able to avoid the areas of 

high turbidity (Nightingale and Simenstad 2001a). 

 

Water clarity is important to fish during the development of visual acuity (Nightingale 

and Simenstad 2001a).  Water clarity affects light transmission, which in turn is thought 

to play a role in the development of visual acuity in fish (Nightingale and Simenstad 

2001a).  Visual acuity adjustment in estuarine waters is part of the smolting process of 

salmonids (Beatty 1965; Folmar and Dickhoff 1981).  Similar visual development has 

been reported in juveniles of other species, such as sand lance, kelp greenling, and 

lingcod (Britt 2001; Tribble 2000). 

 

Recent literature maintains that water clarity is important to fish as visual feeders.  

Larval fish have little or no swimming capability, are visual feeders, and undergo high 

mortality rates due to starvation (Nightingale and Simenstad 2001a).  Increased turbidity 

and reduced water clarity could negatively impact the already limited prey‐catching 

ability of larval fish (Nightingale and Simenstad 2001a). 

 

Several NMFS biological opinions on overwater structures and piling projects have been 

reviewed for their conclusions on potential water quality impacts to listed fish species.  

In all cases, sediment‐ and turbidity‐related impacts comprised the overwhelming 

majority of discussion on water quality effects.  In most cases, the magnitude, frequency, 

and duration of sediment pulses are expected to be similar to naturally occurring 

conditions during natural fluctuations in flow conditions, and few salmonids are 

predicted to be present during in‐water work windows; therefore, NMFS concluded that 

potential increases in turbidity would have negligible impacts on salmonids and their 

habitats (NMFS 2006a; NMFS 2006f; NMFS 2006h; NMFS 2006i; NMFS 2006j; NMFS 
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2006k; NMFS 2006m; NMFS 2006n).  However, NMFS found that elevated turbidity can 

cause direct mortality (NMFS 2006g), while sublethal threats include harassment, as 

feeding patterns may be affected and fish are likely to avoid areas of increased turbidity 

(NMFS 2006d).   

 

7.6.3 Suspended Solids Impacts on Invertebrates 

The limited mobility of many invertebrates prevents them from escaping even 

temporary pulses of increased suspended sediment loads.  Suspended sediment levels of 

188 and 1,000 mg/L have been observed to hinder egg development of eastern oyster 

(Crassostrea virginica) (Cake 1983) and hard clam (Mercenaria mercenaria) (Mullholland 

1984).  Comparable impacts could be expected in other benthic bivalves such as the 

California floater, Western ridged mussel, and Olympia oyster, which are all potentially 

covered species.  There appears to be a break point at 750 mg/L between chronic and 

acute impacts of suspended sediment (Nightingale and Simenstad 2001a).  At levels 

below 750 mg/L, development continues for both clams and oysters, but at levels above 

750 mg/L that last for 10 to 12 days, effects become lethal (Nightingale and Simenstad 

2001a).  Evidence of physiological responses among shellfish to increased turbidity 

appears to be ambiguous; it has been hypothesized that at lower turbidity levels, 

resuspended chlorophyll may act as a food supplement enhancing growth, while at 

higher levels, planktonic food resources are diluted to the point of inhibiting growth 

(Nightingale and Simenstad 2001a).  Increased suspended sediment has also been 

associated with behavioral changes among shellfish.  Changes have been observed in 

siphons and mantles of soft‐shelled clams (Mya arenaria) at suspended sediment 

concentrations of 100 to 200 mg/L (Grant and Thorpe 1991).  Based on these studies, it 

appears likely that shellfish are generally less vulnerable to acute effects of suspended 

sediment than are fish, but have some risk from chronic exposure.  Thus, there is a risk 

that potentially covered shellfish species could experience some level of incidental take 

due to increased suspended sediments.  However, general minimization measures 

commonly required by HPAs will limit the dispersion of resuspended sediment and 

normally result in only temporary turbidity increases.    
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7.6.4 Contaminated Sediment Impacts 

Sediment can be contaminated with chemicals known to have potential to cause adverse 

impacts to potentially covered species if resuspended in the water column.  Sediment 

contamination and the potential for resuspension must be determined prior to 

construction on a site‐by‐site basis as part of a project‐specific assessment.  It is unlikely 

that a project with the potential to resuspend contaminated sediments would qualify 

under a programmatic evaluation of ESA‐related impacts, because the range of potential 

impacts is extremely wide and the state of the science is rapidly evolving.  There exist 

many scenarios under which the risk of incidental take is extremely high; site‐specific 

analyses and conservation measures may be required to effectively reduce that risk.  

Because the potential impacts of resuspended contaminated sediment are site‐specific, 

they are not further discussed in this paper. 

 

7.6.5 Dissolved Oxygen Impacts 

Juvenile salmon are highly sensitive to reductions in dissolved oxygen concentrations 

(USFWS 1986) and so are probably among the more vulnerable potentially covered 

species with regard to dissolved oxygen impairments.  It has been hypothesized that 

resuspension of large quantities of anoxic sediments, an effect more commonly 

associated with dredging activities than with the construction of overwater structures, 

may reduce dissolved oxygen levels in surrounding water as a result of oxidation 

reactions (Nightingale and Simenstad 2001a).  However, even with the potentially large 

amounts of resuspended, deep‐water, anoxic sediments associated with dredging, little 

evidence supports the notion that associated dissolved oxygen reduction in surrounding 

water poses a risk to fish moving through the area (Nightingale and Simenstad 2001a).  

Given the low levels of organic material commonly mobilized during the construction 

and operation of overwater structures, the risk of adverse impacts to covered species is 

quite low.   

 

7.6.6 pH Impacts 

Structures constructed in aquatic settings can adversely impact the pH of surrounding 

water via contact between water and uncured concrete (Ecology 1999).  Standard HPA 

provisions (Appendix A) prohibit fresh, uncured concrete from coming into contact with 

surrounding water or the bed of the water body.   
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7.6.7 Treated Wood-Related Impacts 

Some overwater structures are supported by wood piles.  Wood piles are also sometimes 

used to construct temporary trestles that support equipment during construction 

activities.  Wood piles that have been chemically treated to resist rot and are in contact 

with water have the potential to leach chemical contaminants into the surrounding 

water (Poston 2001).  In addition to this possible direct impact, indirect pathways of 

contamination also exist; for instance, stormwater runoff from surfaces elevated above 

the water body or splinters of treated material that are dislodged by activity above the 

water line and fall into the water body (Poston 2001).  For this reason, creosote‐ and 

pentachlorophenol‐treated wood products are not allowed in Washington lakes for 

applications that involve direct water contact (WACs 220‐110‐060(4), ‐170(6), ‐223(6), and 

–224(2)).  However, wood that has been treated with other chemicals and is used in 

direct water contact applications may also pose a threat to water quality through the 

potential to leach toxic chemicals into surrounding water (Poston 2001).  A common 

method for increasing the resistance of wood to rot is treatment with copper in the form 

of ammoniacal copper zinc arsenate (ACZA) or chromated copper arsenate (CCA Type 

C) (Poston 2001). 

 

7.6.7.1 Creosote-Treated Wood 

Poston (2001) reviews approximately 20 years of research on this topic with findings 

as summarized below: 

• Creosote‐treated wood poses a much greater risk to water quality from trace 

metals and polycyclic aromatic hydrocarbons (PAHs) in the immediate 

surrounding water over a relatively short period of time; toxic lighter‐weight 

PAHs escape the wood, volatilize, and degrade rapidly, while higher‐weight 

PAHs contribute to more chronic contamination as they incorporate into 

sediment.  The greatest risk from creosote‐treated wood in aquatic 

applications is to benthic organisms and organisms that directly colonize 

treated wood structures. 

• Temporal and spatial impacts of creosote‐treated wood on aquatic 

environments appear to be much greater than those of ACZA‐ or CCA‐

treated wood. 
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• The vast majority of research discussed in this review investigated the 

impacts of relatively small applications (<100 pilings) of treated wood.  More 

investigation is needed into the potential impacts of larger projects. 

• Impacts of treated wood projects alone may be difficult to assess in settings 

complicated by other ecological stressors. 

• PAHs may continue to diffuse from creosote‐treated wood for the life of the 

product, but diffusion from creosote‐treated wood products that have been 

treated to fix or remove excess preservative may not be as great as previous 

studies have indicated.  PAH releases from wood products may also reach 

equilibrium with PAH degradation in aerobic sediments over time; however, 

this may not be true for anaerobic sediments, where PAHs would likely 

persist for longer periods of time. 

• Removal of creosote‐treated wood structures may resuspend sediments 

contaminated with PAHs.  Although no data were located regarding this, 

field data indicate higher degrees of PAH contamination in sediments 

immediately adjacent to creosote‐treated structures. 

• PAH contamination from both immersed and above‐water structures appears 

to diminish with distance from the structure and, although PAHs are 

relatively mobile, PAH contamination of sediments is unpredictable in 

relation to water currents. 

• Areas with less water circulation and lower pH are at greater risk for 

contamination, because leaching is faster and dilution occurs more slowly. 

• Metals will not degrade but may mineralize or become physically or 

chemically sequestered as they are likely incorporated into sediment.  

However, long‐term accumulation of metals at the bases of pilings has not 

been reported.  The risk of sediment resuspension during the removal of 

pilings is not well understood at this time. 

• The sediment content of fines and organic carbon plays a key role in the fate 

of metals contaminants in the sediment.  The function of acid volatile sulfides 

in the bioavailability of metals contaminants is not understood at this time, 

but acid volatile sulfides likely also play a role in toxicity.  Metals 

contamination of sediments appears to be localized, while sediment 
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disturbance will likely transport and redistribute metals, possibly diluting 

the contamination. 

• The risk of potential impacts to salmonids from direct exposure to PAHs or 

metals leached from treated wood is low.  Riverine spawning substrates for 

salmonids do not typically facilitate the accumulation of PAHs or metals, and 

juvenile salmonids are not likely to encounter high concentrations of such 

contamination in larger waterways when they begin their open‐water, 

marine lifestage.  However, salmonids are potentially at some risk of 

exposure from consumption of contaminated prey. 

 

Some additional studies not described by Poston (2001) have been conducted to 

characterize PAH leaching rates associated with creosote‐treated wood in aquatic 

applications.  PAH leaching rates have been shown to increase with increased water 

circulation (Kang et al. 2003).  PAH leaching rates also seem to increase with 

temperature, although water circulation appears to have a much greater effect on 

leaching rates than does water temperature, with the greatest leaching rates 

occurring in warm, turbulent water (Xiao et al. 2002).  PAH leaching rates seem to 

vary with wood species (Cooper 1991; Rao and Kuppusamy 1992), decreasing as 

wood density increases as found in studies comparing loblolly pine and Douglas fir 

(Miller 1972, in Cooper 1991).  PAH leaching rates also increase as treated wood 

surface area to volume ratios increase (Colley and Burch 1961, Stasse and Rogers 

1965, Gjovik 1977, Miller 1977, all in Cooper 1991). 

 

Table 6 summarizes several studies on biological effects thresholds for PAHs in 

surface water (from Stratus 2005a). 
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Table 6  
Effects Thresholds for PAHs in Surface Water  

 

Organism Exposure Source Toxicity Endpoint 
Concentration 

in µg/L Citation 
Mysid, Mysidopsis 

bahia  
Elizabeth River, Virginia, 

sediment extracts  
24-hour LC50  180 Padma et 

al. 1999  

Amphipod, 
Rhepoxynius 

abronius  

Eagle Harbor, 
Washington, sediment 

extracts  

96-hour LC50  100 Swartz et 
al. 1989  

Pacific herring  PAHs leaching from  ~ 
40-year-old pilings  

LC50 for hatching success  50 Vines et al. 
2000  

Zooplankton  PAHs leaching from 
pilings placed in 

microcosms  

NOEC for communities  11.1 Sibley et al. 
2004  

Zooplankton  Commercial creosote 
added to microcosms  

NOEC for communities  3.7 Sibley et al. 
2001  

Pacific herring  PAHs leaching from 
~ 40-year-old pilings  

Significant reduction in hatching 
success and increased abnormalities 

in surviving larvae  

3 Vines et al. 
2000  

Zooplankton  Commercial creosote 
added to microcosms  

EC50 for abundance  2.9 Sibley et al. 
2001  

Trout  Commercial creosote 
added to microcosms  

LOEC for immune effects  0.6 Karrow et 
al. 1999  

EC50 = Exposure concentration of a material that has a defined effect on 50 percent of the test population. 
LC50 = Lethal concentration of a chemical within a medium that kills 50 percent of a sample population. 
LOEC = Lowest observable effects concentration 
NOEC = No observable effects concentration 
μg/L = micrograms per liter 
Source: Stratus 2005a 

 

Many studies have investigated thresholds for biological effects of PAH 

concentrations in sediment.  Several effects thresholds have been determined using 

NMFS’ many years of data on the effects of PAH‐contaminated sediments on benthic 

fish in Puget Sound (Stratus 2005a).  Thresholds for effect on English sole were 

determined at 230 parts per billion (ppb) for proliferated liver lesions; 630 ppb for 

spawning inhibition, infertile eggs, and abnormal larvae; and 288 ppb for DNA 

damage, measured as PAH‐DNA adducts (Johnson et al. 2002). 

 

Several models have been developed to estimate PAH leaching rates from creosote‐

treated wood (Brooks 1997; Poston et al. 1996; Xiao et al. 2002).  The models attempt 

to describe complex interactions and generally rely heavily on site‐specific data and 
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assumptions (Stratus 2005a).  Evaluations of the CREOSS model (Brooks 1997) and 

the box plume model (Poston et al. 1996) have shown that although they may not 

fully explain transient concentrations, such as those immediately following 

installation or severe disturbance such as abrasion, they are helpful in qualitatively 

describing the effect of many factors, such as salinity, temperature, wood density, 

water circulation, surface area to volume ratio, wood grain direction, time from 

treatment, and whether the wood was treated using BMPs to reduce leaching rate 

(Stratus 2005b). 

 

7.6.7.2 ACZA- and CCA Type C-Treated Wood 

Recent work on contaminant leaching from ACZA‐ and CCA Type C‐treated wood 

not described by Poston (2001) includes a 2004 study of arsenic, copper, and zinc 

concentrations in sediment, water, and shellfish near four ACZA‐treated wood 

structures on the Olympic Peninsula.  In this study, there were insignificant 

increases in arsenic, copper, and zinc in sediment and water at three out of four 

sampling sites and minimal uptake by shellfish (Brooks 2004).  Oysters growing on 

CCA‐treated wood piles have been observed to have higher metals concentrations in 

soft tissues and a greater incidence of histopathological lesions than oysters collected 

from nearby rocks (Weis et al. 1993, in Stratus 2005b).  Snails fed algae grown on 

CCA‐treated docks showed mortality (Weis and Weis 1996, in Stratus 2005b).  

Significantly lower biomass and diversity of sessile epifaunal communities have 

been observed on treated wood panels than on untreated wood panels, but the 

response appeared to dissipate over time to negligible levels after three months of 

exposure (Weis et al. 1992a; Weis and Weis 1994, in Stratus 2005b).    

 

Weis et al. (1998, in Stratus 2005b) measured metals concentrations in sediments and 

marine polychaete worms and diversity, abundance, and biomass in the benthic 

invertebrate community near five CCA‐treated wood bulkheads ranging from one to 

eight years in age.  It was found that concentrations of copper and arsenic in 

sediments were generally elevated within 3.3 feet (1 m) but diminished to 

background levels by 9.8 feet (3 m) from the bulkheads.  Polychaete worms collected 

within 3.3 feet (1 m) of a one‐year‐old treated wood structure contained elevated 

copper and arsenic concentrations, and benthic community effects on abundance 
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and diversity were noted at all treated wood sites, diminishing with distance from 

the bulkheads.  Effects were negligible at distances greater than 3.3 feet (1 m) from 

bulkheads (Weis et al. 1998, in Stratus 2005b).   

 

A study on the leaching rate of arsenic from CCA Type C‐treated lumber under 

simulated precipitation showed leaching rates of 0.0143, 0.0079, and 0.0062 

micrograms per square centimeter per millimeter (μg/cm2/mm) of simulated rainfall 

for the 0.1, 0.33 and 1.0 inch/hour (2.5, 8.0, and 25.4 mm/hour) rainfall rates, 

respectively (Lebow et al. 2004).  This same study also found little reduction in 

arsenic leaching rates with the application of a water repellent (Lebow et al. 2004).  

In some cases, leaching rates seemed to increase with water repellent application 

(Lebow et al. 2004).  Another study found that semi‐transparent water‐repellent 

stain, latex paint, or oil‐based paint greatly reduces leaching rates of arsenic, 

chromium, and copper (Lebow et al. 2004). 

 

The U.S. Environmental Protection Agency (USEPA) has established aquatic life 

criteria (ALC) (i.e., concentration criteria) for the constituent metals that may leach 

from ACZA‐ or CCA Type C‐treated wood (USEPA 2002, in Stratus 2005b).  The 

ALC have been established for criterion maximum concentrations (CMCs) for acute 

exposure and criterion chronic concentrations (CCCs) for chronic exposure for both 

salt water and fresh water (refer to Table 7).  In both fresh water and salt water, 

invertebrates are the species most sensitive to copper, chromium VI, zinc, and 

arsenic (Stratus 2005b).  These ALC appear to be appropriate for acute lethal impacts 

of copper and chromium VI (Stratus 2005b), but avoidance responses and olfactory 

neurotoxicity may occur in salmonids at sublethal copper concentrations, even with 

brief exposure (Hansen et al. 1999, Baldwin et al. 2003, Sandahl et al. 2004, all in 

Stratus 2005b), and there may be a risk of bioaccumulated toxicity in salmonid prey 

species at the chronic chromium VI criterion (Stratus 2005b).   
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Table 7  
U.S. Water Quality Criteria for the Protection of Aquatic Life (“aquatic life criteria”) for Water 

Soluble Chemicals Used in Treating Wood 
 

Chemical  
Freshwater CMC 

(µg/L)  
Freshwater CCC 

(µg/L)  
Saltwater CMC 

(µg/L)  
Saltwater CCC 

(µg/L)  
Arsenic  340  150  69  36  
Coppere  7.0a  5.0a  4.8  3.1  
Copper 
(2003) 

BLMb  BLMb  3.1  1.9  

Chromium III  323  42  None (850)c  None (88)d  
Chromium VI  16  11  1,100  50  

Zinc  65a  65a  90  81  
a.  Criteria are hardness‐dependent. Criteria values calculated using site‐specific hardness based on the equations 

presented in USEPA (2002). Hardness‐dependent criteria values are presented for a hardness of 50 mg/L (as 
CaCO3). 

b.  Criteria developed using site‐specific chemistry and the Biotic Ligand Model (BLM).  
c.  No saltwater CMC. As a proxy, we report the lowest reported LC50 from the USEPA database (Lussier et al. 

1985) divided by a factor of two. See text for additional details.  
d.  No saltwater CCC. As a proxy, we report the lowest reported chronic value from the USEPA database (Lussier et 

al. 1985) divided by a factor of two. See text for additional details.  
e.  From USEPA 2002. 
From draft ALC guidance on copper provided by USEPA in 2003 that relies on the BLM for calculating freshwater 
criteria based on site‐specific water chemistry. 
Notes: CMC = criterion maximum concentration  
CCC = criterion chronic concentration  
μg/L = micrograms per liter 
Source: USEPA 2002, except as noted, as taken from Stratus 2005b 

 

There does not appear to be a pattern of sensitivity among species with respect to 

chromium III, but the ALC, although established only for fresh water, appear to be 

protective of fish, particularly salmonids (Stratus 2005b).  If chromium III toxicity is 

related to salinity (similar to chromium VI and copper), the application of the 

freshwater criteria to salt water would include a margin of safety.  The ALC for zinc 

are water hardness‐dependent and do not appear to be protective of salmonids in 

fresh water of low hardness (30 mg/L) (Hansen et al. 2002, in Stratus 2005b); 

however, the zinc ALC for salt water are likely protective of salmonids (Stratus 

2005b).   

 

Avoidance behavior has also been observed among salmonids at zinc concentrations 

below or slightly above the ALC (Sprague 1964, Sprague 1968, Black and Birge 1980, 

all in Stratus 2005b).  The ALC for arsenic are likely to be protective of salmonids 

(Stratus 2005b).  Overall, the ALC are suitable for assessing the impacts of ACZA‐ 
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and CCA Type C‐treated wood on water quality and the potential risk to potentially 

covered species (Stratus 2005b). 

 

Metals from treated wood in aquatic settings may contaminate sediment and affect 

benthic communities, in turn limiting food availability for fish and exposing fish to 

metals contamination through the consumption of contaminated prey (Stratus 

2005b).  However, site‐specific sediment conditions such as particle size and organic 

content can dramatically influence metals toxicity, making sediment toxicity difficult 

to predict (Stratus 2005b).  Tables 8 and 9 present some of the threshold effects 

concentrations (TECs) and probable effects concentrations (PECs) for arsenic, 

chromium, copper, and zinc in sediment as reported in recent literature (Stratus 

2005b).  In general, concentrations below the TEC are not expected to cause impacts, 

while concentrations above the PEC are expected to cause frequent impacts. 

 
Table 8  

Threshold Effects Concentrations (TECs) for Freshwater Sediment 
Concentration (mg/kg dry wt) 

Name Definition Basis As Cr Cu Zn Reference 
Lowest effects 

level  
Level that can be 

tolerated by the majority 
of benthic organisms  

Field data on benthic 
communities 

6  26  16  120  Persaud et al. 
1991  

Biological 
threshold effects 

level  

Concentration that is 
rarely associated with 

adverse biological 
effects  

Compiled results of 
modeling, laboratory, 
and field studies on 

aquatic invertebrates 
and fish  

5.9  37.3 35.7  123  Smith et al. 
1996  

Minimal effects 
threshold  

Concentration at which 
minimal effects are 

observed on benthic 
organisms  

Field data on benthic 
communities 

7  55  28  150  Environment 
Canada 1992  

Effects range 
lowa  

Concentration below 
which adverse effects 

would rarely be 
observed  

Field data on benthic 
communities and spiked 

laboratory toxicity test 
data  

33 80 70 120 Long and 
Morgan 1991  

Survival and 
growth threshold 

effects level  

Concentration below 
which adverse effects on 

survival or growth are 
expected to occur only 

rarely  

Laboratory toxicity tests 
on the amphipod 

Hyalella azteca using 
field-collected sediment  

11 36 28 98 Ingersoll et al. 
1996; USEPA 

1996  

Consensus 
threshold effects 

concentration  

Concentration below 
which adverse effects 
are expected to occur 

only rarely 

Geometric mean of 
above published effect 

concentrations  

9.79 43.4 31.6 121 MacDonald et 
al. 2000a  

a.  Based on data from both freshwater and marine sites.  
Source: Taken from Stratus 2005b 
mg/kg = milligrams per kilogram 
As = arsenic; Cr = chromium; Cu = copper; Zn = zinc 
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Table 9  
Probable Effects Concentrations (PECs) for Freshwater Sediment 

 
Concentration  
(mg/kg dry wt)  

Name Definition Basis As Cr Cu Zn Reference 
Severe effects level  Level at which pronounced 

disturbance of the 
sediment-dwelling 
community can be 

expected  

Field data on benthic 
communities  

33  110  110 820  Persaud et al. 
1991  

Probable effects level  Concentration that is 
frequently associated with 

adverse effects  

Compiled results of 
modeling, laboratory, 
and field studies on 

aquatic invertebrates 
and fish  

17  90  197 315  Smith et al. 
1996 

Toxic effects threshold  Critical concentration above 
which major damage is 

done to benthic organisms  

Field data on benthic 
communities  

17  100  86  540  Environment 
Canada 1992  

Effects range mediana  Concentration above which 
effects were frequently or 

always observed or 
predicted among most 

species  

Field data on benthic 
communities and 
spiked laboratory 
toxicity test data  

85 145 390 270  Long and 
Morgan 1991  

Probable effects level  Concentration above which 
adverse effects on survival 
or growth are expected to 

occur frequently  

Laboratory toxicity 
tests on the 

amphipod Hyalella 
azteca using field-
collected sediment  

48 120 100 540 Ingersoll et 
al.1996; 

USEPA 1996  

Consensus probable 
effects concentration  

Concentration above which 
harmful effects on 
sediment-dwelling 

organisms are expected to 
occur frequently  

Geometric mean of 
above published 

effects concentrations 

33.0 111  149 459  MacDonald et 
al. 2000a  

a.  Based on data from both freshwater and marine sites  
Source: Taken from Stratus 2005b 
mg/kg = milligrams per kilogram 
As = arsenic; Cr = chromium; Cu = copper; Zn = zinc 

 

7.6.8 Stormwater and Nonpoint Source Water Quality Impacts 

Stormwater generated by above‐water portions of structures may adversely impact 

potentially covered species by introducing nonpoint source pollution to waterways.  

Overwater structures provide a surface on which pollutants can accumulate, and those 

pollutants can become mobile with stormwater runoff.  Overwater structures may also 

be associated with a variety of adjacent land uses, including roads and parking lots, and 

may act as conduits for stormwater delivery from those adjacent land uses to 

waterways.  These stormwater impacts are mitigated by regulations promulgated by the 

Washington State Department of Ecology (Ecology) under the federal Clean Water Act 
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(33 USC §§ 1251‐1387).  The Ecology regulations are subject to USEPA review and 

Section 7 requirements of the ESA (16 USC 1531‐1544). 

 

7.7 Channel Hydraulics 

7.7.1 Controlling Factors in Channels 

Streams are dynamic systems that adjust to tectonic, climatic, and environmental 

changes (Dollar 2000).  Environmental changes can be either human‐induced or natural. 

A stream system adjusts to maintain a steady state, or dynamic equilibrium, between the 

driving mechanisms of flow and sediment transport and the resisting forces of bed and 

bank stability and resistance to flow (Soar and Thorne 2001).  Alluvial channels (as 

opposed to channels incised into bedrock) have erodible bed and banks comprised of 

sediments.  An alluvial stream adjusts the dimensions of its channel to the wide range of 

flows that mobilize its boundary sediments.  For many rivers and streams, a single 

representative discharge may be used to determine a stable channel geometry.  This 

representative channel‐forming (dominant) discharge has been given several names by 

different researchers, including bankfull, specified recurrence interval, and effective 

discharge (Copeland et al. 2000). 

 

Miller et al. (2001), a WDFW white paper, provides an overview of the geomorphic basis 

for and the principles of channel design and is incorporated herein by reference.  Bolton 

and Shellberg (2001) also provides a literature review of geomorphic controls on streams 

and the ecological effects of stream channelization.  As a WDFW white paper, Bolton 

and Shellberg (2001) is incorporated herein by reference.  Additional useful sources of 

information on channel design include Watson et al. (1999), Papanicolaou and Maxwell 

(2000), Copeland et al. (2001), and Bates (2003). 

 

Placement of structures within or beneath the stream channel can have the following 

primary effects on the channel (Brookes 1988, in Bolton and Shellberg 2001): 

• Channel shortened by straightening 

• Channel cross‐sectional area reduced (by placing fill, pilings, and/or abutments 

in the channel) 

• Channel bed and/or banks replaced with non‐erodible artificial materials 

• Channel loses the ability to migrate over time 
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Each of these effects constitutes an “impact” (Figure 1), but collectively these impacts 

affect channels primarily by altering only one controlling factor: stream power, which is 

in turn determined by water surface slope, flow volume, and channel roughness (Dunne 

and Leopold 1978).  Structures placed in the channel have the potential to alter each of 

the factors identified in the above list. 

 

Because the surface of a stream is roughly parallel to its bed (Dunne and Leopold 1978), 

water surface slope is mainly altered by changes in channel gradient.  Overwater 

structures normally have little capacity to alter channel gradient. 

 

Channel roughness elements affect stream velocity by increasing boundary shear stress, 

thereby increasing resistance to flow (Leopold et al. 1964).  Structures can increase or 

decrease channel roughness in a variety of ways that alter habitat, such as changes in in‐

channel roughness elements, changes in channel perimeter roughness elements, or 

changes in the relationship between channel area and wetted perimeter.  All materials in 

contact with the wetted channel constitute roughness elements.  The principal in‐

channel roughness elements are artificial structures such as gratings or pilings, and 

natural structures such as large woody debris.  An example of roughness effects on 

channels was encountered at a highway bridge reconstruction investigated by Barks and 

Funkhouser (2002), using a two‐dimensional flow model to estimate conditions during 

the 100‐year flood.  Barks and Funkhouser (2002) found that relocating a bridge 

abutment from an area of dense vegetation to an agricultural area predicted a 67 percent 

decrease in channel roughness and a 29 percent increase in flow velocity, with 

associated high risk of scour and channel destabilization.  They used the same model to 

show that planting trees and placing riprap in the area would alleviate the predicted 

flow increase and move the area of maximum flow back into the stream’s thalweg (the 

line of steepest descent along the stream).  This study identified some of the principal 

channel border roughness elements, such as sediment, vegetation, and artificial elements 

like riprap and bridge abutments.  The fact that the investigated abutment supported a 

bridge is immaterial; the structure represented by the abutment could have supported 

any kind of overwater structure, such as a pier.  
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Because flow velocity is proportional to the product of roughness and wetted perimeter 

(Leopold et al. 1964), changes in the length of the wetted perimeter can also alter stream 

power.  Structures in the channel alter the wetted perimeter directly, such as when flow 

is confined by a pier, or indirectly, such as when erosion or deposition causes changes in 

channel geometry.  Structures such as docks and piers tend to confine the channel within 

artificial bounds and thus generally cause locally reduced channel roughness, 

potentially causing scour at the structure, with corresponding deposition downstream.  

Sturm (2004), modeling scour at bridge abutments in sandy sediments, found that scour 

could be significant enough to alter channel geometry, producing large excavations near 

bridge abutments and causing reduced water depths and sediment deposition 

immediately upstream.  Sturm (2004) also found that this effect could be exacerbated in 

higher flows. The fact that the investigated abutment supported a bridge is immaterial; 

the structure represented by the abutment could have supported any kind of overwater 

structure, such a as pier. This study underscores the importance of using hydraulic 

modeling to avoid locally significant changes in channel structure. 

 

Channels are dynamic landscape elements that integrate inputs from tributary channels 

and from valley and hillslope processes (Washington Forest Practices Board 1995).  

Thus, a structure placed in a channel is likely, over time, to experience the effects of 

altered stream power and an altered sediment transport regime caused by changes in 

the watershed upstream.  For example, in areas subject to progressive urbanization, 

gradual increases in catchment impervious surface cause predictable hydrologic changes 

characterized by increased variance in the hydrograph (Booth et al. 2002).  One 

consequence of this change is increased peak flows and correspondingly increased 

sediment transport capacity, which often cause streambank instability and channel 

downcutting (Dunne and Leopold 1978, pp. 693‐695).  The resulting increases in flow 

and sediment around and through in‐water structures can exceed the structures’ design 

capacity, leading to outcomes such as scour around abutments and pilings (discussed 

above). 

 

To summarize, the placement of artificial structures in channels can, through a variety of 

mechanisms, cause increased erosion at or upstream of the structure, increased 

deposition downstream, and increased sediment transport past the structure.  This 
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amounts to a change in channel structure and thus potentially affects habitat structural 

elements of the channel: channel type, substrate size distribution, channel cross section, 

channel migration, bed mobility, and bank structure.  These potential changes, and their 

significance to potentially covered species, are described below. 

 

7.7.2 Habitat Structure in Channels 

Channels are defined by the transport of water and sediment confined between 

identifiable banks (Dietrich and Dunne 1993).  Natural stream channels show great 

variety, reflecting differences in channel processes, disturbance regimes, structural 

controls, and geologic history (Washington Forest Practices Board 1995).  One of the 

channel classification schemes most widely employed in Washington distinguishes 

channels primarily according to their roughness characteristics and their sediment 

transport regime (Montgomery and Buffington 1993, 1997).  Some channel types 

addressed in this classification, i.e., bedrock and colluvial channels, are of little concern 

here because they seldom provide significant habitat for potentially covered species and 

because bedrock channels, in any event, are unlikely to experience appreciable process 

change due to placement of artificial structures.  Alluvial channels, however, are 

channels in which bed and banks are primarily comprised of alluvium (i.e., material 

previously transported by the stream), and thus alluvial channels represent a linked 

water‐sediment transport system in which a wide variety of channel types may develop.  

Montgomery and Buffington (1993) recognize six such channel types: cascade, step‐pool, 

plane bed, pool‐riffle, braided, and regime.  They propose that these types are controlled 

primarily by channel gradient and also by sediment supply (the amount of material 

available for transport) and transport capacity (determined by shear stress, which is 

similar to stream power).  The singular importance of LWD as a structural element is 

also recognized.  Changes in channel gradient, sediment supply, and stream power, 

which can be altered by placement of instream structures, therefore have the potential to 

directly alter habitat conditions for potentially covered species. 

 

The steepest channels described by Montgomery and Buffington (1993) are cascade 

channels.  Because of their high gradient (typically steeper than 8 percent), these 

channels usually have high roughness caused by boulder or bedrock bedforms.  They 

typically have high transport capacity, so little sediment is stored in the bed or banks.  
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The most common disturbance is debris flow.  Cascade channels are predominant in 

small mountain tributaries in Washington, where they are often seasonal, non‐fish‐

bearing streams.  Some cascade channels, however, occur lower in the stream system, 

commonly where a stream transits a layer of relatively erosion‐resistant rock; in such 

areas, they may link lower‐gradient reaches having greater habitat value. 

 

Step‐pool channels commonly have a lower gradient of about 3 to 8 percent 

(Montgomery and Buffington 1993; Papanicolaou and Maxwell 2000).  Many perennial, 

fish‐bearing streams in hilly and mountainous parts of Washington have a step‐pool 

morphology.  Step‐pool channels commonly provide the principal spawning habitat for 

resident salmonids, especially when lower‐gradient habitats downstream are utilized by 

anadromous salmonids (Montgomery and Buffington 1993).  Step‐pool channels are 

highly sensitive to the amount of LWD in a stream and to the stream’s sediment supply; 

if LWD is removed from a step‐pool channel, the channel’s sediment storage capacity is 

reduced, sediment is transported from the reach, and the channel commonly shifts to a 

plane bed or pool‐riffle morphology (Montgomery and Buffington 1993).  This is an 

adverse habitat change for organisms that require deep and persistent pools, for 

example as cover or habitat buffer during low‐flow periods.  Severe increases in 

sediment supply also tend to cause loss of pools, again by filling, but step‐pool channels 

tend to be robust against such a change, because filling pools reduces channel 

roughness, in turn increasing transport capacity and allowing scour to reestablish the 

pools (Montgomery and Buffington 1993).  However, the pool filling and subsequent 

scour associated with this equilibration process could be expected to have adverse 

impacts on stream organisms.  More moderate changes in sediment supply would also 

be expected to alter these channels, primarily by causing a general coarsening or fining 

of bed material.  Generally, step‐pool channels have a high enough gradient and 

transport capacity that it should be feasible to place additional roughness elements, such 

as artificial structures that occupy a fraction of the channel, without substantially 

altering channel hydraulics and sediment transport. 

 

At more moderate gradients (typically 1 to 3 percent), the principal channel types are 

pool‐riffle and plane‐bedded channels.  These channel types are highly vulnerable with 

regard to hydraulic or sediment source changes, because they represent channels that 
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have low to moderate transport capacity; thus, relatively small changes in channel 

morphology can cause changes in net sediment accumulation or export, with associated 

changes in grain size and bedform (Montgomery and Buffington 1993, pg. 50). 

 

Normally, plane‐bed channels have well‐defined bed and banks with a lack of bedforms.  

LWD plays a critical role in pool‐riffle and plane‐bed channels.   Adding LWD to a 

system will often cause a plane‐bed channel to become a pool‐riffle channel, while 

removing LWD will often cause the reverse transformation (Montgomery and 

Buffington 1993, pp. 41, 53).  This occurs because, since these channels lack the transport 

capacity to move boulders, LWD provides the principal sites for both scour (which 

forms pools) and sediment accumulation (which forms riffles).  Artificial instream 

structures such as abutments and pilings are often local sites for scour in these channels.  

In larger rivers with plane‐bed channels, significant scour can occur, particularly in 

response to channel structures such as LWD (Sedell et al. 1986; Collins et al. 2002).  This 

has been described, for instance, as the historical condition on the South Fork Nooksack 

River (Maudlin et al. 2002; Sedell and Luchessa 1982) and the Willamette River (Sedell 

and Froggatt 1984) and in the general case for larger western Washington rivers (Abbé 

and Montgomery 1996). 

 

Plane‐bed and pool‐riffle channels display a characteristic sensitivity to changes in 

sediment supply.  Increases in fine sediment supply commonly lead to embedding, a 

process whereby fine sediments are incorporated to the bed of the stream and remain 

there after they become armored by a relatively thin surficial layer of coarse sediment.  

Embedding gives the stream a relatively hard, impervious bed that provides a poor 

substrate for salmonid spawning, impairs hyporheic exchange, and provides poor 

habitat for benthic invertebrate infauna.  Typically, several years of peak flow events are 

required after the fine sediment inputs have ended for the bed to be sufficiently 

reworked that embedding abates. 

 

Inputs of coarse sediment initially have little effect on pool‐riffle channels, but as the 

inputs increase, the pools are filled, the channel aggrades, and the bedform changes 

from pool‐riffle to plane bed (Montgomery and Buffington 1993).  Continuing 

aggradation leads to channel widening and bar development (Montgomery and 
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Buffington 1993).  With sufficiently large increases in coarse sediment supply, the 

channel may develop a braided form (Montgomery and Buffington 1993). 

 

Plane‐bed and pool‐riffle channels are among the most important for salmonid 

spawning because they have a bed mobility and scour regime to which salmon are well 

adapted, providing spawning habitat for large numbers of fish (Montgomery et al. 1999).  

These channels are also a principal habitat for freshwater molluscs, such as the 

potentially covered mussels, limpets, and spire snails listed in Table 1.  

 

The lowest‐gradient channels, having gradients of less than 1 percent, are regime 

channels (Montgomery and Buffington 1993).  These channels are abundant on 

floodplains and in tidewater areas of Washington.  Regime channels are normally 

transport‐limited and commonly have sand or silt beds.  They are highly vulnerable to 

changes in sediment supply, alteration of bank vegetation, and artificial changes in 

gradient (Montgomery and Buffington 1993).  Coarse sediment tends to fill the channel 

because the stream lacks the transport capacity to move it through the system.  Finer 

sediment will be exported, but slowly; in the meantime, the channel tends to become 

wider and shallower (Montgomery and Buffington 1993).  Because the bed and banks 

are comprised of relatively fine sediment, the roots of vegetation are particularly 

important to maintaining bank integrity; the loss of vegetation can trigger bank erosion, 

causing sediment inputs and channel widening/shallowing (Montgomery and 

Buffington 1993, p 53).  Thus, preserving riparian vegetation is important when 

overwater structures are sited in regime channels. 

 

7.8 Littoral Drift 

Wave action striking shorelines at an angle causes littoral currents that move parallel to 

shore (Cox et al. 1994).  While littoral processes are most conspicuous in marine waters, they 

can occur along lake shores as well, where fetch and wind speed combine to produce waves 

and subsequent longshore currents strong enough to move shoreline sediments.  Shoreline 

features, including artificial structures, affect the velocity and direction of shoreline currents 

and sediment transport. 
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Washington State contains thousands of miles of shorelines, including about 2,000 miles in 

Puget Sound alone.  Much of this shoreline consists of poorly consolidated bluffs of glacial 

sediments faced with cobble beaches in the upper intertidal zone and sandy sediments in 

the lower intertidal and subtidal areas.  Erosion and occasional landslides on these bluffs 

provide a sediment source.  The sediment moves from location to location through littoral 

drift and ultimately is deposited in deep water, where it no longer contributes to littoral 

processes.  Local geomorphology, weather, fetch, and sediment sources determine the 

volume, timing, and direction of sediment transported past an individual beach.  Each 

discrete unit of shoreline with sediment sources and sinks is considered a littoral drift cell 

(Cox et al. 1994).  The direction of drift within a drift cell may reverse between winter and 

summer as prevailing wind and wave direction changes, causing sand to redistribute 

among beach areas (Cox et al. 1994).  Littoral drift is estimated to transport volumes of 1,000 

to 500,000 cubic feet (30 to 14,000 cubic meters) of sediment per year past Puget Sound 

beaches (Canning and Shipman 1994).  Beaches along the Pacific coast of Washington have 

much greater wave energy and can experience annual littoral drift rates of 3.5 million to 10 

million cubic feet (100,000 to 300,000 cubic meters) per year (MacDonald 1994). 

 

The construction of overwater structures or non‐structural piling may affect littoral drift 

when they alter wave action or littoral currents. 

 

7.8.1 Wave Action 

Overwater structures and piling can affect wave direction and intensity.  The effects of 

piers and pilings on wave action depend on spacing, orientation, and number of pilings, 

as well as depth and proximity to shore (Fresh 1998, in Nightingale and Simenstad 

2001b; Nightingale and Simenstad 2001b).  Widely spaced piles in deep water have 

relatively little effect, as waves refract around them (Nightingale and Simenstad 2001b). 

In contrast, a series of pilings can reflect waves, resulting in reduced littoral currents 

(Nightingale and Simenstad 2001b).  Floating structures can also attenuate waves and 

alter the intensity of wave action that cause and maintain littoral drift (Nightingale and 

Simenstad 2001b).  The effectiveness of a floating structure as a wave attenuator 

depends on the shape, dimensions, and orientation of the structure (Cox et al. 1994).  
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Wave energy and water transport alterations imposed by docks, ramps, abutments, 

pilings, and associated structures often alter the size, distribution, and abundance of 

substrate and detrital materials required to maintain the nearshore detrital‐based food 

web (Nightingale and Simenstad 2001b).  Alteration of sediment transport patterns can 

present potential barriers to the natural processes that build spits and beaches and 

provide substrates required for plant propagation, fish and shellfish settlement and 

rearing, and forage fish spawning (Parametrix and Battelle 1996, Penttila 2000b, Thom et 

al. 1994, 1997, all in Nightingale and Simenstad 2001b; Thom and Shreffler 1996).  For 

example, experimental investigations by Shteinman and Kamenir (1999, in Nightingale 

and Simenstad 2001b) demonstrate how the construction of jetties and other in‐water 

structures can partially or completely disrupt the longshore transport process.  In a 

natural hydraulic regime, size separation of sediments proceeds along the bottom slope 

with wave flow impact, and steep‐sloped bottoms move larger sediments toward the 

shore, accumulating a thin nearshore strip along the shoreline.  While smaller sediments 

were found to move toward deeper areas, where they accumulate or were further 

transported by currents, the opposite was found to occur on gentle bottom slopes, where 

smaller sediments accumulated near the shore and coarser sediments were moved 

toward the deeper areas (Shteinman and Kamenir 1999, in Nightingale and Simenstad 

2001b).  

 

Such changes in wave energy across substrates determine the size and distribution of 

sediments and associated detritus (Nightingale and Simenstad 2001b).  Throughout 

Puget Sound, Hood Canal, and Washington’s coastal estuaries, variations in the 

interface between bottom slopes, wave energy, and sediments build beaches, nearshore 

substrates, and habitats unique to the climate, currents, and conditions of specific sites 

(Nightingale and Simenstad 2001b).  Although specific characteristics of the factors at 

play vary with the geology of each region or subsystem, changing the type and 

distribution of sediment will generally alter key plant and animal assemblages 

(Nightingale and Simenstad 2001b).  

 

Wave and current interactions in shallow water (depths less than 3 feet) are particularly 

important to intertidal flora and fauna.  For example, along the shallow edge of the tidal 

water, high suspended sediment concentrations may flow over a mudflat.  This passage 
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across the intertidal area potentially deposits large quantities of sediment and nutrients 

on upper mudflat areas, particularly at slack water (Christie and Dyner 1998, in 

Nightingale and Simenstad 2001b).  These are part of the sedimentation and water 

transport processes that shape the geomorphology and consequently the plant and 

animal communities that rely on the shallow, soft sediment habitats of mud and 

sandflats (Nightingale and Simenstad 2001b).  

 

Depending on the geomorphology, current transport processes, and climatic conditions 

of a specific area, overwater structures have the potential to alter these important 

habitat‐building processes (Nightingale and Simenstad 2001b). 

 

7.8.2 Littoral Currents  

In‐water structures such as piers and pilings have the potential to block or divert littoral 

currents. Alteration of littoral currents can cause sediment deposition and reduce beach 

nourishment down‐current from the structure (Thom et al. 1994).  Changes in beach 

nourishment and sediment deposition can in turn alter benthic and epibenthic 

communities, as well as bank erosion rates (Thom et al. 1994).  The significance of these 

effects depends on the location and orientation of the structures (Thom et al. 1994).  

Closely spaced pilings can collect sediment along the up‐current side (Nightingale and 

Simenstad 2001b), but widely spaced pilings allow currents to flow freely and sediment 

transport is essentially unaffected (Nightingale and Simenstad 2001b).  WDFW noted 

that miles of historical habitat have been permanently lost due to the placement of 

structures and fill, with commensurate permanent loss of riparian vegetation and large 

organic debris, as well as extensive intertidal habitat degradation from increased wave 

and current turbulence waterward of such structures (Canning and Shipman 1994). 

 

Benthic habitat may be impacted by alterations in natural sediment movement.  For 

instance, a structure that interferes with littoral drift cells poses the risk of interference 

with the deposition of fine sediments to adjacent beaches that support beach spawning 

forage fish, such as surf smelt and sand lance (Nightingale and Simenstad 2001b).  

Limiting the fine sediments deposited to adjacent beaches also poses the risk of limiting 

the establishment of rooted vegetation, such as eelgrass, along submerged areas of 

adjacent shorelines and therefore the risk of reducing the available habitat for fish and 
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shellfish species that rely on such vegetated habitats for spawning and rearing 

(Nightingale and Simenstad 2001b).  The manner in which a structure is used by vessels 

will determine additional effects of wave energy from vessel traffic and other effects 

such as vessel pollutant distribution or impacts to other adjacent shoreline structures 

(Nightingale and Simenstad 2001b).  

 

Alterations to littoral drift can also affect the beach profile (Thom et al. 1994).  Changes 

in littoral drift that reduce sediment supply can make beach slopes steeper and increase 

erosional processes, especially in shorelines hardened by development resulting in a 

coarsening of the beach substrate, which can substantially interfere with the quality and 

quantity of intertidal forage fish spawning habitats (Thom et al. 1994). 

 

7.9 Substrate Modifications 

Modifications of substrate caused by channel hydraulic processes are discussed in Section 

7.7, and modifications caused by the analogous shoreline process, littoral drift, are discussed 

in Section 7.8.  These include most substrate modifications observed in association with 

construction and operation of overwater structures in stream channels and along shorelines.  

However, there are also substrate modifications that occur in conjunction with overwater 

structures (such as docks along many lakeshores or along rocky seacoasts) in waters where 

sediment transport is not a significant habitat‐forming process.  In such settings, the 

structure itself constitutes the substrate modification. 

 

In the nearshore environment, dock pilings have been found to alter adjacent substrates 

with increased shellhash deposition from piling communities and changes to substrate 

bathymetry (Penttila 1990, Shreffler and Moursund 1999, both in Nightingale and Simenstad 

2001b).  The change in substrate type can also alter the nature of the flora and fauna native 

to a given site, and native dominant communities typically associated with sand, gravel, 

mud, and seagrass substrates are replaced by those communities associated with shellhash 

substrates (Nightingale and Simenstad 2001b). 

 

WAC 220‐110‐300(1) does allow for the grounding of up to 20 percent of floats or rafts in 

marine waters that do not provide spawning for surf smelt, Pacific herring, Pacific sand 

lance or rock sole.  Grounding of these structures can affect substrates and the aquatic 
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organisms occupying the substrates found beneath these structures by directly resting and 

grinding upon (during tidal fluctuations and wave action) the substrate and the organisms 

that occupy the substrate.  Grounding of floats can also occur in freshwater systems that are 

managed, such as reservoirs, and have similar impacts, although the draw down of the 

water is not a natural occurrence and typically is of a longer duration (i.e. seasonal 

fluctuations). 

 

7.10 Channel Dewatering 

Channel dewatering occurs primarily in freshwater settings and is typically associated with 

the need to work “in the dry” during construction of overwater structures, such as when 

fabricating and pouring concrete supports.  Basic requirements for channel dewatering are 

provided in WAC 220‐110‐120.  Review of numerous biological opinions prepared by NMFS 

indicates that channel dewatering typically requires the installation of a cofferdam and a 

bypass system to divert flowing water around the construction site and allow work to occur 

in the dry. 

 

The impacts associated with channel dewatering include: 

• Fish removal and exclusion 

• Fish entrainment in dewatering pump 

• Alteration of flow 

• Disturbance of the streambed 

• Loss of invertebrates and undetected fish 

• Elevated turbidity when the construction area is rewatered 

 

Each of these impacts is discussed below. 

 

7.10.1 Fish Removal and Exclusion  

Fish removal and exclusion is performed using passive methods, such as the volitional 

movement of fish from the construction area during its slow dewatering, or through 

active methods, such as the use of hand nets, beach seining, or electrofishing equipment 

to capture and move fish from the construction area that will be dewatered (NMFS 

2003b).  Potentially covered invertebrate species are typically not removed, and 

potentially covered invertebrate species present within the area to be dewatered may be 
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subject to injury or mortality, depending on the duration of dewatering and the nature 

of the work that will be performed in the dewatered area.   

 

Passive capture of fish typically involves installing an upstream block net (when a 

flowing water is dewatered) and a cofferdam (in flowing or lentic waters) and slowly 

dewatering the construction area.  It has been suggested that reductions in streamflow of 

80 percent result in the greatest number of fish volitionally moving out of the dewatered 

construction area (NMFS 2006a).  This type of passive fish removal eliminates the need 

to capture and handle some fish. 

 

More active methods of fish removal include the use of a beach seine to “herd” fish 

beyond the construction area, where dewatering will not occur.  In streams, a block net 

is installed at the downstream‐most point to exclude fish from moving back upstream 

and entering the construction and dewatering areas.  Once the block nets are in place, 

several passes of the construction area may be made with the nets or beach seine to 

capture any fish that may remain within the construction area.  Once fish are no longer 

being captured with the beach seine, a portable electrofishing unit can be employed to 

ensure that as many fish as possible have been removed from the construction area 

being dewatered (NMFS 2003b). 

 

Captured fish are typically released downstream or outside of the construction area.  

Depending on the number of fish captured, the size of the stream, and whether flowing 

or lentic waters are dewatered, fish may be released at multiple sites to minimize 

overcrowding of available habitat (NMFS 2003b). 

 

Beach seining can affect fish in several ways, including stress, scale loss, physical 

damage, suffocation, and desiccation.  The amount of unintentional injury and mortality 

attributed to seining can vary widely depending on the seine used, the ambient 

conditions, and the expertise of the field crew (NMFS 2003b).  Professional experience 

has shown that beach seining in areas of dense aquatic vegetation can also result in 

significant mortality of seined fish that become trapped in a mass of vegetation.  

However, adverse effects are often less for seining compared to electrofishing, and first 
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using a seine to remove fish will minimize the adverse effects of electrofishing (NMFS 

2003b).   

 

Electrofishing can kill both juvenile and adult fish if improperly conducted.  Mortality 

can be immediate as a result of trauma or delayed as a result of disease or fungal attack.  

Researchers have also found that sublethal effects, such as spinal injury, occur (NMFS 

2003b; Snyder 2003).  Although fish may receive spinal injuries as a result of 

electrofishing, research indicates that few die of these injuries.  However, severely 

injured fish grow at slower rates and sometimes show no measurable growth (NMFS 

2006a). 

 

7.10.2 Fish Entrainment 

Dewatering a portion of a stream channel requires a flow bypass system and may rely 

on either gravity or a pump to convey the flow around the dewatered portion of the 

channel.  This type of activity has the potential to entrain fish within the bypass system. 

  

If pumps are used to bypass water around a work site, or to complete dewatering within 

a cofferdam, the hose or pipe pulling water from the channel is typically fitted with a 

mesh screen to prevent entrainment of aquatic life into the intake hose/pipe of the pump 

(WSDOT 2006b).  Such measures are required for all pumped diversions (WAC 220‐110‐

190).  Screens should be placed approximately 2 to 4 feet from the end of the intake hose 

to reduce velocity at the screen as a measure to ensure that fish are not impinged upon 

the screen (WSDOT 2006b).   

  

7.10.3 Alteration of Flow 

Dewatering can temporarily alter the flow regime in the affected stream.  Flow must be 

diverted around the construction area and discharged downstream.  Generally, 

cofferdams are installed upstream and downstream of the construction area to assist 

with dewatering.  This approach allows the work area to be completely dewatered so the 

work can be performed in the dry.  The alteration of flow associated with dewatering a 

work area depends on the size of the area dewatered, but generally is only temporary. 
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In general, flow alteration associated with channel dewatering is of relatively short 

duration and affects a relatively small area.  The hydraulic effects of overwater 

structures on stream channels are discussed in more detail in Section 7.7.   

 

7.10.4 Disturbance of the Streambed 

Disturbance of the streambed associated with channel dewatering can be extensive, 

depending on the purpose of the dewatering.  If an overwater structure is being installed 

where one did not previously exist, a permanent loss of streambed and associated 

habitat components (e.g., riparian habitat, floodplain, and substrate) occurs, such as 

when a new dock or pier is constructed.  The effects of such substrate disturbance are 

discussed in greater detail in Section 7.7. 

 

7.10.5 Loss of Invertebrates 

Channel dewatering may lead to loss of potentially covered invertebrate species within 

the portion of the channel being dewatered.  Although no studies were located that 

specifically examined the impacts of construction related dewatering, several studies 

have looked at the influence of dam operations on freshwater mussel habitats, which 

provide insight to the potential impacts from construction dewatering (summarized in 

Watters 1999).  Depending on the use of the dam, water levels may fluctuate at regular 

intervals (for hydroelectric purposes) or random intervals (for flood control).  In some 

areas, water levels may become shallow enough that thermal buffering is lost, allowing 

extreme temperatures to occur (Watters 1999).  Blinn et al. (1995, in Watters 1999) 

reported that substrate subjected to 2‐ to 12‐hour exposures to air required more than 

four months for mussels to regain a biomass similar to that in unexposed habitat.  

Federally endangered mussel species were reported by Neck and Howells (1994, in 

Watters 1999) as casualties of scheduled dewatering processes, and Riggs and Webb 

(1956) reported that several thousand mussels died in the tailwaters of Lake Texoma, an 

impoundment of the Red River formed by Denison Dam, when water levels dropped, in 

turn allowing water temperatures to become excessively warm (exceeding 79 degrees F 

[26 degrees C]).  This area was exposed for at least 20 days before being inundated 

again. 
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Exposure to cold air may be equally lethal (Watters 1999).  Nagel (1987, in Watters 1999) 

believed mussels were more sensitive to cold water during frosts than to warm water 

during temporary droughts.  Blinn et al. (1995) showed that a single overnight exposure 

to subzero temperatures resulted in at least a 90 percent loss of invertebrate biomass, 

and Valovirta (1990) reported that mussels were killed when water froze to the river 

bottom. 

 

Benthic  macroinvertebrates provide food for fish, and different species tend to be 

associated with different substrates.  Chironomids of various species do well in silts and 

sands, but the larger ephemeropterans, trichopterans, and plecopterans prefer a mixture 

of coarse sands and gravels (Meehan 1991).  The temporal and spatial impact of channel 

dewatering on macroinvertebrates depends on the amount of channel dewatered and 

the type of disturbance (temporary or permanent) to the channel. 

 

Disturbance of the streambed from activities that generally result from channel 

dewatering also equates to direct disturbance of benthic macroinvertebrates.  Loss of 

macroinvertebrates can result from excavation, installation of structures, and placement 

of fill material.  Channel dewatering typically results in a localized loss of benthic 

macroinvertebrate abundance due to channel modifications. 

 

Benthic macroinvertebrates are consumed by salmonids and other potentially covered 

species and may represent a substantial portion of their diet at various times of the year.  

The effect of macroinvertebrate loss on salmonids is generally temporary, unless 

construction has caused permanent loss of habitat (i.e., installation of a new structure).  

Once the dewatered area is rewatered, benthic macroinvertebrates from outside of the 

area affected by dewatering, and those which sought refuge in the hyporheic zone, will 

begin to recolonize the area.  When the disturbance is temporary, a rapid recolonization 

of the disturbed area is anticipated.  Reported rates of recolonization range from about 

one month to 45 days (NMFS 2003b), although some less motile species and species with 

long life cycles (e.g., freshwater mussels) would take longer to recolonize.  NMFS 

(2003b) did not indicate the duration or area of the dewatering that corresponds to the 

one‐month to 45‐day time frame for recolonization.   
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7.10.6 Elevated Turbidity During Rewatering 

To dewater a channel, a bypass system is needed to convey stream flow around the 

construction area.  A typical bypass system consists of a pipe of adequate size to convey 

flows or a temporary channel built adjacent and parallel to the existing channel.  The 

type of bypass system is determined by the size of the stream and other hydraulic or 

environmental factors.   

 

Increased turbidity can result from the installation, operation, or removal of a stream 

bypass system.  Installation of a stream bypass typically requires in‐water work, which 

can disturb substrates and bank material and cause an increase in turbidity levels.  

Operation of a stream bypass generally will not result in disturbance to the streambed or 

cause an elevation in turbidity levels, unless the discharge of the pipe results in scouring 

of substrate material or erosion of streambanks.  Removal of the stream bypass requires 

in‐water work and will result in some disturbance to the streambed and banks as the 

cofferdam is removed and flow is returned to the channel.  Generally, the downstream 

cofferdam is removed first to allow backwatering of a portion of the channel that was 

dewatered.  Then the upstream cofferdam is removed, and flow is slowly returned to the 

channel to minimize resuspension of fine sediments and increases in turbidity.   

 

7.11 Artificial Light 

Artificial lighting may be used during the construction of overwater structures, and some 

kinds of structures also require nighttime lighting for security or operations.  Nighttime 

artificial lighting has been shown to change fish species assemblages by: 

• Attracting fish to lighted areas (Prinslow et al. 1979, in Nightingale and Simenstad 

2001b; Simenstad et al. 1999; Nightingale and Simenstad 2001b) 

• Delaying salmonid migrations (McDonald 1960, in Tabor et al. 1998; Prinslow et al. 

1979, in Nightingale and Simenstad 2001b; Tabor et al. 1998) 

• Increasing the risk of predation (Tabor et al. 1998; Kahler et al. 2000) 

• Altering predator avoidance and detection (Tabor et al. 1998) 

• Increasing prey capture success for some species of fish (Prinslow et al. 1979, in 

Nightingale and Simenstad 2001b; Nightingale and Simenstad 2001b) 
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Impacts to fish from artificial lighting are often the result of changes in nighttime behaviors 

such as migration, activity, and location (Nightingale and Simenstad 2001b) and potentially 

in schooling behavior in juvenile salmonids (Ali 1959, 1962, in Simenstad et al. 1999).   

Therefore, behavioral differences between species at differing life stages, life histories, and 

behaviors specific to the local environment must be considered when evaluating potential 

impacts from artificial light.  For instance, different species of salmonids have different 

nighttime behaviors.  Species that occupy and defend stream territories, such as coho 

salmon and steelhead trout, tend to be quiescent at night (Simenstad et al. 1999), while 

species that disperse to lakes and estuaries as juveniles, such as sockeye, Chinook, pink, and 

chum salmon, typically school and show nocturnal activity (Godin 1982, Hoar 1951, both in 

Nightingale and Simenstad 2001b).  Behavioral differences in salmonid responses to 

artificial lighting have been observed by several authors.  Ocean‐type juvenile salmon, such 

as chum and summer and fall run Chinook, are attracted to lights at night (Simenstad et al. 

1999).  Pucket and Anderson (1988, in Simenstad et al. 1999) and Nemeth (1989, in 

Simenstad et al. 1999) found that different species of salmon react differently to strobe 

lights; Mork and Gulbrandsen (1994, in Simenstad et al. 1999) found differing activity levels 

in reaction to lights at surface and bottom depths in different species of salmon, trout, and 

char.  Fields (1966, in Simenstad et al. 1999) found that spring migrant juvenile salmon were 

more repulsed by bright lights than were later migrants.  Behavior patterns of different 

salmon species related to different light intensities and other details of artificial light 

impacts to juvenile salmonids are reviewed by Simenstad et al. (1999). 

 

Impacts to fish also depend on the fish’s ability to adapt to dark or lighted conditions and 

the intensity and type of light. Ali (1959, in Simenstad et al. 1999) found that the eyes of 

sockeye fry and smolts and coho smolts adapt to light more slowly than do the eyes of coho, 

Chinook, and pink fry.  Other studies by Ali (1959, 1962, in Simenstad et al. 1999) reveal the 

threshold light intensities for different behaviors of juvenile salmon.  For a description of 

fish vision, refer to the discussion of shading in Section 7.1.  For a detailed discussion of 

salmonid vision and light adaptation, see Simenstad et al. (1999). 

 

Impacts on predator‐prey relationships resulting from artificial lighting include increased 

risk of predation (Tabor et al. 1998; Tabor, pers. comm. and Warner, pers. comm., both in 

Kahler et al. 2000), increased predator avoidance and detection (Tabor et al. 1998), and 
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increased prey capture success (Prinslow et al. 1979, in Nightingale and Simenstad 2001b; 

Nightingale and Simenstad 2001b). 

 

The few studies that have examined predation rates on juvenile salmonids under varying 

light intensities have generally shown that within the natural range of light intensities (e.g., 

overcast skies, moonless nights, clear nights, moonlit nights), predation increases with 

increasing light (Patten 1971, Ginetz and Larkin 1976, Mace 1983, all in Tabor et al. 1998); 

however, this occurrence cannot be extrapolated to determine impacts of artificial night 

lighting and for all species and life stages of fish.  Ali (1959, in Simenstad et al. 1999) found 

that the maximum prey capture success for coho fry and sockeye and coho smolts was at 

light intensities equivalent to levels found at dawn or dusk, whereas maximum prey 

capture success for sockeye and pink fry was found to be equivalent to a cloudy day.  Tabor 

et al. (1998) showed that under freshwater laboratory conditions, sculpin capture success of 

sockeye fry decreased with increased light.  The authors also found that sculpin can capture 

sockeye fry even in complete darkness.  Although sculpin success at capturing sockeye 

decreased with increasing light in a circular tank, the increased light slowed emigration of 

sockeye fry in a simulated stream, and predation increased under the lighted conditions due 

to the slower migration rate.  The light may have also caused the fry to migrate in areas of 

lower water velocity and closer to the bottom, leaving them more susceptible to predation 

by sculpin (Tabor et al. 1998). 

 

Predation rates may also increase due to predator congregations in lighted areas.  Prinslow 

et al. (1979, in Nightingale and Simenstad 2001b) observed chum congregating at night 

below security lights in Hood Canal and suggested that lighting may provide increased 

feeding opportunities for chum at night.  Prinslow et al. (1979, in Nightingale and 

Simenstad 2001b) also observed that dogfish (an important predator of herring and an 

occasional predator of juvenile and adult salmonids) were attracted to the security lights.  

Grebes, blue herons, and other birds have been observed feeding at night on the Cedar 

River delta in an area lit by Boeing Company facilities (Warner, pers. comm., in Kahler et al. 

2000), and Tabor (pers. comm., in Kahler et al. 2000) observed grebes foraging under lights 

at night on Lake Washington.  Finally, Kahler et al. (2000) suggests that lighting attached to 

piers in Lake Washington where bass congregate may benefit bass by extending the 

duration of predation because it allows the visual predators to forage at night. 
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7.12 Vessel Activities 

Vessel activities associated with the installation and operation of in‐water and overwater 

structures may adversely impact potentially covered species.  Projects involving the use of 

large vessels such as ferries, cargo ships, or cruise ships would likely present complex 

potential risks to potentially covered species and are more difficult to address under a 

programmatic analysis.  However, vessels used during construction and commercial and 

recreational boats have more predictable impacts.  Impact mechanisms include: 

• Physical disturbance of sediment, organisms (Haas et al. 2002), and submerged 

vegetation through grounding or water turbulence caused by propeller wash, 

potentially resuspending sediment, physically dislodging vegetation and organisms, 

or damaging vegetation  

• Noise from vessel activity 

• Propeller‐wash entrained air bubbles that combine with turbidity increases from 

disturbed sediment, leading to a temporary reduction in the availability of light 

 

Each of these impact mechanisms is discussed below. 

 

7.12.1 Sediment Disturbance 

Vessel traffic can disturb and suspend sediment in the water column as a result of water 

currents moving under and around the vessel, pressure fluctuations as the vessel 

displaces water during movement, propeller wash, and waves generated by the bow 

and stern of a vessel that wash up on the bank (McAnally et al. 2004).  Vessel traffic has 

been correlated with an increase in turbidity of up to 50 percent in shallow waters 

(average depth 10 feet [2.9 m]) (Anthony and Downing 2003).  Correlations of vessel 

traffic with turbidity patterns and sediment particle settling velocities suggest that vessel 

traffic may increase turbidity levels on a daily as well as seasonal temporal scale (Garrad 

and Hey 1988).  Recreational vessel traffic has been observed to induce levee erosion at 

rates of 0.0004 to 0.009 inch (0.01 to 0.22 mm) per boat pass (Bauer et al. 2002).  Water 

depth appears to have less influence on vessel‐induced turbidity than does vessel speed 

(Hill and Beachler 2002).  Field measurements have shown that at very low speeds and 

very high speeds, planing hull vessels have little effect on turbidity, even in shallow 

water, but at transitional speeds, significant sediment resuspension can occur, even in 

relatively deep water (Hill and Beachler 2002).   
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7.12.2 Eelgrass and Macroalgae Disturbance 

Simenstad et al. (1999) describes the potential effects of propeller wash on eelgrass. 

Flume studies have shown that current velocities of 20 to 31 inches per second (50 to 80 

centimeters per second [cm/sec]) may be sufficient to cause sediment disturbance 

around eelgrass and that velocities of 71 inches per second (180 cm/sec) can cause severe 

erosion of eelgrass patch edges.  However, eelgrass patches in Puget Sound thrive in 

currents of up to 79 inches per second (200 cm/sec) (Thom et al. 1996, in Nightingale and 

Simenstad 2001b).  The effect of vessels used during installation of overwater structures 

on eelgrass and macroalgae depends on local current and sediment conditions, as well 

as on maximum current velocity at the sediment surface.  In addition to the direct effects 

of propeller wash on submerged vegetation, propeller wash can entrain bubbles and 

suspend sediment, causing reduced light availability that can indirectly affect eelgrass 

and, to a lesser extent, macroalgae (Simenstad et al. 1999).   

 

Thom et al. (1996), in studying the impacts of passenger‐only ferries at the Vashon 

Island terminal, found that at 187 feet (57 meters) from the boat, it is likely that the 

propeller wash has little effect on existing eelgrass.  Thom et al. (1996) also concluded 

that currents with a velocity above 2.46 feet/second  (0.75 meters/second) damaged 

eelgrass by eroding away overlying sediment and that currents above 3.61 feet/second 

(1.1 meters/second) caused extensive damage to eelgrass rhizomes.  The vertical and 

horizontal distance at which current velocity may affect eelgrass depends on the size 

and shape of the propeller.  The U.S. Army Corps of Engineers’ Regional General Permit 

No. 6 prohibits the construction or installation of floats or float support pilings within a 

4‐foot depth elevation between the top of the float stopper and the elevation of the 

landward‐most edge of a macroalgae bed or eelgrass (USACE 2005).  This restriction 

applies to a zone 25 feet wide on both sides of the float projecting waterward 

horizontally from the float (USACE 2005).  

 

Studies in Florida related to the impacts of boating activity on seagrass indicate that the 

largest concentration of scarring occurs in waters less than 6.5 feet (2 meters) deep 

(Sargent et al. 1995, in Dawes et al. 2004).  In Florida, many shallow flats and mud banks 

are severely eroded due to constant scarring, ship groundings, chronic wave action from 

boats, and water‐current scouring (Kruer 1994, in Dawes et al. 2004).  Removal of 
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seagrass roots and rhizomes due to prop scarring also destabilizes sediments and 

resuspension occurs, thereby lowering water transparency and retarding seagrass 

regrowth into the scar (Durako et al. 1992, in Dawes et al. 2004).   

 

Studies in Florida have also found that fragmentation of seagrass beds caused by 

propeller scarring did not appear to have any consistent effects on some animal 

populations over a one‐year period, as long as the seagrass patch sizes were greater than 

3 square feet (1 square meter) (Bell et al. 2002, in Dawes et al. 2004).  The numbers of 

pinfish (L. rhomboides), pipefish (Syngnathus scovelli), and eight species of epibenthic 

shrimp were similar in moderately scarred (6 percent to 31 percent loss of the beds) and 

non‐scarred seagrass beds in Tampa Bay (Dawes et al. 2004). The results of these studies 

suggest that propeller scars that fragment seagrass beds may enhance certain faunal 

development caused by edge effects along the cuts, as long as they are not too severe 

(Dawes et al. 2004). Nevertheless, a recent study of scarring in a T. testudinum bed in 

Puerto Rico revealed a negative effect of scarring on crabs and molluscs up to 16 feet (5 

m) from the scar.  Also, shrimp species within the scar differed from those in the non‐

scarred seagrasses.  Fish populations did not show an effect from the scarring (Dawes et 

al. 2004). Further studies are clearly needed to define the effects of moderate scarring 

compared to those of severe scarring on seagrass productivity (Dawes et al. 2004).   

 

7.12.3 Freshwater Aquatic Vegetation Disturbance 

Lagler et al. (1950, in Carrasquero 2001) reported that studies of the effects of outboard 

motor use have shown that outboard motor propellers clear a swath through aquatic 

vegetation when within 1 foot (30 centimeters [cm]) of the vegetation.  When the 

installation, use, or maintenance of overwater structures will entail the use of outboard 

motors in shallow water, some loss of aquatic vegetation could occur. 

 

7.12.4 Noise  

The construction or expansion of docks, moorings, and piers can cause increased 

recreational and commercial boating traffic at the facility and in the general area.  

Motors, sonars, and depth sounders used on commercial vessels and recreational boats 

can produce high levels of continuous underwater noise (Scholik and Yan 2001a).  Large 

tankers and naval engines produce up to 198 dB, depth sounders can produce up to 180 



Direct and Indirect Impacts 

Overwater Structures and Non‐Structural Piling    Washington Department of Fish and Wildlife  
White Paper  7‐65   December 2006 

dB (Heathershaw et al. 2001, in WSDOT 2006a), and commercial sonar operates in a 

range of 150 to 215 dB (neither peak nor RMS identified) (Stocker 2002, in WSDOT 

2006a). Even small boats with large outboard motors can produce sound pressure levels 

in excess of 175 dB (neither peak nor RMS identified) (Heathershaw et al. 2001, in 

WSDOT 2006a).  Therefore, fish may experience high levels of underwater sound when 

boats are present.  The impacts to fish from boat traffic noise depend on a variety of 

factors, including the level of sound generated, the fish species and life stage present, the 

sound received by fish, and the exposure time.  The literature regarding boat motor 

noise (discussed below) suggests that impacts are most likely to result in behavioral 

disturbance or sublethal injury. 

 

Scholik and Yan (2001b) exposed a hearing specialist (the fathead minnow) to 2 hours of 

boat engine noise at 142 dB, which resulted in temporary hearing loss to the fish.  

Schwarz and Greer (1984, in Scholik and Yan 2001a) examined the reactions of Pacific 

herring to boat noise and found that abrupt changes in the sound characteristics 

associated with changes in vessel speed elicited an alarm response.  An alarm response 

to boat noise has also been observed in herring and rockfish (Blaxter et al. 1981, in 

Scholik and Yan 2001a; Pearson et al. 1992), and Boussard (1981, in Scholik and Yan 

2001a) produced an alarm response in two cyprinid species (a roach, Rutilus rutilus, and 

a rudd, Scardinius erythrophthalmus) when he exposed them to noise from a 260‐

horsepower speedboat. 

 

7.12.5 Artificial Light 

Although it is reasonable to expect that the construction and operation of overwater 

structures have potential to add artificial light to the aquatic environment, no literature 

on the potential impacts of artificial light related to vessel activity was identified. 
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8 CUMULATIVE IMPACTS OF OVERWATER STRUCTURES AND NON-
STRUCTURAL PILING 

This section draws on available literature and the authors’ professional experience concerning 

the possible cumulative impacts of the construction and operation of overwater structures and 

non‐structural piling over time or at multiple sites in a limited area.  

 

Only one study (Nightingale and Simenstad 2001b) specifically discusses the cumulative 

impacts of overwater structure construction.  Because this study focused on overwater 

structures in Washington, its findings are particularly relevant.  The authors note that “The 

bathymetry of  Washingtonʹs inland waters, that of a fjord surrounded by a narrow strip of 

shallow vegetated habitat, magnifies the need to protect the integrity and continuity of this 

limited area of nearshore habitat because of the concentrated zone of potential impact” 

(Nightingale and Simenstad 2001b).  This finding is directly relevant to an ESA analysis, 

because it identifies the area where cumulative impacts will have a concentrated expression on 

a limited habitat.  The authors then discuss cumulative effects on “rural and natural” as 

opposed to “urban industrialized” shorelines.  For rural shorelines, the authors find that: 

The habitat value of an environment that directly supports the recruitment of 

fish and shellfish stocks is magnified by its overall importance in stock 

recruitment.  Its value is intrinsic to its location but its loss to stocks and the 

larger ecosystem reaches beyond its specific location.  In short, protection of 

habitats critical to important survival and recruitment needs of fish and 

shellfish magnify the importance of controlling any adverse effects to them.  

Economically, it is far less expensive and more productive to protect existing 

critically important habitat than to restore lost or degraded habitats.  The factors 

controlling habitat characteristics and the biologic assemblages that have 

evolved are endemic to the geologic and biologic history specific to a 

geographic location and region.  Perhaps more significantly, the linkages 

among these ecosystem components are not fully understood (Nightingale and 

Simenstad 2001b). 

 

This finding is relevant to an ESA analysis because it identifies how cumulative impacts 

potentially impair habitat essential to reproduction and thus directly affect a species’ capacity to 
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sustain and increase its numbers.  Such impacts, if sufficiently severe, may jeopardize a species’ 

continued existence. 

 

With regard to cumulative impacts along urban industrialized shorelines, Nightingale and 

Simenstad (2001b) identify three principal concerns: 

• Reduced access to prey resources, compelling juvenile salmon to outmigrate farther and 

faster than they otherwise would, reducing their metabolic energy resources and 

potentially exposing them to other risks, such as predation.  Although this finding is not 

directly transferable to other potentially covered species, it is plausible that they too 

would have to travel farther to access suitable habitat and would also suffer reduced 

metabolic energy resources and increased exposure to other stressors. 

• Reduced autochthonous productivity due to limited light availability, an impact that 

could be reduced by incorporating design features to reduce shading by overwater 

structures. 

• Landscape‐scale effects (such as fragmentation) that could be minimized by landscape‐

scale habitat treatments, enhancing habitat in refuge areas such as beaches. 

 

One cause of cumulative impacts that is generally not addressed in the literature but that 

applies to all overwater structures and non‐structural piling regardless of impact mechanism is 

accidents.  Accidental chemical spills, accidental concrete spills, accidental erosion of material 

stockpiles, and various other kinds of accidents that occur during use of structures constructed 

under the HPA authority all constitute impacts that likely would not have occurred but for the 

issuance of an HPA.  Such accidents can be predicted only in a statistical sense, and WDFW 

would likely not have legal liability for these accidents, but the impacts could still occur and 

therefore could affect populations of potentially covered species.  This impact would be 

considered by the federal agencies in their decision to issue an Incidental Take Permit. 

 

8.1 Shading 

The studies reviewed do not identify cumulative impacts of shading that differ from the 

direct and indirect impacts of single‐structure shading, i.e., decreased primary productivity, 

loss of eelgrass beds with impacts to the associated food chain processes, and changes in the 

migration patterns of salmonids.  There are data to suggest that the cumulative loss of 

habitat resulting from the shading of multiple structures can affect fish abundance and 
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species richness within a region (Carrasquero 2001; Kalher et al. 2000; Fayram 1996; 

Williams and Thom 2001). 

 

The cumulative impacts of even narrow residential piers can be detrimental in a freshwater 

environment (Carrasquero 2001).  It has been suggested that the cumulative impact of an 

increase in the number of docks around the Lake Washington shoreline, where 

approximately 4 percent of shallow‐water habitats are covered by overwater structures 

(Kalher et al. 2000), might have caused the observed decrease in freshwater survival of 

juvenile sockeye salmon over time (Fayram 1996).  Although individual shoreline structures 

may not impose significant impacts on salmon species, populations, or stocks, the 

cumulative impacts of dense, contiguous shoreline modifications are likely contributors to 

the present decline of several Puget Sound salmon species and may inhibit the success of 

recovery actions (Williams and Thom 2001).    

 

The shading of eelgrass beds that serve as important nursery habitat for many species can 

also greatly affect numbers of marine biota within a region, including salmonids, crab, 

herring, and important epibenthic crustaceans.  Given the strong association of important 

fish prey resources with eelgrass, the shading out of eelgrass by numerous overwater 

structures poses a potential risk of reduced prey resources for fish, affecting fish 

populations.  

 

8.2 Littoral Vegetation 

Installation of overwater structures in the nearshore has the potential to cause local losses of 

littoral vegetation.  It logically follows that the cumulative impact of structures that shade 

littoral vegetation or otherwise inhibit growth would be a reduction in littoral vegetation 

cover, as can be seen in the case of eelgrass at individual piers (Nightingale and Simenstad 

2001b).  Large‐scale eelgrass monitoring in the inland waters of Washington State (2001 

through 2005) indicates that an equal number of sites appear to have increasing or 

decreasing eelgrass coverage (Dowty et al. 2005).  However, because eelgrass coverage is 

affected by many variables in addition to the cumulative impacts of development, the 

results observed by Dowty et al. (2005) do not indicate a clear cause and effect of overwater 

structures or other development on overall patterns of eelgrass coverage.  The real 

implications of cumulative changes in eelgrass distribution and cover are unclear, because it 
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is not known how dependent many potentially covered species are on eelgrass.  For 

instance, herring spawn on eelgrass, but there are extensive areas of eelgrass where no 

herring spawn, so changes in eelgrass cover alone would be a poor predictor of future 

herring spawning success.  Similarly, young salmon forage extensively in eelgrass, but 

foraging habitat may not be a limiting factor for juvenile salmon in Puget Sound (Haas et al. 

2002).  Much human impact on eelgrass and macroalgae takes the form of habitat 

fragmentation, but although such fragmentation is in principle an adverse impact, it 

remains unclear just how that impact is delivered to affected species (Haas et al. 2002).  

Thus, our understanding of cumulative impacts on eelgrass and macroalgae is limited by 

major data gaps. 

 

8.3 Freshwater Aquatic Vegetation 

Individual overwater structures can reduce the overall coverage and density of freshwater 

aquatic plants in lakes and ponds with developed shorelines (Radomski and Goeman 2001).  

This could be significant to the ecological functions of aquatic systems where human 

development occurs.  For example, Radomski and Goeman (2001) found that because of 

reduced aquatic vegetation, the most highly developed lakes are lacking in physical habitat 

structure compared to less developed lakes, which was reflected in a correlation between 

the occurrence of floating leaved and emergent plants and (warm‐water) fish biomass. 

 

8.4 Riparian and Shoreline Vegetation 

Although there have been numerous evaluations on the effects of large‐scale removal of 

riparian habitat to aquatic habitats, few studies reviewed for this white paper specifically 

addressed cumulative impacts from the localized removal of riparian and shoreline 

vegetation (as could occur during installation of overwater structures).  It is expected that 

permitting multiple activities within a watershed can have cumulative impacts on 

riparian/shoreline vegetation, including increased likelihood that the impacts will be 

measurable and thus more likely to have an adverse impact on aquatic species and habitat.  

Additionally, cumulative impacts are likely to be more significant in smaller watersheds.  

The threshold at which a group of activities will have an adverse impact on aquatic species 

and habitat at the watershed scale cannot be quantified, because each watershed has unique 

characteristics, such as riparian/shoreline vegetation and the contribution such habitat 

makes to the quality of specific aquatic habitat. 
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8.5 Noise 

Cumulative noise impacts may result from the accumulation of exposure energy that fish 

receive from multiple pile drives (Popper et al. 2006), increased numbers of boats or boating 

use (Scholik and Yan 2001a), and increased use of construction equipment.  In speaking of 

cumulative noise impacts to marine mammals, Dr. Sylvia Earle, former chief scientist at 

NOAA, has stated that “each sound by itself is probably not a matter of much concern,” but 

taken together, “the high level of [ocean] noise is bound to have a hard, sweeping impact on 

life in the sea” (Holing 1994, in Radle 2005).  However, the cumulative impacts of noise on 

fish physiology and behavior are unknown at this time. 

 

8.6 Water Quality 

Although natural turbidity‐causing mechanisms may vary greatly in magnitude and 

duration, they are more likely to occur in an isolated fashion and affect different portions of 

the stream network at different times (Bash et al. 2001).  This variation allows fish to use 

refuge areas that might otherwise be impacted by these events (Bash et al. 2001).   

 

Professional experience has shown that anthropogenic sediment disturbance is often 

different; such events are more likely to occur simultaneously in many scattered areas or in 

overlapping time frames across a watershed, causing secondary impacts and lingering 

effects with greater potential to affect larger portions of a stream network at any given time.  

In addition, anthropogenic disturbances may more frequently result in temporary barriers 

to fish movement, which could reduce the existence of or limit accessibility to refugia (Bash 

et al. 2001). 

 

Turbidity impacts may not be the only source of stress to aquatic life in a system (Bash et al. 

2001).  The potential of an activity to increase turbidity should be evaluated in the context of 

other environmental conditions present in the system, such as velocity, water depth or 

water temperature (Bash et al. 2001).  It is also important to note that much of the research 

on turbidity impacts on salmonids has occurred in controlled laboratory settings and that 

extrapolation to complex natural systems may require consideration of other factors such as 

predator and prey abundances (Bash et al. 2001). 
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Much of the research has focused on smaller projects and little is known about the potential 

impacts of large projects (>100 pilings) involving the use of treated wood piles in aquatic 

settings (Poston 2001).  It is conceivable that many smaller projects using ACZA‐ and CCA 

Type C‐treated wood products, if close enough to one another both spatially (with respect to 

leachate dilution rates) and temporally (in terms of diminishing rates of leaching), could 

produce effects similar to those of larger projects (Poston 2001). 

 

It is well known that PAHs and metals are significant components of urban stormwater.  

The risks of PAH and metals contamination from treated wood products should be 

considered in the context of background PAH and metals concentrations in the surrounding 

water and sediments, as well as in the context of potential PAH loads from other point and 

nonpoint sources, such as industrial outfalls and stormwater runoff (Menzie et al. 2002).  

This may be a difficult undertaking, given that little data are available on the background 

PAH and metals concentrations in most water bodies and their sediments (Poston 2001). 

 

8.7 Channel Hydraulics 

We found no studies specifically addressing the cumulative impacts of channel hydraulic 

changes on potentially covered species.  Generally, the question of cumulative impacts 

emerges as a data gap.  The HPA program itself offers the best means of measuring these 

impacts, because WDFW has authority to require monitoring of the impacts of authorized 

projects. 

 

8.8 Littoral Drift 

Artificial structures that change longshore drift can alter organic and sediment deposition 

on beaches and therefore alter biotic assemblages (Thom et al. 1994).  However, the overall 

cumulative impacts of changes in littoral drift due to artificial structures on the system as a 

whole cannot be predicted at this time (Thom et al. 1994). 

 

8.9 Substrate Modifications 

No studies were found analyzing the cumulative impacts of substrate modifications in 

association with overwater structures or non‐structural piling.  However, certain changes 

can be anticipated.  As noted in Section 7.10, both permanent and temporary losses of 

benthic macroinvertebrates are likely to occur as a result of new construction of overwater 
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structures or expansion of existing structures; changes in the representative species 

assemblages as a result of associated changes in hydraulics and habitat conditions within 

affected reaches are also likely.  Benthic macroinvertebrates, by definition, inhabit the 

stream bottom; therefore, modification of the streambed will most likely have some effect on 

the benthic macroinvertebrate community (Waters 1995).  It is difficult to ascertain the 

cumulative impact of changes to benthic macroinvertebrate populations or species diversity 

and subsequent changes to fish populations or habitat occupancy that may result.  

Permanent loss of benthic macroinvertebrate numbers or a decrease in species diversity due 

to permanent loss of habitat will affect foraging opportunities for fish and could affect the 

population numbers within stream reaches; this may be measurable over time at the 

watershed scale depending on the size of the watershed and amount of habitat permanently 

lost. 

 

8.10 Channel Dewatering 

No studies examining the cumulative impacts of channel dewatering were found during the 

literature review.  The following discussion is therefore based on the authors’ professional 

experience.   

 

Cumulative impacts of channel dewatering will most likely be associated with fish 

removal/exclusion methods, disturbance of the bed, and modification of invertebrate habitat 

and consequent changes in species diversity.  Alteration of flow and increased turbidity are 

temporary and are therefore not likely to have cumulative impacts to aquatic species or 

habitat. 

 

Fish removal/exclusion will result in the capture and handling of fish, which can cause 

stress, harm, and mortality.  Cumulatively, the impacts to fish populations resulting from 

multiple permitted activities within a watershed that require fish removal/exclusion could 

be measurable at the population scale depending on several factors, including watershed 

and population size.  The threshold for watershed and population size and the number of 

activities that must occur within a particular watershed to have a measurable cumulative 

impact are not established in the literature, but it seems unlikely that HPA‐authorized 

activities would result in measurable cumulative effects except in the case of rare species 

where a single project might affect a large fraction of the watershed’s population.   
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Disturbance of the streambed associated with dewatering may result in temporary loss of 

habitat.  The significance of the loss depends on the size of the watershed, the amount of 

habitat cumulatively lost, and the significance of the habitat lost to the population (i.e., 

spawning, rearing, or migration habitat).  Again, it seems unlikely that HPA‐authorized 

activities would result in measurable cumulative effects except in the case of rare species 

where a single project might affect habitat critical to a large fraction of the watershed’s 

population. 

 

8.11 Artificial Light 

Although it has been shown that juvenile salmonid migrations can be delayed by artificial 

light in freshwater and marine environments (McDonald 1960, in Tabor et al. 1998; Prinslow 

et al. 1979, in Nightingale and Simenstad 2001b; Tabor et al. 1998), the implications of this 

delay are not known.  The cumulative impacts of increased artificial light in the aquatic 

environment have not been investigated.  It has been suggested (and, in the case of sockeye 

fry and sculpin, shown [Tabor et al. 1998]) that rates of predation on juvenile fish increase 

under artificial light because of changes in migration patterns, congregation of predators, or 

increased opportunity time for predation.  Artificial lighting is often required both for 

construction and operation of overwater structures, cumulatively adding to light sources 

over water.  However, it is unknown whether losses of threatened and endangered juvenile 

salmonids could occur due to regional‐scale cumulative lighting impacts. 

 

8.12 Vessel Activities 

Little is known about the cumulative impacts of construction, commercial, and recreational 

vessel activities associated with overwater structures, but cumulative impacts from vessel 

activities have been reported with respect to turbidity.  Vessel traffic may cause extended 

periods of elevated turbidity as boat traffic collectively churns the water, slowing the 

settling of suspended sediment (Garrad and Hey 1988).  In addition, successive passes by 

vessels may accelerate shoreline erosion; recreational vessel traffic has been observed to 

cause boat wake‐induced levee erosion at rates of 0.0004 to 0.009 inch (0.01 mm to 0.22 mm) 

per boat pass (Bauer et al. 2002). 

 

Commercial shipping in the Northern Hemisphere has been implicated in a 10‐fold to 100‐

fold increase in oceanic noise levels (Tyak 2000, in Scholik and Yan 2001a), and it has been 
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shown that fish exhibit behavioral and physical responses to vessel noise.  However, the 

cumulative impact of vessel noise on fish has not been specifically studied. 
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9 POTENTIAL RISK OF TAKE 

Table 10 summarizes the risk that potentially covered species may suffer incidental take 

resulting from the impact pathways discussed in Section 7; the potential that a species may 

experience incidental take is characterized in Table 10 as Y (yes; potential for take), N (no 

potential for take), or U (unknown potential for take).  The magnitude of the risk is highly 

dependent on how the impact is expressed, which in turn is highly dependent on the suite of 

conservation measures employed to minimize the risk of causing take.  For species for which 

there is no potential for take, no additional precautions would be required apart from 

compliance with existing regulations.  For species for which the potential for take is unknown, 

the data gap precludes reaching a conclusion.  The “unknown” category may be the most 

problematic from the standpoint of ESA compliance, because we lack information needed for 

the federal agencies to determine whether incidental take would be likely to jeopardize 

continued existence of affected populations. 

 
Table 10  

Summary of Potential for Incidental Take of Potentially Covered Species 
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Green 
sturgeon 

Acipenser 
medirostris 

U U Y Y U Y Y Y Y Y U U 

White 
sturgeon 

Acipenser 
transmontanus 

U U Y Y U Y Y Y Y Y U U 

Newcomb's 
littorine snail 

Algamorda 
subrotundata 

U Y N Y U Y N Y Y N U U 

Pacific sand 
lance 

Ammodytes 
hexapterus 

Y Y N Y U Y N Y Y N U U 

California 
floater mussel 

Anodonta 
californiensis 

U N Y Y U Y Y Y Y Y U U 

Mountain 
sucker 

Catostomus 
platyrhynchus 

U N U Y U Y Y N U Y U U 

Pacific herring 
Clupea 

harengus 
pallasi 

U Y N Y U Y N Y Y N U U 

Margined 
sculpin 

Cottus 
marginatus 

Y N Y Y U U Y N U Y U U 

Lake chub Couesius 
plumbeus 

U N Y U U U U N U U U U 
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Giant 
Columbia 

River limpet 

Fisherola 
nuttalli 

U N U U U Y Y N Y Y U U 

Great 
Columbia 
River spire 

snail 

Fluminicola 
columbiana 

U N U U U Y Y N Y Y U U 

Pacific cod Gadus 
macrocephalus 

N Y N N U Y N Y Y N U U 

Western 
ridged mussel 

Gonidea 
angulata 

U N Y Y U Y Y Y Y Y U U 

Northern 
abalone 

Haliotis 
kamtschatkana 

U Y N N U Y N Y Y N U U 

Surf smelt Hypomesus 
pretiosus 

U Y N Y U Y N Y Y N U U 

River lamprey Lampetra 
ayresi 

U N N Y U Y Y Y Y Y U U 

Western brook 
lamprey 

Lampetra 
richardsoni 

U N N Y U Y Y N Y Y U U 

Pacific 
lamprey 

Lampetra 
tridentata 

U N N Y U Y Y Y Y Y U U 

Pacific hake Merluccius 
productus 

U Y N N U Y N Y Y N U U 

Olympic 
mudminnow 

Novumbra 
hubbsi 

U N Y Y U Y Y N Y Y U U 

Coastal 
cutthroat trout 

Oncorhynchus 
clarki clarki 

Y Y Y Y Y Y Y Y Y Y U U 

Westslope 
cutthroat trout 

Oncorhynchus 
clarki lewisi 

Y N Y Y Y Y Y N Y Y U U 

Pink salmon Oncorhynchus 
gorbuscha 

Y Y Y Y Y Y Y Y Y Y Y U 

Chum salmon Oncorhynchus 
keta 

Y Y Y Y Y Y Y Y Y Y Y U 

Coho salmon Oncorhynchus 
kisutch 

Y Y Y Y Y Y Y Y Y Y Y U 

Redband trout Oncorhynchus 
mykiss 

Y N Y Y Y Y Y N Y Y U U 

Steelhead Oncorhynchus 
mykiss 

Y Y Y Y Y Y Y Y Y Y Y U 

Sockeye 
salmon 

Oncorhynchus 
nerka 

Y Y Y Y Y Y Y Y Y Y Y U 

Chinook 
salmon 

Oncorhynchus 
tschawytscha 

Y Y Y Y Y Y Y Y Y Y Y U 

Lingcod Ophiodon 
elongatus 

U Y N N U Y N Y Y N U U 

Olympia 
oyster Ostrea lurida Y Y N Y U Y N Y Y N U U 

Pygmy 
whitefish 

Prosopium 
coulteri 

U N U U Y U Y N U Y U U 
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  Impact Mechanisms 
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Leopard dace Rhinichthys 
falcatus 

U N U U U U Y N U Y U U 

Umatilla dace Rhinichthys 
Umatilla 

U N U U U U Y N U Y U U 

Bull trout Salvelinus 
confluentus 

U Y Y Y Y Y Y Y Y Y Y U 

Dolly Varden Salvelinus 
malma 

U Y Y Y Y Y Y Y Y Y Y U 

Brown rockfish Sebastes 
auriculatus 

U Y N N U Y N Y Y N U U 

Copper 
rockfish 

Sebastes 
caurinus 

U Y N N U Y N Y Y N U U 

Greenstriped 
rockfish 

Sebastes 
elongates 

U Y N N U Y N Y Y N U U 

Widow 
rockfish 

Sebastes 
entomelas 

U Y N N U Y N Y Y N U U 

Yellowtail 
rockfish 

Sebastes 
flavidus 

U Y N N U Y N Y Y N U U 

Quillback 
rockfish 

Sebastes  
maliger 

U Y N N U Y N Y Y N U U 

Black rockfish Sebastes 
melanops 

U Y N N U Y N Y Y N U U 

China rockfish Sebastes 
nebulosus 

U Y N N U Y N Y Y N U U 

Tiger rockfish Sebastes 
nigrocinctus 

U Y N N U Y N Y Y N U U 

Bocaccio 
rockfish 

Sebastes 
paucispinis 

U Y N N U Y N Y Y N U U 

Canary 
rockfish 

Sebastes 
pinniger 

U Y N N U Y N Y Y N U U 

Redstripe 
rockfish 

Sebastes 
proriger 

U Y N N U Y N Y Y N U U 

Yelloweye 
rockfish 

Sebastes 
ruberrimus 

U Y N N U Y N Y Y N U U 

Longfin smelt Spirinchus 
thaleichthys 

U Y N Y Y Y Y Y U Y U U 

Eulachon Thaleichthys 
pacificus 

U Y N Y Y Y N Y Y N U U 

Walleye 
pollock 

Theragra 
chalcogramma 

U Y N N U Y N Y Y N U U 

Note:  Species listed in alphabetical order by scientific name. 

 

The following decision rules explain most of the content of Table 10: 

• Marine species are not at risk of take due to impacts to channel hydraulics, or freshwater 

aquatic vegetation. 
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• Species that spend all of their lives in freshwater are not at risk of take due to impacts to 

eelgrass and macroalgae. 

• For most species except salmonids, the effects of noise, artificial light, shading, and 

vessel activities are largely unknown. 

 

The risk of take of potentially covered species is discussed below by impact mechanism. 

 

9.1 Shading 

The evidence reviewed in Section 7.1 supports the following conclusions about impacts 

potentially amounting to incidental take of potentially covered species: 

• The principal impact of shading is reduction in cover and productivity of 

underwater vegetation.  These impacts are detailed in Sections 7.2 and 7.3. 

• Most studies of shading are focused on juvenile salmonids.  However, available data 

on light sensitivity suggest that those impacts may reasonably be extrapolated to 

other small fishes, particularly nearshore marine species.  For all other potentially 

covered species, almost nothing is known about sensitivity to shading. 

• In freshwater environments that support significant bass populations, bass are 

effective, high‐level predators that forage from under shade‐producing structures. 

• Migration of juvenile salmonids is sometimes impeded by shade‐producing 

structures.  

 

WAC 220‐110‐300(3) states that overwater structures and associated moorings “shall be 

designed and located to avoid shading of eelgrass (Zoestra spp.).”  WAC 220‐110‐300(5) 

states that mitigation measures for overwater structures and associated moorings “shall 

include, but not be limited to, restrictions on structure width and/or incorporation of 

materials that allow adequate light penetration (i.e. grating) for structures located landward 

of ‐10.0 feet MLLW.”  Additionally, WAC 220‐110‐300(6) states that overwater structures 

and associated moorings “shall be designed and located to avoid adverse impacts to Pacific 

herring spawning beds and rockfish and lingcod settlement and nursery areas,” and WAC 

220‐110‐300(7) states that overwater structures and associated moorings “shall be designed 

and located to avoid adverse impacts to juvenile salmonid migration routes and rearing 

habitats.”  The language in WAC 220‐110‐300 is vague in that the WAC does not provide 

any specific information regarding how to avoid shading of eelgrass, what adequate light 
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penetration is or how to achieve adequate light penetration, or how to avoid adverse 

impacts to Pacific herring spawning beds, rockfish and lingcod settlement and nursery areas 

or juvenile salmonid migration routes or rearing habitats.  Thus, it is difficult for an 

applicant for an HPA to design and locate a structure to avoid such impacts and, therefore, 

there is a moderate potential risk for take of the potentially covered species. 

 

NMFS (2005b) identified incidental take of juvenile Puget Sound Chinook resulting from 

shading by a wharf and moorage float in Swinomish Slough, which may impede longshore 

movement during certain times of the day, and from a reduction in primary productivity 

and consequent reduction in food resources.  Based on the shading footprint, the extent of 

take (identified as harm in this biological opinion) was determined to be any juvenile Puget 

Sound Chinook rearing and outmigrating within less than 1 acre around the structure. 

 

In a freshwater environment, NMFS (2006c) determined that the shading and structure 

resulting from the proposed expansion of a marina in the Columbia River will likely result 

in increased predation of listed juvenile salmon by a number of piscivorous fish species 

found in the area, although NMFS was unable to quantify the number of salmon expected to 

be killed. 

 

9.2 Eelgrass and Macroalgae 

Generally, the federal agencies have treated loss or reduced density of eelgrass as equivalent 

to loss of essential habitat for listed species known to occur in the area.  As such, it 

constitutes a take of listed species such as salmon and bull trout.  A similar perspective has 

been adopted by state jurisdictional agencies, including WDFW and the Washington 

Department of Natural Resources (WDNR).  Overwater structures and non‐structural piling 

can sometimes be sited to avoid eelgrass and macroalgae, but some structures must be sited 

within a narrowly defined area, and in some areas eelgrass and/or macroalgae are very 

common, thus some over water structures and/or non‐structural piling are likely to directly 

impact eelgrass and/or macroalgae. 

 

Accordingly, compensatory mitigation has been required, typically including consideration 

of temporal impacts related to the time between impact and full eelgrass recovery.  An 

example of such a requirement is WAC 220‐110‐100(7) and WAC 220‐110‐300(4), “Kelp. . . 
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and intertidal wetland vascular plants. . . shall be replaced using proven methodology.” 

Additionally, WAC 220‐110‐300(3) states that overwater structures and associated moorings 

“shall be designed and located to avoid shading of eelgrass (Zostera spp.),” but does not 

provide any guidance on design or locational parameters to accomplish this.  Based on the 

regulatory background, the federal agencies are almost certain to evaluate eelgrass loss as 

resulting in incidental take of potentially covered species that use eelgrass.  Those species 

include anadromous salmonids, anadromous and marine forage fishes, and certain larval 

pelagic fishes.   

 

Notwithstanding WAC 220‐110‐100(7) and WAC 220‐110‐300(4), the federal agencies have 

generally not regarded impacts to macroalgae as amounting to incidental take.  The 

macroalgae most critical to potentially covered species are kelps that chiefly occur in areas 

of rocky substrate, often in deep water, and will not often be permanently impacted by 

overwater structures and/or non‐structural piling. 

 

9.3 Freshwater Aquatic Vegetation 

Based on the discussion in Section 7.3, overwater structures can impair the growth of 

freshwater aquatic vegetation by a variety of mechanisms.  WAC 220‐110‐060(8) requires 

that “removal of aquatic vegetation shall be limited to that necessary to gain access to 

construct the project.” This requirement provides some assurance that impacts are 

minimized, but makes no provision for recovery or restoration of the impacted vegetation.  

Moreover, WAC 220‐110‐331 through 338 provide extensive regulation of aquatic plant 

removal measures but provide no consideration of the ecological role of the affected 

vegetation.  Since the specified measures do not exclusively apply to designated noxious 

aquatic weeds, it is entirely possible that they could be used to regulate activities impacting 

potentially covered species that are dependent on aquatic vegetation.  Certain potentially 

covered species, including freshwater molluscs and an array of fishes, have a strong 

association with freshwater aquatic vegetation and would be at relatively high risk of 

incidental take from projects that remove or reduce such vegetation within their habitat.  

Sessile organisms and larval fishes would also be at high risk of mortality caused by 

vegetation‐clearing operations. 
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The impacts of noxious aquatic weeds are indirect, deriving mainly from their accidental 

introduction during the construction and use of artificial structures.  Noxious weed 

introductions have a high probability of causing incidental take of ESA listed fish species, 

because noxious weeds can potentially out‐compete native vegetation and alter water 

quality and food web interactions (WNWCB 2006). 

 

9.4 Riparian and Shoreline Vegetation 

The hydraulic code includes provisions that minimize but do not avoid impacts to riparian 

and shoreline vegetation.  For instance, WAC 220‐110‐070(1)(c) provides that in bridge 

construction, “disturbance of bank or bank vegetation shall be limited to that necessary to 

construct the project” and that “the banks shall be revegetated within one year with native 

or other approved woody species”, except that “the requirement to plant woody vegetation 

may be waived.”  WAC 220‐110‐060(2) contains similar language for freshwater docks, 

piers, floats and the driving or removal of piling in freshwater environments.  However, the 

ambiguous language and the lack of binding provisions regarding replacement of ecological 

function render the WAC provisions inadequate in that they do not provide assurance that 

loss of riparian and shoreline vegetation is effectively minimized, let alone compensated.  

Thus, there is a moderate to high risk that take of fish could occur.  WAC 220‐110‐300 does 

not contain any language related to the disturbance of bank or bank vegetation.   

 

In its biological opinion for a bridge replacement on an Oregon river, NMFS (2006a) 

determined that the take caused by habitat‐related effects of a project could not be 

accurately quantified (i.e., as a number of fish) because the relationship between habitat 

conditions and the distribution and abundance of those individuals in the action area was 

imprecise, and nearshore areas damaged by construction would require years to recover 

characteristics favorable for rearing and migration.   

 

In such instances, NMFS uses the causal link established between the activity and the 

change in habitat conditions affecting the listed species to describe the extent of take as a 

numerical level of habitat disturbance, rather than stating an expected amount of take (50 

Code of Federal Regulations 402.14(i)).  NMFS (2006a) found that the best available 

indicators for the extent of take is the area of riparian habitat that will be permanently 

modified by the action, because it is directly proportional to long‐term harm attributable to 
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the project.  In another instance, NMFS (2006b) indicated that the risk of take associated 

with the removal or disturbance of riparian/shoreline vegetation should be described in 

terms of acres of riparian/shoreline or miles of stream affected. 

 

9.5 Noise 

It is well established that impact pile driving can result in incidental take of fish.  NMFS and 

USFWS biological opinions commonly identify such take and quantify it based on the area 

of habitat affected by sounds above the threshold levels cited in Section 7.5 and the duration 

of pile driving activities.  However, the sound sensitivity of individual species is not well 

known.  In addition, species that lack internal gas‐filled voids (such as swim bladders) 

appear to be less vulnerable to noise impacts than are fish that have gas‐filled voids, such as 

salmonids.  These include potentially covered invertebrate species and certain fishes 

identified in Table 5.  For such species, the risk of take is somewhat lower than it is for 

salmonids; however, species‐specific studies would be required to quantify the difference in 

risk.  Standard measures to minimize such take are discussed in Section 11.5.  The WACs do 

not provide any avoidance or minimization measures related to underwater noise.  WAC 

220‐110‐270(12) does state that “if a fish kill occurs or fish are observed in distress, the 

project activity shall immediately cease and the department granting the HPA shall be 

notified immediately.”  However, this does not provide any avoidance of underwater noise 

related impacts for the covered species, and thus there is a high risk of take associated with 

underwater noise generated by pile driving activities.   

 

Construction noise and activity associated with the La Conner Wharf and Float Project was 

thought to cause forage fish to temporarily leave the vicinity, which would temporarily 

reduce the prey base for Chinook and other fish species (NMFS 2005b); project effects on 

other predators, such as those eating young Chinook, were not addressed.  However in the 

consultations reviewed, NMFS has not assigned quantifiable incidental take associated with 

construction noise other than pile driving. 

 

9.6 Water Quality 

Many aspects of water quality can be impacted by overwater structures, with varying 

degrees of impact on potentially covered species.  With respect to suspended solids, the take 

risk to potentially covered fish species increases in proportion to the magnitude and 
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duration of the impact; vulnerability of the affected life‐history stage; inability of the fish to 

avoid the impact through avoidance behavior; physiological, developmental, and 

behavioral impairments suffered by the fish; and indirect mechanisms such as exposure to 

predation. Fine sediment deposition also poses an incidental take risk to invertebrates, as 

discussed in Section 7.7. 

 

Incidental take risk associated with dissolved oxygen impacts is probably quite low.  

Because the potential impact of pH change from uncured concrete is normally avoided via 

compliance with the hydraulic code (e.g., WAC 220‐110‐070(1)g and WAC 220‐110‐270(3)), 

the risk of incidental take from pH change is near zero.  

 

Risk of incidental take of potentially covered species due to the use of treated wood appears 

to be related to factors that include proximity, dilution by the water body, and type of 

treatment.  PAH releases from creosote pilings may pose a significant risk, given that many 

types of organisms have significant PAH sensitivities at low exposure levels (e.g., fishes 

studied by Incardona et al. 2004 and Incardona and Scholz 2006).  Potentially vulnerable 

species include molluscs and mussels that may be sessile on the treated wood or in adjacent 

sediments, or to juvenile fish that consume epibenthic prey inhabiting those sediments.  

ACZA‐treated wood appears to be somewhat less harmful, with most impacts expected 

during initial leaching (up to 10 days, per Poston 2001), although recent investigations 

(Baldwin et al. 2003; Linbo et al. 2006) indicate that juvenile salmonids may have 

substantially higher sensitivities to dissolved copper (the primary active ingredient of 

ACZA) than previously suspected.  That sensitivity includes an impaired sense of smell 

with potential sublethal effects including reduced foraging efficiency and reduced predator 

avoidance ability.  The hydraulic code provides for minimizing but not entirely avoiding 

this risk in salt water (WAC 220‐110‐060(4) and WAC 220‐110‐270(9)) by requiring that 

“materials treated with preservatives shall be sufficiently cured to minimize leaching into 

the water or bed” and by prohibiting creosote and pentachlorophenol‐treated wood use in 

lakes. 

 

There are few data on the stormwater vulnerability of potentially covered species other than 

salmonids.  WAC provisions (WAC 220‐110‐070(1)(f), (2)(f) and (3)(i) and WAC 220‐110‐

100(3)(b)) require avoidance of direct stormwater delivery to streams during construction, 
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but indirect effects arising during operation of bridges or commercial/industrial piers may 

still occur resulting in some potential risk for take.   

 

Based on the discussion above, it can be concluded that activities that allow significant 

increases in suspended sediment have a high risk of causing incidental take of potentially 

covered fish species exposed to this condition.  The risk of take increases in proportion to: 

• The magnitude and duration of the impact 

• The vulnerability of the affected life‐history stage 

• The inability of the organism to avoid the impact through avoidance behavior 

• The physiological, developmental, and behavioral impairments suffered by the fish 

• Indirect mechanisms such as exposure to predation  

 

9.7 Channel Hydraulics 

Impacts to potentially covered species may result when a vulnerable life‐history stage of a 

species is exposed to an impact directly or indirectly caused by an overwater structure.  In 

this context, a direct impact arises when an overwater structure alters the process of 

sediment transport, and an indirect impact arises when the change in sediment transport 

causes further habitat changes, such as bank erosion and loss of riparian vegetation.  In the 

following discussion, indirect impacts are mentioned only briefly; they are detailed 

elsewhere in Section 7 where channel dewatering, water quality,  and freshwater aquatic 

and riparian vegetation are evaluated. 

 

Potential impacts of changes in channel hydraulics on potentially covered species are 

summarized in Table 11 and further discussed below (excepting riparian vegetation, which 

is discussed in Sections 7.4 and 9.4).   

 

WAC 220‐110 places great emphasis on minimizing impacts attributable to channel 

hydraulic changes.  WAC 220‐110‐070 notes the benefits of avoiding impacts by placing 

bridges rather than culverts; WAC 220‐110‐070(1)(a) recommends placing bridge piers back 

of the OHWL; and WAC 220‐110‐070(1)(h) requires that bridge components have the least 

effect on channel hydraulics.  Such provisions discourage, but do not prohibit construction 

of bridges that could have significant impacts on channel hydraulics, including the impacts 

discussed below.  However, the use of qualifying language diminishes the effectiveness of 
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such provisions in avoiding incidental take.  Examples of such language include “shall be 

avoided, where practicable” (WAC 220‐110‐070 preamble); “disturbance ... shall be limited 

to that necessary” (WAC 220‐110‐070(2)(d) and (3)(d)); and “the requirement ... may be 

waived” (WAC 220‐110‐070(2)(h) and (3)(d)).  Some provisions, though, are not ambiguous 

and effectively avoid potential impacts; such provisions are noted below, where applicable.   

 
Table 11  

Potential Impacts of Changes in Channel Hydraulics on Potentially Covered Species 
 

Impact Potentially Affected Species 
No impact identified Marine species or marine life stages of estuarine and 

anadromous species 
Habitat destruction due to siting of structure Species potentially occupying the affected stream 
Embedding due to reduced sediment transport capacity 
or indirectly as a result of bank erosion 

Species potentially occupying the affected streambed: 
gravel spawners and benthos 

Scour due to locally increased transport capacity Species potentially occupying the affected streambed: 
gravel spawners and benthos 

Deposition downstream of scour areas Species potentially occupying the affected streambed: 
gravel spawners and benthos 

Loss of riparian vegetation due to bank erosion Species potentially occupying the affected stream.  This 
impact is detailed in Section 7.4. 

 

9.7.1 No Impact 

Localized scour or deposition could occur around anchors or pilings.  Such impacts 

would be minor, local, and not significantly different from similar impacts associated 

with natural structures on the seafloor, such as boulders or rock outcrops.  Thus, there is 

a low risk of incidental take due to channel hydraulic effects in a marine setting. 

 

There are also many sites in Washington where few, if any, of the potentially covered 

species are known to occur.  Most of the freshwater‐only species have very limited 

distributions (summarized in Table 2).  Outside of those distribution areas and upstream 

of anadromous passage barriers, the western brook lamprey and freshwater‐only 

varieties of the trout and char species are the principal species vulnerable to impact.  

These species, however, are vulnerable to almost all impacts detailed below.  Thus, there 

are few HPA‐jurisdictional waters in Washington where all potentially covered species 

can confidently be dismissed as absent. 
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9.7.2 Habitat Destruction 

For the purpose of this white paper, habitat destruction is defined as the replacement of 

habitat with an artificial structure.  Habitat destruction includes temporary and 

permanent elements.  Temporary habitat destruction occurs when an area of habitat is 

inaccessible during or for a time following construction but becomes accessible within a 

reasonable time after construction, typically by the time work on the site concludes.  

Permanent habitat destruction occurs when an area of habitat remains inaccessible for 

the service life of the structure or longer.  Permanent destruction of channel habitat 

occurs when fill is placed in the channel, usually to raise an area above the OHWL or to 

support an overwater structure (such as pilings or piers).  Temporary channel habitat 

destruction includes both of these mechanisms when they are not permanent, as well as 

channel dewatering (Section 7.10) resulting from the diversion of flow or flow exclusion 

via structures such as cofferdams.  Habitat destruction necessarily entails loss of habitat 

for any potentially covered species that utilize the affected habitat.  As such, habitat 

destruction presents a high potential risk of incidental take; the risks are related to use of 

the habitat by potentially covered species, the area affected, the time frame during which 

the area is affected, and how potentially covered species respond to the loss or 

degradation of habitat. 

 

Additionally, the process of placing fill may cause harm to individual animals.  

However, in‐water placement of fill generally requires isolating and dewatering the 

work site, the impacts of which are discussed in Sections 7.10 and 9.10. 

 

9.7.3 Embedding 

Embedding is an issue principally in moderate‐gradient channels that normally have a 

gravel or cobble bed, i.e., plane‐bed and pool‐riffle channels.  Steeper channels have 

sufficient stream power that the “fines” consist of coarse sand and gravel, which do not 

substantially impair habitat quality.  The less steep regime channels have fine‐grained 

bed materials (generally defined as particles smaller than 0.04 inch [1 mm] in diameter) 

that are vulnerable to deposition (discussed below) rather than embedding.  This 

circumstance is partly due to a research and management emphasis on gravel‐bedded 

streams, which provide optimum spawning habitat for salmonids (Montgomery et al. 

1999).  There are fewer data on spawning habitat for other potentially covered fish 
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species.  Salmonids chiefly spawn in beds with a substrate size between 0.8 and 4.7 

inches (2 and 12 cm) in diameter (Raleigh et al. 1986, in Bjornn and Reiser 1991), and 

artificial spawning channels have generally employed gravels 0.8 to 1.5 inches (2 to 3.8 

cm) in diameter (Bjornn and Reiser 1991). Lamprey, in contrast, spawn primarily in 

channels with fine gravel and sand substrates (Wydoski and Whitney 2003, pp. 33‐39), 

and Olympic mudminnow spawn in submerged vegetation and primarily occur in 

regime channels (Mongillo and Hallock 1999). 

 

Normally, spawning salmon winnow the fines from their redds, mobilizing fine 

sediment into the water column and in the process coarsening the bed in the immediate 

vicinity of the redd (Kondolf et al. 1993; Montgomery et al. 1999).  In streams that 

support substantial populations of spawners, this process can be as effective as annual 

floods at mobilizing bed sediment and scouring fines from the bed, and thus 

significantly enhances hyporheic upwelling and downwelling (Gottesfeld et al. 2004).  

Hyporheic flows create a hydraulic gradient across redds that conveys waters having 

relatively high dissolved oxygen concentrations through the redd (Geist 2000a, 2000b). 

However, fine sediments can be deposited again after redd construction, filling pore 

spaces between gravel particles in and over the redd with fine sediment.   

 

The probability of this phenomenon increases if the sediments are particularly fine, the 

sediment supply is large, and the streamflows are relatively low (Bjornn and Reiser 

1991).  The process may also be exacerbated by downwelling hyporheic flows, which 

often occur at salmonid spawning sites in Pacific Northwest rivers (Tonina and 

Buffington 2003, 2005).  Consequences of this embedding include reduced water flow 

around the eggs, reduced dissolved oxygen uptake by developing embryos, and 

reduced flushing of metabolic waste, which can result in reduced embryo survival 

(Bjornn and Reiser 1991).  Reduced survival occurs due to three mechanisms: reduced 

hydraulic conductivity through sediments, reduced intragravel oxygen concentrations 

due to the oxidation of organic particles in the gravel, and impaired oxygen exchange 

efficiency due to clay particles on the egg membrane (Greig et al. 2005).  Redds of large 

salmonids are usually buried beneath at least 6 inches (15 cm) of gravel (DeVries 1997) 

and are often more than 12 inches (30 cm) deep (Bjornn and Reiser 1991).  Fine sediment 

does not need to penetrate to that depth to impact eggs and alevins (fry that have not yet 
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emerged from the gravel); near‐surface deposits of fine sediment may be sufficient to 

reduce water flow through the redd, causing mortality due to reduced dissolved 

oxygen, and the embedded surface layer may prevent alevin emergence (Everest et al. 

1987; Bjornn and Reiser 1991).  In addition to effects on redds, eggs, and alevins, 

embedding also reduces prey for foraging juveniles by promoting a shift from 

epibenthic to benthic infaunal macroinvertebrates, which are not easily preyed upon by 

young salmonids (Bash et al. 2001, pg. 25; Suttle et al. 2004).  Thus, embedding has a 

high risk of causing incidental take if it affects sediments used for spawning. 

 

9.7.4 Scour 

Scour is potentially an issue in all channel types, although it is most often a concern in 

plane‐bed and pool‐riffle channels, which have a relatively mobile bed.  The term 

“scour” is usually used to refer to flow‐driven excavation of the streambed, but it can 

also occur along stream margins and result in bank erosion.  Overwater structures, such 

as bridges can cause scour when the structure has not received correct hydraulic design, 

but such errors are unlikely in view of requirements that bridges “be aligned to cause 

the least effect on the hydraulics of the watercourse” (WAC 220‐110‐070(1)(h)).  Thus, a 

bridge is only required to minimize such impacts.  Since there are no guarantees that a 

bridge design or the installation will completely avoid scour, such activities 

implemented according to the WACs will have some associated low to moderate risk of 

scour, which could impact suitable habitat for potentially covered species.  Non‐

structural piling and piling associated with other overwater structures (i.e., piers) could 

also potentially cause scour in marine or estuarine areas with strong tidal currents, or 

riverine environments with strong currents.   

 

Scour chiefly occurs in conjunction with high‐flow events that account for the largest 

fraction of annual sediment transport.  Such flows can mobilize all spawning‐sized 

substrates in step‐pool and cascade channels, with the result that salmonids in such 

channels preferentially spawn in microsites with low scour potential (Montgomery et al. 

1999).  Conversely, the depth of bed mobilization is somewhat less in pool‐riffle and 

plane‐bed channels.  In these sites, salmon normally excavate their redds deep enough 

to avoid scour during years with normal peak flows (Montgomery et al. 1999).  

However, scour that occurs in areas where it has previously been rare may result in the 
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loss of redds with eggs or of gravels containing fry or the benthic invertebrates that 

constitute part of the prey base for fish in the stream.  Such scour events are particularly 

likely around hard structures placed in the channel (e.g., pilings), because shear stresses, 

and therefore energy available to mobilize sediments, are exceptionally high near such 

structures (Yager et al. 2004).  The opposite effect is observed in the vicinity of aquatic 

vegetation (Bennett et al. 2002), raising the possibility that aquatic vegetation plantings 

may help to decrease scour around structures at some sites.  Freshwater mussels are 

particularly vulnerable to scour because they are long‐lived, sessile organisms.  Mussels 

are commonly found on relatively coarse (gravel to boulder) substrates in microsites that 

constitute flow refugia with low risk of scour (Cuffey 2002; Brim‐Box et al. 2004). 

 

Scour can potentially result in incidental take via several mechanisms.  Impacts to eggs 

and fry of potentially covered species (e.g. salmonids), or to sessile organisms such as 

mussels, constitute the potential for incidental take of animals.  Impacts to the prey base 

can be interpreted as incidental take if the food supply is a limiting factor on fish 

productivity.  The literature review did not specifically identify scour impacts on other 

potentially covered species, but such impacts are likely for sessile species and for species 

that spawn in benthic habitats. 

 

The WACs do not provide specific guidance or measures to avoid or minimize impacts 

from scour associated with overwater structures or non‐structural piling.  WAC 220‐110‐

070(1)(h) does require that bridges “be aligned to cause the least effect on the hydraulics 

of the watercourse” but does not necessarily require that bridges be designed 

appropriately or footings or other support structures be placed in such a way as to avoid 

or minimize impacts to hydraulic processes of a watercourse.  The generally vague 

language presented in the WACs will minimize the potential risk for take of potentially 

covered species, but will not eliminate it.    

 

9.7.5 Deposition 

Deposition may occur in slackwater areas created downstream of an artificial structure, 

or it may occur farther downstream when sediment mobilized by scour is redeposited.  

Deposition can have a variety of effects, depending on the amount of sediment and its 

particle size distribution.  Deposition of large quantities in a localized area results in the 
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creation of bedforms, discussed below.  Deposition of somewhat smaller quantities that 

do not significantly modify bedforms may still result in burial of redds and benthic 

organisms such as mussels.  Moderate deposition of a few centimeters of coarse‐grained 

material may not harm redds and may even help to protect them from scouring flows 

(Montgomery et al. 1999), but deposition of greater thicknesses may result in reduced 

dissolved oxygen levels in redds, causing mortality of eggs or alevins, as detailed above 

in the discussion of embedding.  As with scour, deposition impacts are most likely when 

an overwater structure and associated support structures and non‐structural piling are 

installed and have not received proper hydraulic design.  While significant amounts of 

deposition (i.e., amounts potentially causing measurable incidental take) are not likely to 

occur from the installation of an overwater structure or non‐structural piling, some 

localized deposition may occur as a result of changes in hydraulics in the immediate 

vicinity of the structure.  The same WAC provision cited above (WAC 220‐110‐070(1)(h)) 

as minimizing scour‐related impacts, will also serve to minimize  depositional impacts.  

Implementation of the WAC as written will likely minimize the risk of take but not 

eliminate it. 

 

The potential risk of take from deposition related to hydraulic changes resulting from an 

overwater structure and non‐structural piling is relatively minor.  However, fine 

sediment deposition can impair the growth and feeding efficiency of filter feeders (Bash 

et al. 2001).  For example, deposition of fine sediment can adversely impact freshwater 

mussels, but the mechanisms and quantities involved are not well understood, and 

different mussel species show varying responses to fine sediment inputs (Box and Mossa 

1999).  Deposition can affect mussels by burying them or altering their habitat.  Burial 

under fine sediment (silt) can suffocate animals (Tucker and Theiling 1998).  Ellis (1936, 

in Tucker and Theiling 1998) experimentally showed that as little as 0.25 inch (6.35 mm) 

of silt covering the substrate caused death in about 90 percent of the mussels examined.  

Siltation also is detrimental to young mussels and reduces their survival (Scruggs 1960, 

in Tucker and Theiling 1998).  Habitat alteration harms mussels by filling interstitial 

spaces in gravel and cobble bed channels inhabited by mussels.  Flow through the gravel 

is inhibited and algal and microbial communities change (Tucker and Theiling 1998).  

Juvenile survival (even of hardy species) may be reduced in silt‐impacted mussel beds, 

which can limit recruitment in the entire bed (Tucker and Theiling 1998).  Potential 
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impacts from deposition associated with installation of an overwater structure or non‐

structural piling would be localized and relatively minor with a low potential risk for 

take of the covered species.    

 

Both coarse and fine sediment deposition can present potential for incidental take by 

burying animals living in the bed, such as eggs and alevins in redds and invertebrate 

infauna, and/or impairing habitat by reducing access to necessary resources such as prey 

and well‐oxygenated water. 

 

9.8 Littoral Drift 

The littoral drift processes of wave action and littoral current affect benthic substrate and 

vegetation and therefore influence species assemblages (Thom et al. 1994).  Primary 

productivity, organic matter flow, nutrient dynamics, benthic biota, and the entire local food 

web may also respond to alterations in littoral drift (Thom et al. 1994).  The following 

discussion focuses on direct and indirect impacts to potentially covered finfish and shellfish 

species in response to these habitat alterations that may result from overwater structures 

and non‐structural piling. 

 

Pacific salmon, Pacific herring, surf smelt, sand lance, and a variety of other fish may be 

affected by habitat changes caused by structures that affect littoral drift (Thom et al. 1994).  

Suitable surf smelt spawning areas were adversely impacted by littoral drift alterations 

resulting from bulkheads along the Hood Canal (Penttila and Aguero 1978, in Nightingale 

and Simenstad 2001b). Typical spawning substrates consist of fine gravel and coarse sand, 

with broken shells intermixed in some cases (Thom et al. 1994).  Surf smelt make no attempt 

to bury their demersal, adhesive eggs, but rely on wave action to cover the eggs with a fine 

layer of substrate (Thom et al. 1994).  Therefore, altering substrate composition in surf smelt 

spawning areas can affect surf smelt spawning or reduce egg survival.   

 

Pacific sand lance spawn in the high intertidal zone on substrates varying from sand to 

sandy gravel.  Sand lance also rely on sandy substrates for burrowing at night.  Like surf 

smelt, sand lance are susceptible to deleterious effects of littoral alterations because they rely 

on a certain beach profile and specific substrate compositions. 
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Any species that depends on eelgrass, such as Pacific salmon or Pacific herring, is 

susceptible to changes in littoral drift.  Eelgrass typically grows in sand and mud substrates 

in sheltered or turbulent waters (Phillips 1984), and Pacific herring spawn on the blades of 

eelgrass and other macroalgae (WDNR 2006a). It is consistently documented that the 

vegetation assemblages associated with eelgrass support increased numbers of juvenile 

salmonid epibenthic prey species (Nightingale and Simenstad 2001b).  Studies of eelgrass 

communities in Padilla Bay show that a specific group of copepods (Harpacticus uniremis 

and other copepods of the genera Zaus and Tisbe) is unique to the eelgrass epiphyte 

assemblage and the principal prey of juvenile chum salmon, Pacific herring, Pacific sand 

lance, and surf smelt (Nightingale and Simenstad 2001b).  Pacific herring are also a direct 

food source of larger predators, including adult Chinook salmon, bull trout (Nightingale 

and Simenstad 2001b), Pacific hake (Bailey 1982; NMFS 1990; Quirollo 1992; McFarlane and 

Beamish 1986, in NRC 2001), Pacific lamprey, rockfish (WDNR 2006a), and many other 

species (WDNR 2006a). 

 

Benthic communities, including invertebrate populations, are impacted by sediment 

alterations (Nightingale and Simenstad 2001b). For instance, the Olympia oyster is an 

epibenthic filter feeder found throughout the inland waters of Puget Sound, as well as in 

Willapa Bay and possibly Grays Harbor (WDNR 2006b).  Olympia oysters occupy nearshore 

areas on mixed substrates with solid attachment surfaces and are found from approximately 

1 foot (0.3 m) above MLLW to approximately 2 feet (0.6 m) below MLLW; their larvae settle 

onto hard substrate such as oyster shells and rocks (West 1997, Baker 1995, both in WDNR 

2006b). Olympia oysters are adversely impacted by siltation and do best on firm substrates 

(WDNR 2006b).  Therefore, it follows that local impacts to littoral drift can alter preferred 

substrate or smother oysters beneath silt. 

 

The WACs do not address impacts to littoral drift from overwater structures or non‐

structural piling or provide any guidance or measures to avoid or minimize potential 

impacts associated with littoral drift.   

 

To conclude, impacts to littoral drift may change beach substrate characteristics and 

sediment deposition.  Changes to these processes can alter benthic and epibenthic 

communities, fish spawning and rearing habitat, and vegetation (Thom et al. 1994). 
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9.9 Substrate Modifications 

Based on the studies cited in Section 7.9, it appears that the primary direct impact of placing 

structures is to create hard substrates in settings where such substrates did not previously 

occur, increasing habitat diversity.  This change would likely benefit rockfish and any other 

potentially covered species that use hard or rocky substrates.  However, the indirect impact 

of increased shellhash deposition can harm productive natural habitat types, specifically 

eelgrass and macroalgae communities.  In that case, the risk of incidental take will be the 

risk of adversely impacting eelgrass and macroalgae, as discussed in Section 9.2. 

WAC 220‐110‐300(1) states that “floats and rafts shall not ground on surf smelt, Pacific 

herring, Pacific sand lance and rock sole spawning beds.  In all other areas, no more than 

twenty percent of the float or raft within the beach area shall ground at any time.  Those 

portions of the float or raft that will ground shall be constructed to align parallel to the shore 

and provide a minimum of eight inches clearance between the beach area and 

nongrounding portions of the float.”  WAC 220‐110‐300(2) states that “floats, rafts, and 

associated anchoring systems shall be designed and deployed so that the bed is not 

damaged.”  WAC 220‐110‐060(2) states that “excavation for and placement of the footings 

and foundation shall be landward of the ordinary high water line unless the construction 

site is separated from state waters by use of an approved dike, cofferdam, or similar 

structure.”  The language in the WACs will avoid impacts to forage fish and rock sole 

spawning beds, but does provide for direct impacts to other areas, where twenty percent of 

a float or raft may ground at any time or where excavation may occur landward of the 

ordinary high water line, which will impact habitat that may be considered designated 

critical habitat under the ESA, or could be designated in the future, providing for a 

moderate to high potential risk for take of the potentially covered species.  Additionally, 

installing a cofferdam or other similar structure may require fish handling in some 

situations, which has a high potential risk for take of the potentially covered species. 

 

9.10 Channel Dewatering 

The primary risks of incidental take associated with channel dewatering result from the 

capture and handling of fish, the loss of small fish (particularly salmonid fry) that seek 

refuge in the substrate of the dewatered bed, and the use of pumped bypass systems.  This 

conclusion is based on a review of several biological opinions, specifically the take 
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calculations and the incidental take statements presented in these documents, as cited 

below.   

 

The hydraulic code provides few assurances that incidental take will be minimized during 

dewatering activities.  For construction of overwater structures and driving and removal of 

piling in freshwater, WAC 220‐110‐060(1) states that “excavation for and placement of the 

footings and foundation shall be landward of the ordinary high water line unless the 

construction site is separated from state waters by use of an approved dike, cofferdam, or 

similar structure.”  WAC 220‐110‐120 provides the most restrictive code language, but it 

only applies to “game and food fish” (implicitly excluding many potentially covered 

species) and only states that they must be captured or moved – there is no discussion of 

ways to manage the dewatered work area so as to minimize the need to handle fish.  WAC 

220‐110‐060(1) does not indicate whether the isolated work area must be dewatered or fish 

removal is required.  Assuming the isolated work area must be dewatered and fish removal 

is required, there is no requirement that the operation be performed by trained personnel, 

nor that it comply with any recognized protocol.  There is a relatively high risk of take for 

dewatering activities in fish‐bearing waters because the WAC does not focus on “all fish,” 

methodologies for removal could result in stranding fish, and fish could be harmed through 

mishandling.  The efficiency of capturing fish is also strongly correlated to site conditions.  

Areas with large, complex substrate, deep pools, complex woody debris, overhanging and 

submerged vegetation and other features that provide hiding places and hinder visibility 

can decrease the efficiency of fish capture and removal efforts.    

 

Capture‐related take, such as injury or mortality from electrofishing, varies from 2 percent 

(no distinction between injury and mortality) (NMFS 2006a) to 30 percent (25 percent injury 

and 5 percent mortality) (NMFS 2006b) of fish captured using electrofishing equipment.  

Some biological opinions did not distinguish between methods of capture (e.g., volitional 

movement of fish from the project site during slow dewatering, capture by seining or dip‐

netting, capture by electrofishing).  One biological opinion estimated take due to stranding 

(i.e., fish not captured and removed and thus remaining in the work area to be dewatered) 

at 8 percent (NMFS 2006b).  All such injury and mortality represent incidental take directly 

attributable to a project. 
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NMFS biological opinions also routinely identify impacts attributable to increases in 

turbidity and suspended solids.  These include indicators of major and minor physiological 

stress, habitat degradation, and impaired homing behavior.  These effects are sublethal, but 

are still considered take under the ESA (NMFS 2006b).  The effects of increased suspended 

solids concentrations are discussed in Sections 7.6 and 9.6. 

 

9.11 Artificial Light 

Incidental take of listed fish species as a result of artificial light during construction or 

operation of overwater structures has not been quantified in past biological opinions and 

corresponding incidental take statements.  The studies cited above indicate that artificial 

light has mixed effects; many of these effects are detrimental, and all of them represent a 

change from natural patterns of behavior.  This suggests that, although artificial light 

responses are unknown for most potentially covered species, there is a significant risk that 

nighttime illumination of the water surface may contribute to incidental take.  However, 

such impacts can generally be minimized, as discussed in Section 11.11. 

 

The WACs do not provide any guidance or specific requirements to avoid or minimize 

impacts relating to artificial light.  

 

9.12 Vessel Activities 

Vessel activities may result in incidental take of potentially covered species via several 

mechanisms, including: 

• Physical disturbance of sediment, organisms (Haas et al. 2002), and submerged 

vegetation through grounding or water turbulence caused by propeller wash, 

potentially resuspending sediment, physically dislodging vegetation and organisms, 

or damaging vegetation  

• Noise from vessel activity, which would most likely harm organisms by causing 

them to move from the affected area, potentially impairing foraging or reproductive 

activities or exposing them to increased risk of predation 

• Propeller‐wash entrained air bubbles that combine with turbidity increases from 

disturbed sediment, with the potential consequences resulting from increased 

turbidity discussed in Section 9.6 and the consequences resulting from decreased 

light availability discussed in Section 9.1. 
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The WACs do not provide any guidance on vessel operation during construction of an 

overwater structure or installation of non‐structural piling.  There are no provisions for 

avoiding or minimizing potential impacts to the potentially covered species relating to the 

grounding of vessels, propeller‐wash, or noise associated with work vessels. 

 

9.13 Risk Evaluation 

Table 12 presents a brief summary of the incidental take risk analysis presented above.  

Given the uncertainties described above, this risk evaluation is at best a qualitative 

assessment and is based strongly on professional experience of the analysis team in the 

context of their work in ESA implementation.  The risk evaluation summarized in Table 12 

assumes that potentially covered species are present when the described impact occurs; 

thus, impacts may be avoided by performing the activities when or where covered species 

are absent. 
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Table 12  
Conclusions of the Risk Evaluation 

 
Activity Low Risk Moderate Risk High Risk 

Freshwater 
structures per 
WAC 220-
110-060 

• Structures located in areas 
lacking submerged aquatic 
vegetation; 

• Structures causing little 
increased shading, either 
due to size or incorporation 
of grating or other light 
penetrating features 

• Pile-driving activities with 
peak sound <150 dB; 

• Structures in areas with 
little sediment transport; 

• Structures not increasing 
the volume of untreated 
stormwater; 

• Placing small areas of 
non-conforming substrate; 

• Activities avoiding the 
impacts potentially causing 
“moderate” or “high” risk. 

• Structures removing riparian 
vegetation; 

• Structures that require 
removing LWD in lentic 
waters; 

• Pile-driving activities with 
peak sound  between 150 
and 180 dB; 

• Structures increasing the 
volume of untreated 
stormwater due to increased 
impervious surface; 

• Structures comprised of  
CCA- or ACZA-treated 
wood; 

• Structures that measurably 
alter channel hydraulics or 
littoral drift; 

• Structures causing nighttime 
illumination of the water 
surface. 

• Structures in areas of 
submerged aquatic vegetation 
that are used by dependent 
species (e.g., Olympic 
mudminnow); 

• Structures that require 
removing LWD in lotic waters; 

• Pile-driving activities requiring 
hammer pile driving with peak 
sound >180 dB; 

• Structures that substantially 
alter channel hydraulics; 

• Placing large areas of non-
conforming substrate; 

• Activities that require 
dewatering of the work area; 

• Activities requiring substantial 
in-water operation of 
mechanized equipment. 

• Structures in riverine 
environments that use 
creosote treated wood; 

Saltwater 
structures per 
WAC 220-
110-300 

• Structures located in areas 
lacking submerged aquatic 
vegetation; 

• Structures causing low 
shade; 

• Pile-driving activities with 
peak sound <150 dB; 

• Structures in areas with 
little sediment transport; 

• Placing small areas of 
non-conforming substrate; 

• Activities avoiding the 
impacts potentially causing 
“moderate” or “high” risk. 

• Structures removing riparian 
vegetation; 

• Pile-driving activities with 
peak sound  between 150 
and 180 dB; 

• Structures discharging 
stormwater; 

• Structures requiring CCA- or 
ACZA-treated wood; 

• Structures measurably 
altering littoral drift; 

• Structures causing nighttime 
illumination of the water 
surface. 

• Structures located in areas of 
eelgrass or macroalgae; 

• Structures shading large 
areas; 

• Structures requiring hammer 
pile driving with peak sound 
>180 dB; 

• Structures that require 
creosote-treated wood; 

• Placing large areas of non-
conforming substrate; 

• Activities that require 
dewatering of the work area; 

• Activities requiring substantial 
in-water operation of 
mechanized equipment. 

Non-structural 
or structural 
piling 

• Pile-driving activities with 
peak sound <150 dB;  

• Structures that avoid the 
impacts potentially causing 
“moderate” or “high” risk. 

• Pile-driving activities with 
peak sound  between 150 
and 180 dB 

• Structures requiring CCA- or 
ACZA-treated wood.  

• Piling located in areas of 
eelgrass or macroalgae; 

• Structures requiring hammer 
pile driving with peak sound 
>180 dB.  

• Structures requiring creosote-
treated wood. 
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10 DATA GAPS 

This section identifies information gaps in the available literature about the 12 impact pathways 

(presented in Section 7) associated with the construction and operation of overwater structures 

and non‐structural piling and describes the data needed to fill those gaps.   

 

10.1 Shading 

As stated in the WDFW white papers on overwater structures (Nightingale and Simenstad 

2001b; Carrasquero 2001), significant gaps and uncertainties remain in the extent of scientific 

knowledge about the impacts of overwater structures and shading on the aquatic 

environment and biota.  Some of these gaps are basic to understanding the ecology and life 

history of potentially impacted species, such as those defining the extent and ecological 

dependence of shoreline habitat use by certain biota.  Since the publication of the two 

WDFW white papers cited above, a few studies have been completed regarding shoreline 

habitat use of aquatic biota.  Toft et al. (2004) reported on fish distribution, abundance, and 

behavior in nearshore habitats along the marine shoreline of the City of Seattle, and Tabor et 

al. (2006) studied nearshore habitat use by juvenile Chinook salmon in the Lake Washington 

basin.  One data gap identified by Nightingale and Simenstad (2001b), which is to determine 

the conditions for and the significance of avoidance of shoreline structures by migrating 

juvenile salmon, has been studied in greater detail since the publication of the white papers.  

Southard et al. (2006) studied conditions for, and the significance of, avoidance of shoreline 

structures by migrating juvenile salmon in Impacts of Ferry Terminals on Juvenile Salmon 

Movement along Puget Sound Shorelines.  This study supported other findings that identified 

shading of overwater structures as the mechanism for salmonid avoidance (Weitkamp 1982, 

Pentec 1997, in Nightingale and Simenstad 2001b; Shreffler and Moursund 1999) and 

recommended ways to minimize impacts of ferry terminals on juvenile salmonids.  

Furthermore, Haas et al. (2002) suggest that additional research is necessary to determine 

the thresholds at which epibenthic biota become affected by the shading of vegetation. 

 

Additional data gaps include the effects of temporary shading associated with vessel 

operations during construction of overwater structures or installation of non‐structural 

piling.  However, in general vessels required for the construction of overwater structures 

and installation of non‐structural piling will operate during the approved in‐water work 

window, which will minimize potential impacts associated with shading.  Additional data 
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gaps relate to the operation of commercial and recreational vessels which may be moored at 

an overwater structure or non‐structural piling, and may occur at various times of year and 

therefore affect covered species.    

 

10.2 Littoral Vegetation 

Numerous significant data gaps preclude a clear understanding of how human activities 

cumulatively impact littoral vegetation.  Relatively little work has been done on macroalgae.  

For eelgrass, the following gaps are particularly significant: 

• Factors governing the extent of eelgrass coverage, including local and large‐scale 

changes in eelgrass coverage, are just beginning to be researched (Dowty et al. 2005). 

• How large‐scale changes in eelgrass cover resulting from overwater structures vary 

in conjunction with other large‐scale changes, such as climate variability, has not 

been determined. 

• More research is needed to determine the causes of local declines in eelgrass 

coverage observed in Washington State (Dowty et al. 2005). 

• It is not known how strongly many potentially covered species depend on eelgrass.  

For instance, young salmon forage extensively in eelgrass, but foraging habitat may 

not be a limiting factor for juvenile salmon in Puget Sound (Haas et al. 2002). 

• Much human impact on eelgrass and macroalgae takes the form of habitat 

fragmentation, but although such fragmentation is in principle an adverse impact, it 

remains unclear just how that impact is delivered to affected species (Haas et al. 

2002). 

 

10.3 Freshwater Aquatic Vegetation 

It is not known at what point the cumulative impact of overwater structures  on aquatic 

vegetation becomes significant to most potentially covered freshwater species.  Most of 

these species are thought to be affected by the loss of aquatic vegetation through indirect 

impact pathways that could vary from one location to another.  To assess the relative merits 

of aquatic plant conservation and mitigation measures, the importance of aquatic vegetation 

in different systems and for all of the potentially covered species needs to be better 

understood.  Of the potentially covered species, current data have shown a clear and 

consistent dependence on freshwater aquatic vegetation only for the Olympic mudminnow, 
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although it is expected that freshwater aquatic vegetation is important for other potentially 

covered species as well, which is why this is identified as an important information gap.   

 

10.4 Riparian and Shoreline Vegetation 

Most of our understanding of the role of riparian and streamside vegetation as a mediator of 

instream habitat condition has grown out of concern over its role in providing salmonid 

habitat.  Although the reviewed literature addresses many ecosystem functions affected by 

riparian vegetation, such as shading, LWD recruitment, and allochthonous nutrient inputs, 

there is little discussion of how these changes may affect species other than salmonids.  

Knutsen and Naef (1997) indicate that nutrient inputs from riparian vegetation are 

important for suckers, whitefish and minnows, which feed directly on such detritus.  

Riparian habitat is also important for terrestrial wildlife. 

    

10.5 Noise 

Data on the effects of exposure to sound from pile driving on specific fish or invertebrates 

are few, and although the few studies completed provide some information about exposures 

to pile‐driving sounds, there is little that can be definitively concluded (Hastings and 

Popper 2005).  Hastings and Popper (2005) stress that because monitoring data show that 

sound pressure levels do not necessarily decrease monotonically with increasing distance 

from the pile, it is important that received sound levels be measured in future experiments 

to develop exposure metrics that correlate with mortality and different types of damage 

observed in fish exposed to pile driving.  Hastings and Popper (2005) conclude that it is 

important to initiate experimental studies that start with basic questions about the effects on 

fishes from exposure to pile‐driving sounds.  Recommended studies from Hastings and 

Popper (2005) are presented in Table 13.  Two data gaps are particularly significant: the 

cumulative impact of sound to fish and the effects of noise on the behavior of fish and the 

consequent impact to species survival and recovery.   

 

In addition to data gaps on the hearing capabilities of fish and how fish are injured by pile‐

driving noise, uncertainties also exist on how fish react to other anthropogenic noises 

caused by vessels, construction, and other sources.  It is also important to develop 

information on ambient noise levels for particular areas, because ambient noise levels 
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influence the area of effect (attention to ambient), and fish reaction to sound likely varies 

depending on the “loudness” of ambient conditions.   
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Table 13  
Research Questions on the Impact of Pile Driving on Fishes 

 

Project Title Project Objectives Significance Relationship to Other Studies 
Relationship to Pile Driving 

Needs 
Characterize Pile Driving Sounds  
Define acoustic 
dose for exposure 
to pile driving 
sound  

Develop ways to express 
exposure to pile driving sounds 
in terms of total energy received 
and the degree of temporal 
variation in the waveform, and to 
define the acoustic particle 
velocity within the sound field  

This will provide a series of 
“standard” pile driving sounds in 
water and substrate for use as the 
stimuli with which to do studies on 
representative species  

This study is fundamental to 
investigations of effects on 
fishes because it provides 
laboratory signals that would 
be representative of the range 
of pile driving stimuli in 
different locations  

Without this standardization it 
will be impossible to 
generalize between studies 
done in different locales and 
with different piles  

Structural acoustic 
analysis of piles  

Develop structural acoustics 
models of piles to investigate 
how modifications to piles and 
hammering could alter the 
sounds and potentially incur less 
damage to animals  

This could result in potential 
modifications to the structure, 
hammer, and/or process that could 
reshape the temporal characteristics 
of the pile driving stimulus without 
changing structural integrity  

Would need to test modified 
sounds on animal models  

This analysis will help provide 
ways to mitigate some effects 
of pile driving on aquatic 
organisms  

Define 
characteristics of 
the underwater 
sound field  

Develop underwater sound 
propagation model and integrate 
with pile structural acoustics 
models to estimate received 
levels of sound pressure and 
particle velocity in the vicinity of 
pile driving operations and verify 
with field measurements of 
underwater sound pressure 
measurements  

This is the only way to define zones 
of impact on fishes because the 
sound energy received by a fish 
depends on not only the pile-driving 
source, but also the size, shape, and 
properties of the underwater 
environment.  

Would be able to map the 
impact of pile driving sounds 
on the underwater 
environment based on results 
of tests of pile driving sounds 
on animal models  

Received levels of sound 
pressure and acoustic 
particle velocity must be 
known underwater in the 
region surrounding the pile to 
calculate appropriate metrics 
related to observed effects 
and define the zone of impact 
 

Characterize injury of fish exposed to pile driving sounds 
Hearing 
capabilities of 
Pacific Coast 
fishes 

Determine hearing capabilities 
(using Auditory Brainstem 
Response [ABR]) of 
representative species. 
Determine in terms of both 
pressure and particle motion. 

Useful for prediction of detection 
range of pile driving sounds and 
potential effects on hearing 
capabilities 

Previous behavioral studies 
did not use any Pacific Coast 
fishes or elasmobranches 

Studies would be on species 
that are particularly germane 
to those affected by pile 
driving 
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Project Title Project Objectives Significance Relationship to Other Studies 
Relationship to Pile Driving 

Needs 
Mortality of fishes 
exposed to pile 
driving 

Determination of short and long 
term effects on mortality of 
representative species as a 
result of pile driving. Measure 
pathology (using necropsy 
studies) of the effects on fishes 
of received sounds 
representative of different 
distances from the source 

Provide baseline data on effects of 
pile driving and the effects of such 
signals of different levels and 
spectral components 

Studies of this type have, 
heretofore, not be done under 
controlled situations 

Provide mortality data as well 
as pathology as to the effects 
of pile driving and 
determination of the cause of 
immediate and long-term 
mortality 

Effects of pile 
driving on non-
auditory tissues 

Using the precise same 
paradigm as for effects on the 
ear, examine other tissues using 
standard fish necropsy 
techniques to asses gross, 
cellular, and molecular damage 
to fish. Furthermore, determine 
stress effects on fish using 
appropriate stress measures 
(e.g., hormone levels). Do for 
representative species. 

Provide insight into how the sounds 
affect fish, even when there is no 
immediate mortality 

The only comparable data are 
from blasts, which suggests 
significantly different effects 
depending on fish size and 
species. 

Direct measure of potential 
long-term damage to fishes. 

Effects of pile 
driving on hearing 
capabilities 

Determine temporary threshold 
shifts and permanent threshold 
shifts  on representative species. 

Provide insight into hearing loss and 
possible recovery as a result of 
different sound levels and sound 
types 

No studies of this type have 
been done using pile-driving 
sounds 

Data that will help 
understand the sound levels 
and other parameters that 
could result in the loss of the 
ability of different species 
types to detect sounds, and 
thus detect biologically critical 
signals 

Effects of pile 
driving on fish 
eggs and larvae 

Determine mortality, growth 
rates, and pathological changes 
in developing fishes of 
representative species with 
exposure at different times 
during the development cycle 

Since eggs and larvae do not move 
from the sites of spawning, 
determine if long-term pile driving 
could affect fish populations 

No studies done on any fish 
system are relevant to this 
investigation 

If fish spawn in the vicinity of 
pile driving sites, or cannot 
be kept from spawning 
during pile driving operations, 
effects on eggs and larvae 
could be considerable 
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Project Title Project Objectives Significance Relationship to Other Studies 
Relationship to Pile Driving 

Needs 
Behavioral 
responses of fish 
to pile driving 

Observe, in large-scale cages, 
the short-term behavioral 
responses of representative 
species to pile driving sounds. 
Do fish attempt to swim from the 
source? Do they react to the 
sounds? Do they “freeze” in 
place? 

In knowing behavioral responses, it 
may be possible to predict which 
species would remain in an area of 
pile driving vs. species that could be 
expected to leave the area after the 
initial pile driving activity. 

None have been done to 
date. 

This may help limit the 
number of species that would 
need to be “protected.” 

Long-term 
behavioral effects 
of pile driving on 
fish 

Attempt to do field studies that 
would provide insight into 
movement patterns of fishes and 
normal behaviors and how these 
might be affected, in the long-
term, by the presence of 
continuous pile driving. 

While there may be few or no 
apparent effects on immediate 
behavior (e.g., rapid swimming), 
physiology (e.g., hearing, effects on 
other organs), or mortality, there 
may be longer-term behavioral 
effects such as those from continual 
sounds from pile driving preventing 
fish from reaching breeding sites, 
finding food, hearing and finding 
mates, etc. This could result in long-
term effects on reproduction and 
population survival. 

None have been done to 
date. 

Pile driving may not have an 
immediate impact on fishes, 
but continual pile driving may 
have longer-term effects that 
could significantly alter fish 
populations in the areas in 
which pile driving takes 
place. 

Effects of pile 
driving on the ear 
and lateral line 

Determine morphological 
changes over time for 
representative species on 
sensory cells of the ear and 
lateral line, and whether such 
changes are reversible 

If there is loss of sensory cells there 
is a loss in hearing ability or the 
ability of the lateral line to be used in 
hydrodynamic reception. If there is 
recovery of these cells, fishes may 
be able to survive (assuming they 
did not die prior to recovery). 

A few studies suggest that 
exposure to high sound 
pressure levels will affect the 
sensory cells of the ear, but 
almost nothing is known 
about the lateral line. 
However, no studies were 
done with sounds comparable 
to those from pile driving 

Loss of hearing capabilities, 
even for a short period of 
time, could dramatically affect 
survival of fishes. 

Effects of multiple 
pile driving 
exposures on fish 

For the appropriate experiments 
cited above, determine effects of 
multiple exposures, over time, of 
pile driving 

Some fishes may stay in the pile 
driving area, or go between areas 
that have different time tables for pile 
driving. Thus, there may be multiple 
exposures over time 

No data in the literature. If fish remain in an area over 
time, there may be 
cumulative effects that need 
to be understood 

Source: Hastings and Popper 2005 
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10.6 Water Quality 

There is still much work to be done to understand the impacts of suspended sediment and 

turbidity on potentially covered species.  Most of the reviewed literature discussed impacts 

only with respect to salmonid species.  Many of the studies were conducted in the 

laboratory in the absence of complex interactions that occur in natural systems.  While the 

laboratory work is useful for describing interactions around which a study has been 

designed, additional field data would help to verify laboratory‐derived conclusions.  In 

addition, many data gaps identified by Bash et al. (2001) still appear to be gaps.  For 

instance, a lack of background water quality data for most waters in Washington, exposure 

thresholds for sublethal effects, the effects of short‐term sediment pulses, species responses 

to varying sediment particle sizes and shapes, the effect of fine sediment deposition on 

hyporheic mechanisms, and how these affect habitat quality and quantity.  This information 

would help in estimating the potential impacts of aquatic projects by providing a more 

comprehensive impact analysis in the context of existing conditions and species response 

thresholds to suspended sediment exposure. 

 

Similarly, many data gaps exist with respect to the potential for treated wood applied to 

aquatic settings to impact potentially covered species.  Little work has been done to evaluate 

the potential impacts of treated wood applications in large projects on water quality and 

sediment and dose responses of potentially covered species to PAH and metals 

concentrations in water and sediment (Poston 2001).  Poston (2001) reported a lack of 

knowledge on bioaccumulation and pathways of exposure of potentially covered species to 

PAHs and metals, as well as microbial and physical degradation processes of PAHs and 

metals.  These processes are still not well described in the literature.  Recent work has called 

into question the reduction in PAH leaching rates achieved by current BMPs for creosote 

treatment (Poston 2001).  This information would allow for better estimates of take. 

 

10.7 Channel Hydraulics 

Relatively few studies specifically address questions about the effects of overwater 

structures on potentially covered species other than salmonids.  Instead, this white paper 

relies on studies that address water crossing effects on habitat features, such as scour or 

sediment composition, and on studies that address the effects of changes in habitat features 

on potentially covered species.  We have high confidence that this approach suffices to 
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identify potential impacts on potentially covered species, although there are few case 

studies demonstrating quantitative impacts on animals or their habitat.  The existing studies 

are often of limited use because they focus on “legacy” effects, i.e., impacts that occurred 

because of practices that are rarely, if ever, authorized under current regulations. 

 

Nearly all studies that specifically look at impacts to potentially covered species address 

only impacts on salmonids listed under the ESA (i.e., Pacific salmon and bull trout).  Some 

studies address effects on resident salmonids, sturgeon, lamprey, or mussels, but the 

literature is largely barren for all other potentially covered species.  For many potentially 

covered species, the literature does not provide sufficient information to estimate how a 

given alteration in physical habitat might affect the species, because their life histories and 

habitat requirements are imperfectly understood.  For such species, which include most 

potentially covered warm‐water fish and invertebrate species (except mussels), this lack of 

information makes it difficult to estimate take potential. 

 

10.8 Littoral Drift 

Littoral drift cells can change over time with natural and human‐caused alterations in 

shoreline configuration, sediment sources, and other variables.  Mapped shoreline sediment 

sources and the location and direction of littoral currents and drift cells should be updated 

periodically to help users avoid adversely affecting important aquatic habitat characteristics 

and the potentially covered species that depend on them.  

 

10.9 Substrate Modifications 

The literature on substrate modifications is limited.  Most studies of substrate changes have 

examined changes in a hydraulically active environment, which in this white paper is 

treated in Sections 7.7 and 7.8 on channel hydraulics and littoral drift.  Hydraulically passive 

environments are mainly deep marine and deep lake environments, where substrates are 

seldom altered except by point and linear structures such as pilings.  Relevant studies focus 

on the marine environment.  No data were identified as applicable to lake environments, 

where the potentially covered species include sturgeon and, to a lesser degree, suckers and 

mature salmonids.  Conducting interviews and reviewing agency documents might provide 

further detail on the impacts of structures in hydraulically passive environments, but seems 

impracticable in view of the small risk of incidental take associated with such structures. 



Data Gaps 

Overwater Structures and Non‐Structural Piling    Washington Department of Fish and Wildlife  
White Paper  10‐10   December 2006 

10.10 Channel Dewatering 

No data that would allow quantification of the amount of habitat lost due to placement of 

footings located below the OHWL or MLLW associated with piers or ramps or temporarily 

disturbed each year as a result of the construction of overwater structures were identified.  

Such data would make it possible to improve estimates of take and cumulative impacts. 

 

Relatively few studies have directly compared the susceptibility of different species to 

electrofishing‐induced spinal injuries and muscular hemorrhages, especially within or 

among non‐salmonids, including potentially covered species.  However, injury frequencies 

reported for specific species are highly variable among and often within investigations and 

sometimes appear to be contradictory.  Differences in rates and degree of injury, especially 

between investigations, are often difficult to attribute to species, fish size, fish condition, 

environment (including water conductivity and temperature), field intensity, or other 

current or field characteristics.  Still, most existing data support Salmonidae as the fish taxon 

most susceptible to electrofishing injury (Snyder 2003). 

 

10.11 Artificial Light 

Extensive gaps exist in our understanding of how artificial light impacts aquatic organisms.  

As discussed in Section 7.11, impacts to fish resulting from artificial light are often related to 

changes in nighttime behaviors such as migration, activity, location (Nightingale and 

Simenstad 2001b), and potentially schooling behavior in juvenile salmonids (Ali 1959, 1962, 

in Simenstad et al. 1999).  Further studies on the qualitative effects of predator/prey 

relationships associated with artificial light, and investigations focused on the consequences 

of behavioral changes in aquatic organisms in a natural environment, are necessary to better 

understand the impacts associated with nighttime artificial light. 

 

10.12 Vessel Activities 

Relatively little is known about the potential impacts of vessel activities on potentially 

covered species.  Although some work has been done with respect to turbidity, much of the 

research to date has focused on freshwater environments.  More work is needed with 

respect to impacts of smaller vessels on turbidity in estuarine and marine environments.  

Much work is also needed to assess the noise impacts of small vessels operating at varying 

speeds, so that noise levels specific to conditions created by a particular project can be 
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estimated.  Similarly, potential impacts of small vessels on eelgrass and aquatic vegetation 

are not well known, and more work is needed to support impacts to these resources.  Haas 

et al. (2002) recommends determining thresholds of disturbance for epibenthic communities 

affected by varying degrees of vessel activity. No literature was identified describing the 

potential impacts of vessel activities with respect to artificial light.  
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11 HABITAT PROTECTION, CONSERVATION, MITIGATION, AND MANAGEMENT 
STRATEGIES 

If the impacts described in Section 7 occur within habitat used by a potentially covered species, 

the result may be incidental take of aquatic animals through either physical harm to the animals 

or reduced capacity of the habitat to serve essential life functions, such as reproduction, 

foraging, and migration.  The ESA requires that such impacts be avoided or, if unavoidable, 

minimized to the maximum extent practicable.  This analysis assumes that all overwater 

structures and non‐structural piling are conditioned under the HPA authority in accordance 

with the Hydraulic Code rules (WAC 220‐110) and other local, state, and federal regulations.  

Additional measures for further avoiding or minimizing the risk of incidental take are identified 

below.  These measures include one that was not specified in any of the documents reviewed 

for this white paper:  modifying in‐water work windows to be protective of spawning and 

incubation by any potentially covered species that could be present in the area affected by a 

proposed project. 

 

11.1 Shading 

Nightingale and Simenstad (2001b), Carrasquero (2001), and Thom et al. (1995, in Haas et al. 

2002) provide impact minimization measures for the design, construction, and revetment of 

a variety of overwater structures.  WDFW might want to consider following the guidance 

provided by these authors, such as: 

• Increasing the height of overwater structures to allow light transmission under the 

structures  

• Decreasing structure width to decrease the shade footprint  

• Aligning the structure in a north‐south orientation to allow the arc of the sun to cross 

perpendicular to the structure, which reduces the duration of light limitation each 

day 

• Using the smallest number of pilings possible, allowing more light beneath the 

structure   

• Using grated surfaces or including openings in the deck surface to pass light, as 

opposed to prisms.  Gayaldo and Nelson (2006) found that grating (with 37 to 58 

percent open space) transmits 10 times more light under piers than do acrylic 

prisms.  In addition, light that passes through open grating penetrates the water 

evenly under the pier, whereas light transmitted though prisms concentrates beams 
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of light that do not always reach the water surface.  The U.S. Army Corps of 

Engineers Regional General Permit for residential overwater structures in inland 

marine waters within Washington State (USACE 2005) requires ramps to be grated, 

and floats are required to have grating account for a minimum of 30 percent of the 

surface area; the grating must have 60 percent open area and be oriented to 

maximize light penetration (USACE 2005).  Additionally the Regional General 

Permit for residential overwater structures in inland marine waters prohibits pier 

widths greater than 6 feet, float widths greater than 8 feet and lengths greater than 

20 feet, and the construction of new or the modification of existing fingers, “ells,” 

and T structures onto floats (USACE 2005). 

 

Southard et al. (2006) provides additional recommendations on minimization measures 

specific to shading impacts on juvenile salmonids, and Kahler et al. (2000) provides 

recommendations for lakes, as outlined below:  

• To minimize the shade‐related impacts to migrating juvenile salmonids created by 

ferry terminals, overwater structures should be designed and constructed to allow 

incidental light to penetrate as far under as possible, while still providing the 

necessary capacity and safety considerations necessary to support their intended 

function. The physical design (e.g., dock height and width, dock orientation, 

construction design materials, piling type and number) will influence whether the 

shadow cast on the nearshore covers a sufficient area and level of darkness to 

constitute an impediment. Construction of closely spaced terminal structures should 

be avoided to minimize the potential cumulative impacts of multiple overwater 

structures on juvenile salmonid migration (Nightingale and Simenstad 2001b).  

• Experiment with technologies and designs that can soften the light‐dark edge to 

minimize potential temporary inhibition of movement.  

• The incorporation of light‐enhancing technologies in the design of overwater 

structures is likely to maintain light levels under overwater structures greater than 

what is required by juvenile salmonids for feeding and schooling (i.e., estimated at 

between 0.0001 and 1 foot‐candles, depending on age and species). To encourage 

daytime movement under terminals and other overwater structures, it would be 

beneficial to decrease the dark‐edge effect as much as possible. Providing even a 

small amount of light in a regular pattern under a dock may encourage fish to swim 
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underneath. Natural lighting for fish could also be enhanced if the underside of the 

dock were reflective.  

• Continued research is needed to improve our understanding of the relationship 

between overwater structures and the behavior of migrating juvenile salmonids. 

Acoustic tagging‐tracking technology should be further used to address the data 

gaps in our knowledge.  

• Fish feeding behavior during temporary delays of movement should be investigated. 

If prey resources and refuge habitat are adequate, fish may benefit from holding in 

an area adjacent to a terminal.  

 

Kahler et al. (2000) recommends the following measures to mitigate or avoid the undesirable 

impacts of overwater structures on salmonids in lakes: 

• No net increase in overwater coverage should occur in the Lake Washington system 

— permits for new construction should be contingent on permits for replacement 

structures.  Only replacement structures that demonstrate a reduction in overwater 

coverage should be permitted. The amount of overwater coverage eliminated from 

the replacement pier could be held in a “surface area mitigation bank,” which new 

piers would have to draw from. Gradually lower the total net coverage over local 

lakes. 

• All piers, both new and replacement structures, should be restricted to a 3.5‐foot‐

wide cantilever bridge that spans the nearshore area to a narrow moorage structure 

of the minimum size necessary to moor the applicant’s boat. 

• Cantilever bridge structures should be grated and as high off the water as 

practicable, and moorage structures should be no less than 24 inches above OHWL. 

Floating structures should have maximum light penetration and be removed 

annually after boating season. 

• Prisms and grating should be studied to determine their efficacy at providing 

sufficient ambient light for macrophyte production under piers. The best products 

should be utilized in all new or replacement overwater structures to minimize losses 

of primary productivity. 
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11.2 Littoral Vegetation  

Mitigation of impacts to littoral vegetation is best achieved through avoidance.  If overwater 

structures are designed and located so that they do not reduce available light below 

approximately 325 μM/m2/sec, then eelgrass impacts may be avoidable (Thom et al. 1996, in 

Simenstad et al. 1999).  Where projects result in a direct loss of eelgrass during in‐water 

construction, revegetation can be achieved through natural regrowth or transplanting 

(Thom et al. 2001); however, transplanting eelgrass is not always successful and the science 

is still developing.  For one project in the San Juan Islands, post‐disturbance monitoring of 

eelgrass beds indicates that where substrate, depth, light availability, and currents are 

suitable and adjacent eelgrass remains intact, natural revegetation can recolonize disturbed 

areas at a rate of greater than 1 foot per year (Jones and Stokes 2005). 

 

In Washington, transplanting has been used with some success to revegetate eelgrass beds, 

although a review of eelgrass restoration projects concluded that eelgrass restoration is 

“possible, with difficulty” (Thom et al. 2001).  New eelgrass beds can be established where 

conditions that prevent eelgrass from growing (e.g., shade, depth, substrate, or current 

velocity) are remedied (Thom et al. 2001). 

 

Where conditions are suitable for eelgrass growth, impacts of overwater structures should 

be avoided or minimized by use of the following measures: 

• Avoid impacts by locating structures away from eelgrass beds whenever possible. 

• Minimize the area of impact by using the best available installation methods. 

• Minimize shading by using the lowest possible number of pilings. 

• Space pilings to minimize shade to areas suitable for eelgrass.  

• Minimize dimensions of the structure to reduce shade. 

• Incorporate design elements such as grated decks or deck openings to reduce shade.  

• Whenever possible, orient structures to reduce the shade in habitat that is otherwise 

appropriate for eelgrass growth (e.g., structures oriented east‐west cast a shadow on 

a single area for a longer period of the day than do structures oriented north‐south).   

• Locate the structure as high above the water as practical to reduce shade. 

• Encourage shared‐use docks to minimize cumulative impacts. 

• Remove floats during off season and store at an upland location. 
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• Avoid vessel impacts to eelgrass by maximizing the vertical and horizontal distance 

between vessel propellers and eelgrass to the extent practicable, maintaining a 

minimum clearance of 1 foot below the propeller.  

 

Adopting these measures would likely result in avoidance and minimization of eelgrass and 

macroalgae impacts to the greatest extent practicable.  However, it is likely that some 

projects would still require compensatory mitigation to completely offset temporal loss of 

eelgrass function and site‐specific and cumulative impacts on eelgrass. 

 

11.3 Freshwater Aquatic Vegetation 

Mitigation of impacts to aquatic vegetation should focus on ecosystem functions (Hruby et 

al. 1999).  Although all non‐noxious aquatic plants are considered beneficial, replacement of 

vegetation lost or disturbed during project installation may be less beneficial than other 

ecosystem renovation methods, depending on the plant coverage, density, species, and 

setting involved.  For example, guidance on assessing the functions and values of riverine 

flow through wetlands in Western Washington (Hruby et al. 1999) does not include aquatic 

vegetation as a variable in evaluating the functions and values to anadromous or resident 

fish.  Likewise, the matrices of ecosystem functions and pathways for making ESA 

determinations of effect at the watershed scale (NMFS 1996; USFWS 1998) do not include 

aquatic vegetation as an indicator of ecosystem function.  However, this is partly because 

both of these evaluation systems are largely designed to address salmonid habitat 

requirements; re‐evaluation is warranted for many potentially covered species having a 

stronger dependence on freshwater aquatic vegetation (e.g., Olympic mudminnow or 

California floater).  In many settings, aquatic vegetation can recolonize through natural 

seeding and vegetative growth if conditions are suitable.  Depth, substrate, shade, and 

competition among plant species are all factors that determine which species of plants 

colonize and survive (Chambers et al. 1999).  

 

Using the functional approach to assessing potential impacts to aquatic vegetation (Hruby et 

al. 1999), which is an important habitat component for many of the potentially covered 

species (e.g., Olympic mudminnow and California floater), and determining appropriate 

mitigation for the loss of freshwater aquatic vegetation are likely to result in minimal 

potential for incidental take related to aquatic vegetation loss.  
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11.4 Riparian and Shoreline Vegetation 

The following measures could help avoid and minimize incidental take arising from impacts 

to riparian and shoreline vegetation:  

• Prepare revegetation plans for projects that temporarily disturb vegetation during 

construction.  The revegetation plans should identify areas to be replanted with 

native riparian vegetation when construction is complete.  Replanted vegetation 

should be monitored for a three‐year period, and the project proponent should be 

required to ensure 100 percent survival of all plantings (considered viable and 

healthy) at the end of one year and 80 percent survival of all plantings (considered 

viable and healthy) by the end of the three‐year monitoring period.  These 

recommendations are based on provisions in WAC 220‐110 and on general 

conditions provided by the Corps, NMFS, and USFWS for Corps ESA Section 7 

programmatic consultations.   

• Submit monitoring reports to WDFW as part of the revegetation plan.  Similar to the 

requirement of the Corps for ESA Section 7 individual and programmatic 

consultations, two monitoring reports should be required, one to be submitted one 

year after project completion and the other to be submitted three or five years after 

project completion.  The monitoring reports must include information on the 

percentage of plants replaced, by species and achieve specific performance standards 

related to survival rates (i.e., 100 percent at the end of year one and 80 percent at the 

end of the monitoring period).  Monitoring reports should also state the cause of any 

plant failure, a provision generally required by the Corps, NMFS, and USFWS for 

Corps ESA Section 7 programmatic consultations.   

• Recommend that vegetation (specifically large trees and root wads) removed for the 

project be saved for later use in restoration efforts.  This condition has often been 

required in recent individual and programmatic Section 7 consultations.  Even if the 

material is not specifically useful for the permitted action, a WDFW area habitat 

biologist will generally know of ongoing or pending restoration projects in need of 

LWD and root wads. 

• To the extent practicable, do not permit removal or disturbance of riparian 

vegetation in areas with high erosion hazard (Knutson and Naef 1997).  If such 

removal or disturbance is permitted, require replanting with native riparian 

vegetation or other appropriate erosion control measures. 
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• Require performance bonds for projects disturbing large areas of riparian vegetation. 

• Projects that require extensive in‐water work, which may require extensive access 

and which have high‐quality riparian habitat, should have work performed entirely 

within the wetted channel to avoid impacts to riparian vegetation.  The short‐term 

impact to a stream channel may be of less consequence than the long‐term impact 

that may be incurred to riparian vegetation, due to the respective rate of recovery. 

 

Brennan and Culverwell (2004) recommend the following for consideration as part of any 

coastal management strategy and development of shoreline regulations associated with 

marine riparian habitat: 

• Use the precautionary principle: “Do No Further Harm” — Preventing additional 

losses is both critical and cost‐effective. Once riparian functions are lost, they are 

difficult and expensive to restore, if restoration is possible at all.  

• Fill data gaps — The lack of empirical data for Northwest coastal ecosystems and 

limited recognition of riparian functions have led to poor management practices and 

protection standards for coastal resources. Research and documentation are critical 

to establish a scientific foundation for creating adequate policies and practices for 

protection and restoration.  

• Establish appropriate buffers and setbacks — Buffers and setbacks are essential, 

functional, and cost‐effective tools for preserving important processes and functions, 

preventing environmental degradation, and protecting valuable coastal resources.  

• Maintain and/or restore riparian vegetation for human health and safety — 

Flooding, storm, and erosion hazards are common problems in coastal areas and 

become a greater threat when shoreline development does not consider the functions 

and values of maintaining riparian vegetation buffers. 

• Identify, evaluate, and incorporate multiple functions into a management strategy — 

Any management strategy should be based on maintaining all natural processes and 

functions, determined by an evaluation of the specific requirements for maintaining 

individual and collective functions over space and time (e.g., LWD recruitment; life 

history requirements of multiple species of fishes and wildlife).  

• Use a multidisciplinary approach in developing riparian management zones — 

Experts in a wide range of natural sciences should collaborate on an integrated and 

multidisciplinary assessment.  
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• Maintain and/or restore riparian vegetation for pollution abatement and soil stability 

— Vegetative buffers would likely be of benefit by reducing contaminants in runoff 

and reducing costly reactionary measures to clean up waterways.  

• Maintain and/or restore riparian vegetation for fish and wildlife — It is clear that as 

vegetation is eliminated, the food supply, and thus the carrying capacity of the 

coastal ecosystem, is reduced. 

• Protect marine riparian areas from loss and degradation — Riparian areas provide a 

wide range of functions that are beneficial to humans, fish, and wildlife. Every effort 

should be made to preserve remaining marine riparian areas from further 

degradation, fragmentation, and loss. 

• Increase public education and outreach — It is critical that decision makers and the 

general public be educated about the outcomes of their actions, especially those who 

have the greatest influence on outcomes (i.e., those who live, work, and play along 

our shorelines). 

• Develop and implement conservation programs — Use ecological principles to guide 

actions and incorporate multiple functions and processes in developing goals and 

objectives for conservation actions.  

• Develop incentives for conservation programs — Land acquisition, tax incentives, 

regulatory incentives, and other measures have been used and should be considered 

in the development of conservation programs. 

 

11.5 Noise 

Several noise reduction devices have been developed for pile driving, including air bubble 

curtains, fabric barriers, pile caps, and cofferdams.  Air bubble curtains infuse the area 

surrounding the pile with air bubbles, creating a bubble screen that reduces peak 

underwater sound pressure levels.  Results on the effectiveness of bubble curtains for 

reducing sound pressure waves vary and range from 0 dBRMS to 30 dB (neither peak nor 

RMS identified) (Reyff et al. 2003, Vagle 2003, both in WSDOT 2006a).  Proper design and 

implementation of a bubble curtain are key factors in the effectiveness of this strategy 

(WSDOT 2006a).  Based on the literature, NMFS and USFWS usually assume there will be a 

15 dBpeak and RMS reduction in sound levels when using a bubble curtain (WSDOT 2006a).  

For steel piling 14 inches or less in diameter, as well as concrete and wooden piling, such a 
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reduction would reduce noise levels to below injury thresholds established by NMFS and 

USFWS (as described in Section 7) at a distance of 33 feet (10 meters).   

 

Fabric barriers and cofferdams are also used to attenuate sound levels from pile driving by 

creating another interface through which sound travels.  The concept is similar to that 

behind the use of bubble curtains (WSDOT 2006a). 

 

Pile caps have also been shown to effectively reduce underwater sound levels.  Laughlin 

(2006) reduced sound levels by 27 dB with a wood pile cap when driving a 12‐inch‐diameter 

steel pile, which would reduce noise levels to below those established for injury (at 33 feet 

[10 meters]) by NMFS and USFWS.  Conbest, Micarta, and Nylon pile caps have also been 

shown to reduce sound levels (Laughlin 2006). 

 

Under certain conditions, a vibratory hammer can be used to reduce noise impacts.  

Vibratory hammers vibrate the pile into the sediment by oscillating the pile into the 

substrate.  The vibratory action of this hammer causes the sediment surrounding the pile to 

liquefy so that the pile can be driven (WSDOT 2006a).  Peak sound levels for vibratory 

hammers can exceed 180 dB; however, the sound from these hammers has a relatively slow 

rise, produces sound energy that is spread out over time, and is generally 10 to 20 dB lower 

than pile driving using an impact hammer (WSDOT 2006a).  However, it is frequently 

necessary to proof a piling driven with a vibratory hammer with an impact hammer to 

ensure the integrity of the piling. 

 

In addition to the prevention measures discussed above, construction activities should be 

timed to occur when sensitive life stages (e.g., spawning, incubation, emergence) of 

potentially covered species are less likely to be present (NMFS 2003a). 

 

11.6 Water Quality 

The following mitigation measures regarding suspended sediment are based on those 

proposed by Bash et al. (2001): 

• Prior to project construction, determine suspended sediment concentrations and 

collect information on particle size and shape as indicators of the nature of existing 

turbidity. 
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• When evaluating cumulative impacts from turbidity, consider information from 

existing assessments of watershed condition to account for point and nonpoint 

source pollution loads from watershed sources other than the project, as well as 

legacy impacts of the system.  

• Once existing turbidity and sources have been determined, WDFW may be able to 

establish allowable/acceptable increases to background turbidity associated with 

project‐related activities, similar to those established in the Implementing 

Agreement between the Washington State Department of Transportation (WSDOT) 

and Ecology (WSDOT and Ecology1998), which states that: 
All work in or near the water, and water discharged from the site shall 

meet the Stateʹs Water Quality Standards, WAC 173‐201A. A mixing 

zone for turbidity is authorized within WAC 173.201A‐030 during and 

immediately after necessary in‐water or shoreline construction 

activities that result in the disturbance of in‐place sediments.  Use of a 

turbidity mixing zone is intended for brief periods of time (such as a 

few hours or days) and is not an authorization to exceed the turbidity 

standard for the entire duration of the construction. Use of the mixing 

zone is subject to the constraints of WAC 173‐201A‐100(4) and (6), 

requiring an applicant have supporting information that indicates the 

use of the mixing zone shall not result in the loss of sensitive or 

important habitat, substantially interfere with the existing or 

characteristic uses of the water body, result in damage to the 

ecosystem, or adversely affect public health. The mixing zone is 

authorized only after the activity has received all other necessary local 

and state permits and approvals, and after the implementation of 

appropriate best management practices to avoid or minimize 

disturbance of in‐place sediments and exceedances of the turbidity 

criteria. Within the mixing zone, the turbidity standard is waived, and 

all other applicable water quality standards shall remain in effect. The 

mixing zone is defined as follows: 

1) For waters up to 10 cfs [cubic feet per second] flow at time of 

construction, the point of compliance shall be 100‐feet downstream of 

project activities. 



Habitat Protection, Conservation, Mitigation, and Management Strategies 

Overwater Structures and Non‐Structural Piling    Washington Department of Fish and Wildlife  
White Paper  11‐11   December 2006 

2) For waters above 10 cfs up to 100 cfs flow at time of construction, the 

point of compliance shall be 200‐feet downstream of project activities. 

3) For waters above 100 cfs flow at the time of construction, the point 

of compliance shall be 300 feet downstream of project activities. 

4) For projects working within or along lakes, ponds, wetlands, 

estuaries, marine waters or other non‐flowing waters, the point of 

compliance shall be at a radius of 150‐feet from the activity causing the 

turbidity exceedance.  

• Set stockpile areas back from the bank and include erosion prevention BMPs, such as 

silt fencing and tarp covers. 

 

Many of the following mitigation measures regarding aquatic applications of treated wood 

are based on those suggested by Poston (2001). 

• Use alternative materials such as metal, concrete, or composites, or for temporary 

projects use untreated wood. 

• If possible, install immersed treated wood products when potentially covered 

species are not present near the site.  This measure is based on information on 

rapidly diminishing leaching rates reported by Poston (2001). 

• Pre‐soak treated wood in confined water to reduce impacts by capturing the initial 

surge of most concentrated leachate, particularly in the case of ACZA‐ and CCA 

Type C‐treated products, for which leaching rates appear to drop dramatically after 

a few days.   

• Phase and stagger the installation of ACZA‐ and CCA Type C‐treated structures by a 

few weeks or more, which may dramatically reduce the concentration of leached 

metals in surrounding water and the instantaneous extent of the area of impact.  This 

measure is based on information on rapidly diminishing leaching rates reported by 

Poston (2001). 

• Use semi‐transparent, water‐repellent stain, latex paint, or oil‐based paint on above‐

water portions of treated wood structures, which may reduce leaching of arsenic, 

chromium, and copper into stormwater generated by that portion of the structure 

(Lebow et al. 2004). 
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Adopting these measures would greatly reduce, and in some cases eliminate, the risk of 

incidental take due to water quality impairments. 

 

11.7 Channel Hydraulics 

It is difficult to programmatically quantify the risk of incidental take attributable to any 

structure that modifies a stream channel because of the great variety of site‐specific factors 

at work.  However, the review performed for this white paper indicates that habitat impacts 

are approximately defined by the area of habitat affected, the number of species affected, 

and the importance of the habitat to each species. 

 

The area of habitat affected is the area of habitat destruction, which can be determined from 

project plans, plus the area of habitat subject to embedding, scour, or deposition, which can 

be determined via hydraulic modeling of the structure using a common sediment transport 

model (appropriate models are described by Miller et al. 2001). 

 

The number of species affected can be determined at the site scale via surveys or from an 

inventory database, such as the Streamnet database, the Priority Habitats and Species 

database, the distribution maps developed for the WDNR Aquatic Lands HCP effort, or the 

Forest Practices HCP.  For certain species, these resources identify species use as well as 

presence, e.g., spawning, migration, or rearing habitat. 

 

The importance of a habitat can be estimated by the principle of limiting factors: The 

resource that is most limiting to a population’s growth will be the principal control on that 

population.  For example, if the fish in a given stream are most limited by insufficient 

spawning habitat, then a project that destroys spawning habitat will result in greater harm 

than one that destroys an equivalent area of foraging habitat.  Baseline data on limiting 

factors for some species are available from watershed councils and have been prepared for 

most WRIAs that contain habitat accessible to anadromous salmonids; a current inventory 

and summaries of limiting factors are available from the Washington State Conservation 

Commission website at http://salmon.scc.wa.gov.  However, these summaries are rarely 

informative enough to make a determination about which habitat elements are directly 

limiting for fish production.  For salmonids, quantitative analysis has estimated limiting 
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factors for most streams in Washington using the Ecosystem Diagnosis and Treatment 

model; further information is available at http://www.mobrand.com/edt/. 

 

Additional measures that could minimize impacts from artificial structures include finding 

an alternative to building the structure; siting the structure as far as possible outside of the 

active channel; minimizing the structure’s footprint; and generally designing the structure 

to have the least possible effect on channel hydraulics (Bates 2003).   

 

WDFW could consider requiring that HPAs for any structure that will place fill within the 

OHWL include a hydraulic model of probable structure effects on sediment transport and 

channel hydraulics to ensure that impacts such as scour, deposition, and embedding due to 

fine sediment deposition are avoided or minimized to a quantitatively ascertainable degree.  

Such a requirement would ensure that effects of the structure on the channel, and by 

extension on potentially covered species, are as well understood as practicable.  The results 

of such studies can be summarized to provide an indicator of the quantitative impact of 

authorized projects on channel hydraulics.  Such results would be useful in estimating 

cumulative impacts of the HPA program, incidental take, and identifying appropriate 

compensatory mitigation measures. 

 

11.8 Littoral Drift 

Impacts to littoral drift can be avoided or minimized by avoiding or reducing those features 

that interfere with littoral transport processes (see Section 7.8) through the following 

measures:   

• Design pile‐supported structures with maximum open space between pilings to 

allow waves, currents, and sediment to pass beneath (MOEE 1995).  

• Minimize certain impacts from floating structures placed perpendicular to 

shorelines, which dampen wave action and prohibit natural shoreline erosional 

processes, by minimizing the dimensions of these types of structures. 

• Utilize floating breakwaters or ramps in place of breakwater walls to reduce effects 

on littoral drift (Nightingale and Simenstad 2001b). 

• Do not allow floats to ground at low tide. 
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The effects of these measures are site‐specific, and thorough study of the littoral drift cell 

and potential habitat affected should be conducted on projects that could affect the system’s 

littoral currents and wave action.  Avoiding or minimizing alterations in littoral processes 

would allow shoreline sediment conditions to change at the scales and rates that match 

those that potentially covered species have evolved to adapt to, minimizing the potential for 

incidental take through alterations in shoreline substrate distribution and consistency. 

 

11.9 Substrate Modifications 

In the nearshore environment, where overwater structures alter the benthic environment via 

shellhash deposition and establishment of invertebrate communities on pilings, use of fewer 

and more widely spaced pilings will help to reduce sea star and crab bioturbation of the 

benthos (Thom et al. 1995, in Haas et al. 2002). 

 

Prohibiting overwater structures from grounding out during low tide events will avoid 

potential impacts such as affecting aquatic organisms by directly crushing the organisms or 

changing the character of the substrate.  The U.S. Army Corps of Engineers prohibits the 

grounding of floats on tidal substrates at any time in their Regional General Permit No. 6 

(USACE 2005).   

 

11.10 Channel Dewatering 

The following actions could be taken to minimize the impacts of channel dewatering on 

potentially covered species: 

• Adopt guidance/protocols for fish removal and exclusion.  Specifically, this refers to 

guidance/protocols for fish capture (including seining and electrofishing), fish 

handling, and reporting on the number and types of fish captured, fish injured, 

injuries observed, and mortality. An example protocol is provided by WSDOT 

(WSDOT 2006b). 

• Develop guidelines for channel dewatering and stream bypasses.  Adopt a protocol 

for review/approval of proposed dewatering and stream bypass plans. 

• Define the qualifications of a “qualified fish biologist” or “qualified personnel” who 

can perform fish capture and handling activities or develop an appropriate training 

or qualification process for biologists.  In addition, maintain a list of qualified fish 

biologists who can perform fish removal and exclusion activities.   
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• Initiate volitional fish removal activities before isolating and dewatering the work 

area and have qualified fish biologists present to oversee the fish removal activities.  

 

In addition, Snyder (2003) recommends the following measures to minimize the harmful 

effects of electrofishing on fish: 

• Use the lowest power output that still provides for effective electrofishing 

(sufficiently large field for taxis and narcosis).   

• Use the least damaging current available (direct current; do not use alternating 

current).  However, the occurrence of brands (i.e., burn‐type marks caused by 

electrofishing) and extended tetany (tonic spasm of muscles) indicates harmful 

effects are still a problem, even when using currents designed to be less harmful. 

• Use spherical electrodes and vary the number and size of spheres according to water 

conductivity and desired size and intensity of the field.  Personal communications 

cited in Snyder (2003) suggest that while spherical electrodes are theoretically 

superior to cables, no significant difference in catch rate or the incidence of brands 

was observed between the two; that spherical anodes and cable cathodes appear to 

be the best combination; and that anodes should be kept high in the water to draw 

fish to the surface, where they can be easily netted. 

• Minimize exposure to the field and specimen handling by rapidly netting fish before 

they get too close to the anode and quickly, but gently, placing them in oxygenated 

holding water.   

• Change the holding water frequently to ensure adequate dissolved oxygen and to 

avoid excessive temperatures on hot days; process the fish frequently to reduce 

crowding. 

 

11.11 Artificial Light 

Kahler et al. (2000) recommends that to reduce impacts on salmonid predation, additional 

shoreline or pier lighting on lakes should not be permitted, and Tabor et al. (1998) suggests 

that reducing artificial light in the Cedar River would benefit emigrating sockeye salmon.  

Tabor et al. (1998) also observed that any reduction in artificial lighting must be balanced 

with safety and other public concerns. 
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11.12 Vessel Activities 

Issues related to vessel activities include vessel grounding in sensitive habitats (such as 

eelgrass), the effects of propeller wash, the risk of accidental spills of fuel or other 

contaminants, and the risk of introducing noxious weeds.  Vessel grounding impacts can be 

minimized by adopting WDFW’s HPA provisions that prohibit the grounding of vessels in 

areas of eelgrass, macroalgae, or forage fish spawning (e.g., “Eelgrass and kelp shall not be 

adversely impacted due to project activities [e.g., vessels shall not ground, anchors and 

spuds shall not be deployed, equipment shall not operate, and other project activities shall 

not occur in eelgrass and kelp”]).  It may also be appropriate to require construction vessel 

operation plans for larger projects or projects located in particularly sensitive habitat to 

ensure that the potential for vessel and construction activity impacts to sensitive habitats 

and species is minimized.  To reduce vessel impacts to the nearshore environment at the 

Clinton ferry terminal, Thom et al. (1995, in Haas et al. 2002) recommended constructing a 

longer deck that keeps vessels in deeper water.  HPA standard provisions should include 

provisions to clean propellers before putting boats into the water to reduce the spread of 

noxious weeds, file a spill prevention plan, and maintain the vessel on a routine basis as 

well as prior to its use on the construction site.  Residential/recreational floats should be 

sited in deeper water to reduce the potential impacts associated with propeller wash. 
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APPENDIX A 
 

STANDARD HPA PROVISIONS 



Chapter Listing  
 
 
WAC Sections 

  

220-110-060 
Construction of freshwater docks, piers, and floats and the driving or removal of piling. 

  All pier, dock, float, and piling construction projects shall incorporate mitigation measures as necessary to achieve no-net-loss of 
productive capacity of fish and shellfish habitat. The following technical provisions shall apply to freshwater dock, pier, and float 
construction projects and the driving or removal of piling: 
 
     (1) Excavation for and placement of the footings and foundation shall be landward of the ordinary high water line unless the construction 
site is separated from state waters by use of an approved dike, cofferdam, or similar structure. 
 
     (2) Alteration or disturbance of the bank and bank vegetation shall be limited to that necessary to construct the project. All disturbed 
areas shall be protected from erosion, within seven days of completion of the project, using vegetation or other means. The banks shall be 
revegetated within one year with native or other approved woody species. Vegetative cuttings shall be planted at a maximum interval of 
three feet (on center), and maintained as necessary for three years to ensure eighty percent survival. Where proposed, planting densities 
and maintenance requirements for rooted stock will be determined on a site-specific basis. The requirement to plant woody vegetation may 
be waived for areas where the potential for natural revegetation is adequate, or where other engineering or safety factors preclude them. 
 
     (3) Removal of existing or temporary structures shall be accomplished so that the structure and associated material does not reenter 
the watercourse. 
 
     (4) All piling, lumber, or other materials treated with preservatives shall be sufficiently cured to minimize leaching into the water or bed. 
The use of wood treated with creosote or pentachlorophenol is not allowed in lakes. 
 
     (5) Skirting or other structures shall not be constructed around piers, docks, or floats unless specifically approved in the HPA. 
 
     (6) Floatation for the structure shall be enclosed and contained, when necessary, to prevent the breakup or loss of the floatation 
material into the water. 
 
     (7) All work operations shall be conducted in such a manner that causes little or no siltation to adjacent areas. If at any time, fish are 
observed in distress, a fish kill occurs, or water quality problems develop as a result of a pier, dock, float, or piling project, construction 
operations shall cease and the permittee or authorized agent shall immediately contact the department. 
 
     (8) Removal of aquatic vegetation shall be limited to that necessary to gain access to construct the project. 
 
 
 
[Statutory Authority: RCW 75.08.080. 94-23-058 (Order 94-160), Â§ 220-110-060, filed 11/14/94, effective 12/15/94; 87-15-086 (Order 87-48), Â§ 220-110-060, filed 
7/20/87. Statutory Authority: RCW 75.20.100 and 75.08.080. 83-09-019 (Order 83-25), Â§ 220-110-060, filed 4/13/83.] 
 
 

220-110-300 
Saltwater piers, pilings, docks, floats, rafts, ramps, boathouses, houseboats, and associated moorings. 

  Piers, pilings, docks, floats, rafts, ramps, boathouses, houseboats, and associated mooring projects shall incorporate mitigation measures 
as necessary to achieve no-net-loss of productive capacity of fish and shellfish habitat. The following technical provisions apply to piers, 
pilings, docks, floats, rafts, ramps, boathouses, houseboats, and associated moorings in saltwater areas. In addition, these projects shall 
comply with technical provisions and timing restrictions in WAC 220-110-240 through 220-110-271. 
 
     (1) Floats and rafts shall not ground on surf smelt, Pacific herring, Pacific sand lance, and rock sole spawning beds. In all other areas, 
no more than twenty percent of the float or raft within the beach area shall ground at any time. Those portions of the float or raft that will 
ground shall be constructed to align parallel to the shore and provide a minimum of eight inches clearance between the beach area and 
nongrounding portions of the float. 
 
     (2) Floats, rafts, and associated anchoring systems shall be designed and deployed so that the bed is not damaged. 

 
Chapter 220-110 WAC 
Hydraulic code rules 

Last Update: 6/22/05

220-110-060 Construction of freshwater docks, piers, and floats and the driving or removal of piling. 

220-110-300 Saltwater piers, pilings, docks, floats, rafts, ramps, boathouses, houseboats, and associated moorings. 



 
     (3) Piers, docks, floats, rafts, ramps, boathouses, houseboats, and associated moorings shall be designed and located to avoid shading 
of eelgrass (Zostera spp). 
 
     (4) Kelp (Order laminariales) and intertidal wetland vascular plants (except noxious weeds) adversely impacted due to construction of 
piers, docks, floats, rafts, ramps, boathouses, and houseboats shall be replaced using proven methodology. 
 
     (5) Mitigation measures for piers, docks, floats, rafts, ramps, and associated moorings shall include, but are not limited to, restrictions 
on structure width and/or incorporation of materials that allow adequate light penetration (i.e., grating) for structures located landward of -
10.0 feet MLLW. 
 
     (6) Piers, docks, floats, rafts, ramps, boathouses, houseboats, and associated moorings shall be designed and located to avoid adverse 
impacts to Pacific herring spawning beds and rockfish and lingcod settlement and nursery areas. 
 
     (7) Piers, docks, floats, rafts, ramps, boathouses, houseboats, and associated moorings shall be designed and located to avoid adverse 
impacts to juvenile salmonid migration routes and rearing habitats. 
 
     (8) Floatation for the structure shall be fully enclosed and contained to prevent the breakup or loss of the floatation material into the 
water. 
 
     (9) Boathouses and houseboats and covered moorages shall not be located landward of -10.0 feet MLLW. 
 
 
 
[Statutory Authority: RCW 75.08.080. 94-23-058 (Order 94-160), Â§ 220-110-300, filed 11/14/94, effective 12/15/94. Statutory Authority: RCW 75.08.012, 75.08.080 
and 75.20.100. 84-04-047 (Order 84-04), Â§ 220-110-300, filed 1/30/84. Statutory Authority: RCW 75.20.100 and 75.08.080. 83-09-019 (Order 83-25), Â§ 220-110-
300, filed 4/13/83.] 
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Figure B-1
Water Resource Inventory Areas
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Figure B-2
Tidal Reference Areas0 7.5 15
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Executive Summary: Overwater Structures: 
Freshwater Issues 

Jose Carrasquero, Herrera Environmental Consultants 

As part of the process outlined in Washington's Statewide Strategy to Recover Salmon: 
Extinction is Not an Option the Washington Departments of Fish and Wildlife, Ecology, and 
Transportation were charged to develop Aquatic Habitat Guidelines employing an integrated 
approach to marine, freshwater, and riparian habitat protection and restoration. Guidelines will 
be issued, as funding allows, in a series of manuals addressing many aspects of aquatic and 
riparian habitat protection and restoration.  

This document is one of a series of white papers developed to provide a scientific and technical 
basis for developing Aquatic Habitat Guidelines. The white papers address the current 
understanding of impacts of development and land management activities on aquatic habitat, and 
potential mitigation for these impacts. 

The scope of work for each white paper requested a “comprehensive but not exhaustive” review 
of the peer-reviewed scientific literature, symposia literature, and technical (gray) literature, with 
an emphasis on the peer-reviewed literature. The reader of this report can therefore expect a 
broad review of the literature, which is current through late 2000. Several of the white papers 
also contain similar elements including the following sections: overview of the guidelines 
project, overview of the subject white paper, assessment of the state of knowledge, summary of 
existing guidance, recommendations for future guidance documents, glossary of technical terms, 
and bibliography. 

This white paper evaluates the state of knowledge of the effects of on-, in-, and over-water 
structures on the functioning of freshwater ecosystems and their relation to salmonids. Scientific 
and technical literature on the subject was compiled and examined, and input from experts on 
freshwater habitats and organism life histories was solicited and evaluated.  Effects on an array 
of organisms and communities were considered. 

In order to analyze and present the available data in a logical and easily referenced format, the 
information sources are divided into either direct or indirect mechanisms of impact, then 
categorized by the type of response observed. 

Three direct mechanisms of impact associated with over-water structures were identified: shore-
zone habitat structure changes, shading and ambient light changes, and disruption of water flow 
pattern and energy.  One indirect mechanism of impact associated with construction activities 
and ongoing operation of over-water structures was identified: physical/chemical environmental 
disruption (e.g., water quality degradation and noise).  Interrelated effects of over-water structure 
use and operation (i.e., boating activities) are also included under the discussion of this indirect 
mechanism of impact. 
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Over-water structures often induce simultaneous responses on predation, behavior, and habitat 
function, potentially confounding the assessment of any individual response.  However, such 
structures may induce a response in an organism without eliciting a response from its habitat and 
without promoting a response to its predator-prey system.  For this reason and in the interest of 
clarity, a simple three-part categorization is used here for the range of responses.  Under each of 
the direct mechanisms of impact, available research is grouped into the following categories of 
response: predation, behavior, and habitat function. 

A summary of findings of impacts resulting from changes induced by on-, in-, and over-water 
structures and associated construction and operation activities is presented under each 
mechanism of impacts and depicted in flow diagrams.  In addition, information gaps are 
identified and summarized. 

Habitat protection, restoration, and mitigation techniques pertaining to the over-water structures 
and associated activities are analyzed and presented.  Also, a summary of the regulatory 
framework governing over-water structures is included.  

Finally, this white paper presents recommendations intended for the development of future 
policy and guidance documents that address the environmental impacts of over-water structures 
and associated construction and operation activities.  
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Overview of Aquatic Habitat Guidelines Project  

As part of the process outlined in Washington's Statewide Strategy to Recover Salmon: 
Extinction is Not an Option the Washington Departments of Fish and Wildlife, Ecology, and 
Transportation were charged to develop Aquatic Habitat Guidelines employing an integrated 
approach to marine, freshwater, and riparian habitat protection and restoration. Guidelines will 
be issued, as funding allows, in a series of manuals addressing many aspects of aquatic and 
riparian habitat protection and restoration.  

This document is one of a series of white papers developed to provide a scientific and technical 
basis for developing Aquatic Habitat Guidelines. The white papers address the current 
understanding of impacts of development and land management activities on aquatic habitat, and 
potential mitigation for these impacts. The following topics are addressed in the white paper 
series: 

 Over-water structures - marine 
 Over-water structures - freshwater 
 Over-water structures - treated wood issues 
 Water crossings 
 Channel design  
 Marine and estuarine shoreline modification issues 
 Ecological issues in floodplain and riparian corridors 
 Dredging - marine 
 Dredging and gravel removal - freshwater 

Individual white papers will not necessarily result in a corresponding guidance document. 
Instead, guidance documents, addressing management and technical assistance, may incorporate 
information from one or more of the white papers.  Opportunities to participate in guidelines 
development through scoping, workshops, and reviewing draft guidance materials will be 
available to all interested parties. 

Principal investigators were selected for specific white paper topics based on their acknowledged 
expertise.  The scope of work for their projects requested a "comprehensive but not exhaustive" 
review of the peer-reviewed literature, symposia literature, and technical (gray) literature, with 
an emphasis on the peer-reviewed literature. Readers of this report can therefore expect a broad 
review of the literature, which is current through late 2000.  The coverage will vary among 
papers depending on research conducted on the subject and reported in the scientific and 
technical literature.  Analysis of project specific monitoring, mitigation studies, and similar 
efforts are beyond the scope of this program. 

Each white paper includes some or all of these elements: overview of the Aquatic Habitat 
Guidelines program, overview of the subject white paper, assessment of the state of the 
knowledge, summary of existing guidance, recommendations for future guidelines, glossary of 
technical terms, and bibliography. 
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The overarching goal of the Aquatic Habitat Guidelines program is to protect and promote fully 
functioning fish and wildlife habitat through comprehensive and effective management of 
activities affecting Washington's aquatic and riparian ecosystems. These aquatic and riparian 
habitats include, but are not limited to rearing, spawning, refuge, feeding, and migration habitat 
elements for fish and wildlife.  
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Assessment of the State of Knowledge 

This white paper evaluates the state of knowledge of the effects of over-water structures on the 
functioning of freshwater ecosystems and their relation to salmonids.  Scientific and technical 
literature on the subject was compiled and examined, and input from experts on freshwater 
habitats and organism life histories was solicited and evaluated.  Effects on an array of organisms 
and communities are considered. 

Although reference to a particular genus is made when appropriate within this paper, all seven 
native salmon and trout of the genus Oncorhynchus (i.e., chinook, coho, chum, sockeye, and 
pink salmon, and steelhead and cutthroat trout) that occur in Washington are collectively referred 
to as salmonids. 

Predators of salmonids consist primarily of the following species.  In lakes of western 
Washington (particularly Lake Washington and Lake Sammamish), largemouth (Micropterus 
salmoides) and smallmouth bass (Micropterus dolomieui) are the juvenile salmonid predators 
that use shore-zone structures more than other species.  In eastern Washington, existing 
hydrological characteristics of river reservoirs (particularly in the Columbia and Snake rivers) 
favor the northern pikeminnow (Ptychocheilus oregonensis; formerly the northern squawfish) as 
the major predator of juvenile salmonids (Petersen et al. 1993; Poe et al. 1991; Ward et al. 1995).  
However, smallmouth bass also have a high potential as juvenile salmonid predators in river and 
reservoir systems of eastern Washington, particularly in the spring when they inhabit rocky 
shoreline areas also inhabited by juvenile salmonids (Gray and Rondorf 1986).  In this discussion 
of effects of in-, on-, and over-water structures (hereafter, over-water structures) on predation, 
the emphasis is on predation of juvenile salmonids by these species. 

Methods 
Literature Sources 

An extensive search of available literature was conducted, including but not limited to the 
following: 

� University of Washington  electronic library and commercial databases: 
� University of Washington catalogs 
� Aquatic Sciences and Fisheries Abstracts (ASFA) 
� Water Resource Abstracts (WRA) 
� National Technical Information Service (NTIS) 
� BIOSIS previews. 

The University of Washington catalogs contain over 1.9 million titles held by more than 20 
branches of the University of Washington libraries.  The ASFA database covers all aspects of 
marine, brackish, and freshwater environments including biology, ecology; fisheries, 
aquaculture, oceanography, limnology, resources and commerce, pollution, biotechnology, 
marine technology, and engineering.  The WRA database contains abstracts of journal articles, 



Over-Water Structures:  Freshwater Issues 
 

wp1   00-01215-009 white paper overwater structures, freshwater.doc  

 2 April 12, 2001 

monographs, and reports covering the development, management, and research of water 
resources.  The NTIS Government Reports is an index produced by the U.S. Department of 
Commerce, which is a central source for public sale of U.S. government-sponsored research, 
development, and engineering reports.  The BIOSIS previews databases and supplies 
comprehensive coverage of international life science journals, including references found in 
biological abstracts. 

This review of literature on over-water structures incorporates analysis of existing data available 
on freshwater organism responses to over-water structures.  More specifically, it focuses on the 
review of studies that address direct and indirect effects of over-water structures and associated 
construction activities on juvenile salmonids and their habitats.  The literature sources include 
(but are not limited to) peer-reviewed journal articles, theses and dissertations, books, technical 
documents, previous over-water impact studies in the state of Washington, previous over-water 
structure impact literature searches, and regulatory documentation.  When available, internet web 
sites that contain information reviewed in this paper are provided.  In addition, personal 
communications with local scientists have been included where related research has yielded 
pertinent results. 

For the purpose of this white paper, sources referring to the ecological effects of over-water 
structures (i.e., direct sources) are distinguished from literature sources not referring directly to 
such effects (i.e., indirect sources).  Direct sources, then, comprise those references that directly 
address the mechanism of impacts of over-water structures, as well as those that directly address 
the response of an organism (particularly juvenile salmonids) to over-water structures 
(Appendix C).  Indirect sources comprise those that address organism predation, behavior, and 
habitat function without reference to the presence of over-water structures. 

During the development of this white paper, a literature review prepared for the City of Bellevue 
(i.e., Kahler et al. 2000) became available.  This literature review was prepared with the 
collaboration of researchers of the Washington Department of Fish and Wildlife.  Also during 
the development of this white paper, a conference was held to present current and ongoing 
research on chinook salmon in Lake Washington (i.e., King County 2000).  This conference, 
coordinated by King County, presented research by state and federal agencies.  There was some 
duplication among these three endeavors (i.e., the literature review by Kahler et al. 2000, the 
conference by King County 2000, and this white paper).  Due to time constraints and in the 
interest of avoiding further duplication, Kahler et al. (2000) and King County (2000) are not 
fully reviewed in this white paper. 

Categorizing Information 
In this white paper, unless otherwise stated, only research on over-water structures known to 
occur in freshwater environments is considered in the literature survey, and the analysis focuses 
on freshwater environment studies.  Appendix B provides a matrix of data availability.  A 
literature review and analysis of the effects of over-water structures in estuarine and marine 
environments is included elsewhere in the series of white papers and therefore is not discussed 
here. 
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Pertinent information on ecological effects of over-water structures (and associated structures 
and activities) in freshwater environments was found only for the following: 

� Docks, piers, boathouses, and floats 
� Marinas 
� Wharves and pilings 
� Log booms and log rafts 
� Riprap and retaining walls 
� Pile driving and removal 
� Construction and operational activities. 

This white paper assesses the ecological effects of over-water structures based on the current 
state of knowledge.  In order to analyze and present the available data in a logical and easily 
referenced format, the information sources are divided into either direct or indirect mechanisms 
of impact, then categorized by the type of response observed. 

For the purpose of this white paper, three direct mechanisms of impact associated with over-
water structures have been identified: shore-zone habitat structure changes, shading and ambient 
light changes, and disruption of water flow pattern and energy.  One indirect mechanism of 
impact associated with construction activities and ongoing operation of over-water structures has 
been identified: physical/chemical environmental disruption (e.g., water quality degradation and 
noise).  Interrelated effects of over-water structure use and operation (i.e., boating activities) are 
also included under the discussion of this indirect mechanism of impact. 

Over-water structures often induce simultaneous responses on predation, behavior, and habitat 
function, potentially confounding the assessment of any individual response.  However, such 
structures may induce a response in an organism without eliciting a response from its habitat and 
without promoting a response to its predator-prey system.  For this reason and in the interest of 
clarity, a simple three-part categorization is used here for the range of responses.  Under each of 
the direct mechanisms of impact, available research is grouped into the following categories of 
response: 

� Shore-zone habitat structure changes 
� Predation 
� Behavior 
� Habitat function 

� Shading and ambient light changes 
� Predation 
� Behavior 
� Habitat function 

� Disruption of water flow pattern and energy 
� Habitat function. 
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Objective 

The objective of this paper is to evaluate the state of knowledge of the effects of over-water 
structures on the functioning of freshwater ecosystems within the context of salmonid protection.  
For this purpose, the following fundamental question is the focus of the review:  What are the 
effects of over-water structures on the ecosystem, measured both by mechanism of impact and 
by type of response? 



Over-Water Structures:  Freshwater Issues 

wp1   /00-01215-009 white paper overwater structures.doc 

April 12, 2001 5 

Overview of Ecological and Habitat Issues 

In general, modification of riparian areas and near-shore littoral zone habitat (i.e., shoreline 
development) degrades freshwater aquatic communities.  Local habitat modification (e.g., 
construction of individual residential docks) leads to changes in fish assemblages, particularly 
“when many diverse incremental changes have accumulated within a basin over time” (Jennings 
et al. 1999). 

Cumulative effects of incremental shoreline development on fish assemblages are typically not 
considered during the construction of a single over-water structure.  Years of shoreline 
development (i.e., construction of over-water structures and associated activities) along lakes, 
rivers, and reservoirs around the state are now showing the accumulated effects on habitat and 
fish species.  This passage of time has increased the awareness and conviction that cumulative 
effect analysis is essential to effectively manage the consequences of human activities on the 
environment (Council on Environmental Quality 1997).  However, only recently has the issue of 
cumulative effects of incremental shoreline habitat modification in freshwater environments been 
studied (Bryan and Scarnecchia 1992; Beauchamp et al. 1994; Ward et al. 1994; Christensen et 
al. 1996; Jennings et al. 1999; Lange 1999). 

More studies have been conducted on the effects of a range of human activities that alter 
structural elements of aquatic systems such as size and uniformity of substrate particles 
(Jennings et al. 1999), quantity and composition of shoreline habitat (Christensen et al. 1996), 
artificial habitat structures (Beauchamp et al. 1994; Ward et al. 1994), and composition and 
density of macrophytes (Bryan and Scarnecchia 1992).  Among these activities, a high level of 
concern exists with regard to over-water structures, associated in-water structures, and their 
related construction activities.  This is due to the great potential of these activities to affect, both 
directly and indirectly, ecological and habitat functions, and thereby individual species. 

Jennings et al. (1999) studied the cumulative effect of incremental shoreline habitat modification 
on fish assemblages in northern temperate lakes.  They found that “fish do not respond to 
shoreline structures: rather, fish respond to various habitat characteristics that are the result of the 
structures.”  In addition, fish respond to habitat changes resulting from alterations in the riparian 
zone (e.g., vegetation and woody structure removal) associated with the placement of the in-
water structure (Jennings et al. 1999).   

Direct Mechanisms of Impact 
Shore-Zone Habitat Structure Changes 
Docks, Piers, Boathouses, and Floats 

Docks, piers (and pier skirting), boathouses, and floats alter the shore-zone habitat structure, 
promoting changes in fauna and flora assemblages.  These over-water structures can thereby 
affect the biological community and the environment by altering predator–prey relationships, 
fish behavior, or habitat function. 
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Docks and piers are typically structures of open construction that extend into the water from 
shore (Mulvihill et al. 1980).  They come in various shapes, heights, and sizes.  They occur in 
lakes, rivers, and reservoirs throughout Washington and are used for recreational and commercial 
purposes.  They can be pile-supported or supported by a solid base. 

A boathouse typically is a building that houses and protects boats.  A houseboat is a watercraft 
with a broad beam, usually a shallow draft, and a large superstructure resembling a house.  
Houseboats can be either free-floating, anchored on moorages, or supported by pilings.  In this 
regard, one would expect houseboats supported by pilings to have the greatest potential for 
habitat disruption, because they not only shade the underwater environment but also permanently 
disrupt the bottom sediments and modify the habitat structure, potentially creating habitat for 
predatory fishes. 

Only two papers were found that address environmental effects of boathouses on aquatic animals 
and plants (i.e., Brown 1998 and Lange 1999).  No literature sources were found addressing the 
environmental effects of houseboats. 

Floats occur in a variety of sizes and shapes, including small moored floating objects (buoys), 
and larger floating flat objects, known as platforms.  Typically, buoys are used for a variety of 
purposes, for instance, as aid to navigation or for attachment of vessels or instrumentation 
(Mulvihill et al. 1980).  Floating platforms are used for recreational or commercial purposes. 

Predation 

Predator–prey relations in this section focus on the potential influence of docks, piers, and floats 
on predation of juvenile salmonids by bass, northern pikeminnow, and piscivorous birds, and by 
salmonids on their prey.  The effects of over-water structures on predator–prey interactions are 
widely recognized but have not been extensively examined.  The literature reviewed does not 
provide any quantitative or qualitative evidence that docks, piers, boathouses, or floats either 
increase or decrease predation on juvenile salmonids.  No literature source was found addressing 
pier skirting.  No studies have been found examining mortality due to predation specifically 
associated with over-water structures. 

The literature reviewed presents the following observations and inferences: 

� Smallmouth bass and largemouth bass have a strong affinity to structures, 
including piers, docks, and associated pilings. 

� Bass have been observed foraging and spawning in the vicinity of docks, 
piers, and pilings. 

� Smallmouth bass are opportunistic predators that consume prey items as 
they are encountered. 

� Smallmouth bass are major juvenile salmonid predators, likely due to the 
overlap in rearing habitat. 
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� In the Colombia and Snake river reservoirs, northern pikeminnow is an 
important predator of juvenile salmonids because of their in-shore 
preferences and preference for low-velocity microhabitats, which are 
created by in-water structures. 

In western Washington, largemouth bass and smallmouth bass are common predators of juvenile 
salmonids.  Several authors have documented the use of over-water structures by bass in western 
Washington waters.  Stein (1970), examining the types of largemouth bass cover in Lake 
Washington, found that they prefer areas of heavy log and brush cover over other habitat types 
(including docks).  However, largemouth bass are commonly found under docks in early spring 
and are thought to be present there until late summer (Stein 1970). 

White (1975) studied the influence of piers in Lake Washington and found that fish species 
(including largemouth bass) are not significantly more abundant (based on catch-per-unit-effort) 
beneath these over-water structures than at adjacent sites lacking artificial structures.  White’s 
(1975) findings led him to suggest that piers provide neither shelter nor habitat for predatory 
species that prey upon salmonids.  However, his sampling method had two major flaws.  First, he 
employed variable-mesh horizontal gill nets as sampling gear, which are more effective for 
sampling peamouth (Mylocheilus caurinus), northern squawfish, and yellow perch (Perca 
flavescens) than for sampling bass.  Second, the sampling gear was placed adjacent to the pier 
rather than beneath it, precluding the characterization of fish composition under the structure.  
Consequently, the data obtained by White (1975) do not provide information of predatory fish 
abundance under the piers.  In addition, the study sampling gear was ineffective in sampling 
some fish species, including bass, and therefore, the results do not accurately reflect use of over-
water structures by all fish species. 

Additional supporting evidence on bass utilization of docks and piers associated with over-water 
structures comes from unpublished data.  Biologists with the Washington Department of Fish 
and Wildlife found that in local lakes, bass preferentially utilize natural structures, but are also 
found associated with docks (Kahler et al. 2000).  Also, biologists with the Muckleshoot Indian 
Tribe found that in Lake Sammamish, smallmouth bass preferentially locate their nests near 
residential piers and associated in-water structures (Kahler et al. 2000).  These findings are 
consistent with the findings of Stein (1970), who observed a largemouth bass affinity for dock, 
piers, and associated pilings. 

Interactions of smallmouth bass and juvenile salmonids depends on factors such as timing of 
salmonid out-migration, salmonid species, and residence of the juvenile salmonids in lentic or 
lotic environments (Warner 1972; Pflug and Pauley 1984; Gray et al. 1984; Gray and Rondorf 
1986; Poe et al. 1991; Shively et al. 1991; Tabor et al. 1993 and 2000; Fayram and Sibley 2000). 

Although substrate type often determines the acceptability of an area for bass spawning, adjacent 
cover and structural complexity are also necessary for protection while the fish are concentrated 
in shallow water (Stein 1970; Cooper and Crowder 1979; Helfman 1981b; Pflug and Pauley 
1984).  Therefore, one would expect that an increase in numbers of docks, piers, boathouses, and 
floats could be beneficial to the bass population by increasing spawning habitat utilization.  
Increases in the concentration of bass in spawning sites, where there is an occurrence of juvenile 
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salmonids, may increase the predation on juvenile salmonids.  However, researchers have 
indicated that structural complexity can moderate predator–prey interactions by providing more 
refuges for prey species as well as reducing the foraging efficiency of the predator (Cooper and 
Crowder 1979).  This moderation may apply to naturally occurring structural habitat complexity, 
as well as habitat complexity due to the presence of docks, piers, boathouses, and associated 
pilings.  In such a case, fish may adapt to the use of artificial structures in lieu of natural habitats.  
Prey such as juvenile salmonids, in the absence of natural hiding cover, may use artificial 
structures as refuge.  However, snorkel observations conducted by Roger Tabor in Lake 
Washington indicate that although they may migrate along the shoreline, passing under docks, 
the juvenile chinook salmon prefer open areas rather than areas covered by docks (King County 
2000).  Moreover, although manmade structures can serve as refuge for prey, they may also 
provide refuge for predators (Cooper and Crowder 1979). 

It has been suggested that the increase in the number of docks around the shoreline of Lake 
Washington might have caused the observed decrease in freshwater survival of juvenile sockeye 
salmon (Fayram 1996).  Studying the spatial location and temporal duration of predation by bass 
on juvenile sockeye salmon, Fayram (1996) speculates that the increase in docks potentially 
provides increased locations for bass to ambush prey such as juvenile sockeye salmon while they 
are in the littoral zone.  Fayram (1996) also suggests that the cumulative effect of an increase in 
predation due to the increase in number of docks may have been great enough to cause the 
decline in sockeye salmon freshwater survival. 

One would expect that the temporal duration of sockeye salmon predation by bass depends on 
the extent of the overlap of these two species in littoral zones.  This overlap may be strongly 
affected by temperature because, in subyearling fall chinook, temperature appears to control the 
duration of shoreline residence in Lower Granite Reservoir (Curet 1993).  In Lake Washington, 
the overlap is typically restricted to late April and most of May because juvenile sockeye 
normally leave the system by the end of May.  It is possible that warming of the lake water over 
time has increased the period of habitat overlap between these two species (Fresh 2000 personal 
communication).  In addition, Vigg et al. (1991) suggests that among the factors influencing 
consumption rates of smallmouth bass, water temperature is the single most important factor. 

The presence of docks and piers may adversely affect existing macrophyte vegetation, 
potentially altering predator–prey interactions, particularly those in which largemouth bass plays 
a role.  In Lake Baldwin, Florida, largemouth bass showed a significant preference for piers only 
where aquatic vegetation was absent (Colle et al. 1989).  In Lake Sammamish, largemouth bass 
have been shown to prefer moderate to dense vegetation and silt and sand substrate (Pflug 1981).  
The preference of largemouth bass for aquatic vegetation habitat may increase their foraging 
success on passing schools of salmonids, compared with the lesser success of smallmouth bass 
that occupy habitat with little concealment (Pflug 1981; Helfman 1981b).   

Consistent with these findings, Fayram (1996) found that in Lake Washington, largemouth bass 
are more structurally oriented than smallmouth bass.  Floats have been reported to influence the 
distribution of fish (Crossman 1959; Helfman 1979).  Helfman (1979), studying shade-producing 
experimental floats in Cazenovia Lake, New York, found that several species of predator fishes 
are particularly attracted to the area under the floats.  The author suggests that the large 
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aggregation of prey fishes under floats may also attract predator species, although this is 
inconclusive in his study.  In this study, largemouth bass showed little response, positive or 
negative, to the presence of floats (Helfman 1979).  However, Helfman (1979) observed that 
largemouth bass occasionally hovered near and below the floats but usually moved away as the 
diver approached.  He speculates that this response to the diver might have biased the data 
collection process and hence the study results by reducing the numbers of largemouth bass 
observed at the floats.  He also attributes this response to a largemouth affinity for “more 
massive structure than was provided by the experimental floats.”  Helfman (1979) did not 
observe smallmouth bass beneath or near floats, although this species was common in the lake. 

The northern pikeminnow (formerly known as the northern squawfish), and to a lesser extent the 
smallmouth bass, are primary predators of juvenile salmonids in eastern Washington.  Existing 
hydrological characteristics of major river systems have favored the northern pikeminnow as a 
predator of juvenile salmonids.  These hydrological characteristics are the result of a substantial 
habitat modification, mostly due to the construction of dams.  The following quotation from 
Gray and Rondorf (1989) better illustrates this:  “Man has significantly altered the aquatic habitat 
and fish species complex in the Columbia River, and its alteration has created substantial 
changes in the dynamics of predator-juvenile salmonid relationships . . .” 

During this literature survey, numerous studies of the effects of dams on the ecology and biology 
of the Columbia basin reservoirs were found, in particular, studies of the effects of dams on 
salmonid predation.  Those studies are beyond the scope of this white paper and therefore are not 
discussed here.  In contrast, only a few studies of ecological effects of in-water and over-water 
structures in eastern Washington systems were found (Beamesderfer and Rieman 1988; Knutsen 
and Ward 1991; and Petersen et al. 1993).  Such studies show some inconsistencies in the 
evidence of predatory fish aggregation associated with such structures, and study results show no 
direct evidence of an increased predation rate on juvenile salmonids.  This inconsistency may be 
due to characteristics of each study site (e.g., fast, free-flowing areas or slow-flowing protected 
areas) and the species targeted (e.g., northern pikeminnow or smallmouth bass) in each particular 
study. 

Although only a few direct sources have been identified, the following characteristics are all 
reported to be related to fish predator behavior and distribution in the context of juvenile 
salmonid predation: 

� Degree of habitat overlap (i.e., potential for predator–prey interaction) 
� Location in relation to the river mile 
� Location in relation to the river stem 
� Location in relation to the river flow (i.e., free-flowing or backwater) 
� Degree of shore-zone development 
� Characteristics of the shoreline (i.e., slope and substrate type) 
� Presence of manmade in-water structures (i.e., flow obstructions) 
� Species of predatory fishes. 

Beamesderfer and Rieman (1988) studied juvenile salmonid predation by northern squawfish and 
smallmouth bass in a main stem Columbia River reservoir.  Beamesderfer and Rieman (19898 
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conclude that northern squawfish have the greatest potential for predation of juvenile salmonids 
because of their preference for in-shore low-velocity microhabitat.  Low-velocity microhabitat 
can be created by in-water structures such as jetty pilings (Petersen et al. 1993), but can also be 
created by dock and pier pilings located along the banks of narrow, fast-flowing sections of the 
Columbia River reservoirs (Carrasquero 2000  unpublished observation).  Therefore, one would 
expect that resulting low-velocity microhabitats could potentially increase juvenile salmonid 
predation by providing aggregating habitat for northern pikeminnow and perhaps juvenile 
salmonids as well. 

Additional evidence of predation by squawfish was found by Petersen et al. (1993), who, in a 
study of the systemwide significance of predation on juvenile salmonids in Columbia and Snake 
river reservoirs, found that northern squawfish feed primarily on juvenile salmonids.  The 
authors speculate that northern squawfish as well as juvenile salmonids might congregate near 
flow shears (i.e., back-eddies) created by in-water structures (i.e., jetty pilings), to avoid high-
velocity water (Petersen et al. 1993).  This preference of northern squawfish for back-eddies has 
been reported elsewhere (Faler et al. 1988).  Consequently, in the Columbia and Snake river 
reservoirs, in-river obstructions associated with over-water structures such as jetty pilings can 
make salmonids more vulnerable to predation. 

In contrast, Ward et al. (1994) found that developed sites (i.e., sites having floating platforms and 
pile-supported piers) do not increase predation by northern squawfish.  Studying the effect of 
harbor development on juvenile salmon predation by northern squawfish in the lower Willamette 
River, Ward et al. (1994) found more northern squawfish in areas without development (i.e., 
where floating platforms and pile-supported piers are not present). 

In terms of understanding the contrasting results, it is noteworthy that the hydrological 
conditions and shoreline configurations of the sites studied by Petersen et al. (1993) greatly 
differ from those of Ward et al. (1994).  The study sites of Petersen et al. (1993) include free-
flowing and high water velocity areas in eastern Washington, with the presence of in-water 
obstructions and gently sloping littoral terrain.  On the other hand, the western Oregon study area 
of Ward et al. (1994) includes protected harbor areas with low water velocity and steeply sloped 
bottoms caused by dredging.  This difference in study site conditions may help to explain the 
different results found. 

Smallmouth predation on subyearling fall chinook salmon may also be significant in eastern 
Washington.  For example, smallmouth bass accounted for 7 percent of the loss of late-migrating 
subyearling fall chinook salmon in Lower Granite Reservoir on the Snake River (Anglea 1997).  
Other research in the Columbia River basin also suggests that smallmouth bass may be a 
substantial predator of subyearling fall chinook salmon because both species rear in littoral 
habitat with low water velocities and therefore have a high potential for habitat overlap (Garland 
and Tiffan 1999; Curet 1993; Tabor et al. 1993). 

Shallow near-shore water with a low gradient is an important habitat element for subyearling fall 
chinook salmon rearing in free-flowing areas of the Snake River.  Bennett et al. (1992) reported 
that areas with low gradients were characteristic of juvenile chinook salmon rearing areas in 
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Little Goose Reservoir.  Similarly, Dauble et al. (1989) found that shallow near-shore areas were 
preferred by subyearling fall chinook. 

Juvenile chinook salmon use of the littoral zone is not unique to eastern Washington systems.  In 
Lake Washington, chinook fry reportedly use shallow shoreline habitat characterized by a sandy 
bottom and no aquatic vegetation, with an absence of large woody debris (King County 2000).  

Tabor et al. (1993), studying smallmouth bass and squawfish predation in the Columbia River, 
found that juvenile salmonids are the dominant prey item of smallmouth bass, and that crayfish 
are the dominant prey of northern squawfish.  Tabor et al. (1993) also found a habitat overlap 
(i.e., a near-shore area where current velocities are reduced) between salmonids and smallmouth 
bass and suggested this as the factor that, when combined with the small size and high 
abundance of prey, may have contributed to the high salmonid predation rate observed.  
Smallmouth predation on juvenile salmonids due to habitat overlap has been reported previously 
(Poe et al. 1991). 

Interestingly, Tabor et al. (1993) speculates that “predation on juvenile salmonids may be quite 
different in free-flowing and adjacent areas from predation in main-stem reservoir areas.”  If 
experimentally verified, one may expect this speculation to be consistent with the findings of 
Petersen et al. (1993).  In fact, low incidence of predation on juvenile fall chinook salmon by 
smallmouth bass in all areas of the free-flowing Snake River already has been reported (Garland 
and Tiffan 1999). 

Also supporting the conclusion of Tabor et al. (1993), Beamesderfer and Rieman (1988) found 
smallmouth bass more abundant in embayments.  This is consistent with previous findings in the 
Columbia and Snake river reservoirs indicating that smallmouth bass are most abundant in 
protected embayments (Hjort et al. 1981; Palmer 1982, both as cited by Beamesderfer and 
Rieman 1988). 

Hence, in river reservoirs of eastern Washington, smallmouth bass and northern pikeminnow 
predatory systems may operate at two different spatial scales, determined by the relative position 
occupied in reservoirs.  These two spatial scales seem to consist of near-shore areas where 
current velocities are reduced, for smallmouth bass (Tabor et al. 1993), and free-flowing areas 
with low-velocity microhabitats produced by in-water-obstructions, for northern pikeminnow 
(Faler et al. 1988; Beamesderfer and Rieman 1988; and Petersen et al. 1993). 

As stated earlier, the degree of habitat overlap may affect the rate of predation of smallmouth 
bass on juvenile salmonids.  Studies of habitat use by subyearling fall chinook salmon conducted 
in reservoirs of the Snake River have shown a subyearling fall chinook salmon preference for 
littoral habitats.  These results have been consistent regardless of the gear type and sampling 
technique employed (i.e., beach seining [Bennett et al. 1992; Curet 1993] and electrofishing 
[Garland and Tiffan 1999]).  

In terms of avian predation on salmonids, no published data directly pertaining to the effect of 
over-water structures in freshwater environments were found.  (See Phinney [1999] for an 
overview of avian predation throughout the Yakima River basin and a reference list of Columbia 
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River studies of avian predation on salmonids.)  Nonetheless, a few indirect sources produced 
some related unpublished data. 

Although common in Lake Washington, double-crested cormorants (Phalacrocorax auritus) 
rarely use docks or bulkheads for perching.  On the other hand, gulls, also common in Lake 
Washington, perch on low decks (unpublished data cited by Kahler et al. 2000).  Both double-
crested cormorants and gulls are known predators of juvenile salmonids. 

Cederholm et al. (2000) report that in 1997, a colony of 14,000 Caspian terns (Sterna caspia) 
used Rice Island (a dredge material disposal island) in the lower Columbia River for nesting and 
roosting, constituting the largest known colony in North America.  Their data suggest that in 
1997, the terns appeared to be largely dependent on juvenile salmonids for their dietary 
sustenance (mostly hatchery-originated).   Cederholm et al. (2000) also found that although 
salmon is not their primary diet item, common murre (Uria aalge) would use salmon resources 
during food-stress conditions.  In this regard, piscivorous birds are believed to be opportunistic 
feeders that use the available prey in a system (Modde et al. 1996).  No information was found 
on the use of over-water structures by the Caspian tern or common murre. 

Habitat type and location used by fish may determine bird predation success and thereby fish 
survival.  Hence, fish that inhabit pelagic waters (e.g., rainbow trout) are more vulnerable to 
birds than substrate-oriented fish (e.g., brook trout; Matkowski 1989), because bird predation 
strategies may be limited by physical characteristics of the habitat such as amount of cover, 
depth, etc.  In this regard, Wood and Hand (1985) found that cover reduces success of capture by 
one species of bird, the merganser (Mergus merganser).  Therefore, over-water structures and 
related construction activities that modify the shoreline configuration (e.g., increasing the 
shoreline slope and eliminating shallow-water habitat refugia) could potentially affect predation 
rates on salmonids.  This may occur, for example, if the shore-zone habitat and shallow habitat 
refugia are eliminated, forcing juvenile fish to venture into deeper waters where predator diving 
birds may have increased success.  This hypothetical situation is of particular importance to 
juvenile chinook salmon, which have the greatest affinity to shore-zone shallow-water habitats 
(King County 2000; Garland and Tiffan 1999; Fresh 1999 personal communication; Curet 1993; 
Bennett et al. 1992; Healey 1991; Rondorf et al. 1990; Wydoski and Whitney 1979). 

The presence of over-water structures may also influence the distribution of prey items for 
juvenile salmonids.  In Lake Washington, benthic fish food organisms for salmonids, such as 
insect larvae, amphipods, and mollusks, have been suggested to prefer docks and piers in the 
absence of aquatic vegetation (White 1975).  The presence of benthic organisms, while providing 
an increased source of food for juvenile salmonids, may also expose the salmonids to increased 
predation through increased aggregation.  This is yet to be demonstrated. 

Behavior 

No evidence was found to indicate whether docks, piers, boathouses, or floats disrupt the 
migration of salmonids or cause a delay in migration in riverine systems or in lakes, and no 
literature sources were found addressing pier skirting.  Numerous studies present data suggesting 
that docks, piers, and floats attract fish, and that this is the main effect of these over-water 
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structures on fish behavior.  Anecdotal information from sport fishermen is consistent with these 
data.  Also, it consistently emerged that where vegetation is lacking within a system, largemouth 
bass populations seek other forms of structures such as dock pilings.  Alterations of predator–
prey interactions associated with fish behavior that has been modified by human activities are 
discussed above in the predation section. 

Knutsen and Ward (1991) studied waterway development factors (including floating platforms, 
piers, and associated pilings) and in-river activities (i.e., dredging and construction) with the 
potential to affect migration rate and distribution of juvenile salmonids migrating through the 
Portland harbor section of the Willamette River.  They found that subyearling chinook salmon 
occur closer to shore at developed sites than at undeveloped sites.  Although Knutsen and Ward 
(1991) found no evidence that waterway development directly attracts juvenile salmonids or 
slows migration, they argue that development that causes loss of preferred habitat may have 
subtle and indirect adverse effects.  However, even relatively subtle anthropogenic changes are 
of concern because of their implications for cumulative effects (see habitat function section 
below). 

Knutsen and Ward (1991) speculate that the amount of time that a particular race of juvenile 
salmonids spends migrating through Portland harbor might determine the effects of waterway 
development on their behavior.  As juvenile steelhead migrate faster than yearling chinook 
salmon through Portland harbor, they are exposed to waterway development or activities over 
shorter time periods (Knutsen and Ward 1991).  In addition, because subyearling chinook may be 
present in Portland harbor during most times of year, in-river activities have more potential to 
affect this portion of the salmon population (Knutsen and Ward 1991). 

Ward et al. (1994) also studied the effects of waterway development on juvenile migration in the 
lower Willamette River, finding that floating platforms (on a riprap and sand shoreline) and pile-
supported piers (on a clay shoreline) have no effect on juvenile salmonid migration.  Although 
Ward et al. (1994) conclude that waterway development presents few risks to migrating 
salmonids, they recommend that dredging and construction be avoided in the spring when fish 
are out-migrating, in order to avoid potential construction-related adverse effects. 

Several studies indicate that in both eastern and western Washington, juvenile chinook salmon 
prefer habitats that exhibit the following characteristics (Bennett et al. 1992; Curet 1993; Garland 
and Tiffan 1999; King County 2000):  

� Shallow near-shore habitats with sandy bottom and no aquatic vegetation 
� Near-shore shallow water with a low gradient in free-flowing areas 
� Littoral habitat with low water velocities. 

Hence, juvenile chinook salmon generally are adversely affected wherever these characteristics 
are modified by shoreline development. 

Data from studies conducted in other systems indicate that shoreline development induces 
behavioral responses in fish.  Beauchamp et al. (1994) studied the effect of shore-zone structures 
(i.e., piling-supported piers and rock-crib piers) on littoral fishes in Lake Tahoe.  The piling-
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supported piers consisted of 20- to 30-centimeter-diameter steel or wood, sunk into the substrate 
at approximately 5-meter intervals, with a solid deck on top.  Piers of this construction provide 
simple submerged structures lacking complexity.  The rock-crib piers consisted of a timber 
framework, filled with boulders and cobbles, providing habitat complexity in three dimensions 
(Beauchamp et al. 1994). 

Beauchamp et al. (1994) found that piling-supported piers have no significant effect on the 
densities of any littoral fishes, whereas rock-cribs piers enhance both the density and diversity of 
fishes in the immediate area.  However, this research was conducted at a time when the pier 
walkways were 2 to 3 meters above water surface and thus provided little or no shade 
(Beauchamp et al. 1994).  The lack of shaded area may have been responsible in part for the low 
density of fish found, as other authors have shown that fish (particularly prey fish) use shaded 
areas under docks (Helfman 1979, 1981a). 

With regard to fish attraction to shaded areas, Helfman (1979) studied fish attraction to shade-
producing experimental floats in Cazenovia Lake, New York.  These floats were placed in 3-
meter deep water, among dense macrophyte vegetation, although the vegetation was cleared 
from the area below the floats.  Helfman (1979) found that snorkeled-estimated fish densities 
were significantly higher under the floats than at the control and in adjacent areas, and the 
densities under floats were positively correlated with the float surface area.  In his study, adult 
golden shiner (Notemigonus crysoleucas) and black crappie (Promoxis nigromaculatus) were 
observed near the float, whereas bluegill (Lepomis macrochirus) and pumpkinseed L. gibbosus 
were found beneath the float.  Although fish were present under the floats during daytime and 
nighttime, their densities were lower at night and highest at midday, and little feeding activity 
was seen (Helfman 1979).  

In a related study also in Cazenovia Lake, Helfman (1981a) found that the number of fish 
aggregating beneath shade-producing objects is directly proportional to the size of the objects 
(i.e., larger floats attract more fishes as more shade is produced).  Helfman (1981a) speculates 
that “the amount (or depth) of shade produced was a determinant of the attraction phenomenon,” 
which in general may significantly influence the advantage to fish of hovering under such 
structures.  Helfman (1981a) deduces that tactile attraction to the physical structure of the floats 
is not involved, because fish were not attracted to control floats that consisted of wood frame 
only.  He further indicates that because large numbers of fish were commonly found under docks 
and under overhanging trees that were supported above the water (i.e., objects located at a fixed 
height that provide shade without the tactile stimulus), the observed behavior cannot be 
attributed to tactile attraction. 

Consistent with the hypothesis that fish are attracted to the shade produced by on- and over-
water structures are recent research data presented during a conference titled Selected Ongoing 
and Recent Research on Chinook Salmon in the Greater lake Washington Watershed, November 
8–9, 2000 (King County 2000).  The synopsis of findings included data on the factors 
influencing the decline in all life stages of chinook salmon.  These data indicate that migrating 
adult salmon hold at various locations within the Sammamish River, and that most of these 
locations are in the shaded area underneath bridges. 
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The findings discussed in the preceding two paragraphs suggest that the attraction of fish 
(including chinook salmon and largemouth bass) to floating or overhanging objects is linked to 
the shade produced by the object rather than to the tactile stimulus.  Also, these data suggest that 
the larger the floating object, the greater the shaded area, and thus the greater the number of fish 
attracted to such objects, potentially altering fish distribution and aggregation. 

An alternative explanation of fish attraction to on- and over-water structures is that both the 
structures and the shade they cast may provide fishes with physical reference points for 
orientation (Fresh 2000 personal communication).   

In terms of bass habitat preferences in relation to docks and piers, Bryan and Scarnecchia (1992) 
compared the abundance of juvenile fish assemblages between naturally vegetated sites and 
developed sites (i.e., with residential structures, boat docks, and manmade beaches) in Spirit 
Lake, Iowa.  Bryan and Scarnecchia (1992) found species richness and total fish abundance 
(including largemouth bass abundance) consistently greater in natural sites than in developed 
sites.  In contrast, smallmouth bass were consistently found in greater abundance in developed 
sites. 

Studies conducted in Lake Sammamish by Pflug and Pauley (1984) found that smallmouth bass 
nest sites (located in 1.5 to 2.5 meters of water) were typically situated next to benthic structures 
such as isolated boulders, logs or dock pilings.  Similar results were found by Helfman (1981b) 
in Cazenovia Lake and Skaneateles Lake, New York, and Mirror Lake, New Hampshire. 

Stein (1970) found that in Lake Washington, largemouth bass prefer areas of heavy log and 
brush cover to all other habitat types, including docks, but often occur under docks in early 
spring.  In Lake Sammamish, largemouth prefer moderate to dense vegetation and silt or sand 
substrate, and nests are constructed at depths from 0.6 to 1.5 meters, in vegetated areas with soft 
sediment or gravel substrate on moderate to steep slopes (Pflug 1981).  In Cazenovia Lake and 
Skaneateles Lake, New York, and Mirror Lake, New Hampshire, juvenile largemouth bass also 
use macrophytes (in depths less than 1 meter) for protection against predators (Helfman 1981b). 

The preceding discussion clearly indicates a largemouth bass affinity for aquatic macrophytes, 
thus posing a question of the implications of removing such vegetation for the construction of 
over-water structures.  The studies discussed below provide some insight into this question. 

Colle et al. (1989) studied the distribution of largemouth bass in Lake Balding, Florida after all 
submerged aquatic vegetation was eradicated by grass carp.  Movements of 16 largemouth bass 
were monitored using radio telemetry from April 11, 1986 to April 4, 1987.  A distinct depth 
segregation was evident for the radio-tagged largemouth bass, which were divided into three 
groups for purposes of analysis: in-shore (water depth 0–2.0 meters), mid-depth (0–3.5 meters), 
and offshore (more than 3.5 meters).  Colle et al. (1989) found that six largemouth bass had 
home ranges in the in-shore zone extending 15 to 70 meters from shore.  Five largemouth bass 
used both the in-shore region and the mid-depth region, coinciding with the maximum depth of 
the blue-green algae in the lake (Lyngbya sp).  Five largemouth bass used the offshore region.  
In-shore largemouth bass preferred habitat near a water tupelo (Nyssa aquatica) area and avoided 
bare sand areas.  In-shore fish had home ranges averaging 4.1 hectares, whereas offshore fish had 
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home ranges averaging 21 hectares.  Largemouth bass that used the entire area out to the 3.5-
meter contour preferred the 11 piers in the lake, especially the mid-depth group.  Largemouth 
bass associated with piers moved more than other fish and were associated with multiple piers.  
Adult largemouth bass using an in-shore fringe of water tupelo as an underwater structure were 
relatively sedentary (Colle et al. 1989).   

Based on these data, Colle et al. (1989) conclude that a component of the largemouth bass 
population preferred the artificial habitat provided by piers.  Colle et al. (1989) suggest that the 
fact that offshore largemouth bass had a greater home range (i.e., 21 hectares) than the in-shore 
largemouth bass may be explained by a difference in prey density and structure abundance.  That 
is, prey density was probably lower in the offshore region than in the in-shore region, thereby 
forcing largemouth bass to shift from ambush to active hunting, because of the absence of 
underwater structures offshore (Colle et al. 1989). 

Both largemouth and smallmouth bass are structurally oriented for both foraging and spawning 
(Colle et al. 1989; Helfman 1981b; Pflug 1981; Pflug and Pauley 1984; and Stein 1970).  They 
will use docks, piers, and associated pilings in the absence of natural structures.  It is not clear 
which elements of these structures attract them.  Additional evidence from published and 
unpublished data on the behavioral response of bass to docks, piers, and associated pilings can be 
found in Kahler et al. (2000). 

A possible attracting feature of docks, piers, and associated pilings is related to food-web 
interactions of prey fishes.  Chmura and Ross (1978) address the environmental impacts of 
several in-water and over-water structures, suggesting that as fouling communities grow on 
docks and piers, they add to the biological productivity of the area (also suggested by Mulvihill 
et al. 1980).  In various rivers and lakes of Washington, it is not uncommon to see fish (including 
juvenile salmonids) feeding upon periphyton, insects, and macroinvertebrates adhered to dock 
and pier pilings (Carrasquero 2000 unpublished observation).  Thus, associated in-water dock 
and pier structures that provide substrate for growth of fish food organisms can alter the behavior 
of both prey and predator species.  This is further discussed in the following sections. 

Habitat Function 

With regard to habitat function, one might argue that the impact of over-water structures is not 
attributed exclusively to the structure but rather to the resulting changes induced by the structure 
and associated activities.  Within this context it has been proposed that “fish do not respond to 
shoreline structures; rather, they respond to a suite of habitat characteristics that are the result of 
the structure, changes to the riparian zone associated with its placement (vegetation and woody 
structure removal), and often, intensive riparian zone management that occurs on developed 
properties” (Jennings et al. 1999). 

In this white paper, habitat function is defined as the attributes of the ecosystem that are created 
and maintained by biological, chemical, and physical processes through the interaction of the 
various ecosystem components (e.g., shore-zone, shoreline, and riparian).  Individual habitat 
modifications may lead to only small changes in local fish species richness, but the fish 
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assemblage structures respond to the incremental changes that accumulate over time within a 
given basin (Jennings et al. 1999). 

In this regard, shoreline development (e.g., construction of docks and piers) in Lake Washington 
has increasingly eliminated shallow-water habitat (Kahler et al. 2000), particularly affecting 
juvenile chinook salmon.  Once the shoreline is developed, docks and associated pilings may 
provide shallow-water cover for juvenile salmon, although they may also provide cover for 
predators (see Cooper and Crowder 1979).  Thus, this type of shoreline modification may affect 
not only the physical habitat but also the various elements of the biological community and the 
habitat function. 

Lange (1999) studied the effects of shoreline residential development on littoral fish abundance 
(i.e., fish catches) and species richness at different scales of observation (i.e., sampling site 
distances of 122, 244, and 488 meters) in Lake Simcoe, Ontario, Canada.  He found that fish 
aggregated near permanent rock-crib-supported docks and avoided shoreline areas with bank 
stabilization structures (i.e., retaining walls built above the ordinary high water line).  He also 
found that in shorelines where multiple features such as docks and break walls were present, fish 
abundance was positively correlated and species richness negatively correlated with these 
structures.  Features such as docks and break walls combined with boathouses were generally 
associated with a decrease in both abundance and richness of fish species (Lange 1999).  

In addition, Lange (1999) found that shoreline development was associated with sites having 
hard substrate (i.e., boulder, rubble, and gravel) and an absence of aquatic vegetation.  
Abundance and richness of fish had a significant positive correlation with both submerged 
vegetation and the presence of soft substrate types such sand, mud, and detritus, but were 
negatively correlated with hard substrate types.  

Interestingly, Lange (1999) also found reduced fish abundance and species richness with 
increased density and diversity of shoreline residential development.  He found that the specific 
development features associated with this pattern changed with the scale of observation, 
indicating that fish respond to both proximally and distantly located habitat alteration.   

These results suggest that the cumulative effects of shoreline development might influence fish 
abundance and species richness.  The results also suggest that shoreline alteration can affect fish 
abundance and species richness regardless of the relative distance of the development from the 
study site.  This clearly illustrates the importance of considering the cumulative effects of even 
small new residential over-water structures that may be proposed in systems where numerous 
over-water structures already exist.  

Some studies suggest that in the absence of certain predatory species such as bass, piers 
constructed in shore-zones may have a minimal influence on fish.  For example, Beauchamp et 
al. (1994) studied the effect of shore-zone structures on the density of littoral-zone fishes in Lake 
Tahoe, California/Nevada.  They found that piling-supported piers have no significant effect on 
the densities of any littoral fish, in contrast to rock-crib piers (i.e., timber framework filled with 
boulders and cobbles), which actually enhance both the density and diversity of fishes.  
Beauchamp et al. (1994) suggest that the difference in fish density associated with these two 
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types of piers might be attributed to the greater habitat complexity of rock-crib piers due to the 
interstitial spaces within the boulders.   

Similarly, Lange (1999), studying the effect of shoreline residential development on littoral 
fishes, found that fish abundance and species richness were higher in rock-crib-supported docks 
(i.e., permanent docks) than in docks supported by pillars (i.e., seasonal docks). 

One may argue that this response should be seen as an adverse effect, because it promotes 
anthropogenically induced fish aggregation.  It is not known whether artificial structures used for 
habitat restoration in streams actually contribute to the enhancement of the targeted fish species, 
or whether such structures merely provide a focal point for fish distribution (King County 2000; 
Beschta et al. 1994; Everest and Sedell 1984; Kauffman et al. 1993; Reeves and Roelofs 1982).  
A high incidence of failure of artificial habitat structures has been reported for streams of the 
Pacific Northwest (Fissell and Nawa 1992).  Artificial structures that alter fish distribution may 
increase salmonid predation rates by also aggregating predatory fish.  Indeed, to be effective, 
artificial habitat structures used in restoration projects must be designed with attention to the 
needs of resident and desired species and consideration of the prevailing physical factors in a 
particular river or stream (Howe 1997).  For example, recent snorkel observations at restoration 
sites in slow-flowing areas of the Sammamish River indicate that added large woody debris is 
providing habitat for predatory species rather than for salmon (King County 2000). 

Based on qualitative observations of piscivorous fishes in Lake Joseph, Ontario, Canada, Brown 
(1998) suggested that the presence of predators around crib structures is a response to the 
abundance of forage fishes.  She also studied the influences of shoreline residential development 
(i.e., docks and boathouses) and physical habitat on fish density in the Lake Joseph littoral fringe 
zone (i.e., 0–2.5 meters offshore with average depth of 0.53 meters).  She found that coarse 
woody debris (CWD) was the most important habitat variable predicting density of total forage 
fishes.  Sites with the higher number of shoreline structures had the lower densities of coarse 
woody debris.  She also found that crib structures increased densities of forage fishes (<100 
millimeters) in the littoral fringe on exposed shorelines or in areas where coarse woody debris 
had been removed.  

Brown (1998) also found that forage fish density in the fringe zone and around shoreline 
structures increased with the addition of shoreline structures.  She attributes this result to the 
added structural complexity that these structures provide, suggesting that this may increase 
protection from predators and from physical elements such as wave energy.  She speculates that 
interstitial spaces within crib structures provided refuge from waves and predation for small fish 
along exposed shorelines. 

As noted previously, shoreline development, with its suite of associated human activities and 
presence of artificial structures, degrades aquatic communities.  In the review of habitat function 
above, individual over-water structures and overall shoreline development are discussed.  Bryan 
and Scarnecchia (1992) studied species richness and juvenile fish abundance (young-of-the-year, 
YOY) in developed areas (i.e., with docks present) versus undeveloped areas (i.e., naturally 
vegetated), in Spirit Lake, Iowa.  Bryan and Scarnecchia (1992) consistently found greater 
species richness and total juvenile fish abundance in natural sites than in developed sites in both 
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near-shore and intermediate depth zones (0–1 meters and 1–2 meters, respectively).  However, 
they found little difference between natural and developed sites in the offshore depth zones (2–3 
meters).  Throughout this study, juvenile fishes were more abundant where macrophyte 
abundance was greater (i.e., where vegetation was not removed for development).  Smallmouth 
bass was the only species consistently found in equal or greater abundance in developed sites, 
which Bryan and Scarnecchia (1992) attribute to its lack of reliance on vegetative cover. 

Hence, one might expect that if shore-zone development (in particular, construction of docks and 
associated in-water structures) eliminates the macrophyte vegetation, it might adversely affect 
fish species assemblages and young-of-the-year survival, particularly of vegetation-dependent 
species.  In this regard, DiCostanzo (1957, as cited by Bryan and Scarnecchia 1992) speculate 
that insofar as juvenile fish use vegetation beds to avoid predation and to feed during their first 
summer of life, human activities that eliminate such habitat may reduce juvenile survival. 

Collins et al. (1995) compare fish use of fringe zones adjacent to lawns with their use of 
undeveloped shorelines in Lake Rosseau, Ontario.  They found that fish exhibit much less 
rearing and feeding activity in lawn-edge zones, where wave disturbance is greater, than in 
undeveloped habitats.  Based on their results, Collins et al. (1995) identify shallow water as 
critical for foraging, refuge, and migration of small fishes (i.e., less than 100 centimeters total 
length). 

Loss of riparian and wetland vegetation resulting from the construction of over-water structures 
and activities associated with shore-zone development has an adverse effect on water 
temperature.  An increase in water temperature can promote temperature barriers, thus limiting 
the range and survival of certain fish species (Donald and Alger 1993).  Indeed, results of field 
studies conducted in streams, rivers, and lakes suggest that the distribution and survival of 
certain species of trout, including bull trout (Salvelinus confluentus), are limited by water 
temperature (Fraley and Shepard 1989; Goetz 1989; Donald and Alger 1993; Rieman and 
McIntyre 1993; Ratliff et al. 1996; McPhail and Baxter 1996).  In general, bull trout are 
uncommon where water temperature exceeds 15oC for more than a few days per year.  In fact, a 
study of distribution of juvenile bull trout in the upper Cedar River and upper Yakima River 
drainages found that this species was absent in streams where summer water temperatures 
exceeded 14oC (Goetz 1997). 

Only one source was found addressing benthic communities in the context of the effects of over-
water structures.  White (1975) studied the influence of shoreline development on fish and 
benthic fish food organisms in Lake Washington.  He found that during the fall, population 
densities for insect larvae, mollusks, and amphipods were significantly higher outside the piers 
than under the piers.  Conversely, in spring, population densities for mollusks, amphipods, and 
insects other than Chironomidae larvae (and presumably other grazing insects) were all 
significantly higher under the piers. 

White (1975) suggests that the observed seasonal difference may be due to a combination of 
factors, including food availability, light, and life histories.  The organisms whose partial or 
complete life cycles are related to aquatic vegetation did not avoid docks during the fall, but 
rather, responded to the available vegetation outside the docks (White 1975).  He attributed the 
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spring preference (for protection, food, and shelter) of areas under docks and piers to the spring 
vegetation lacking the heavy growth observed during the fall.  Therefore, during the spring, the 
docks offered a viable alternative type of structure to that provided by the vegetation during the 
fall (White 1975). 

In White’s (1975) study, chironomids, an important food item for juvenile salmonids, showed no 
difference between population densities under and outside the piers.  White (1975) did not 
discuss the potential implication of his results on the survival of juvenile salmonids, particularly 
juvenile chinook salmon.  Interestingly, the samples he obtained from sites without docks 
("natural zones") indicated that chironomids were the most abundant organism at these sites.  
Clearly, his suggestion that docks offer an alternative type of structure to that provided by 
vegetation does not seem to apply for Chironomidae larvae. 

Chmura and Ross (1978) state that “piers, docks, and wharves can have detrimental effects on 
both salt and freshwater marshes by blocking light and water flow . . . especially if piers are 
supported by closed (solid) bases.”  The associated problem of use of treated wood is also 
mentioned by Chmura and Ross (1978). 

Marinas 

As defined by Mulvihill et al. (1980), “a harbor is a protected water area offering a place for 
safety to vessels.  Small craft harbors are protected areas whose depth and maneuvering area 
limit usage to small craft.  ‘Marina’ is used synonymously with small craft harbor, but generally 
refers to harbors for pleasure crafts.”  Although marinas might be seen as over-water structures 
typical of marine environments, in Washington there are marinas in freshwater environments as 
well. 

During the preparation of this white paper, Kahler et al. (2000) published A Summary of the 
Effects of Bulkheads, Piers, and Other Artificial Structures on ESA-Listed Salmonids in Lakes.  
This summary provides a comprehensive literature review of published and unpublished data 
primarily focused on Lake Washington and Lake Sammamish.  Although marinas are not 
explicitly addressed in this review, there is a discussion of the effects of piers, bulkheads, 
lighting, chemical contaminants, and recreational and construction activities on fish and their 
habitat, which relates to the potential environmental effect. 

Only two papers, both literature reviews, were found that directly address the environmental 
impact of marinas on freshwater environments (Chmura and Ross 1978; Mulvihill et al. 1980).  
The Chmura and Ross (1978) paper includes 66 literature citations and is organized by structure 
type, type of effect, and management considerations.  The Mulvihill et al. (1980) paper includes 
555 information sources, provides a summary of the literature, and is organized by coastal region 
case history studies.  This review includes environmental impacts and biological impacts, the 
latter divided by construction, chronic, and cumulative effects.  The Mulvihill et al. (1980) 
review is focused on the impact on the coastal environment and is somewhat outdated, 
particularly from an environmental viewpoint.  Both the Chmura and Ross (1978) and Mulvihill 
et al. (1980) reviews address issues related to marinas in freshwater, estuarine, and marine 
environments. 
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Chmura and Ross (1978) identify both adverse and beneficial impacts caused by marinas.  
Among the adverse effects, the primary impacts cited are habitat loss, pollution resulting from 
stormwater runoff, and aesthetic (visual) pollution.  Among beneficial impacts, the authors 
mention concentration of shoreline development (“as opposed to many scattered private docks”), 
and increased habitat diversity generated where substrate is provided for fouling organisms.  
Although habitat loss is seen as a primary adverse impact, the authors state that marinas also 
“provide an artificial habitat with its own unique environment,” and that associated in-water 
structures “can add to the biological productivity of the area and attract fish.”  While 
documentation for this statement is not provided, an examination of the Chmura and Ross (1978) 
reference list suggests that marine or estuarine studies may be the source of this information.  
Nonetheless, the fish attraction noted by Chmura and Ross (1978) is consistent with the 
supporting evidence found elsewhere for docks, piers, and floats (see discussion above).  
However, the Chmura and Ross (1978) review provides no discussion of the potential adverse 
effect of such fish attraction (i.e., an increase in predation rate). 

Dredging is addressed elsewhere in this series of white papers.  Therefore, although dredging 
issues are discussed by Chmura and Ross (1978), only the general adverse effects of dredging 
associated with over-water structures are listed here: 

� Promotion of water turbidity 
� Promotion of onsite and offsite pollution 
� Reduced oxygen content 
� Induced burial of organisms 
� Disruption and removal of bottom sediment, and alteration of benthic 

communities. 

The Mulvihill et al. (1980) review provides an examination of the biological and physical 
impacts of marina placement.  Harbors cause loss of benthic succession and impoverishment of 
substrate and water quality.  Furthermore, elimination of wetland areas as productive habitat may 
result from cumulative effects of harbors constructed in wetland areas (Mulvihill et al.1980). 

Wharves and Pilings 

Although usually associated with docks, piers, and marinas, wharves and pilings possess their 
own mechanism of impact on the shore-zone habitat function and structure.  Because their 
effects have been studied for the same categories of response as for docks and piers, some 
pertinent information discussed in the docks, piers, and floats section above is omitted here. 

Empirical indirect evidence indicates predatory fish attraction to pilings and wharves by the 
following two mechanisms: 

� Modification of the underwater habitat complexity, in which case 
predatory fish are attracted to the physical structure itself (i.e., pilings) 

� Physical disruption of the water flow (i.e., back-eddies, backwater, or 
shear flow), resulting from flow obstruction by such structures. 
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These two mechanisms seem to be controlled by the shoreline configuration and its degree of 
natural protection, and also by the hydrological characteristics of the system.  The empirical data 
also indicate a species-specific response of the involved predatory fish.  For example, northern 
pikeminnow is attracted to back-eddies, backwater, or shear flow created by piling structures in 
free-flowing areas; whereas smallmouth bass is attracted to the piling structure.  Some pertinent 
information in this regard is included above in the discussion of docks and piers and therefore is 
not discussed here. 

Predation 

Petersen et al. (1993) found that in the Colombia and Snake river reservoirs, northern squawfish 
feed primarily on juvenile salmonids and are associated with back-eddies created by jetty pilings.  
In this regard, Petersen et al. (1993) suggest that in the Columbia River, in-river obstructions 
below the Bonneville Dam (e.g., pilings) might make salmonids more vulnerable to predation 
because of the potential for aggregation in back-eddies they create.  It is unknown whether this 
aggregation affects the out-migration rate of juvenile salmonids.  Nevertheless, the implication of 
this behavioral response in terms of increased predation rates on juvenile salmonids may have 
even more profound consequences on their freshwater survival.  This is because juvenile 
salmonids whose migratory behavior is delayed by aggregating structures may experience 
increased exposure to predators. 

In contrast, Ward et al. (1994), studying the effect of harbor development on juvenile salmon 
migration and predation by northern squawfish in the lower Willamette River, found that 
offshore wharves supported by pilings do not have an effect on juvenile salmonid migration.  
The difference in location between the studies of Petersen et al. (1993) and Ward et al. (1994) 
may explain these contrasting results.  Petersen et al. (1993) focused their study in the Columbia 
River in an area of free-flowing water in which jetty pilings constitute flow obstructions and 
create back-eddies.  Conversely, the study sites of Ward et al. (1994) are located within a 
protected area of Portland Harbor in the Willamette River. 

As with docks, piers, floats, and marinas, no studies on the effect of pilings and wharves on 
avian predation were found.  Some unpublished data indicate that in Lake Washington, double-
crested cormorants perch on individual piles (Kahler et al. 2000). 

Habitat Function 

Knutsen and Ward (1991) studied the behavior of juvenile salmonids (chinook and steelhead) 
migrating through the Willamette River at developed sites (i.e., with presence of wharves, 
pilings, floating platforms, riprap, and vertical walls) and undeveloped sites (i.e., no structure 
present, and mostly clay, silt, or sand bottoms, steeply sloped from dredging).  They report that 
although there appears to be a species-specific difference between habitat occupied by migrating 
juveniles at undeveloped sites versus that at developed sites, variables that characterize such 
habitats seem to have a temporal variation. 

To explain, subyearling chinook salmon were found closer to the shore in developed sites than in 
undeveloped sites, particularly in one site containing a wharf supported by closely spaced pilings 
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(i.e., less than 10 feet apart; Knutsen and Ward 1991).  This site had a completely riprapped 
shoreline and a shallow backwater, with a soft bottom at the downstream end of the wharf.  The 
authors do not specify whether this backwater might have formed as a result of the existing in-
water obstructions.  However, the downstream location of the wharf and the bottom 
characteristics suggest that this backwater and associated deposition area (i.e., soft bottom) were 
at least partially related to the presence of the wharf.  Therefore, this, and the fact that at this site 
the shoreline was completely riprapped, preclude possible inference of the (sole) effect of the 
wharf. 

In general, Knutsen and Ward (1991) found that yearling chinook salmon were closer to the 
surface than were subyearling chinook salmon at developed sites.  Subyearling chinook salmon 
were found closer to the shore in developed sites than in undeveloped sites.  However, results 
from this study are inconclusive, because the authors are not able to infer whether the observed 
distribution is related to increased water depth at developed sites or to the presence of 
developments themselves (Knutsen and Ward 1991). 

Nonetheless, one may argue that for future construction, at least the potential physical effect 
(such as creation of backwater and associated deposition areas) should be considered when 
placing this type of in-water structure.  Increased fine sediments and detritus loading expected to 
occur in deposition areas such as this could adversely affect bottom-dwelling communities by 
embedding organisms and promoting anoxic microzones, making bottom habitats unsuitable for 
benthic organisms. 

Although effects of treated wood piling are not addressed within the scope of this white paper, a 
few of the sources reviewed address this issue as an associated problem of wharves and piling 
structures.  Within this context, two studies are of particular interest: Chmura and Ross (1978) 
and White (1975). 

In their literature review regarding effects of marinas, Chmura and Ross (1978) found that 
wharves have been reported to be potentially detrimental, through blockage of light and through 
adverse impacts on water quality (and thereby habitat conditions) due to the treated wood 
pilings.  Also, pilings have been reported to provide suitable substrate for periphyton and some 
macroalgae species growth (Chmura and Ross 1978; White 1975) and therefore have potential 
for habitat structure modification. 

White (1975) used five experimental pilings (one control, one treated with creosote, one with 
ammoniacal copper arsenate, and two with pentachlorophenol) to study periphyton attachment in 
Lake Washington.  After one month, diatoms occurred more frequently than other periphyton on 
all the pilings.  The alga, Cymbella sp, was the only algal species common to all pilings.  The 
creosote-treated piling had the greatest number of algal species growing on its surface.  After one 
year, all but the ammoniacal copper arsenate-treated piling had extensive algal encrustment, 
along with many amphipods, limpets, and watermites. 

This research suggests that periphyton, algae, and eventually macroinvertebrate species can 
colonize even treated pilings.  Juvenile salmonids as well as other fish species can feed upon 
these macroinvertebrates species.  Therefore, the presence of this source of food on piling 
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surfaces may be a contributing element of distribution of fish prey and thereby fish predators 
around piling structures. 

Log Booms and Log Rafts 

The number and body sizes of organisms using the area influenced by a floating object are 
directly related to the surface area of the object (Helfman 1979, 1981a).  Log booms and log rafts 
are capable of producing a shaded area beneath their surfaces with the consequent potential for 
altering ecosystem functions.  Therefore one would expect a relationship corresponding to that 
reported by Helfman (1979, 1981a) in relation to the dimensions of log booms and log rafts 
found in lakes and rivers of Washington.  If such a relationship exists, then it is plausible that 
fish predator–prey interactions similar to those suggested for docks and piers may also exist in 
response to log booms and log rafts.  Unfortunately, no published data were found directly 
addressing the effects of these two types of on-water structures on fish predation or behavior. 

Regarding avian predation, no empirical data were found indicating a relationship between log 
booms or rafts and predation on fish (nor were data found showing a relationship between these 
structures and modification of fish behavior [e.g., migration] in freshwater environments).  
However, log booms have been suggested as potentially linked to avian predation on salmonids 
by providing perch sites for predatory birds in Lake Washington and Lake Union.  In Lake 
Union, double-crested cormorants perch on the log booms rather than docks, bulkheads, or 
pilings along the lakeshore (Warner 2000 personal communication, as cited by Kahler et al. 
2000). 

Habitat Function 

Three reports were found addressing the effects of log booms or log rafts in freshwater.  
Schuytema and Shankland (1976) studied the effects of log handling and storage on water quality 
and on bottom-dwelling communities at five log-rafting areas.  The bottom-dwelling community 
included “animals” (i.e., insects, macroinvertebrates, and mollusks), “attached algae” (i.e., 
periphyton), and “slime growth” (i.e., bacteria of the genus Sphaerotilus).  The study area 
included Steamboat and Elochoman sloughs on the north side of the Columbia River, about 
4 miles downstream of Cathlamet, Washington; Coal Creek Slough on the northern edge of the 
Columbia River downstream of Longview, Washington; and the western edge of the Multnomah 
channel, which is part of the Willamette River near Scappose, Oregon. 

Schuytema and Shankland (1976) found loss of bark to be the most significant problem 
associated with log rafting, with effects dependent on the intensity of the activity and the 
flushing action of the holding water body (i.e., slough, lake, or river).  Sludgeworms, which are 
common inhabitants of areas subjected to organic enrichment or pollution, were consistently 
present in areas where a high volume of bark occurred (Schuytema and Shankland 1976).  In 
general, they found that the biologically degraded sites identified in the study had fewer kinds of 
organisms, higher population density, and more bark and detritus. 

Schuytema and Shankland (1976) speculate that rafting activities have an adverse effect upon 
bottom-dwelling organisms in some reaches where log rafts have been present.  The 
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decomposition of the log detrital material will “probably produce a habitat more conducive to the 
establishment of animal populations tolerant to organically enriched conditions” (Schuytema and 
Shankland 1976).  They also found that dissolved oxygen varies with the location depending on 
the amount of water flow and detritus, and speculate that in areas without adequate water flow 
(e.g., sloughs), log rafts could adversely affect the population of bottom-dwelling organisms 
(Schuytema and Shankland 1976). 

Schuytema and Shankland (1976) found that dredging to remove the bark was a regularly 
associated activity of the log rafting sites, and although not discussed in their report, it should be 
considered as an associated environmental problem of log rafting practices.  The implication of 
dredging in freshwater environments is discussed in a separate white paper within this series. 

Similar results have been reported for logs stored in water.  Schaumburg (1973) found loss of 
bark from water-stored logs to be the most significant problem, as benthic depositions exert 
oxygen demand and may influence the biology of the benthic zone.  He also found that leachates 
from logs held in water storage contained mostly organic substances, and that these substances 
exerted both chemical and biological oxygen demand.  In relatively stagnant areas, the leaching 
rate continually decreased due to the increased levels of dissolved organic substances, whereas in 
flowing water the leaching rate was nearly constant for at least 80 days  (Schaumburg 1973). 

In terms of toxicity, Schaumburg (1973), conducting laboratory toxicity tests, found that leachate 
from ponderosa pine, hemlock, and older Douglas fir produced no toxicity to chinook salmon or 
rainbow trout fry during 96-hour bioassay studies.  However, log sections without bark were 
found to be more toxic than comparable sections with bark intact.  The 96-hour toxicity test 
values ranged from 20 to 93 percent (volume/volume) for leachate from young Douglas fir logs.  
The author speculates that the slight toxicity for young Douglas fir logs may be due to a much 
greater release of soluble substances into the holding water (i.e., where the fish were held during 
the test).  No information was found addressing bioaccumulation of toxicants and their possible 
adverse impacts on salmonids. 

Based on his findings, Schaumburg (1973) concludes that leachates from logs held in water 
storage do not represent a significant water quality problem.  However he states that “the severity 
of pollution problems associated with the storage of logs depends upon the quantity of logs 
stored, the age, and the species of the log and flow rate of the holding water.”  Unfortunately, 
this author did not conduct toxicity tests in the field, thereby limiting the applicability of his 
results to laboratory settings.  For example, in storage sites, and under certain physical/chemical 
conditions of temperature, pH, and dissolved oxygen, log leachate in interaction with naturally 
occurring substances (e.g., sulfurous compounds) may have additive effects, resulting in a higher 
toxicity to fish. 

Pacific Northwest Pollution Control Council (1971) prepared a literature review of the physical 
influences of log rafts and their effects on water quality.  They found that bark originating from 
rafting and storage of logs (about 5 percent of each log’s bark layer) is a concern because of its 
potential to increase organic material in the water (see Pacific Northwest Pollution Control 
Council [1971] for the complete review of related literature and for proposed guidelines and 
recommendations).  A further concern is the long-lasting adverse effects of bark residue in lakes 
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due to the time it may take for its complete biodegradation.  For example, within a lake on the 
Oregon coast that was used for log handling in the early 1900s, the remaining bark residue made 
habitat unsuitable for several decades thereafter (Pacific Northwest Pollution Control Council 
1971). 

The primary problems cited by Pacific Northwest Pollution Control Council (1971) associated 
with bark debris in water are consistent with those cited in the two studies previously discussed.  
The identified problems related to the accumulation of bark on the bottom are 1) a consequent 
reduction in dissolved oxygen in the overlying water, and corresponding creation of an anaerobic 
layer near the bottom, resulting in the generation of toxic sulfide compounds; and 2) burial of 
benthic communities. 

The secondary problem cited by Pacific Northwest Pollution Control Council (1971) is 
associated with leachates (i.e., release of soluble organic compounds).  These leachates are 
reported to substantially decrease the dissolved oxygen. 

Riprap and Retaining Walls 

The effects of riprap and retaining walls (i.e., bulkheads) have been broadly studied in marine 
environments, particularly when used as the means to armor the shoreline for protection against 
wave-induced erosion (from ambient waves and boat wakes).  In contrast, very few sources were 
found directly addressing the environmental effect of these structures in freshwater 
environments. 

In general, bulkheads are constructed to hold fill and to protect the upland by taking the brunt of 
wave energy (Chmura and Ross 1978).  In doing so, bulkheads prevent natural seepage of 
groundwater into local waters and create reflection waves which disturb sediments, and 
encourage scouring at the base of the bulkheads (Chmura and Ross 1978). 

The construction of bulkheads promotes loss of terrestrial, shallow-water, and benthic habitat.  
Such construction involves the use of heavy equipment that causes physical disturbance, noise, 
and air pollution at the site. 

The physical disturbance and damage to fish and wildlife habitat caused by the construction of 
bulkheads depends upon 1) the type of habitat in the area before construction, 2) the shoreline 
location where the structure is placed, 3) the size of the structure, and 4) the construction 
methods.  In addition, the bulkhead and associated backfilling bury established terrestrial and 
shallow-water flora and fauna (Mulvihill et al. 1980). 

The construction of bulkheads and associated activities also cause local erosion, new sediment 
deposits in the vicinity of the structure, turbidity, and hence water quality degradation.  New 
sediment deposits are often silty and thus can destroy spawning areas, smother benthic 
organisms, and reduce bottom habitat diversity and food supply (Mulvihill et al. 1980). 
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Bulkheads also promote erosion of the foreshore because of an increase in wave energy due to 
waves reflecting off the face of the structure.  Bulkheads can also promote erosion of adjacent 
beaches and interfere with sand recruitment processes (Mulvihill et al. 1980). 

Bulkheads constructed in wetland areas can cause extensive damage to fishes and wildlife by the 
following mechanisms: 1) covering narrow fringe marshes, 2) covering the waterfront edge, and 
3) altering water circulation in larger shore-front marshes (Mulvihill et al. 1980). 

Riprap and retaining walls are typically associated elements of over-water structures that exert a 
direct mechanism of impact on marine environments.  These associated elements are commonly 
incorporated into dock and pier design as mitigation measures providing permanent erosion 
control of shoreline areas disturbed by the project construction.  However, the empirical data 
found in this literature review suggest that riprap and retaining walls may produce adverse 
responses in aquatic organisms. 

The following quotation from Jennings et al. (1999) best illustrates the ecological significance of 
the use of riprap and retaining walls in lakes: 

Although riprap may increase structure complexity at the scale of the individual 
site, when viewed at the scale of the whole lake, conversion of the entire shoreline 
to this one habitat type does not increase overall habitat diversity; rather, it 
causes a reduction.  Because of this reduction of habitat diversity, conversion of 
unaltered shoreline to riprap should not be viewed as enhancement.  However, 
when erosion control is necessary, riprap appears to provide beneficial fish 
habitat compared with retaining walls. 

Scientific information on juvenile salmonid ecology from ongoing research indicates that in both 
western and eastern Washington, shallow-water near-shore habitats are important sites for 
migration of juvenile salmonids, particularly chinook (King County 2000; Garland and Tiffan 
1999; Curet 1993; Fresh 1999 personal communication; Bennett et al. 1992; Healey 1991; 
Rondorf et al. 1990; Dauble et al. 1989; Wydoski and Whitney 1979).  These sites are important 
because of the abundance of prey resources and refuge from predators.  Consequently, loss of 
rearing and foraging habitat in the shore-zone lentic and lotic freshwater environments may 
increase juvenile salmonid exposure to potential predators, particularly in freshwater systems 
such as the reservoirs of the Columbia and Snake rivers, which are used by juvenile salmonids as 
migratory corridors. 

In the context of the effects of shoreline armoring, and comparing retaining wall versus riprap 
bulkheads, sites next to retaining walls tend to be deeper, primarily because the structures are 
usually placed below the ordinary high water mark and then backfilled.  This effectively pushes 
the shoreline out from its original location resulting in a corresponding increase in water depth of 
the littoral zone.  Given that, as discussed above, out-migrating juvenile salmonids (particularly 
chinook) use shallow-water habitats for rearing, foraging, and migration, one may argue that 
retaining walls may disrupt juvenile salmonid migration.  In turn, the cumulative impact of this 
migration disruption may be an overall reduction in survival rate, as forcing juveniles into deeper 
water potentially affects their survival by limiting prey resource availability, thereby decreasing 
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their growth rate, and also by increasing their exposure to predators, thereby increasing the 
predation rate. 

Although riprap bulkheads may cause less loss of shallow water habitats than retaining walls, 
because of the interstitial spaces of their more complex three-dimensional structures, they also 
may provide concealing habitat to salmonid predators, such as some species of sculpin (Kahler et 
al. 2000). 

Habitat Function 

Jennings et al. (1999), studying the relationship between habitat modification and fish 
assemblage, compared three types of sites in 17 Wisconsin lakes: shoreline modified by the 
addition of riprap; shoreline modified by the construction of a vertical retaining wall; and 
unarmored sites.  They found that sites with riprap contained more fish species than sites in 
which retaining walls were constructed and, than unarmored sites.  This is because riprap 
provides more habitat complexity (i.e., interstitial spaces for cover and food production) than 
retaining walls (Jennings et al. 1999).  However, the authors cautioned that their results may 
have been an artifact of confounding variables (scale of the investigation, heterogeneity of the 
unarmored sites, and the increased effort required to assess species richness at unarmored sites). 
Beauchamp et al. (1994) also observed fish preferences for complex habitats in the context of 
rock-crib piers. 

It should be emphasized that although shoreline armored with riprap may provide more habitat 
complexity than retaining walls, riprap and most manmade structures are not comparable 
substitutes for naturally occurring structures and aquatic vegetation.  The reason may be that 
from the habitat viewpoint, manmade structures only simulate physical attributes at best, but lack 
the chemical and biological attributes of, for example, natural wood.  Naturally occurring 
structures such as small and coarse woody debris, as well as aquatic vegetation, possess not only 
unique physical characteristics contributing to habitat complexity, but also chemical and 
biological characteristics necessary for healthy food web and predator–prey interactions (e.g., 
nutrients and substrate for microinvertebrates and food for prey species). 

With regard to salmonids, avoidance of armored shorelines rather than aggregation has been 
reported (Garland and Tiffan 1999).  Garland and Tiffan (1999), studying near-shore habitat use 
by subyearling fall chinook salmon in the Snake River, found that this species avoided bedrock 
cliffs and manmade boulder (riprap) areas, and was more abundant at sites where sand was the 
dominant substrate.  Key et al. (1996) reported little use of boulders and riprap in a study 
conducted in the Hanford reach of the Columbia River.  Bennett et al. (1992) found most 
subyearling chinook over sandy substrates in Little Goose Reservoir.  Also, Curet (1993) 
reported that subyearling chinook rearing in Lower Granite and Little Goose reservoirs exhibited 
a strong preference for sandy areas and showed a moderate avoidance of areas containing cobble.  
Curet (1993) did not report capture effort over different substrate types.  However, because 
Bennett et al. (1992) and Curet (1993) used beach seine as sampling gear, results from their 
studies are limited to the areas where beach seining techniques were effective. 



Over-Water Structures:  Freshwater Issues 

wp1   /00-01215-009 white paper overwater structures.doc 

April 12, 2001 29 

As  the preceding discussion shows, fish response to riprap varies with the species and 
geographical area.  For example, fish assemblages like those studied by Jennings et al. (1999) in 
Wisconsin lakes respond to riprap and retaining walls in a different manner than subyearling 
chinook salmon respond to these structures in eastern Washington reservoirs. 

The effect of habitat modification on macroinvertebrate abundance resulting from the addition of 
riprap and retaining walls has also been studied (Schmude et al. 1998).  Using simulated riprap 
and retaining walls in three Wisconsin lakes, they found that simulated riprap supported greater 
macroinvertebrate abundance and species richness than did simulated retaining walls, regardless 
of the shoreline conditions where the simulated structures were placed (i.e., riprap, vertical 
retaining wall, or natural shoreline).  As in other studies discussed above, Schmude et al. (1998) 
attribute the greater abundance of organisms found in the simulated riprap to the greater habitat 
complexity that this type of structure provides.  They conclude that more complex, three-
dimensional artificial substrate associated with riprap, with its greater substrate heterogeneity, 
surface complexity, and interstitial space, supports a more diverse and abundant 
macroinvertebrate community in lakes than does the less complex, two-dimensional artificial 
substrate of the retaining wall.  They also speculate that the complexity of erosion control 
structures (i.e., bulkheads) affects the type and abundance of colonizing macroinvertebrates (i.e., 
riprap bulkheads support greater abundance). 

From the preceding discussion, it becomes apparent that replacement of natural shorelines with 
simple artificial structures such as retaining walls may reduce the quality of habitat and change 
the community structure, through the removal of wetland and riparian vegetation and the 
introduction of changes to physical attributes such as shoreline slope.  Removal of wetland and 
riparian vegetation eliminates fish and wildlife habitat, contributes to the impoverishment of 
water quality and quantity, and precludes future recruitment of woody debris.  In this regard, 
Ward et al. (1994) found that in the Willamette River, the habitat type used by salmonids at an 
undeveloped site was unavailable at developed sites, especially at a site where the shoreline had 
been armored with a vertical retaining wall.  They found differences in bottom slopes, water 
depths, and water current velocities when comparing developed and undeveloped sites. 

The simplification of the shoreline (i.e., removal of structure) during the construction of retaining 
walls further reduces salmonid habitat.  This thesis is supported by Christensen et al. (1996), who 
found that removal of coarse woody debris and shoreline vegetation as a result of bulkhead 
construction reduced refuge habitat.  Christensen et al. (1996), studying 16 lakes in Northern 
Wisconsin, found a strong negative correlation between riparian snag density and coarse woody 
debris density and the shoreline cabin density at the whole lake scale.  Their results demonstrate 
that there are substantial impacts of shoreline residential development on littoral riparian snag 
and coarse woody debris abundance, and that this impact is additive.  Christensen et al. (1996) 
speculate that humans reduce coarse woody debris in lakes, apparently through direct removal as 
well as by altering riparian vegetation. 

However, although most data found during this literature review seem to consistently show the 
adverse effects of bulkheads, not all of the research results are conclusive.  For example, Knutsen 
and Ward (1991) found that in the Willamette River, physical characteristics of the near-shore 
zone area did not vary greatly, except when altered by structures.  Shorelines associated with 



Over-Water Structures:  Freshwater Issues 

wp1   /00-01215-009 white paper overwater structures.doc 

 30 April 12, 2001 

structures had steeply placed riprap or vertical walls, and alteration of water depth was 
commonly associated with waterway developments.  The authors found evidence that suggested 
that water depth might influence the horizontal distribution of yearling chinook salmon and 
juvenile steelhead.  However, the results were inconclusive, and Knutsen and Ward (1991) were 
unable to find any significant pattern in such distribution for these fish species. 

Another inconclusive study is that conducted by White (1975) in Lake Washington.  He 
compared benthic macroinvertebrate abundance at various depths in front of different types of 
bulkheads, and found that reflected wave action associated with the bulkhead did not displace 
organisms.  However, clear trends of macroinvertebrate abundance were not found, as benthic 
populations at similar bulkheads often varied, thus precluding any conclusive evidence (White 
1975). 

Shore-Zone Habitat Structure Changes – Summary of Findings and Data Gaps 
Summary 

Figure 1 schematically depicts the relationships among impacts resulting from changes induced 
by on-, in-, and over-water structures and associated construction and operational activities.  As 
illustrated in this figure, on- and over-water structures alter the shore-zone habitat structure, 
resulting in changes to fauna and flora.  Changes in the habitat structure may result in salmonid 
behavior disruption, which may then affect predation rate.  Pile driving and removal and other 
construction and operational activities cause short- and long-term habitat impacts.  Short-term 
impacts are associated with noise disturbance and water quality impairment during construction.  
Long-term impacts associated with the presence and operation of the structure may include 
physical damage to aquatic organisms and a reduction in primary production.  Both the presence 
of structures and the impacts arising from the associated construction and operational activities 
can disrupt the food web and thereby affect the ecosystem. 

The following is a summary of findings of this review pertaining to shore-zone habitat structure 
changes, organized by the observed type of response. 

Predation 

� Bass are major juvenile salmonid predators, likely due to the overlap in 
rearing habitat. 

� In reservoir systems of eastern Washington, juvenile salmonid predation is 
specific to the behavior and distribution of each salmonid species and of 
its predator.  The behavior and distribution of predator and prey species 
reportedly depend on temperature, the degree of shore-zone development, 
slope and substrate of the shoreline, and the presence of manmade in-
water structures. 



Over-Water Structures:  Freshwater Issues 

wp1   /00-01215-009 white paper overwater structures.doc 

April 12, 2001 31 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Impacts resulting from changes induced by on-, in-, and over-water structures and associated construction and operation activities. 
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� In the Colombia and Snake river reservoirs, northern pikeminnow is an 
important predator of juvenile salmonids because of their inshore 
preferences and preference for low velocity microhabitats, which are 
created by in-water structures. 

� Habitat used by fish may influence bird prey selection, and in general, 
cover reduces success of their capture by predatory birds. 

Behavior 

� Docks, piers, and floats reportedly attract fish, this being the main effect 
of these over-water structures on fish behavior. 

� Over-water structures may affect the survival of organisms (particularly 
juvenile salmonids) by providing a focal point for predatory fish 
aggregation, effectively altering predator-prey interactions. 

� Although it is not clear which features (e.g., shade, tactile stimuli) of over-
water structures attract bass, bass have been observed foraging and 
spawning in the vicinity of docks, piers, and pilings. 

� The shade produced by houseboats and floats versus the shade produced 
by fixed-height structures may induce different responses in fish. 

� Different fish species respond differently to the shade produced by over-
water structures. 

� Smallmouth bass and largemouth bass have a strong affinity to habitat 
structures including piers, docks, and associated pilings. 

� Fish, particularly largemouth bass, rather than being attracted to the 
physical structure of experimental floats, seem to be attracted to the shade 
they produce.  In contrast, smallmouth bass do not seem to be attracted to 
the shade produced by such structures. 

� In free-flowing systems, pilings can create back-eddy microhabitats due to 
the physical disruption of the water flow, thereby attracting northern 
pikeminnow and perhaps juvenile salmonids to such habitats. 

� Bulkheads adversely affect the migration and thereby the survival of 
juvenile salmonids by diverting them into deeper waters along armored 
shorelines. 

� In the Snake River, subyearling fall chinook salmon avoid bedrock cliffs 
and manmade boulder (riprap) areas. 
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� The fish response to riprap and retaining walls varies with the region and 
the species. 

Habitat Function 

� The cumulative effects of shoreline development that accompany the 
construction of over-water structures, may be the main determinant of 
adverse effects on fish assemblages at the basin level. 

� Over-water structures and associated construction and operation activities 
adversely affect juvenile salmonids by providing habitat for predators 
adjacent to natural refugia for migratory juvenile salmonids, such as 
coarse woody debris.  Construction and placement of the over-water 
structures also affect juvenile salmonids by reducing refugia such as 
coarse woody debris. 

� To be effective, artificial habitat structures used in restoration projects 
must be designed with attention to the needs of resident and desired 
species and consideration of the prevailing physical factors in a particular 
river or stream. 

� In streams, rivers, and lakes, survival and distribution of salmonids is 
limited at least partially by water temperature. 

� The number and body size of organisms using an area influenced by a 
floating object are directly related to the surface area of the object. 

� Bark originating from log booms and rafts is reportedly the most 
significant problem associated with log rafting.  This is because when bark 
accumulates on the bottom it may promote 1) a reduction in dissolved 
oxygen in the overlying water and a corresponding anaerobic layer near 
the bottom, resulting in the generation of toxic sulfide compounds; and 2) 
burial of benthic communities. 

� The construction of bulkheads causes loss of terrestrial, shallow water, and 
benthic habitat, and thereby, loss of organisms. 

� Bulkheads promote erosion of the foreshore and adjacent beaches, and 
interfere with sand recruitment processes. 

� Due to its greater complexity, riprap reportedly has a greater potential than 
do vertical walls for maintaining the density and diversity of fishes and 
macroinvertebrates.  However, armoring in general is detrimental to the 
environment and to organisms. 
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Data Gaps 

No empirical data were found to support several of the processes depicted in Figure 1.  Where 
empirical data are lacking, inferred and hypothetical associations have been drawn.  The matrix 
of data availability in Appendix B shows where data exist for each of the categories of response 
studied in this white paper (i.e., predation, behavior, and habitat function). 

Through this literature review, the following information needs have been identified (organized 
by the observed type of response): 

Predation 

� What are the effects of in-, on-, and over-water structures on predator-prey 
interactions? 

� What are the predator-prey behavioral responses to each type of over-
water structure and to shore-zone development in general? 

� Do the over-water structures affect the predation rate on salmonids or 
other species?  Would changes in design eliminate or minimize the effect? 

� Does temperature affect the sockeye salmon and bass habitat overlap in 
Lake Washington?   

� In reservoirs of eastern Washington, does temperature control the duration 
of shoreline residence of subyearling fall chinook, thereby affecting their 
habitat overlap with bass? 

� What is the effect of over-water structures and shoreline development in 
general on avian predation? 

Behavior 

� Are bass attracted to the shade or to the physical structures (or both) of 
piers, dock, and floats? 

� Is the food-web interaction of prey fishes an attracting feature of docks, 
piers, and associated pilings? 

� In free-flowing areas of rivers and reservoirs of eastern Washington, do 
low-velocity microhabitats increase juvenile salmonid predation by 
providing aggregating habitat for northern pikeminnow and perhaps 
juvenile salmonids as well? 

� Do on-water structures (e.g., boathouses and log rafts) induce the same 
effect on the behavior of organisms as over-water structures? 
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� Why do subyearling fall chinook salmon avoid bedrock cliffs and 
manmade boulder (riprap) areas in the Snake River?  Does this avoidance 
expose them to increased predation? 

Habitat Function 

� Do fish respond to the actual shoreline structures, or to the habitat 
characteristics resulting from riparian zone alterations (e.g., vegetation and 
woody debris removal) associated with placement of the structures? 

� What is the relationship between the cumulative effects of increased 
number of docks in Lake Washington and the decline in sockeye salmon 
freshwater survival? 

� Can the effects of shoreline development be fully mitigated?  How? 

� Can habitat function in highly developed shore-zone areas be restored?  
How?  

� In lakes and slow-flowing rivers and reservoirs, does large woody debris 
enhance salmon habitat or provide habitat for salmon predators? 

Shading and Ambient Light Changes 

Light is very important in the life of organisms.  For juvenile salmonids, light is necessary for 
orientation, prey capture, schooling, predator avoidance, and migration navigation (Simenstad et 
al. 1999).  Docks, piers, pier skirting, floats, houseboats, boathouses, barges, marinas, pilings, 
wharves, log booms, and log rafts all shade aquatic habitat and limit ambient light, affecting 
macrophyte and phytoplankton primary production.  This shading could result in a decreased 
survival rate, or at least promote behavioral changes in various components of the biological 
community.  Lighting associated with these structures may possibly alter fish species behavior, 
posing increased risk of predation and causing disruption of fish migration patterns.  Empirical 
evidence exists (see discussion below) that indicates that changes in the underwater light 
environment may have an impact on juvenile salmonid physiology and behavior (Simenstad et 
al. 1999). 

Predation 

No data were found supporting a direct link between lighting and an increase in predation of 
fishes.  Research results found were inconsistent, however may provide insight into the effects of 
lighting associated with over-water structures with regard to increased predation. 

For example, under varying light intensities, within the natural range of light intensities 
occurring at night, it has been shown that predation rates on juvenile salmonids increase with 
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increasing light (Patten 1971; Ginetz and Larkin 1976; Mace 1983, as cited by Tabor et al. 
1998). 

In contrast, Tabor et al. (1998) in conducting freshwater laboratory experiments found decreased 
predation rates at higher light intensity.  These researchers speculated that rather than increased 
inhibition of sculpin predatory behavior, the light may have actually influenced salmon behavior, 
by enhancing the ability of the fry to detect and avoid sculpin, which resulted in reduced 
predation.  Tabor et al. (1998) proposed that differences in study components (such as salmonid 
species, environment) between their work and earlier studies of Patten (1971) and Mace (1983, 
as cited by Tabor et al. 1998) may explain the difference in the results they found. 

Tabor et al. (1998) in the analysis of their research results, speculated that the reason increased 
predation did not occur may have been a result of the predator being sculpin, a non-obligated 
visual fish. In the darkness, sculpin may use some other sensory mechanism besides vision (i.e., 
their lateral line) to detect prey and therefore, the increase in light intensity may not have 
enhanced its foraging ability.  However, these researches suggested that in the case of visual 
predatory fish such as cutthroat trout, rainbow trout, juvenile coho salmon, as well as some bird 
species, increased light intensity might result in an increased predation rate on juvenile 
salmonids.  Consequently, studies using any of these visual species might find an increased 
predation rate correlated with increased light intensity.  The speculation of Tabor et al. (1998) 
regarding their research results may not be accurate, as other research shows.  For example, 
Petersen and Gadomski (1994) found in laboratory experiments with increasing light intensity a 
decreasing predation rate between northern squawfish (a visual predator) and juvenile chinook 
salmon. 

In addition to differences in experimental condition, the reason for the lack of consistency in the 
aforementioned research results may be that simultaneous variables contribute to the effect of 
potential light-mediated predation rates on juvenile salmonids.  In the field, physical/chemical 
and biological variables may have confounding, interrelated, and simultaneous interactions on 
fish responses to artificial light associated with over-water structures.  To better interpret 
research results providing indirect evidence of the adverse effect of lighting on fish, such 
variables need to be studied and further understood.  Unfortunately, this is usually difficult, 
particularly when field experiments are performed. 

One example of a physical variable confounding the results of experiments on the effects of light 
on fish is a study conducted by Vogel and Beauchamp (1999) regarding the effects of light, prey 
size, and turbidity on reaction distance of lake trout (Salvelinus namaycush) and salmonids.  
They found that with increasing light, reaction distances increased rapidly (i.e., from less than 25 
centimeters at 0.17 lux to about 100 centimeters at a light threshold of 17.8 lux).  Above this 
threshold, increasing light contributed no further advantage for prey detection and therefore no 
further risk to prey.  Vogel and Beauchamp (1999) also found that the “reaction distance 
declined as a decaying power function of turbidity.” 

Artificial light associated with shoreline development can also have an effect on predation of 
juvenile salmonids through the alteration of their migratory behavior.  It has been proposed that 
in the Cedar River, increased artificial light intensity levels may delay fry emigration and cause 
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fry to move to areas of lower water velocity where most predation appears to occur (Tabor et al. 
1998).  Therefore, one might expect that a delay in emigration due to the increasing incidence of 
nighttime lighting associated with shoreline development or over-water structures could lead to 
increased predation on emigrating fry.  However, this has yet to be researched. 

Behavior 

Regarding fish attraction to shade and its potential effect on predation, Helfman (1979) found 
that in Cazenovia Lake, New York, experimental floats attracted prey fishes (small bluegill and 
adult golden shiner) and suggested that this aggregation may attract predatory fish species.  
However, this conjecture was inconclusive in this study.  Helfman (1979) speculates that 
largemouth or smallmouth bass would gain an element of surprise by hovering in shaded regions.  
Conversely, prey fish would have an advantage by being able to see approaching predators 
before the predator sees them. This is because floats are shade-producing objects, which reduce 
the conspicuousness of fish in shade while enhancing their ability to view predators approaching 
from sunlit surroundings. 

As juveniles, predator fish might also seek protection from their own predators by occupying 
shaded areas.  Helfman (1979) speculates that attraction of predatory fish to floats might be 
because of predator-protection-seeking behavior imprinted as juveniles.  Consistent with this, 
Haines and Butler (1969) show that structures that provide darkness are most often selected by 
yearling smallmouth bass. 

Shade from over-water structures may have effects other than those reported by Helfman (1979) 
that promote fish aggregation under shade-casting structures.  On a species-specific basis, those 
effects may vary with fish physiology.  For example, in their review, Simenstad et al. (1999) 
analyzed empirical data pertaining to the juvenile salmonid light perception in the context of 
behavior and physiology.  Their review indicates that 1) ambient and artificial light have been 
reported to induce behavioral responses consistently different between species and ontogenetic 
stage, and the responses vary with the dispersal patterns of the species; 2) upon a stimulus, the 
progression of changes the fish eye must undergo from one state to another is influenced by the 
intensity of the introduced light to which the fish has been exposed; and 3) there are threshold 
light intensities for different behaviors of juvenile salmonids. 

Thus, one may argue that the shade cast by over-water structures that occur over juvenile 
salmonid migratory corridors may disrupt their migration by creating visual barriers and 
promoting disorientation.  Over-water structures such as docks can create sharp underwater light 
contrasts by both casting shade and casting light (from lighting) under ambient daylight and 
nighttime conditions respectively (Simenstad et al. 1999).  In this regard, there is empirical 
evidence which indicates that changes in the underwater light environment will have an impact 
on juvenile salmonid physiology and behavior, and these changes may pose a risk of affecting 
fish migration behavior and increasing mortality risk.  (See Simenstad et al. 1999; a full review is 
beyond the scope of this white paper.) 

Similarly, it has been suggested that changes in light intensity may modify the behavior of 
sockeye salmon fry (Tabor et al. 1998).  Tabor et al. (1998), conducting simulated stream 
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experiments, found that increased light, especially that above natural levels, appears to slow or 
stop emigration of fry, which makes them more vulnerable to predation by sculpin.  Tabor et al. 
(1998) found that as light level increased, and in the absence of sculpin, fry emigrated 
downstream at a slower rate.  In the presence of sculpin, fewer fish emigrated but did so at a 
faster rate than in the absence of sculpin (Tabor et al.1998).  Similarly, McDonald (1960) found 
that the downstream migration of sockeye and coho salmon fry was closely related to light 
intensity.  He found the presence of artificial lights over experimental stream channels at night 
inhibited the downstream migration of sockeye and coho salmon fry in these channels until the 
lights were extinguished.  Consistent with this finding, Godin (1981), based on a literature 
review of diel timing of salmon fry migration, indicates that natural light intensity appears to be 
the major environmental factor controlling the daily onset and termination of the downstream 
and upstream migrations of salmonid fry.  His findings indicate the physiology of these 
organisms is involved in the process.  As changes in the underwater light environment will have 
an impact on juvenile salmonid physiology (Simenstad et al. 1999), it follows that both the 
artificial light associated with over-water structures and the shade that these structures produce 
have a potential for disrupting salmon fry migration and thereby increasing exposure to 
predators. 

In terms of fish attraction to lighting generally, the only data found during this literature review 
comes from an indirect source (Collis et al. 1995).  While conducting an unrelated study on 
northern squawfish predation on salmonids, Collis et al. (1995) observed that juvenile salmonids 
were attracted (i.e., surfaced) to work lights in a Columbia River reservoir.  However, such 
attraction may not hold in all systems and for all different ontogenetic stages (Simenstad et al. 
1999).  In many different second and third order creeks on the Olympic peninsula, night snorkel 
surveys of juvenile salmonids indicated no attraction to the light produced by flashlights when 
shined from under the water or from the surface (Carrasquero 1997 unpublished observations).  
Instead, fry and presmolt salmonids held position, at times even regardless of the proximity of 
the surveyor. 

Habitat Function 

In terms of the effects of on-and over-water structures on the light environment, another concern 
of shading and ambient light changes relates to the potential effects on habitat function.  This 
includes reduction of the ambient light beneath a structure due to light obstruction by an over-
water structure (shading), as well as changes of the ambient light (increase in intensity) due to 
lighting associated with the structure. 

As noted previously, shading can affect habitat function by creating visual barriers to migrating 
fish.  The physical design and elements of the over-water structure (i.e., deck height and width, 
piling numbers and type, pier skirting and batter boards, etc.) can influence whether the shadow 
cast on the near shore covers a sufficient area and has sufficient intensity to constitute an 
underwater visual barrier for fish (Simenstad et al. 1999).  Also, to the extent that phytoplankton 
and aquatic macrophytes require light during photosynthesis, over-water structures that reduce or 
modulate the amount of light will ultimately affect macrophytes beds and reduce phytoplankton 
primary production, with corresponding effects on habitat function, the food web, and 
consequently the ecosystem. 
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Because epibenthic communities depend on light (of certain intensity) to persist, artifacts that 
may diminish light intensity beneath a structure will affect such communities and their habitat.  
For example, shading from pile-supported structures may modify wetland habitat, and depending 
on the amount of shading, algae and aquatic vegetation that occur beneath the structure may be 
reduced or absent (Mulvihill et al. 1980).  However, piling and piers offer substrate for algae to 
grow in areas where bottom depth is below the photic zone or presents unstable sediment 
conditions (Mulvihill et al. 1980).  A loss of phytoplankton primary production due to shading 
may be compensated by the primary production of algae that grow on pilings, particularly in 
areas with bottom conditions as described above. 

In this regard, White (1975) studied the light intensity under and outside over-water structures to 
determine whether structures significantly reduced the amount of light available for primary 
production of phytoplankton.  Not surprisingly, he found that light intensity was higher outside 
over-water structures compared with intensities beneath the structures, as a result of shading 
from the structures.  However, surface phytoplankton production at the edge of a large over-
water apartment complex and under narrow residential piers, exceeded those measured outside 
over-water structures.  White (1975) explains these results as a natural inhibition of production 
that occurs at the surface of water due to light conditions, which are higher than those in which 
algae thrive.  He suggests that under narrow residential piers, at approximately one meter 
beneath the over-water apartment complex, light intensity may be reduced to “optimal,” resulting 
in higher primary production.  White (1975) did not study the abundance or distribution of 
macrophytes under or outside the docks and piers, nor did he investigate the loss of primary 
production due to the reduction of macrophyte vegetation.  Clearly, the loss of macrophyte 
vegetation due to the placement of over-water structures drastically affects primary production. 

In terms of the surface area covered by piers, although suggesting that narrow residential piers do 
not significantly reduce phytoplankton primary production, White (1975) concludes that there is 
an inversely proportional reduction in such production due to the reduction of light.  White’s 
(1975) findings that there were no significant reductions of phytoplankton primary production, 
do not take into consideration the cumulative effects of individual piers.  Analysis of alterations 
occurs primarily at the spatial scale of individual, recreational, and residential properties, the 
effects are incremental and cumulative in nature (Jennings et al. 1999). 

One may argue that a shaded underwater area beneath an over-water structure is essentially a 
new and different habitat from that which previously existed.  This shaded habitat possesses 
intrinsic physical characteristic that will promote changes in various interrelated parameters such 
as light intensity, temperature, primary production and consequently, dissolved oxygen 
(Simenstad et al. 1999).  It is expected that the design (i.e., dimensions, materials, and location in 
relation to the sun path) and flow conditions at the selected site will influence how much such 
parameters change, due to the shade cast by the over-water structures.  In turn, these changes 
may induce responses in the biological community with ecological consequences, which are still 
poorly known and much less well understood. 

Shade-producing structures can introduce changes to fish assemblages and distributions, which 
in turn may affect the local communities, and therefore the systems they inhabit.  Helfman (1979, 
1981a) studied fish attraction to shade producing objects and to experimental floats in Cazenovia 
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Lake, New York.  The experiments were conducted using underwater human observers and 
cameras.  He found the number of fish aggregating beneath shade-producing objects is directly 
proportional to the size of the objects.  Helfman (1981a) suggests that the amount (or depth) of 
shade produced is a determinant of the observed attraction phenomenon.  Helfman (1979, 1981a) 
concludes that shade, interacting with water clarity, sunlight, and vision, is an important factor in 
attracting temperate lake fishes to overhead structures.  In this regard, the major determinant of 
the apparent attraction of shade producing objects to fish is the relative visual advantage of a 
shade versus a sunlit observer (Helfman 1979, 1981a; Helfman et al. 1997).  For example, during 
the day, largemouth bass are typically found near cover, which shields them from high light 
intensities and may provide a concealed vantage point for the occasional ambush of prey 
(Helfman 1981a). 

The associated problems of shading are not exclusive to docks, piers, or associated piling 
structures.  Floats can also shade the underwater environment in a fashion directly proportional 
to the site and shape of the structure.  However, shaded areas caused by floats are usually small, 
and therefore a measurable effect is not expected (Mulvihill et al. 1980).  No published empirical 
evidence of the specific effect of floats on habitat function was found. 

Shading and Ambient Light Changes – Findings Summary and Data Gaps 
Summary 

Figure 2 schematically depicts the relationships among impacts resulting from changes induced 
by on-, in-, and over-water structures and associated construction and operational activities.  As 
illustrated in Figure 2, these structures shade the underwater environment and limit the daylight 
available for photosynthesis, thus restructuring communities.  Construction and operational 
activities associated with these structures impair water quality and promote algal blooms, thus 
reducing light penetration and disrupting salmonid behavior.  Ultimately, these impacts disrupt 
the food web and in turn the ecosystem. 

The following is a summary of findings of this literature review pertaining to shading and 
ambient light changes, organized by the observed type of response. 

Predation 

� In different species and under different environmental conditions, 
predation rates in juvenile salmonids have been shown to both increase 
and decrease with increasing light. 

� With increasing light, reaction distances increase rapidly but only within a 
threshold, above which increasing light contributes no further advantage 
for prey detection.  The reaction distance declines as a decaying power 
function of turbidity. 

� Large or smallmouth bass may gain an element of surprise by hovering in 
shaded regions. 
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Figure 2. Impacts resulting from changes induced by on-, in-, and over-water structures and associated construction activities. 
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Behavior 

� Ambient and artificial light have been reported to induce consistently 
different behavioral responses between species and ontogenetic stage, and 
the responses vary with the dispersal patterns of the species. 

� Upon a stimulus, the progression of changes the fish eye must undergo 
from one state to another is influenced by the intensity of the introduced 
light to which the fish has been exposed. 

� Changes in light in the underwater environment affect juvenile salmonid 
physiology and behavior.  This is because there are threshold light 
intensities at which different juvenile salmonid behaviors occur. 

Habitat Function 

� Shading affects habitat function by creating visual barriers to migrating 
fish. 

� Shading from pile-supported structures modifies the water temperature 
and wetland habitat, and depending on the amount of shading, algae and 
aquatic vegetation that occur beneath the structure are reduced or 
eliminated. 

� The shade produced by a piling-supported pier promotes a loss of 
phytoplankton primary production.  However, this may be compensated 
by the primary production of algae that grow on pilings, particularly in 
areas where the bottom depth is below the photic zone or presents unstable 
sediment conditions. 

� Narrow residential piers may not significantly reduce phytoplankton 
primary production, but there is an inversely proportional reduction in 
production due to the reduction of light. 

� The cumulative effects of even narrow residential piers are detrimental to 
the environment. 

� Shade interacting with water clarity, sunlight, and fish vision is reportedly 
an important factor in attracting temperate lake fishes to overhead 
structures. 

Data Gaps 

No empirical data were found to support several of the processes depicted in Figure 2.  Where 
empirical data are lacking, inferred and hypothetical associations have been drawn.  The matrix 
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of data availability in Appendix B shows where data exist under each of the categories of 
response studied in this white paper (i.e., predation, behavior, and habitat function). 

Through this literature review, the following information needs have been identified (organized 
by the observed type of response). 

Predation 

� Is there a relationship between lighting and predation on juvenile 
salmonids? 

� Do large or smallmouth bass gain an element of surprise by hovering in 
shaded areas under over-water structures? 

� What is the relationship between reaction distance decline (due to 
turbidity) and fish predation rate? 

Behavior 

� Does lighting from shoreline development and associated over-water 
structures disrupt or delay juvenile salmonid migration?  Would this 
disruption have an effect on predation on juvenile salmonids? 

� What is the relationship between impacts on juvenile salmonid behavior 
resulting from light changes in the underwater environment and changes in 
predation rates? 

� Do changes in light intensity modify the behavior of sockeye salmon fry?  
Would this behavior modification make them more vulnerable to 
predation? 

� Do algal blooms originating from nutrient loading disrupt salmonid 
migration? 

Habitat Function 

� What are the cumulative impacts of over-water coverage on primary 
production in various lakes and reservoirs of eastern and western 
Washington? 

� How does the design of structures (i.e., dimensions, materials, and 
location in relation to the sun path) influence organism responses?  Do 
these responses vary among species or systems? 



Over-Water Structures:  Freshwater Issues 

wp1   /00-01215-009 white paper overwater structures.doc 

 44 April 12, 2001 

Water Flow Pattern and Energy Disruption 

Docks, piers, marinas, pilings, wharves, riprap, and retaining walls all have the potential to 
disrupt water flow patterns and energy. This disruption can lead to alteration of the distribution 
and abundance of sediment, vegetation, and detritus.  In turn, alteration of these elements can 
restructure important habitat features, thereby affecting the biological community. 

Docks, Piers, and Floats 
Habitat Function 

Lorang et al. (1993) studied the effects of lake level regulation and over-water structures on 
shoreline changes in Flathead Lake, Montana.  They characterize two types of systems: 1) 
reflective systems characterized by dynamic gravel beach faces and steep in-shore shelves 
armored by wave-washed cobble, and 2) dissipative systems characterized by sand-sized 
substratum, broad in-shore flat shelves, and the presence of multiple linear bars approximately 
350 meters offshore.  They also found that piers, which intercept gravel transport, accelerated 
beach (backshore) erosion on “the downdrift side, and heavy aggregation of migrating gravels 
occurred on the updrift side.”  Erosion on reflective beaches was induced by continuous wave 
action during the much longer full-pool period (due to lake level regulation), resulting in fore- 
and back-shore erosion and loss of riparian vegetation (Lorang et al. 1993). 

Kahler et al. (2000) speculate that in Lake Washington, which experiences a water level regime 
similar to that of Flathead Lake, similar processes may occur, with the corresponding effect on 
riparian and emergent vegetation.  They further speculate that gravel interception around shore-
zone structures could potentially increase the availability of suitable spawning habitat for 
smallmouth bass in Lake Washington (Kahler et al. 2000). 

Similar processes also occur in reservoir systems of eastern Washington (e.g., the Columbia and 
Snake river reservoirs; Independent Scientific Group 1996).  The fluctuating water levels in 
those regulated reservoirs prevent the establishment of riparian vegetation.  This zone in which 
riparian vegetation does not become established, called the “varial zone,” includes all the 
shallow, low-velocity habitats within the river channel of all regulated river segments in the 
Columbia basin (Independent Scientific Group 1996).  Because of such a pattern of water level 
regulation, one might expect the gravel accumulation process to occur around shore-zone 
structures, with the corresponding effect on smallmouth bass habitat. 

In areas with exposed banks, boat-induced waves moving along the exposed bank at the speed of 
the boat can erode the slopes, suspending sediments and removing aquatic plants and benthos 
(Warrington 1999a).  Although armoring of the shoreline may be seen as a potential solution, 
retaining walls, groins, or riprap are not acceptable solutions because these methods often 
destroy as much habitat as the problems they are designed to treat (Warrington 1999a). 

In general, loss of emergent vegetation can promote erosive cycles that preclude the recovery 
and reestablishment of such vegetation.  Erosion of shorelines that cause a decrease in emergent 
vegetation will also promote changes in sediment transport patterns.  This further increases 
emergent vegetation loss and, in turn, will promote more shoreline erosion (Rolletschek and 
Kuhl 1997). 
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Water Flow Pattern and Energy Disruption – Findings Summary and Data Gaps 
Summary 
Figure 3 schematically depicts the relationships among impacts resulting from changes induced 
by in- and over-water structures.  As illustrated in this figure, over-water structure impacts alter 
habitat function directly through the loss of riparian and emergent vegetation, and indirectly 
through shoreline erosion.  The loss of riparian and emergent vegetation results in further 
shoreline erosion, creating an erosive cycle that further increases vegetation loss, with a resultant 
adverse effect on nutrient cycles.  In-water structures alter the water flow pattern, create 
microhabitats, and disrupt fish behavior, which may affect predator–prey relationships.  Both in- 
and over-water structures can thereby disrupt the food web and thus adversely affect the 
ecosystem. 

The following is a summary of findings of this literature review pertaining to water flow pattern 
and energy disruption. 

� Piers, which intercept gravel transport, may accelerate beach erosion and 
promote heavy aggregation of migrating gravel.  This gravel aggregation, if 
around shore-zone structures, may increase the availability of suitable spawning 
habitat for smallmouth bass in such water bodies as Lake Washington. 

� In areas with exposed banks, boat waves can erode the slopes, suspend 
sediments and remove aquatic plants and benthos. 

� Loss of emergent vegetation promotes erosive cycles that preclude the 
recovery and reestablishment of such vegetation. 

� Retaining walls and riprap are not acceptable solutions to shoreline 
erosion, because these methods are often as damaging to habitat as the 
conditions they are designed to treat. 

Data Gaps 

No empirical data were found to support several of the processes depicted in Figure 3.  Where 
empirical data are lacking, inferred and hypothetical associations have been drawn.  The matrix 
of data availability in Appendix B shows where data exist under each of the categories of 
response addressed in this white paper (i.e., predation, behavior, and habitat function). 

Through this literature review, the following information needs have been identified (organized 
by the observed type of response). 

Predation 

� Does disruption of flow pattern and energy have any influence on 
predator-prey interactions? 

� Do in-water structures that promote fish aggregation by creating slow-
flowing-water microhabitats have an effect on the food web? 
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Figure 3. Impacts resulting from changes induced by in- on-, and over-water structures. 
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Behavior 

� What effect does disruption of water flow pattern and energy have on 
behavior of various aquatic organisms, particularly salmonid fishes and 
their predators? 

� Do in-water structures that disrupt fish behavior affect predator-prey 
interactions? 

Habitat Function 

� Does gravel aggregation around shore-zone structures affect bass 
population density and distribution? 

� Are erosive cycles that preclude the recovery and reestablishment of 
emergent vegetation at work in eastern and western Washington systems?  
How could they be prevented?  

Indirect Mechanisms of Impact 
Physical/Chemical Environmental Disruption:  Construction and Operation Activities 

Although little studied in freshwater environments, the indirect effects of the physical/chemical 
processes associated with the construction and operation of over-water structures are widely 
recognized.  Chmura and Ross (1978), Mulvihill et al. (1980) and Kahler et al. (2000) all provide 
literature reviews of direct and indirect effects of over-water structures documented in studies of 
marine estuarine and freshwater environments.  A more comprehensive literature review of the 
impact of over-water structures on the physical environment can be found in the Over-Water 
Structures: Marine Issues white paper. 

Physical/chemical environmental disruption due to construction and operation activities of over-
water structures can have both temporary and permanent effects, and are related to noise 
disturbance and water quality degradation (Chmura and Ross 1978; Mulvihill et al. 1980; Kahler 
et al. 2000).  For example, building an over-water structure involves pulse phenomena during the 
period of construction (e.g., pile driving, movement of sediments, release of chemicals from 
building materials), but these stop as soon as, or shortly after, the construction is complete 
(Underwood 1991).  The over-water structure may, however, also cause long-term, possibly 
permanent adverse changes in such variables as water circulation (flow) and release of sewage or 
oil from boats.  Any of these may cause an adverse environmental response (Underwood 1991). 

Pile Driving and Removal 

A major cause of disruption during construction of over-water structures is related to pile driving 
and removal.  The effects of pile driving and removal on the habitat and its biological 
community typically result in localized sedimentation problems, disturbance of pollution-laden 
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sediments, and disruption of normal organism behavior, particularly that of fishes.  This can 
occur through two mechanisms.  First, shock waves generated by pile driving may disrupt 
spawning, rearing, and migratory fish behavior temporarily.  Second, pile removal may promote 
burial of bottom-dwelling organisms and affect water quality by reincorporating pollutants into 
the water column, making them more readily bioavailable.  The latter mechanism can have both 
temporary and permanent effects. 

In general, construction activities (such as pile driving) that disturb the bottom sediments also 
increase turbidity and can affect bottom-dwelling aquatic organisms, remove submerged aquatic 
vegetation, drive away fish and other mobile organisms, and alter existing habitat at the structure 
site (Mulvihill et al. 1980).  Turbidity can clog gills of fish and other organisms, and toxic 
material and silt suspended by construction activities can have a detrimental effect on the biota 
of the immediate area (Mulvihill et al. 1980).  Turbidity effects are most significant for juvenile 
stages and sessile organisms.  In addition, dislodging of organisms can cause spree (i.e., feeding 
frenzy behavior) by predators during construction periods (Mulvihill et al. 1980). 

No freshwater studies showing field data on the effects of pile driving on fishes were found.  One 
published marine study (in Puget Sound) on the effects of pile driving on salmonids was located.  
However, because underwater sound attenuation due to salinity (i.e., water density) is negligible 
over the distances of interest at the infrasound frequencies important for salmonid avoidance 
response, empirical species-specific data from studies conducted in marine and estuarine 
environments can be extrapolated to freshwater environments (Carlson 2000 personal 
communication).  However, direct extrapolation of data from one species of fish to another is not 
practicable, because there is a high level of inter-specific variation in hearing capabilities of 
fishes (Popper 1997).  Therefore, results obtained in marine environment studies should be 
applied to freshwater systems only on a species-specific basis.  

For a better understanding of the effects of pile driving on fishes, the paragraphs below 
summarize the basic principles of underwater acoustics and the structures and function of the fish 
ear and lateral line, as well as known fish responses to sound.  This brief presentation is followed 
by a review of the published literature on the effects of pile driving. 

Sound is defined as a density disturbance that propagates energy through a medium (Popper and 
Carlson 1998).  In water, the energy in a sound wave is contained in the oscillatory movement of 
water particles and in the pressure that a sound wave originates.  Diminution of sound, which 
results from a decrease in its amplitude due to geometric spreading and attenuation, is a function 
of distance.  Diminution of sound through attenuation is induced by mechanical and chemical 
factors (e.g., salinity); hence it is also a function of the oscillatory movement of water particles 
as well as water density (Popper and Carlson 1998). 

Fishes detect both the particle motion and pressure components of sound fields using two 
sensory systems, the ear and the lateral line.  Both sensory systems use similar mechanosensory 
hair cells as transducing structures for signal detection, and both sensory systems respond to 
similar types of signals (Popper and Carlson 1998).  The ear responds to position and 
acceleration of the body.  The lateral line responds to differences between motion of the body 
and motion of the surrounding water, including stimuli (ranging from less than 1 hertz to several 
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hundred hertz) produced by other swimming fish and other organisms (Popper and Carlson 
1998).  The ability of fishes to detect the pressure components of sound is species-specific. 

Because the body of a fish is about the same density as the surrounding water, density 
discontinuities are needed within the body for sound detection to occur.  These discontinuities 
consist of the otoliths (in the inner ear) and the swim bladder.  The otoliths are at least three 
times more dense than the rest of the body.  The swim bladder undergoes volume changes in a 
pressure field because it is filled with a compressible medium, thus acting as a secondary sound 
source in close proximity to hearing structures (Popper and Carlson 1998).  This volume change 
generates a secondary sound field that enables a fish to detect pressure signals with the ear, either 
through direct coupling with the inner ear or by generating water particle movement (Popper and 
Carlson 1998; Fay 1997; Sand 1997).  However, the efficacy of the swim bladder in exciting the 
fish ear depends upon the swim bladder’s proximity to the ear or direct mechanical connections 
by fluid-filled ducts, arrangements of bones, or other means.  For example, in hearing generalist 
species such as salmonids, the swim bladder is relatively far from the ear, and enhancement of 
hearing by the swim bladder appears to be insignificant (Fay 1997; Popper and Carlson 1998).  
Consequently, salmonids are poorly equipped to detect sound unless they are close to a source 
where most of the energy in the sound field is carried by pressure. 

Wild and hatchery fry and smolts of Pacific salmon and steelhead exhibit an innate avoidance 
response to infrasound within the frequency range of 8 to 30 hertz (Carlson 1996).  The level at 
which a fish can detect a sound depends upon the level of background noise.  The sound must be 
at least 10 decibels more intense than background noise to be detected; otherwise it is masked by 
the background noise (Popper and Carlson 1998).  Salmonids have a rather poor hearing 
capability; hence the background noise of the environment (and thereby the masking effect) is 
not as important in salmonids as in other fish species (Popper and Carlson 1998). 

Intense sound (180 to 200 decibels referenced to 1 µPa) can damage the mechanosensory hair 
cells of fishes.  The effect of intense sounds may be more injurious to fish species with highly 
sensitive hearing (i.e., hearing specialists) such as the northern pikeminnow, and less so to fishes 
with poor hearing capabilities (i.e., hearing generalists) such as salmonids. 

Short-term exposure (for a few minutes) to intense sound may not damage inner ear or lateral 
line sensory receptors.  Consequently, if fishes are able to leave the ensonified area (i.e., the area 
immediately adjacent to the sound source), their receptors may not be mechanically damaged.  
Conversely, if fishes remain in the area exposed to strong sounds for extended periods, their 
receptors may be damaged or some other component of the hearing system may be affected.  
Nonetheless, sound in general may result in other stress effects, such as decreased growth, 
increased susceptibility to disease, and impaired reproduction, even in hearing generalist fishes 
(Popper and Carlson 1998).  The effects of intense sound that do not result in easily observed 
changes in fish behavior or mechanical injury to fishes, such as shearing of hair cells, have not 
been studied to any extent. 

Given that fish eggs and embryos cannot leave the ensonified area, these developmental stages 
may be adversely affected by sound energy generated by pile driving activities; this has not been 
studied, however.  In this regard, the Washington Department of Fisheries, in a memorandum 
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dated January 13, 1981, recommends a minimum distance needed to protect the eggs of 
lakeshore spawning sockeye in Lake Washington (WDF 1981).  The recommendation consists of 
establishing a protection area of 300 feet around sockeye spawning sites.  This recommendation 
is based on the analysis of peak energy release and duration data for sound originating from the 
detonation of explosives during demolition activities.   

The energy release during pile driving and detonation of explosives has a short peak period of 
discharge at which maximum energy release occurs.  For pile driving, WDF (1981) estimates 
that this energy would be measurable within 100 feet of the source.  However, pile driving has a 
relatively longer peak period of discharge than detonation of explosives.  Therefore, because the 
distance at which the energy is felt increases in proportion to the length of the peak discharge, 
WDF (1981) suggests that the estimate of 100 feet be tripled, and that this new value (i.e., 300 
feet) be used to establish the protection area. 

It is worth noting that at present sockeye is not the only lakeshore spawner that occurs in Lake 
Washington.  In recent years, chinook salmon have been observed spawning in lakeshore areas 
of Mercer Island and Lake Union (Fisher 2000 personal communication; Quinn 1999 personal 
communication; Kinnison 1999 personal communication).  Therefore, in Lake Washington, the 
concern regarding potential pile driving impacts on fish eggs and embryos also applies to this 
species. 

Carlson (1997) characterizes the underwater sound generated by impact pile driving within the 
context of the response of salmonids to impulse sound, and concludes that the sound thus 
produced is unlikely to significantly affect the migratory behavior of salmonids.  These studies 
were conducted over a two-day period at a pile dike repair where 15 piles were replaced on the 
Washington shore of the Columbia River upstream of Altoona, Washington.  All underwater 
sound measurements were made within 30 feet of the piles being driven and at one of four depths 
(i.e., 5, 10, 15, or 20 feet).  Sound measurements were obtained near the surface, at mid-depth, 
and at the bottom. 

Based on his findings, Carlson (1996) concludes that impact pile driving does not produce 
adequate stimuli for sustained avoidance responses in salmonids.  The reason is that in 
salmonids, the effective stimulus for avoidance response is the local flow (i.e., particle 
displacement) component of infrasound in the range of 5 to 30 hertz where water particle 
acceleration is less than 0.01 ms–2 (meters per second per second).  At this sound level, water 
particle motion is found only in the near-field of volume displacement sources capable of 
generating an intense local flow field (Carlson 1996).  In short, salmonids would have to be very 
close to the noise source to be disturbed and express an avoidance response.  The threshold 
distance for an avoidance response by salmonids has been experimentally determined to be 
approximately 10 feet. 

In another study, Carlson (1996) characterizes the underwater sound generated by vibratory pile 
driving within the context of the characteristics of sound known to result in avoidance response 
by juvenile salmonids.  His experiments consisted of the comparison of data collected during 
vibratory pile driving operations against model data obtained from a volume–displacement–
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infrasound source.  The study was conducted during vibratory driving of six piles along the outer 
perimeter of a pier at the Hatfield Marine Science Center in Oregon. 

Carlson (1996) found that infrasound generated by vibratory pile driving is not continuous and 
has a short life span but is probably dependent upon various aspects of the pile driving activity.  
Such aspects include the design and mode of operation of the vibratory hammer, the 
characteristics of the piles being driven, and characteristics of the substrate into which the piles 
are driven.  For all of the piles observed, most of the energy in the sound field was located at 
frequencies below 50 hertz, with approximately half at infrasound frequencies.  Results showed 
that vibratory pile driving generates a sound field with considerable energy in the frequency 
range where salmonid avoidance has been observed (Carlson 1996). 

Carlson (1996) concludes that the vibratory pile is unlikely to cause an avoidance response by 
juvenile salmonids beyond the immediate vicinity of the pile driving activity.  In addition, this 
type of construction activity is, in general, unlikely to have a significant impact on migrating 
salmonid behavior, because “generation of water particle motion levels in excess of fish 
behavioral response thresholds appears unlikely at ranges over 20 to 30 feet from the pile being 
driven” (Carlson 1996). 

Regarding the published marine study on the effects of pile driving on salmonids, Feist et al. 
(1996) studied the effects of impact and vibratory pile driving on the behavior of juvenile chum 
and pink salmon in Puget Sound.  They determined that salmonids could detect the sound of 
impact pile driving within a radius of at least 600 meters, and that the sound was at least 20 
decibels above ambient levels at 593 meters.  The pile driving did not cause juvenile chum and 
pink salmon to change their distance from shore or to cease foraging activities.  However, Feist 
et al. (1996) found that the distribution and sizes of fish schools, and behavior within schools, on 
pile driving days significantly differed from that on non-pile-driving days. 

It should be noted that this study was based on visual measurements of distribution and behavior 
changes, mostly using human observations, and therefore has its limitations and biases.  
Moreover, it is based on a small sample size and highly variable data. 

Interrelated Effects of Construction and Operations – Boating 

The operation and use of over-water structures can also promote interrelated effects such as those 
originating from boating activities.  In this regard, Warrington (1999a,b) reports on the 
increasing use of freshwaters in British Columbia for recreational boating.  Warrington (1999a,b) 
divides the aquatic environment into bottom sediment, bulk water column, surface microlayer, 
and shoreline habitat compartments, within which the effects of recreational boating may occur.  
In each of these compartments, plant or animal tissue, non-living particulate matter, and water 
subcompartments may exist.  A number of different kinds of effects may also occur and can be 
categorized as either physical disturbances or behavioral effects, which also include reproductive 
failure (Warrington 1999a). 

With regard to physical disturbances, recreational boating can cause shoreline (i.e., bank) 
erosion, sediment resuspension, and destruction of shallow-water and marginal vegetation (see 
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Warrington 1999b for a discussion of chemical pollution associated with outboard motors).  In 
several river systems it has been observed that the physical effects of boating traffic are more 
pronounced in narrow, shallow river channels than in deeper channels (Warrington 1999a). 

In the Illinois River, the bed sediments (i.e., silts and clays) were easily resuspended.  Small 
pleasure craft produced waves of less than a foot and caused the least amount of shoreline wave 
wash.  Large pleasure craft produced short, steep waves of brief duration, causing bank erosion 
and turbidity increases.  Towboats raised the water level at first, then water was drawn down, 
exposing the bottom, followed by successive waves rushing back in, with the resulting 
turbulence causing high turbidity.  The turbidity trail extended several miles behind a towboat 
and took several hours to return to normal (Warrington 1999a). 

Turbidity increases can be attributed in part to algal growth, which may result from the increased 
availability of nutrients (particularly phosphorus) originating from disturbed bottom sediments 
(Warrington 1999a).  This condition occurs when propeller-induced mixing and resuspension of 
sediments makes phosphorus more bioavailable to phytoplankton, resulting in greater algal 
growth and thereby higher turbidities (Hilton and Phillips 1982; Yousef 1974 as cited by 
Warrington 1999a).  In addition, a significant quantitative relationship has been observed 
between plant community structure, submerged plant abundance, and recreational boat traffic.  In 
this regard, it is hypothesized that turbidity and its effect on light are the cause of a decreased 
abundance of submerged vegetation (Warrington 1999a).  In addition to increasing nutrient 
availability, resuspension of sediments also incorporates metals and other toxic materials that 
may have been precipitated and thus previously removed from biological activity (Warrington 
1999a). 

Aquatic plants have variable susceptibility to being uprooted or eroded from the banks or from 
shallow water by wave action, and this is a function of both their root structure and the type of 
sediments in which they normally grow (see Warrington [1999a] for a list of British Columbia 
freshwater submerged aquatic plants ranked in order of their relative resistance to wave action).  
Uprooting of submerged aquatic vegetation was observed in the pathways of outboard engines 
where the propellers came within 30 centimeters of the substrate (Lagler et al. 1950). 

Behavioral effects of boating operations are also a concern because amphibians, fishes, and other 
aquatic organisms can be affected.  For example, noise produced by motorboats disturbs fishes 
and wildlife (Warrington 1999a).  In this regard, it has been shown that boats traveling at slow 
speeds near sunfish nesting areas usually drive the males off the nest, thereby affecting their 
reproductive success (Mueller 1980; Lagler et al. 1950). 

In general, water turbidity can have several deleterious effects on fishes (Warrington 1999a).  
Turbidity can cause decreased growth due to a reduction in the primary production (Buck 1959), 
promote mortality through gill damage, disrupt feeding behavior and migration (Noggle 1978), 
and decrease egg and fry survival (Campbell 1954; McNeil and Ahnell 1964, both as cited by 
Warrington 1999a). 

A reduction in macroinvertebrate abundance due to boating operations has also been reported.  
Lagler et al. (1950) found that the invertebrate abundance in the path of an outboard motorboat 
operated over a prolonged period in shallow water was substantially reduced. 
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In the context of boating operations, interdependent effects of over-water structures can also be 
observed.  For example, human activities such as wading and swimming that involve the intense 
use of the shallow, vegetated areas of lakes and streams can disturb feeding and nesting 
waterfowl (Warrington 1999a). 

Construction activities have a concomitant and inevitable degree of water pollution.  Petroleum 
products in minor quantities may seep into the water from construction equipment, and the 
exhaust emissions add hydrocarbons to the air (Mulvihill et al. 1980).  In general, the resultant 
chemical processes potentially include water quality degradation due to 1) pollution originating 
from the structural material (i.e., treated wood); 2) temporary reduction of oxygen content 
associated with oxidation of resuspended organic matter during dredging operations; and 3) 
temporary changes in pH due to water contact with or leakage from concrete structures.  Chmura 
and Ross (1978), Mulvihill et al. (1980), and Kahler et al. (2000) address all but the pH issue. 

Physical/Chemical Environmental Disruption:  Construction and Operations – Findings 
Summary and Data Gaps 

Summary 

Figure 4 schematically depicts the relationships among impacts resulting from changes induced 
by construction and operation of over-water structures and by pile removal activities.  As 
illustrated in this figure, there may be temporary, permanent, and interrelated impacts.  
Temporary impacts are associated with noise disturbance and water turbidity, and consequently 
salmonid behavior disruption.  Permanent impacts are related to bottom sediment disturbance, 
burial of benthic communities, nutrient load changes, and resulting alterations of habitat 
function.  Interrelated effects such as those resulting from boating activity cause shoreline 
erosion and turbidity-induced light reduction, with the consequent elimination of aquatic 
vegetation.  All of these processes could disrupt the food web and thus affect the ecosystem. 

The following is a summary of findings of this literature review pertaining to disruptions induced 
by construction and operational activities. 

� Physical/chemical environmental disruption due to construction and 
operation of over-water structures has both temporary and permanent 
effects on aquatic organisms, related to noise disturbance and water 
quality degradation. 

� Physical processes include construction activities that disturb the bottom 
sediment, increase turbidity, adversely affect bottom-dwelling aquatic 
organisms, remove submerged aquatic vegetation, drive away fish and 
other mobile organisms, and alter existing habitat at the over-water 
structure site. 

� Chemical processes include water quality degradation due to pollution, 
and temporary reduction of oxygen concentrations associated with 
oxidation of resuspended organic matter. 

� Underwater impact-pile-driving noise is unlikely to significantly affect the 
migratory behavior of salmonids. 
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Figure 4. Impacts resulting from changes induced by pile driving and removal and other construction and operation activities. 

Legend: 

    Empirical knowledge 
    Inferred association 
    Hypothetical association 

Salmonid 
migration 
disruption 

Habitat function alteration 

Turbidity 

Shoreline erosion 

Sediment redistribution & 
deposition 

Food web disruption 

Macrophyte & 
emergent vegetation 

elimination 

Benthic community 
burial 

Ecosystem impacts

Temporary 
 habitat 
impacts 

(e.g., noise 
disturbance) 

Bottom sediment 
disturbance 

Reduction in 
primary 

production 

Water quality 
impairment due 
to algal blooms

Nutrient & sediment 
load changes 

Light reduction 

Interrelated effects 
(e.g., boating disturbance)Permanent 

 habitat 
impacts 

Pile Driving 
& Removal 

Construction  
& Operation 

Salmonid 
behavior 

disruption 

Turbidity

Water quality 
impairment due 

to turbidity

Fish reproductive 
failure and decreased 

growth



Over-Water Structures:  Freshwater Issues 

wp1   /00-01215-009 white paper overwater structures.doc 

April 12, 2001 55 

� With regard to noise generated by pile driving, the threshold distance for 
an avoidance response has been experimentally determined to be 
approximately 10 feet. 

� Infrasound generated by vibratory pile driving is not continuous, it has a 
short life span, and it is unlikely to have a significant impact on migrating 
salmonid behavior. 

� Pile driving energy may affect salmonid eggs and embryos if they are 
located within 100 feet of the source. 

� Operation of over-water structures can also have interrelated effects such 
as those caused by boating activities.  These effects include physical 
disturbances and behavioral effects including reproductive failure. 

� The interrelated physical effects include shoreline erosion, sediment 
resuspension (and resultant turbidity), and destruction of marginal aquatic 
vegetation and associated macroinvertebrate communities. 

� Sediment resuspension creates turbidity that affects primary production, 
decreases bird fish-capture rate, damages fish gills,, decreases fish egg 
and fry survival, and can disrupt fish migration. 

� Operational activities such as boating can have interdependent effects 
from the potential intense use of shallow, vegetated areas of lakes and 
streams by humans. 

Data Gaps 

No empirical data were found to support several of the processes depicted in Figure 4.  Where 
empirical data are lacking, inferred and hypothetical associations have been drawn.  The matrix 
of data availability in Appendix B shows where data exist under each of the categories of 
response addressed in this white paper (i.e., predation, behavior, and habitat function). 

Through this literature review, the following information needs have been identified (organized 
by the observed type of response). 

Predation 

� Is there any relationship between physical/chemical environmental 
disruption and predator–prey interactions? 

Behavior 

� Would field studies corroborate or reject the experimentally determined 
threshold for fish response to impact pile driving (i.e., 10 feet)? 

� Does avoidance response in fishes vary with the time of year, the system 
affected, or the species of fish? 
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� What are the effects of vibratory and impact pile driving on early stages 
(i.e., eggs and embryos) of aquatic organisms, particularly salmon? 

� Does vibratory pile driving cause an avoidance response in juvenile 
salmonids at distances ranging beyond 20 to 30 feet from the pile driving 
activity?  What would be the effect of this response on salmonid 
migration? 

� What are the effects of boating on juvenile and adult salmonids?  Can the 
reported effects on warm-water species be extrapolated to salmonids? 

� Does turbidity disrupt migration of juvenile and adult salmonids? 

� What are the effects of human activities such as wading and swimming, 
which involve the intense use of the shallow, vegetated areas of lakes and 
streams on aquatic organisms? 

Habitat Function 

� Does the energy from pile driving activities adversely affect salmonid 
eggs and embryos? 

� Do 300 feet exclusion zones for pile driving activities provide adequate 
protection for eggs and embryos of salmonid species? 
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Habitat Protection, Restoration, and Mitigation 
Techniques 

State of Knowledge 

Shoreline development projects and interrelated activities can lead to habitat loss, which is one 
of the greatest threats to fisheries resources.  Thomas (1994) considers the major causes of 
extinction of freshwater fishes in North America to be the loss or alteration of habitat (50 
percent), the introduction of exotic species (37 percent), and over-exploitation of fisheries 
(8 percent).   

Habitat alteration may lead to loss of habitat function and thereby to habitat loss.  In recent years, 
several federal and state agencies, including U.S. Army Corps of Engineers, National Marine 
Fisheries Service, and Washington Department of Fish and Wildlife, have been implementing a 
policy of no-net-loss of certain critical habitats such as wetlands and eelgrass beds.  Similarly, 
these agencies are implementing policies intended to prevent the introduction or spread of exotic 
species and the over-exploitation of fishery resources. 

As outlined in Washington’s Statewide Strategy to Recover Salmon: Extinction Is Not an Option, 
development projects occurring in or around water can replace damaged or lost habitat through 
the use of adequate and properly monitored mitigation techniques.  Restoration of habitat in 
combination with strict controls to prevent exploitation of resources can contribute to the 
recovery of imperiled species.  Strict controls to eliminate or minimize the access of exotic 
species can effectively restrict the continued spread of such organisms. 

During the course of this review, literature was found addressing wetland protection, restoration, 
and mitigation, as well as stream bank protection and restoration.  No documents were found 
specifically addressing lake and reservoir protection, restoration, or mitigation within the context 
of shore-zone development and construction of over-water structures.  However, the information 
obtained regarding both wetlands and stream banks may be adapted for application to lakes and 
reservoirs, based on appropriate site-specific conditions and project-specific requirements. 

For mitigation and restoration projects, the selection of adequate measures depends on project 
goals, objectives, and performance standards.  There are clear criteria for mitigation projects: the 
habitat created and the functional value of the replacement habitat must be greater than values of 
the habitat replaced (Ecology 1998; Ecology et al. 1994).  In contrast, for restoration projects, 
one must first ask to which historical condition a particular habitat must be restored.  
Unfortunately, this question does not always have a clear scientific answer and requires historical 
data that may not be readily available.  Nonetheless, one can see that most of the general 
objectives of mitigation plans may apply to restoration projects. 

Some of the objectives used in selecting wetland mitigation measures include the following 
(Ecology 1998; Ecology et al. 1994): 
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� The mitigation should be located in the same watershed and as close as 
possible to the affected area, and should provide the best possible 
contribution of functional values to the particular watershed system. 

� Offsite mitigation efforts consolidated on one site are preferred to multiple 
offsite locations. 

� Mitigation should provide better functional value than that provided by the 
wetland being replaced. 

� Wetland mitigation in the form of wetland creation or enhancement must 
result in an overall net gain of wetland area over the wetland area being 
replaced. 

� Mitigation sites must be of appropriate size and hydrologic condition in 
order to satisfy local, state, and federal requirements for wetland 
replacement (e.g., the wetland area lost must be replaced with a greater 
area of wetland created, and the functional value of the replacement 
wetland must be greater than the value of wetland replaced. 

In addition, a monitoring plan should be implemented to evaluate the success of the created and 
enhanced wetland mitigation areas.  For this purpose, quantifiable criteria included in the 
performance standards should be used as the basis for monitoring the success of the mitigation 
sites. Adequate mitigation techniques and timely implementation of best management practices 
(BMPs) can help to avoid, minimize, or compensate for impacts of proposed over-water structure 
projects.  The basic goal of mitigation is to achieve no-net-loss of habitat functions by offsetting 
losses at the impact site (Washington 2000).  These mitigation techniques must provide habitat 
protection and stability while achieving a range of parallel objectives, including terrestrial and 
aquatic habitat enhancement, water quality improvement, and ecosystem diversification 
(Schollen 1995).   

Despite extensive expenditures under state and federal programs, there is little evidence in the 
literature to show that habitat restoration has actually improved the productive capacity of 
freshwater systems for salmonids.  A reason for this is perhaps the lack of a clear understanding 
of the specific biophysical conditions that exemplify quality habitat.  Although it is generally 
assumed that the use of BMPs has improved freshwater habitats (Independent Scientific Group 
1996), empirical demonstration of the influences and benefits of BMPs on habitat is limited.   

Therefore, designing to avoid environmental impacts should be a goal of all over-water structure 
projects.  The structures should incorporate design elements that provide for fish habitat while 
preventing damage to the environment.  However, when impacts cannot be avoided, mitigation 
techniques must be incorporated into the design and integrated into the operation of the structure.  
Thus, habitat restoration measures (either onsite or offsite, and either in-kind or out-of-kind) 
should be used to compensate for unavoidable habitat impacts.  The site selection criteria for 
restoration activities should emphasize habitat connectivity, species occurrence and use, and 
ecological significance of the selected site from a holistic perspective (i.e., the ecosystem). 
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A crucial element to obtain a continued success of habitat protection and mitigation techniques is 
the inclusion of biological/environmental monitoring and evaluation of such techniques in 
programs and plans (Independent Scientific Group 1996).  The importance of monitoring and 
evaluation is to ensure feedback to the state and federal agencies so that they can modify 
programs as needed to achieve their desired goals.  In fact, effective observation and monitoring 
of the performance of mitigation plans is key to their success (Schollen 1995).   

Monitoring data and general information from restoration sites can be used as the basis of 
watershed adaptative management plans, as well as to implement corrective actions in mitigated 
sites and to plan future restoration projects.  For example, in a state listing of restoration projects, 
USEPA (2000) provides monitoring information ("lessons learned") from river corridor and 
wetland restoration projects.  Among the elements contributing to the success of various projects, 
availability of monitoring information from other projects and follow-up to assure 
implementation and corrective actions when needed were among the most commonly cited 
attributes USEPA (2000). 

This section of the white paper focuses on findings from the literature reviewed.  Regulatory 
practices are described under the existing guidance summary section later in this paper.  A few 
published sources provide information on habitat protection and mitigation techniques in the 
context of the over-water structures addressed in this white paper.  Some of the information from 
early publications is outdated, and although it is discussed here, it should be used with caution.  
Mulvihill et al. (1980) provide regional considerations and information on function, site 
characteristics, environmental conditions, and placement constraints of over-water structures.  
Kahler et al. (2000) provide a series of conclusions and recommendations on effects of 
bulkheads, piers, and other artificial structures and shore-zone development on Endangered 
Species Act protected salmonids in lakes. 

An important habitat mitigation tool is the use of bioengineering techniques.  The draft 
Integrated Streambank Protection Guidelines (WDFW 2000) provides information on habitat 
impacts resulting from bank protection projects and describes several appropriate fish habitat 
mitigation measures, some involving bioengineering techniques.  The guidelines are intended for 
streams, although some of the concepts and design criteria have applicability in lacustrine 
environments.   

Similarly, Streambank Revegetation and Protection: A Guide for Alaska (ADFG 1996) provides 
information on bioengineering techniques developed to protect and restore stream banks.  This 
guide also has applicability in lacustrine environments.  In addition, Soil Bioengineering, an 
Alternative for Roadside Management—A Practical Guide (USDA-FS 2000) provides valuable 
techniques for stabilizing areas of soil instability, some of which are applicable to shorelines.  
However, soil bioengineering has unique requirements and therefore is not appropriate for all 
sites and situations (USDA-FS 2000). 

Preservation and protection of shorelines and stream banks can be attained through a variety of 
approaches (USEPA 1993).  However, based on the findings reviewed and presented in this 
white paper, preference should be given to nonstructural practices such as soil bioengineering, 
marsh creation, establishment and enforcement of no-wake zones, and establishment of setbacks. 
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Soil Bioengineering 

Soil bioengineering refers to the installation of living plant material as a main structural 
component in controlling problems of land instability where erosion and sedimentation are 
occurring (USDA-FS 2000; USDA-SCS 1992).  Native plants are used in order to ensure that the 
plant material will be well adapted to site conditions.  Although a few selected species can be 
installed for immediate soil protection, it is expected that the natural invasion of a diverse plant 
community will stabilize the site through development of vegetative cover and a reinforcing root 
matrix (USDA-SCS 1992).  Thus, adapted types of woody vegetation (i.e., shrubs and trees) are 
initially installed to offer immediate soil protection and reinforcement. 

Soil bioengineering methods include an array of applied technologies that are effective not only 
for prevention but also for mitigation.  These applied technologies combine mechanical, 
biological, and ecological principles to construct protective systems for the prevention of slope 
failure and erosion (USEPA 1993). 

Soil bioengineering systems normally use rooted plants or cut, unrooted plant parts in the form of 
branches.  As the systems establish themselves, resistance to sliding or shear displacement 
increases on shorelines, stream banks, and upland slopes.  Examples of specific soil 
bioengineering practices include the following (USDA-FS 2000; USDA-SCS 1992): 

� Native plant cutting and seed collection 
� Salvaging and transplanting native plants 
� Planting containerized and bare-root plants 
� Distributing seed, fertilizer, and certified noxious weed-free straw or hay 
� Live staking 
� Installing erosion control blankets 
� Installing live fascines 
� Brush-layering 
� Brush mattressing 
� Branch-packing 
� Live gully repair 
� Installing vegetated geotextile 
� Log terracing 
� Joint planting 
� Constructing live crib walls. 

Information provided by USDA-FS (2000) and USDA-SCS (1992) on each of these techniques 
includes a description of required plant material, mechanism of action, advantages and 
disadvantages, tools needed, procedure for implementation, and applicability of the technique, as 
well as schematic cross-sections showing important design elements.  While all of these 
techniques can be used for protection, restoration, and mitigation, they should be used on a 
project-specific and site-specific basis. 
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Marsh Creation 

Another important technique that can be used to address shoreline erosion problems involves 
marsh creation and restoration.  Plant marshes perform two functions in controlling shore 
erosion: dissipation of energy and stabilization of shoreline sediments.  Energy dissipation is 
achieved through the exposed stems of plants (e.g., emergent vegetation), which form flexible 
masses that dissipate energy.  Shoreline stability is achieved through dense stands of marsh 
vegetation, which create depositional areas that cause sediment accretion along the shoreline 
(USEPA 1993).  Although most marsh creation techniques have been described for coastal areas 
(Knutson 1987, 1988; Lewis 1982), they also have great potential for application in freshwater 
environments (i.e., lakes, reservoirs, and sloughs). 

Establishing and Enforcing No-Wake Zones 

No-wake zones are useful tools for the prevention of shoreline and stream bank erosion and 
should be given preference over posted speed limits in shallow waters.  The rationale is that, in 
theory, the boat speed that produces the maximum wake varies with the depth of the water 
(USEPA 1993).  In shallow water, motorboats traveling even within speed limits produce wakes 
whose heights are equal to or near the maximum size that can be produced by the boats (USEPA 
1993). 

Establishing Setbacks 

Another tool for the prevention of shoreline and stream bank erosion is the establishment of 
setbacks.  Although a setback most often restricts the siting and construction of new structures 
along the shoreline, it can include requirements for the relocation of existing structures within 
the designated setback.  In addition, setbacks can include restrictions on uses of waterfront and 
shore-zone areas that are not related to the construction of new structures (USEPA 1993).  
Finally, because setbacks effectively restrict the actual number of structures that can be placed 
on a given shoreline, they help to minimize the cumulative environmental effects of the 
structures.  

Docks, Piers, and Floats 

Because of increasing concern over the cumulative effect of over-water structures and, in 
response to the recent Endangered Species Act listing of several fish species, the Washington 
Department of Fish and Wildlife (WDFW) and the National Marine Fisheries Service (NMFS) 
are currently developing a series of documents establishing criteria for the construction of these 
structures.  These documents provide recommendations and potential mitigation measures for 
implementation across the state.  Many of these recommendations are not yet published and are 
available only through WDFW area habitat biologists and NMFS staff.  Although not all the 
recommendations are yet supported by published scientific research (i.e., empirical data), these 
recommendations are intended to lessen or mitigate potential cumulative effects, as well as to 
protect fishes.  Some of the documents containing criteria and mitigation measures currently 
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recommended by WDFW (undated[a,b,c,d]) and the NMFS (2000) for eastern Washington are 
presented below. 

� WDFW Salmonid Predation Reduction Measures and Dock Specifications 
for North Central Washington Water Inhabited by Federally Listed Fish 
Species (WDFW undated[a]).  This document includes some typical 
WDFW salmonid predation reduction requirements for dock-associated 
structures, specifically for piers, floats, ramps, piling, and anchors.  These 
requirement include regulation of the following elements: 1) pier size and 
shape; 2) ambient light grid requirements; 3) piling size, number, and 
surface characteristics; 4) minimum distance waterward of the ordinary 
high water mark; 5) characteristics of anchors when used in lieu of pilings. 

� Some Typical WDFW Salmonid Predation Reduction Measures and/or 
HPA Dock Requirements on North Central Washington Waters Inhabited 
by Listed Fish Species Protected Under the Federal Endangered Species 
Act. (WDFW undated[b]).  This document includes criteria addressing the 
structure dimensions, avoidance of both light penetration reduction and 
creation of shaded areas, avoidance of predatory fish habitat creation, 
damage avoidance of near-shore shallow water habitats, and minimization 
of pile usage.  The document includes the following eight criteria: 1) dock 
and float size and shape; 2) ambient light grid requirement; 3) minimum 
open water zone and distance from shoreline for floats; 4) ramp grating for 
light penetration and minimum ramp length; 5) dock and float anchoring; 
6) piling surface characteristics; 7) reflective surface finish on flotation 
devices; and 8) minimum vertical distance between the ramp and float and 
the stream or lake bed. 

� Recommendations for Siting Marinas and Other Overwater Structures in 
the Lower Columbia River (WDFW undated[c]).  This document is 
intended to provide recommendations and mitigation measures necessary 
to achieve no-net-loss of productive capacity of fish and shellfish habitat.  
The document includes three levels of mitigation: avoidance of impacts, 
minimization of impacts, and compensation for impacts.  Under avoidance 
of impacts, the following criteria are included: 1) dock and float size and 
shape; 2) minimum distance waterward of the ordinary high water mark; 
3) maximum number of piling landward of Columbia River datum; 4) 
float characteristics and location; 5) treated piling restriction; 6) over-
water structure siting in relation to water depth; 7) characteristics of 
breakwaters; and 8) preservation of a buffer along the shoreline.  Under 
minimization of impacts, the following criteria are included: 1) size, 
number, siting location, and ambient light grid requirement of over-water 
structures; 2) bioengineering approach to shoreline protection; 3) location 
for boat mooring; and 4) dredging requirements.  Under the compensation 
for impact section, the following criteria are included: 1) restoration of 
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filled, armored, or otherwise modified shorelines; and 2) restoration of 
salmonid habitat covered by over-water structures. 

� Conditions for Siting of Marinas and Boat Docks in Water Containing 
Anadromous Fish (WDFW undated[d]).  This document includes 
conditions and measures to minimize or avoid adverse effects of a 
proposed action on listed species and minimize or avoid adverse 
modification of critical habitat in freshwater.  The document is intended 
for eastern Washington and has an appendix that includes approved in-
water work windows for that region. 

With regard to the recommended use of bright white PVC and paint and reflective metals for the 
construction of docks and associated structures referred to in the second bullet point above, 
empirical data obtained from the literature survey for this paper show that prey and predator 
fishes are attracted to white-painted floats to the same degree that they are attracted to non-white 
or reflective materials (Helfman 1979).  Anecdotal evidence from sport fisherman and 
recreational scuba divers supports such empirical data.  Therefore, this recommendation bears 
further research. 

The NMFS is preparing an incidental take statement document, which contains “reasonable and 
prudent measures” necessary to minimize the take of Endangered Species Act listed and 
proposed species (NMFS 2000).  The document addresses the upper Columbia River steelhead 
and spring chinook populations.  The basis of this incidental take statement is that over-water 
structures provide an incremental enhancement to predator habitat that is directly related to the 
surface area of the over-water structure (NMFS 2000). 

Criteria and mitigation measures specific to the construction of over-water structures in western 
Washington are also being developed by the NMFS.  In addition, guidelines for the biological 
assessment of such structures have recently become available for use by project proponents.  The 
NMFS (2000) criteria outlined below were adapted from Guidance for ESA Section 7 
Consultation—Effect Determinations for New and Replacement Piers and Bulkheads in Lake 
Washington (NMFS 2000).   

The safest months for construction, considering all life stages of the chinook, are November and 
December.  In non-delta areas, August, September, and October should be construction windows 
with appropriate sedimentation controls.  Projects that may qualify as “not likely to adversely 
affect” are those that fall under the following criteria: 

� Replacement pier on existing footprint with materials that do not further 
degrade baseline conditions 

� Replacement pier area and number and diameter of pilings significantly 
reduced 

� New minimum-sized pier with narrow, elevated walkway and minimal 
number and diameter of pilings, providing for a shallow near-shore 
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migration and feeding zone, and including aquatic and riparian vegetation 
rehabilitation 

� Shoreline rehabilitation directed toward providing complex in-water 
habitat (e.g., emergent plants; some woody debris with branches) and 
riparian vegetation with mixture of native trees, shrubs, vegetation 
overhanging the water, and ground covers. 

Within the context of habitat protection and mitigation, both direct and indirect modifications of 
structural complexity of the aquatic environment have been used to protect and improve habitat.  
Direct or indirect manipulation of aquatic vegetation alters a wide variety of variables 
simultaneously (Cooper and Crowder 1979).  For example, manipulation of brush shelter, rock 
rubble, and other artificial stream and lake improvement technologies can directly alter substrate 
areas, light penetration, and prey refuges.  These same manipulations can also indirectly alter 
nutrient cycles, water chemistry, and food resources (Cooper and Crowder 1979). 

The effects of docks, piers, and wharves can be minimized if these structures are constructed 
high enough above marshes to allow light to reach the water surface (Chmura and Ross 1978).  
In this regard, light-penetrating elevated walkways can be used for preventing stream bank 
damage where access to a sensitive or critical area is required (ADFG 1996).  These structures 
prevent erosion and protect underlying vegetation, allowing vegetation recovery while providing 
access.  Floating docks can be connected to elevated walkways to provide boating access (ADFG 
1996).  In addition, it is recommended that docks and piers extend out far enough to reach depths 
in which dredging will not be required (Chmura and Ross 1978).  In a literature review of the 
effect of marinas, Chmura and Ross (1978) found that floating docks and pile-supported piers 
have the least effect on water circulation and therefore are preferred to solid structures.  It should 
be pointed out, however, that Chmura and Ross’ (1978) recommendation on floating docks does 
not take into consideration the shade avoidance criteria set forth by the revised WAC 220-110-
60, which requires maximum height to minimize shading of the area under the structure. 

Chmura and Ross (1978) also recommend avoiding painting underwater surfaces.  The basis for 
this recommendation is that over-water structures such as docks and piers “provide additional 
substrate for the growth of fouling communities.”  Painting of the wood surfaces discourages 
such growth.  Other researchers (Mulvihill et al. 1980) recommend that if structures are painted 
or otherwise covered, all coatings must be dry before placing floats in the water to avoid 
contamination. 

Marinas 

Mulvihill et al. (1980) provides a review of biological impacts of minor shoreline structures, but 
mostly in marine environments (see Mulvihill et al.1980 for study review and recommendations 
beyond the scope of this white paper).  Site selection and corresponding site-specific engineering 
design are the first steps in environmental impact avoidance.  For example, a site with maximum 
natural protection will minimize alterations and the concomitant adverse impacts of construction 
of marinas (Mulvihill et al. 1980). 
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In general, attention to selection of sites with the “maximum natural physical benefits” can help 
to avoid alterations and continual maintenance associated with dredging (Mulvihill et al. 1980).  
To minimize impacts, it is recommended that marinas be located “…at the end of, or between 
drift sectors, or on self-contained pocket beaches…” (Bauer 1973 as cited by Mulvihill et al. 
1980). 

Warrington (2000) provides comprehensive recommendations for best management practices 
(BMPs) to be employed during the construction and operation of marinas.  The recommended 
BMPs are grouped by activities, including choice of location; construction; management of 
liquid waste, fuel, and solvents; sewage disposal; boat cleaning; boat coating; generation and 
disposal of solid waste; and protection of upland areas.  However, these BMPs, which are 
proposed for construction activities in British Columbia, Canada, may not all apply in the state of 
Washington because of differences in laws and regulations, or they may not provide a sufficient 
level of environmental protection.   

Quoted below are selected recommendations proposed by Warrington (2000) that apply to 
marinas in freshwater environments.  These recommendations are in essence BMPs that should 
be incorporated as permit conditions for individual projects, in order to ensure that these BMPs 
are implemented (Fresh 2000 personal communication): 

Choice of Location 

� Avoiding construction of mooring basins in blind channels or sloughs 
where there is insufficient tidal current or natural flow to ensure adequate 
and regular flushing  

� Providing two entrances to provide for maximum flushing action  

� Orienting the basin entrance to provide for maximum tidal flushing and 
prevailing current water exchange  

� Orienting marina floats with currents or prevailing winds to prevent 
trapping surface debris and oily residue  

� Designing marinas to retain as much existing natural aquatic and 
marginal vegetation as possible  

Construction 

� Constructing dredged basins with more than one water depth; the depth 
must decrease with distance from the entrance; to avoid internal deeper 
pockets which act as un-flushed holding basins  

� Timing construction and dredging to periods when use of the site by fish is 
minimal  
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� Using floating or pile breakwaters rather than rubble mounds to minimize 
site impacts  

� Using bubble curtains or padding to disrupt the shock wave when blasting  

� Cutting boat or float plane ramps out of the upland rather than building 
them on intertidal foreshore  

� Constructing gradual slopes which can be stabilized by natural vegetation 
rather than rip rap or walls  

Liquid Waste, Fuel, and Solvent Management 

� Providing fueling equipment with automatic shut-off nozzles to reduce 
spillage during fueling operations  

� Providing impervious pavement, berms, curbs or other means of spill 
containment, spill control equipment and connection to spill collection 
sumps for fuel and storage tank areas  

� Avoiding the use of underground storage tanks which lead to very 
expensive clean up costs when they eventually corrode and leak and cause 
extensive ground and water pollution  

� Storing fuels and other highly inflammable fluids in a separate area to 
meet local fire department regulations  

� Providing fluid storage containers with level indicators to prevent 
overfilling and spillage  

� Keeping an accurate and up-to-date inventory of everything in storage for 
use by spill cleanup crews and fire fighters so that potentially hazardous 
combinations can be anticipated  

� Avoiding discharge of on-site oil/water separator waste water to sewers or 
to ground unless it is demonstrated to contain less than 15 mg/L of oil  

� Preventing discharge of any waste liquids down floor, sink or storm 
drains; signing all drains  

� Establishing site-specific spill contingency plans, including reporting, and 
training employees in use of the required equipment  
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Sewage Disposal 

� Providing fixed point pump-out facilities consisting of one or more 
centrally located sewage pump-out stations, generally situated at the end 
of a pier and often on a fueling pier for convenience; pumps or a vacuum 
system with flexible hose attachment draw wastewater from a docked 
plane’s or boat’s pump-out fitting and move it to an onshore holding tank, 
a pubic sewer system, a private treatment facility, or another approved 
disposal facility; for boats with small, removable toilets, a similarly 
connected dump station should be provided  

� Providing portable pump-out facilities which function the same as the 
fixed-point system with the advantage of mobility for servicing different 
docks; wastes are drawn from a docked boat’s pump-out fitting via 
vacuum or pump setup and hose attachment into a storage tank; the full 
tank is discharged into the marina’s disposal facilities; these are thought 
by many to be the most economical and logistically feasible means of 
ensuring proper disposal of boat sewage  

� Providing continuous wastewater collection at the slip where live-aboard 
vessels are situated, this would involve fixed force main piping, pumping, 
and sewage disposal means on the part of the marina; language should be 
included in slip leasing agreements mandating the use of pump-out 
facilities and specifying penalties for failure to comply  

� Discharging sanitary wastes, black water and grey-water, to the 
municipal sewer, having it trucked/shipped out or pumped to a septic 
system or shore  

Boat Cleaning 

� Removing boats from the water to perform cleaning where feasible  

� Cleaning boats in the water by hand  

� Using detergents and cleaning compounds that are phosphate-free and 
biodegradable  

� Avoiding use of detergents containing ammonia, sodium hypochlorite, 
chlorinated solvents, petroleum distillates, or lye  

� Collecting hull wash water and removing solids before discharge to 
sewers or ambient waters  

� Cleaning dock floors, lift platforms and yard surfaces before high 
pressure washing hulls  
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� Avoiding pressure washing on tidal grids, docks, planked and grated 
surfaces or other areas where the wash water can not be contained  

� Pumping collected wastewater which contains low concentrations of 
pollutants directly into the sanitary sewer  

� Treating small volumes of wastewater volume with high pollutant 
concentration directly by a mechanical filter system with the filtrate going 
to the sewer system and the sludge to an approved disposal facility  

� Monitoring the quality of the water discharged to sewers or ambient 
waters  

� Avoiding pressure washing on tidal grids or when beached unless there is 
a collection system and sump to collect all wash water; cleaning out the 
sump before tidal flooding; sump contents may be special waste   

� Covering or installing filters on floor drains to prevent entry of spent grit 
into sumps and sewers  

� Avoiding discharge of dry-dock flood water, cooling water, condenser 
water, boiler blow-down water and steam cleaning water to ambient 
waters if oil and grease exceeds 10 mg/L, turbidity exceeds 5 NTU over 
background or pH is outside the range 6.0 to 8.0  

Boat Coating (Painting and Anti-Fouling) 

� Avoiding spraying coatings while a vessel is on a tide grid or beached  

� Using soft anti-fouling paint where cleaning is infrequent and hard paint 
where cleaning is needed frequently  

� Applying anti-fouling coatings well away from sensitive fish habitat, 
shellfish beds, fish farms, shallow estuarine areas and surface storm 
drains  

� Using tarps while vessel is on a tide grid, beached or on planked or grated 
docks and removing the tarps before the grid floods, it rains or washing 
occurs  

� Using airless or high volume low pressure spray guns and monitoring 
wind drift  

� Using brushes or rollers when vessel is afloat except when tops are fully 
shrouded  
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� Permitting use of tributyl tin paints only by licensed operators  

� Avoiding use of tributyl tin paints on non-aluminum hulls under 25 m long  

� Avoiding painting under high wind conditions when drift is evident  

Solid Waste Generation and Disposal 

� Ensuring that solid waste from boat operation and maintenance at 
marinas is properly disposed of or recycled regularly  

� Prohibiting in-the-water hull scraping or any process for removing paint 
from the boat hull that occurs underwater  

� Providing proper waste disposal facilities including recycling facilities 
where possible  

� Providing filters on all drains to keep debris from entering stormwater or 
sewers  

� Providing sufficient area above the high water line, for boat repair and 
maintenance; such work should not be allowed outside of designated 
areas  

Protection of Upland Areas 

� Providing a paved upland area for cleaning and painting  

� Providing proper waste disposal facilities including recycling facilities 
where possible  

� Collecting all surface runoff from paved upland areas in a storm water 
collection system  

� Passing all the collected storm water through a sediment and oil 
separation treatment prior to discharge  

� Collecting all paint and cleaning residues and storing in a covered 
container prior to off-site disposal  

� Collecting all oil and filters for recycling or off-site disposal  

� Using submerged outfalls which extend beyond tidal or seasonal low 
water levels  
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Riprap and Retaining Walls 

As with any structure, the design and material choice for the construction of bulkheads can be 
altered to minimize their impact.  Nonetheless, regardless of the design, these structures will 
modify the environment and thereby adversely affect aquatic organisms, in a cumulative fashion.   

The NMFS (2000) has recently released a document with guidelines for the determination of 
effect of piers and bulkheads that may be constructed or replaced in Lake Washington.  In the 
context of bulkheads, the NMFS has proposed as "not likely to adversely affect" those projects 
that fall under the following criteria: 

� Replacement bulkhead on existing footprint with materials that do not 
further degrade baseline conditions. 

� Replacement bulkhead footprint set back from the ordinary high water 
mark, with shoreline rehabilitation including overhanging vegetation. 

� Replacing bulkheads with bioengineered bank protection and significant 
shoreline vegetation rehabilitation including overhanging native plants. 

In general, when planning armoring structures (i.e., bulkheads), the total effect of the structure 
on the environment should be considered (Mulvihill et al. 1980).  In their review, Mulvihill et al. 
(1980) present biological considerations for the construction of bulkheads.  Although most of 
these considerations were obtained from studies conducted in marine and estuarine 
environments, the general principles of habitat conservation should apply to projects in the 
freshwater environment.  Some of the recommendations include using designs that minimize 
damage to fish and shellfish habitat, avoiding the disturbance of shoreline vegetation, enhancing 
existing vegetation to provide shoreline stabilization, setting bulkheads landward of the mean 
high waterline, and restricting amounts of suspended sediments during construction (Mulvihill et 
al. 1980). 

Bonham (1983) field-tested whether emergent vegetation could attenuate wave energy in large 
canals and rivers in Britain (see Bonham 1983 for details of the bioengineering design).  The 
emergent vegetation (four species tested) was capable of dissipating approximately two-thirds of 
boat wake energy and inhibiting wave break.  Based on his results, Bonham (1983) proposed the 
use of emergent vegetation for shoreline wave-energy attenuation and scour prevention. 

Once anthropogenic processes are initiated, and physical responses such as erosion-induced 
habitat alteration are observed, corrective measures may have profound repercussions on the 
ecosystem and therefore should be used with caution.  For example, Rolletschek and Kuhl (1997) 
investigated the impacts of reed-protecting structures on shorelines in the lower Havel River and 
Great Müggel Lake, Berlin.  The purpose was to address an existing cycle of reed destruction 
due to erosion.  Faggots and palisades successfully protected reeds by acting as wave breakers 
and reducing erosion in the reedy areas of the shoreline.  However, depending on the type of 
reed-protecting structure used (i.e., gester faggots, reisig faggots, or palisades), increased 
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sedimentation, increased nutrient concentration, and enrichment in fine sulfide-containing 
detritus occurred, with a corresponding decrease in water quality. 

Pile Driving and Removal 

No literature on mitigation techniques for pile driving and removal in freshwater was found.  
However, one recent study conducted in a marine environment addresses the use of bubble 
curtains to minimize the impact of noise produced during underwater construction (Würsig et al. 
2000). 

Würsig et al. (2000) conducted experiments near Hong Kong on the use of bubble curtains to 
minimize the impacts on Indo-Pacific hump-backed dolphins from noise produced during 
underwater construction.  Percussive pile-driving techniques were used from a barge, and a 
bubble curtain was used as a mitigation measure to protect wildlife, in particular the hump-
backed dolphins.  These researchers found that when barges were not in the sound-propagation 
path, the bubble curtain provided a reduction of 3 to 5 decibels in the overall broadband sound 
level.  Conversely, when the barge was in the sound propagation path measured by the receiver 
systems, bubble screening was much less effective.  This was probably due to the vibrations of 
the barge with every percussive blow, which transmitted the piling noise over the curtain.  
Bubble screening of entire sound-emitting structures could reduce sound even more. 

Some dolphins stayed in the vicinity during construction activities, but many appeared to 
temporarily abandon the construction area (possibly due to other factors).  However, dolphins 
were observed during construction or pile driving periods traveling at speeds over twice those 
observed during non-pile-driving periods.  It is not certain whether increased speeds were a 
result of increased stress related to construction (Würsig et al. 2000). 

Construction and Operational Activities 

With regard to construction-specific activities aimed at protection and mitigation during the 
construction of over-water structures, only a few published reports were located.  One of those 
reports is the literature review prepared by Mulvihill et al. (1980), which provides general 
construction recommendations.  Two of the relevant recommendations are presented below. 

� The placement of the structure relative to the sun, as well as the height and 
width of the deck of over-water structures, are important factors to 
consider.  The structure should be placed high enough above the water to 
prevent shading.  A narrow pier extending from north to south will not 
produce as much shade as a wide pier running from east to west (Mulvihill 
et al. 1980). 

� The size, number, and placement of pilings should be evaluated in relation 
to the various biological zones over which the pier will extend.  
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Warrington (1999a) compiled and reported data concerning best management practices for 
construction, specific to surface stabilization.  Quoted below are selected recommendations 
presented in the report that apply to activities associated with the construction of over-water 
structures.  As stated previously, these recommendations are in essence BMPs that should be 
incorporated as permit conditions for individual projects, in order to ensure that these BMPs are 
implemented (Fresh 2000 personal communication): 

Scheduling 
� Coordinating the timing of land disturbing activities and installation of 

erosion and sedimentation control measures to minimize water quality 
impacts  

� Scheduling (in-water) construction to avoid the period when either fall or 
spring spawning fish or their eggs and larvae are present  

� Designing and planning the development of roads, utilities, and building 
sites with as little excavation and disturbance as possible  

� Planning construction activities during the dry season to minimize erosion  

� Staging development so that parts are being re-vegetated and parts have 
not been stripped yet to minimize the proportion which is actively bared 
and easily eroded  

Surface Protection 
� Carrying out watering, mulching, sprigging, or applying geotextile 

materials to a construction area to prevent soil loss as dust  

� Mulching, a protective blanket of straw or other plant residue, gravel or 
synthetic material applied to the soil surface, to minimize raindrop impact 
energy and runoff, foster vegetative establishment, reduce evaporation, 
insulate the soil and suppress weed growth  

� Seeding (permanent) to establish a perennial vegetative cover to minimize 
runoff, erosion and sediment yield on disturbed areas; disturbed soils 
typically require amendment with lime, fertilizer and roughening; seeding 
should be done together with mulching; mixtures are typically most 
effective and species vary with preferences, site conditions, climate and 
season  

� Sodding to give permanent stabilization of exposed areas by laying a 
continuous cover of grass sod  

� Seeding (temporary), planting rapid-growing annual grasses, small grains 
or legumes, to provide initial, temporary stabilization for erosion control 
on disturbed soils that will not be brought to final grade for more than 
approximately one month; seeding is facilitated by fertilizing and surface 
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roughening; broadcast seeds must be covered by raking or chain 
dragging, while hydro-seed mixtures are spread in a mulch matrix  

� Treating disturbed soil with polyacrylamide (PAM) to increase infiltration 
and reduce suspension of soil particles  

� Top-soiling, preserving and subsequently re-using the upper, biologically 
active layer of soil, to enhance final site stabilization with vegetation  

Runoff Control 
� Grading surfaces to redirect sheet flow  

� Using diversion dikes or berms force sheet flow around a protected area  

� Covering temporary stockpiles and backfill materials to prevent erosion 
and sedimentation  

� Using silt fences to contain runoff from easily eroded slopes  

Sediment Traps 
� Constructing sediment traps, small, temporary ponding basins formed by 

an embankment or excavation to capture sediment from runoff; traps are 
most commonly used at the outlets of diversions, channels, slope drains or 
other runoff conveyances that discharge sediment-laden water; it is 
important to consider provisions to protect the embankment from failure 
from runoff events that exceed the design capacity; plan for non-erosive 
emergency bypass areas; make traps readily accessible for periodic 
maintenance; high length-to-width ratios minimize the potential for short-
circuiting; the pond outlet should be a stone section designed as the low 
point  

� Constructing sod drop inlet protection which consists of a permanent 
grass sod sediment filter area around a storm drain drop inlet for use 
once the contributing area soils are stabilized; this is well-suited for lawns 
adjacent to large buildings  

� Constructing vegetated filter strips (VFSs) as a low-gradient vegetated 
area that filters solids from overland sheet flow; they can be natural or 
planted, should have relatively flat slopes, and should be vegetated with 
dense-culmed, herbaceous, erosion-resistant plant species; the main 
factors influencing removal efficiency are the vegetation type and 
condition, soil infiltration rate and flow depth and travel time, which are 
affected by size of contributing area, and slope and length of strip; 
channelized flows decrease their effectiveness; they are often used as 
buffers bordering on construction areas; level spreaders are often used to 
distribute runoff evenly across the strip  
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The operation and use of over-water structures also cause interrelated effects associated with 
boating activities.  Warrington (1999a) compiled and reported data concerning the impact of 
recreational boating in freshwater environments (see also Warrington 1999b for water pollution 
associated with boating activities).  Quoted below are a summary of selected recommendations 
presented in the report: 

� To minimize bottom erosion, sediment suspension, vegetation loss and 
effects on wildlife, normal use of motorized boats should be restricted to 
water depths where the propeller or jet drive is at least 2 and preferably 3 
meters above the sediment or vegetation surface, except at carefully 
selected boat launch sites.  Also, in narrow channels (up to 3 boat lengths 
wide) boat speeds should be restricted to ‘no wake.’ 

� Heavy planting of floating and emergent native vegetation will help to 
protect the shoreline from wave-caused erosion. 

� A minimal number of specified access channels between shallow and 
deeper water should be marked and used exclusively. These should be as 
short and direct as possible and should have wake limits imposed. 

� Boats should not be permitted to operate in an area where they would be 
considered confined (boat cross-sectional area exceeds 5% of the cross-
sectional area of the waterway).  This is necessary to prevent bank 
erosion, sediment resuspension and destruction of marginal and shallow 
water vegetation. 

� To preserve viable waterfowl and fish populations, all boating, fishing and 
other human activities need to be excluded from breeding and 
overwintering habitats during the critical seasons. 

Habitat Protection, Restoration, and Mitigation Techniques— 
Data Gaps 

A number of data gaps were identified during the review of literature pertaining to habitat 
protection and mitigation techniques for the construction of over-water structures.  Further 
research to answer the following questions would serve to fill these data gaps. 

� Which mitigation techniques are most effective in minimizing the loss of 
habitat or ecological function? 

� Are the project goals, objectives, and performance standards used for 
wetland mitigation applicable to lakes and reservoirs? 

� For restoration projects, how should project goals, objectives, and 
performance standards define targeted ‘historical conditions’?) 
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� What is the best means of preventing erosive cycles that preclude the 
recovery and reestablishment of emergent vegetation? 

� Does the use of bright white PVC and paint or reflective metals for the 
construction of in-water structures tend to prevent or decrease predator 
fish use of the structures? 

� Which design features of docks and piers are most effective in preventing 
or minimizing the environmental effects of these structures?  Which 
features are most effective in minimizing their cumulative effects? 
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Summary of Existing Guidance 

Regulatory Framework Governing Over-Water Structures in 
Freshwater 

The regulatory framework governing construction and maintenance of over-water structures 
consists of federal, state, and local laws and administrative rules and guidelines.  Following is a 
description of each of the applicable laws, codes, regulations, and other documents that make up 
the current regulatory framework. 

Federal Laws and Regulations 
National Environmental Policy Act (NEPA)  (42 United States Code [USC] 4321 et seq.) 

Federal agencies making funding decisions or issuing permits for over-water structures are 
required to comply with the National Environmental Policy Act.  If the impacts of the over-water 
structure are determined to be environmentally significant, an environmental impact statement 
(EIS) is required.  If the NEPA lead agency determines that the over-water structure will not 
significantly impact the environment, that agency issues a finding of no significant impact 
(FONSI). 

Clean Water Act Section 404  (33 USC 1344 et seq.; USC 1251 et seq.) 

Construction of over-water structures that would result in discharge or excavation of dredged or 
fill material in United States waters, including wetlands, requires a Clean Water Act section 404 
permit issued by the U.S. Army Corps of Engineers and/or the U.S. Environmental Protection 
Agency.  The U.S. Fish and Wildlife Service, National Marine Fisheries Service, and 
Washington Department of Fish and Wildlife also play significant roles in the implementation of 
the section 404 permitting process (as authorized by the Fish and Wildlife Coordination Act). 

River and Harbors Act Section 10  (USC 403 et seq.) 

Any work affecting navigable waters of the United States that extends to the ordinary high water 
mark in freshwater areas (including the construction of piers, docks, and floats) requires a section 
10 permit issued by the U.S. Army Corps of Engineers.  Navigable waters as defined in the River 
and Harbors Act include all presently, historically, and reasonably potential navigable waters, 
and all waters subject to the ebb and flow of the tide, up to mean higher high water in tidal 
waters and up to ordinary high water in freshwater areas. 

Endangered Species Act  (16 USC 1531 et seq.) 

Because of the recent listing of several anadromous fish species for protection under the 
Endangered Species Act, and because many of the freshwaters of the state of Washington 
provide habitat for those protected species, construction of over-water structures and shoreline 
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development in general must comply with the requirements of the statute.  The Endangered 
Species Act provides broad protection for fish, wildlife, and plant species that are listed as 
threatened or endangered.  Provisions are made for listing species and designating critical habitat 
for listed species, as well as for recovery plans.  The statute outlines procedures for federal 
agencies to follow when taking actions that may jeopardize listed species, and contains 
exceptions and exemptions.  The shoreline development activities that have federal nexus (i.e., 
federal funds or federal permits) are subject to review under the statute.  Among these activities, 
construction, replacement, or repair of piers, docks, mooring buoys, boat canopies, boathouses, 
pilings, and bulkheads require a U.S. Army Corps of Engineers permit and thereby are subject to 
review under the Endangered Species Act. 

State Laws and Regulations 
State Environmental Policy Act (SEPA)  (Revised Code of Washington [RCW] 43.21C) 

An over-water project proposal that requires a state or local agency permit is first required to 
undergo a SEPA review.  In accordance with SEPA rules, one agency is identified as the lead 
agency for this review.  This agency may determine that a project proposal is categorically 
exempt, or is clearly in compliance with the provisions of SEPA, in which case the SEPA review 
process is satisfied.  If further clarification is needed, the lead agency can ask an applicant to fill 
out an environmental checklist, answering a standard series of questions to determine whether 
the project would have a significant adverse impact on the environment.  If it is determined not 
to pose this threat, then the proposal is granted a determination of nonsignificance (DNS) and is 
considered to be in compliance with SEPA.  If the proposed project is considered to pose 
significant adverse impacts to the environment, then an environmental impact statement (EIS) 
must be drafted, publicly reviewed, and finalized. 

Shoreline Management Act (SMA)  (RCW 90.58) 

Construction of any type (including over-water structures) in waters of the state or in the 
adjacent regulated shoreline area, if it is valued at $2,500 or more ($10,000 if the project is a 
pier), requires a shoreline management substantial development permit issued by the city or 
county and reviewed by the Washington Department of Ecology.  Shorelines in freshwater areas 
include all lake and reservoirs greater than 20 acres and their associated wetlands, and all streams 
and river segments with a mean annual flow greater than 20 cubic feet per second and their 
associated wetlands.  The shoreline designation extends horizontally 200 feet from the ordinary 
high water mark. 

Other activities in the water or shoreline area may require conditional use permits or variances 
also issued by the Department of Ecology.  All permit activities are subject to appeal by citizens, 
applicants, and government agencies.  Appeals are heard by the Shoreline Hearings Board. 

The Shoreline Management Act requires local governments to write shoreline master programs 
that regulate streams, lakes over 20 acres, and marine waterfronts.  There are 247 city and county 
master programs currently in effect that were written based on state guidelines.  These guidelines 
are being revised (WAC 173-16).  Cities and counties regulate projects in or adjacent to state 
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waters with their comprehensive plans, shoreline master programs, and other development 
regulations.  The local laws and regulations that affect development activities (more specifically 
on- and over-water structures) in waters of the state vary from one jurisdiction to another, but 
include critical area development regulations (adopted under the state Growth Management Act) 
and environmental designations under shoreline master programs (adopted under the state 
Shoreline Management Act). 

Clean Water Act Section 401  (33 USC 1251 et seq.)  
and Coastal Zone Management Act  (16 USC 601 et seq.) 

These federal laws are administered by the Washington Department of Ecology.  Application for 
a federal permit under section 404 of the Clean Water Act to discharge dredge or fill material 
into state waters or wetlands, or to excavate in water or wetlands, triggers review under these 
laws.  Section 401 certification and coastal zone consistency certification are issued by the 
Washington Department of Ecology. 

National Pollutant Discharge Elimination System (NPDES) 

The federal NPDES program is administered in Washington by the Department of Ecology.  If a 
project disturbs more than 5 acres at one time, an construction permit must be issued by the 
Department of Ecology to ensure that state and federal water pollution provisions are upheld. 

Hydraulic Project Approval Code  (RCW 75.20 and Washington Administrative Code [WAC] 
220-110) 

Construction or operation of an over-water structure that would use, divert, obstruct, or change 
the natural flow or bed of any freshwater or saltwater of the state requires a hydraulic project 
approval issued by the Washington Department of Fish and Wildlife. 

The Washington Administrative Code (WAC 220-110-060) regulates the construction of 
freshwater docks, piers, and floats and the driving and removal of pilings.  As a result of the 
recent listing of fish species under the federal Endangered Species Act, state regulations are 
currently being revised to include all in-, on-, and over-water structures, and to grant a greater 
level of protection to endangered species and the environment, based on the best scientific data 
available.  Similarly, WAC 220-110-224, which regulates freshwater boat hoists, ramps, and 
launches, is being revised to address the issue of cumulative effects of the siting of these 
structures, and to provide more specific regulatory language regarding the uses of these 
structures within the context of habitat and species protection. 

In addition, under the state hydraulic code, WAC 220-110-223 regulates the construction of 
bulkheads, and WAC 220-110-050 addresses bank protection. 

A memorandum of agreement between the Washington Department of Fish and Wildlife, the 
National Marine Fisheries Service, and the U.S. Fish and Wildlife Service was signed on April 4, 
2000 to develop an Endangered Species Act compliance agreement for hydraulic project 
approvals, which are issued by the Department of Fish and Wildlife under RCW 75.20.  This 
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memorandum of agreement provides language that addresses freshwater projects, including in-, 
on-, and over-water structures (section 5.C(3)(f)), oversight and monitoring (section 7), and 
adaptive management (section 10). 

Forest Practices Act  (RCW 76.09) 

Any timber harvest or roadwork in a riparian management zone or riparian area associated with 
construction of an over-water structure requires a forest practices permit issued by the 
Washington Department of Natural Resources.  This permit may require that forest landowners 
undertake corrective and remedial actions to reduce the impact of any forest practice that may be 
associated with a proposed project.  The goal is to afford protection to forest soils, fisheries, 
wildlife, water quantity and quality, air quality, recreation, and scenic beauty. 

Aquatic Lands Act  (RCW 79.90 ) 

Use of state-owned aquatic lands, including tidelands, shorelands, and beds of navigable waters, 
requires an aquatic use authorization (aquatic lease) issued by the Washington Department of 
Natural Resources. 

Water Pollution Control Act  (RCW 90.48) 

A temporary exceedance of state water quality standards established by WAC 173-201A for in-
water work (e.g., change in pH or turbidity) requires a Washington water quality standards 
modification issued by the Washington Department of Ecology. 

Aquatic Resource Mitigation Act  (RCW 90.74) 

This law establishes a state policy to authorize innovative mitigation measures, by requiring state 
regulatory agencies to consider mitigation proposals for infrastructure projects that are timed, 
designed, and located in a manner to provide equal or better biological functions and values 
compared to traditional onsite, in-kind mitigation proposals.  When making a regulatory 
decision, the agencies must consider whether the mitigation plan provides equal or better 
biological functions, compared to the existing conditions, for the target resources or species.  The 
factors that agencies must consider in making this decision are identified in the state hydraulic 
code, the state Water Pollution Act, and the Aquatic Resource Mitigation Act. 

Salmon Recovery Act  (RCW 75.46/ESHB 2496) 

In 1998 the Washington State Legislature passed the Salmon Recovery Act, in response to the 
state’s need for a coordinated approach to respond to the listing of salmon and steelhead runs as 
threatened or endangered under the federal Endangered Species Act. 

Wetland Mitigation Banking  (RCW 90.84) 

In 1998 the Washington State Legislature passed legislation establishing wetland mitigation 
banking as one element of compensatory mitigation.  The law directs consistency with federal 
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guidance on mitigation banking, and defines a wetland mitigation site as a site where wetlands 
are restored, created, or enhanced, or in exceptional circumstances preserved expressly for the 
purpose of providing compensatory mitigation in advance of authorized impacts on similar 
resources. 

Mitigation policy guidance (RCW 75.46) states that the guidance shall create procedures that 
provide for alternative mitigation measures that have a low risk to the environment, yet have a 
high net environmental, social, and economic benefit compared to status quo options. 

Local Laws and Regulations 

Counties and local jurisdictions in Washington regulate the construction of over-water structures 
through shoreline management codes, such as the King County Shoreline Management Code 
(http://www.metrokc.gov/mkcc/Code/) or the City of Bellevue Land Use Code 
(http://www.ci.bellevue.wa.us/cobasp/lucindex.asp).  These codes are drafted in the spirit of and 
enacted in conformance with the Washington Administrative Code. 

Available Guidance Materials for Construction and Operation of 
Over-Water Structures in Freshwater 

In response to the recent Endangered Species Act listing of species, the Washington Department 
of Fish and Wildlife (WDFW), the Washington Department of Ecology (Ecology), the 
Washington Department of Transportation (WSDOT), the National Marine Fisheries Service 
(NMFS), and the U.S. Fish and Wildlife Service (USFWS) have begun to update existing 
guidance and develop new guidance for activities with the potential to adversely affect the 
environment.  This guidance is intended to provide a holistic approach to aquatic resources, and 
is expected to have the flexibility needed to address watershed activities and salmon recovery 
efforts while operating within the existing regulatory framework. 

The following list of available guidance for construction and operation of over-water structures 
is not comprehensive.  Rather it is limited to the most recent guidelines or those currently under 
revision. 

� Guidance for Endangered Species Act Section 7 Consultation—Effect 
Determinations for New and Replacement Piers and Bulkheads in Lake 
Washington, July 24, 2000.  This document was prepared by the NMFS 
and provides background and guidance for effect determinations for new 
and replacement piers and bulkheads proposed for urbanized lakes, with 
emphasis on Lake Washington.  The effect determination guidance used in 
this document is addressed in two separate documents: A Guide to 
Biological Assessments, March 23, 1999, and The Habitat Approach, 
August 26, 1999 
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� Alternative Mitigation Policy Guidance, February 10, 2000.  This 
guidance was cooperatively developed by Ecology, WDFW, and WSDOT 
under the auspices of the Salmon Recovery Act (RCW 75.46), in order to 
improve the ecological benefits of compensatory mitigation for project 
impacts on wetlands, water quality, and fish and wildlife. 

� A Citizen’s Guide to the 4(d) Rule for Threatened Salmon and Steelhead 
on the West Coast, June 2000.  This guide introduces and explains the rule 
and provides a user-friendly description of why the rule is needed, what it 
contains, how it will affect citizens, and how to obtain more information: 
(http://www.nwr.noaa.gov/1salmon/salmesa/4ddocs/citguide.htm#Take%20Guid
ance). 

� Best Management Practices to Protect Water Quality from Non-Point 
Source Pollution, March, 2000.  This document was prepared by 
Warrington (2000).  It is an open-ended document produced as a web site 
so that it can be readily updated and expanded.  The document provides 
recommendations that have been compiled from readily available 
published documents and internet sites and from some gray literature that 
may not be as readily available.  Citations, references, and web links are 
provided.  The document is organized by sectors.  Under the service 
industries sector, guidelines for best management practices for the 
construction of wharves, docks, piers, and floats are provided 
(http://www.nalms.org/bclss/bmphome.html). 
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Recommendations for Guidance Document 

Shore-zone development in general modifies and degrades the environment, thereby adversely 
affecting wildlife and fish species.  The observed responses discussed in this paper (i.e., 
predation, behavior, and habitat structures) confirm this fact.  The resultant modification and 
degradation of the environment occur through the following mechanisms: shore-zone habitat 
structure changes, shading and ambient light changes, disruption of water flow pattern and 
energy, and physical-chemical environmental disruptions.  However, some site-specific and 
species-specific responses still require further research.  This research is needed to obtain 
information required to close existing data gaps, thereby gaining a better understanding of the 
mechanisms of disruption associated with all over-water structures.  The following 
recommendations are intended for the development of future policy and guidance documents that 
address the environmental impacts of over-water structures and associated construction and 
operation activities. 

General Policies 

� A greater statewide level of coordination among local jurisdictions, state 
agencies, and federal agencies is needed in the preparation of guidelines 
for the maintenance, construction, and operation of over-water structures. 

� Statewide guidelines are needed to protect ecosystem functions and direct 
habitat impact mitigation, resource management, and project planning.  
However, because of the hydrological characteristics of the systems and 
differences in fish habitat utilization, two separate sets of guidelines 
should be developed for eastern and western Washington. 

� All new rules, regulations, and guidelines for over-water structures should 
be supported with scientific data. 

� Future research should be focused on areas where gaps and ambiguities 
have been identified, and resources should be allocated for this purpose. 

� Existing shoreline conditions (e.g., riparian and shallow-water) should be 
documented by videotaping to facilitate detection of unpermitted 
development activities.  More intensive supervision and enforcement of 
shoreline use and inspection of proposed projects during construction 
should be implemented.  

� In highly developed systems, such as Lake Washington in western 
Washington and Lake Chelan in eastern Washington, no net increase in 
over-water coverage should be allowed.  In such systems, offsite 
mitigation alternatives (e.g., in areas with the lowest development density) 
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should be favored over onsite mitigation whenever the expected benefit is 
more cost-effective and yields greater ecological benefit. 

� Preference should be given to offsite mitigation efforts consolidated on 
one site versus multiple offsite locations. 

� All mitigation should provide better functional value than that provided by 
the habitat being replaced. 

� If new over-water structures are to be allowed, the mitigation measures 
required to compensate for the construction of such structures should 
include site- and project-specific research to verify “not likely to adversely 
affect” situations prior to project implementation. 

� For new and retrofitting projects, strict monitoring and evaluation 
programs should be required and included in the project plans.  Third-
party groups should conduct the monitoring and evaluation programs to 
preclude bias in the process. 

� During the evaluation of proposed projects, a policy allowing no new 
over-water structures should first be considered.  Because of their smaller 
surface area and correspondingly smaller shade effect, buoys should be 
selected rather than piers and docks for recreational mooring. 

� There should be a greater level of regulation for activities such as boating 
that have interrelated effects.  Funds from taxation imposed on such 
activities should be directed to shoreline restoration and enhancement 
programs. 

Shore-Zone Development 

� To provide maximum protection to juvenile chinook salmon in eastern and 
western Washington, further development in existing undeveloped shore-
zone areas should be restricted, particularly in those areas having the 
characteristics preferred by this species (i.e., low-gradient habitats with 
sandy bottom and no aquatic vegetation). 

� The goals and objectives of shore-zone restoration projects should include 
habitat characteristics, functionality, and values consistent with the 
preferred habitat for chinook salmon. 

� New research should be initiated to investigate the preferred habitat 
characteristics for other salmonid species and their prey. 
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� Minimum setbacks should be established to help prevent shoreline and 
stream bank erosion and to help minimize the cumulative effects of shore-
zone development.  These required setbacks could include requirements 
for the relocation of existing structures that may already exist within 
designated setbacks. 

� Additional research should be conducted to study the effectiveness of 
salmon habitat restoration projects in lakes and slow-flowing rivers and 
reservoirs. 

Structure Size 

� To minimize the cumulative effects of over-water structures, in particular 
the loss of habitat and the potential creation of refuge for predators, all 
structures should be as narrow as possible to achieve the project purpose.  
In addition, the multifamily use of individual docks should be encouraged, 
and only one dock per multi-lot development should be allowed. 

� The number and body size of organisms using an area influenced by a 
floating object are directly related to the surface area of the object.  
Therefore, if a new over-water structure is to be allowed, the minimum 
possible size should be used to minimize the attraction of salmonid 
predators such as bass.  

On-Water Structures 

� Guidelines specifically addressing the storage and operation of on-water 
structures (i.e., log booms and rafts, trash-booms and trash-racks, work 
barges, and houseboats) should be prepared.  Until structure-specific data 
become available, the responses observed from over-water structures 
should be extrapolated, particularly regarding changes in ambient light and 
in habitat function. 

Pilings 

� Smallmouth bass and largemouth bass have a strong affinity to pilings.  
Therefore, for all new projects, and for retrofitting projects when feasible 
from an engineering perspective, a downgrade in size and number of 
pilings should be required in order to minimize potential predation on 
juvenile salmonids. 
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� Pier and dock pilings, which intercept gravel transport, may accelerate 
beach erosion.  Therefore, the use of buoy and anchor systems should be 
preferred over pilings to  prevent beach erosion. 

� In order to minimize the potential for predation on juvenile salmonids in 
free-flowing areas of systems where northern pikeminnow occur, the 
placement of in-water structures that create back-eddies and low-velocity 
microhabitat should not be allowed. 

� Pile-driving activities should be regulated, not because of potential noise 
impact, which seems to be negligible for salmonids, but for the potential to 
disturb bottom sediments. 

� The 300-foot protection zone restricting pile-driving activities in the 
vicinity of known sockeye spawning areas also should be required for 
chinook salmon in known beach spawning areas of Lake Washington.   

Bulkheads and Riprap 

� New bulkheads should not be permitted under any circumstance; instead, 
bioengineering solutions should be required.   

� For retrofitting projects, bulkheads should be completely eliminated when 
possible or relocated shoreward of ordinary high water, and shorelines 
should be restored with emergent and riparian plant species. 

� Riprap should not be allowed as an erosion control measure.  Instead, site-
specific bioengineering techniques should be required when alteration of 
the natural shoreline conditions is unavoidable, or for retrofitting projects. 

Shoreline Vegetation 

� If the over-water structure is permitted, onsite, in-kind, offsite, or out-of-
kind mitigation (or any combination of these) should be required to 
achieve no-net-loss of habitat.  This mitigation should include the 
establishment of native vegetation on any disturbed and adjacent shoreline 
areas, to minimize the adverse effects associated with cumulative loss of 
shoreline vegetation. 

� A buffer should be preserved between new upland developments 
associated with over-water structures and the shoreline, to protect foraging 
and rearing habitat for fish and wildlife. 
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� Shoreline development associated with the construction of an over-water 
structure should not include the alteration of natural stable shorelines or 
the creation of manicured land that extends to the river or lake edge.  In 
already altered shoreline areas, bioengineering techniques should be used 
to protect altered shorelines. 

Ambient Light and Shading 

� Given that shading can affect habitat function by creating visual barriers to 
migrating fish, new and retrofitted over-water structures should be 
required to incorporate design elements to minimize the shaded area under 
the structure. 

� New dock design elements currently required in eastern Washington (e.g., 
ambient light grids, white PVC sleeves for pilings, bright reflective 
aluminum, and bright white materials for flotation) should be investigated 
to determine their efficacy in reducing salmonid predation and in allowing 
adequate light penetration for macrophyte production.  If found to be 
effective, these elements also should be required for projects in western 
Washington. 

� Accessory dock structures such as pier skirting and batter boards that 
increase shading impacts on aquatic vegetation should not be permitted in 
the design or construction of new docks. 

Water Quality 

� Because the reaction distance declines as a decaying power function of 
turbidity, maintenance of background turbidity levels should be required 
during construction, to avoid potential adverse effects on salmonid 
predation.  This can be achieved, for example, by the use of silt curtains or 
cofferdams. 

� Because leachate from treated wood is toxic to aquatic organisms, the use 
of treated wood should not be allowed in construction of over-water 
structures. 
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Shading & Ambient Light Changes 
Predation             

Behavior [53][54][107][120]           [125] 
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Water Flow Pattern & Energy Disruption 
Predation             

Behavior         [67][87][121] [67][121]   
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Physical-Chemical Disruption (Noise & Water Quality) 
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Behavior           [13][14][38] [11][70][80] 
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aNumbers in brackets are keyed to entries in the list of references.  



 

 

UNITED STATES DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
NATIONAL MARINE FISHERIES SERVICE 
Northwest Region 
7600 Sand Point Way N.E., Bldg. 1 
Seattle, WA 98115 

Refer to NMFS No.: 
NWR-2012-9480 December 27, 2012 
 
 
Shawn Zinszer 
Chief, Regulatory Branch 
Portland District, Corps of Engineers 
P.O. Box 2946 
Portland, Oregon   97208-2946 
 
 
Re: Request for Additional Information to Initiate Endangered Species Act Section 7 

Consultation and Magnuson-Stevens Fishery Conservation and Management Act 
Essential Fish Habitat Consultation for the Coyote Island Terminals Construction of a 
New Coal Exportation Dock Facility in the Columbia River (6th field HUC 
170701010904), Morrow County, Oregon (Corps No.: NWP-2012-56) 

 
 
Dear Mr. Zinszer: 
 
This letter acknowledges National Marine Fisheries Service’s (NMFS) receipt of your November 
23, 2012 letter, requesting formal consultation under section 7 of the Endangered Species Act 
(ESA) and section 305 of the Magnuson-Stevens Fishery Conservation and Management Act 
(MSA). The request concerns the possible effects of the proposed issuance of Corps of Engineers 
(Corps) permits under section 10 of the Rivers and Harbors Act. The applicant, Coyote Island 
Terminal LLC, proposes to construct a new barge loading dock and upland coal receiving and 
storage facility. The project is located in the Port of Morrow at Columbia River mile 271, near 
the City of Boardman, Oregon. The facility would allow for the loading of coal that would be 
barged down the Columbia River and transshipped at an existing dock structure at the Port of St. 
Helens, Oregon. The intent of this letter is to obtain additional information to begin the 
consultation process. 
 
The Corps has determined that 13 ecologically significant units (ESUs) of salmonids, 7 species 
of marine mammals, 4 species of sea turtles, the southern distinct population segment (DPS) of 
green sturgeon and the southern DPS of eulachon listed under the Endangered Species Act 
(ESA) may be affected by the proposed project as outlined in Table 1. The Corps also believes 
that the proposed action may adversely affect essential fish habitat (EFH) for salmonids, coastal 
pelagic species, and Pacific Coast groundfish.
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Table 1. ESA listed species considered in the Corps request for consultation for the Coyote 
Island Terminal project at the Port of Morrow, Morrow County, Oregon 

 
Species ESU/DPS1 
Steelhead (Oncorhynchus mykiss) Upper Columbia River DPS 
 Middle Columbia River DPS 
 Lower Columbia River DPS 
 Upper Willamette River DPS 
 Snake River Basin DPS 
Chinook salmon (O. tshawytscha) Upper Columbia River spring run ESU 
 Lower Columbia River ESU 
 Snake River fall run ESU 
 Snake River spring/summer ESU 
 Upper Willamette River ESU 
Chum salmon (O. keta) Columbia River ESU 
Coho salmon (O. kisutch) Lower Columbia River ESU 
Sockeye salmon (O. nerka) Snake River ESU 
  
Green sturgeon (Acipenser medirostris) Southern DPS 
Eulachon (Thaleichthys pacificus) Southern DPS 
  
Steller sea lion (Eumetopias jubatus) Eastern DPS 
Killer whale (Orcinus orca) Southern resident DPS 
Humpback whale (Megaptera novaeangliae)  
Fin whale (Balaenoptera physalus)  
Sei whale (B. borealis)  
Blue whale (B. musculus)  
Sperm whale (Physeter catodon)  
  
Leatherback turtle (Dermachelys coriacea)  
Green turtle (Chelonia mydas)  
Loggerhead turtle (Caretta caretta) North Pacific Ocean DPS 
Olive ridley turtle (Lepidochelys olivacea)  
 
Due to the public controversy surrounding this project and the potential for substantial impacts to 
NMFS’ trust species, we recommend that the Corps prepare a draft environmental impact 
statement (EIS) for the project instead of the environmental assessment that we understand is 
currently proposed. An EIS would provide a platform to more thoroughly evaluate the effects of 
the proposed action as well as to consider less damaging alternatives. It would also provide an 
opportunity for the Corps to do a comparative analysis of the relative effects of several other coal 
transshipping projects being proposed at various sites in the Pacific Northwest. Such a 
comparative analysis should be structured to determine whether a project at one of one of the 
other sites would result in fewer impacts to NMFS trust species than the proposed action at the 
Port of Morrow. 
 
If the Corps decides to prepare an EIS, it would be appropriate to postpone the ESA and MSA 
consultation process until after a preferred alternative is selected at the FEIS stage  In the event  
that the Corps decides to proceed with the current NEPA approach and not prepare an EIS, the 
NMFS has identified additional information necessary to initiate this consultation as outlined in 
                                                 
1 ESU = Ecologically significant unit.  DPS = distinct population segment 
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the regulations governing interagency consultations for ESA at 50 CFR section 402.14(c) 
(initiation of formal consultation) and for EFH at 50 CFR 600.920(g) (EFH assessments). 
 
To complete the initiation package, please provide the following: 
 
 The BA provides no information on a stormwater plan for the 23 acres of newly created 

impervious surface for the coal storage facility in the uplands at the Port of Morrow. 
Please provide a description of how and to what extent stormwater will be treated on site 
and where any discharges may be located.  

 The reasons that existing facilities cannot be used for coal loading should be discussed. 
For example, there is a loading facility immediately east of the proposed project site. 
Describe what alternatives (if any) are available in the surrounding area that would 
suffice in lieu of construction of a new facility.   

 Details are needed on the water depth(s) where permanent piles will be driven and what 
will be covered by over water structures. 

 Specify the location and number of derelict pilings proposed for removal as mitigation 
for the new facility. Also discuss the methods that will be used to remove the piles. 

 A planting plan for areas disturbed by construction at the Port of Morrow should be 
provided. 

 A more in-depth analysis of the contaminants at the sites where vessels will be disturbing 
contaminated sediment (through prop wash) and the contaminant effects on species is 
needed. 

 Please provide information on what measures will be implemented to mitigate impacts 
from shoreline erosion and juvenile fish wake strandings resulting from the increase in 
barge and vessel traffic due to the proposed action throughout the Columbia River action 
area.  

 The BA acknowledges an increased risk of ship strikes from additional vessel and barge 
traffic could result in take of marine mammals and turtles, so the determination of not 
likely to adversely affect marine mammals and turtles is not valid.  A Marine Mammal 
Protection Act permit may be needed.  We are coordinating with NMFS marine mammal 
experts on this issue.  Further information may be necessary. 

 Effects to NMFS trust resources, such as potential marine mammal strikes from increased 
shipping traffic, should be analyzed at least out to the edge of the Exclusive Economic 
Zone (EEZ), not just to the mouth of the Columbia River. 

 Effects on species and critical habitat from invasive species in ballast water and on the 
hulls of ocean going vessels coming from Asia should be analyzed, as well as effects 
from water withdrawals and return from these vessels. 

 The BA acknowledges that transportation of the coal by rail to the Port of Morrow could 
be considered an interrelated and interdependent action, but provides no description or 
analysis of the effects.  This should be provided.  A discussion as to the extent of coal 
dust lost during transportation, the fate of that dust, what streams containing NMFS trust 
resources could be impacted and the extent of that impact needs to be provided. 

 Methyl mercury has been identified as one of the threats to listed Lake Ozette sockeye 
salmon.  Burning of coal in Asia has been linked to the increase in methyl mercury in the 
atmosphere.  The project's contribution to the deposition of methyl mercury in Lake 
Ozette should be analyzed. 
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 There is no analysis in the BA of the effects of burning the coal in Asia (acid deposition, 
global climate change).  Global climate change and resultant impacts to ESA listed 
salmonids has been shown and is a growing concern.  An analysis of the extent to which 
the increase of coal being exported to Asia with subsequent burning affects climate 
change is necessary. 

 The BA indicates that construction of the upland portion of the site will begin in May 
2013.  The applicant should be made aware of the potential problem of irretrievable and 
irreversible commitment of resources prior to issuance of a permit if construction is 
completed before a permit is issued. 

 As part of our Tribal Trust responsibilities, NMFS will also be consulting with Tribal 
representatives regarding this project.  Columbia River Tribes may have additional 
concerns not identified in this letter  
 

The NMFS requests the above information to evaluate fully the potential adverse effects from the 
proposed action. If desired, NMFS is available to discuss conservation measures that may 
minimize adverse effects to listed species and could be adopted as part of the proposed action.  
 
Until these information needs are addressed, consultation will not proceed. Consultation on the 
proposed action will resume upon receipt of the requested information if it is determined that the 
information is sufficient to complete consultation. If the additional information necessary to 
evaluate the effects of the proposed action on ESA-listed species and EFH is unavailable, the 
Corps has two options: (1) With your agreement, the consultation may be discontinued until 
sufficient information is available for a complete analysis; or (2) the NMFS can complete its 
analysis with the available information, giving the benefit of the doubt to the species. The 
consequence of completing consultation while giving the benefit of the doubt to the species 
depends on the significance of the missing data. Moreover, if additional data become available 
that differs from what was considered during consultation, re-initiation of consultation might be 
necessary. 
 
We will notify you when we receive this additional information. Our notification letter will also 
outline the dates within which consultation should be completed. 
 
If you have questions regarding this letter, or how to continue with the consultation process, 
please contact Ben Meyer, Chief, Willamette/Lower Columbia Habitat Branch of the Oregon 
State Habitat Office, at 503-230-5425. 
 

Sincerely, 
 
 
 

Michael P. Tehan 
Assistant Regional Administrator 
Habitat Conservation Division 
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MEMORANDUM OF AGREEMENT  

ON COLUMBIA RIVER ESTUARY HABITAT ACTIONS  
BETWEEN THE STATE OF WASHINGTON, THE BONNEVILLE POWER 

ADMINISTRATION, THE U.S. ARMY CORPS OF ENGINEERS, AND  
THE U.S. BUREAU OF RECLAMATION 

 

I. INTRODUCTION  
 
This agreement for estuary habitat actions (“Estuary MOA” or “Agreement”) confirms 
joint commitments of the Bonneville Power Administration ("BPA"), the U.S. Army 
Corps of Engineers ("Corps") the U.S. Bureau of Reclamation ("Reclamation") 
(collectively, “Action Agencies”) and the State of Washington ("Washington" or "State") 
(collectively, the “Parties”) regarding habitat actions to be undertaken to conserve salmon 
and steelhead through improvement of conditions in the Columbia River estuary, 
consistent with the Lower Columbia River Recovery plan,1 the Estuary Recovery Plan 
Module, and the 2008 Biological Opinions (“BiOps”) for the Federal Columbia River 
Power System (“FCRPS”)2 and Upper Snake Projects (“Upper Snake”),3and the Harvest 
BiOp.4   
 
The Parties have also initiated good faith negotiations of a comprehensive long-term 
Memorandum of Agreement (“long-term Agreement” or “long-term MOA”) to address 
issues associated with the effects of the FCRPS and Reclamation’s Upper Snake Projects, 
on the fish and wildlife resources of the Columbia River Basin, including implementation 
of 2008 Biological Opinion for the FCRPS and Upper Snake Projects.  This Estuary 
MOA is not intended to constrain or otherwise limit the scope of Parties’ negotiations 
concerning a long-term Agreement.  In particular, the Parties recognize that the Action 
Agencies’ commitments in this Estuary MOA are part of their broader commitments to 
implement all-H actions to mitigate federal hydropower effects, consistent with the 2008 
BiOps under the Endangered Species Act (“ESA”) and the Pacific Northwest Electric 
Power Planning and Conservation Act (“Northwest Power Act” or “NPA”). 
 

 

 
1 Lower Columbia River Salmon Recovery and Fish and Wildlife Subbasin Plan, issued by the Lower 
Columbia Fish Recovery Board on December 15, 2004, and adopted as an interim recovery plan for the 
Washington portion of the ESU recovery plan in February 2006 by NOAA Fisheries. 
2 For purposes of this Agreement, the FCRPS comprises 14 Federal multipurpose hydropower projects.  
The 12 projects operated and maintained by the Corps are:  Bonneville, the Dalles, John Day, McNary, 
Chief Joseph, Albeni Falls, Libby, Ice Harbor, Lower Monumental, Little Goose, Lower Granite, and 
Dworshak dams.  Reclamation operates and maintains the following FCRPS projects:  Hungry Horse 
Project and Columbia Basin Project, which includes Grand Coulee Dam.  
3 For purposes of this Agreement, the Upper Snake River Projects (Upper Snake) are Minidoka, Palisades, 
Michaud Flats, Ririe, Little Wood River, Boise, Lucky Peak, Mann Creek, Owyhee, Vale, Burnt River and 
Baker.   
4 Consultation on Treaty Indian and Non-Indian Fisheries in the Columbia River Basin Subject to the 2008-
2017 U.S. v. Oregon Management Agreement, issued by NOAA Fisheries on May 5, 2008. 
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II. BIOLOGICAL OPINION COMMITMENTS  
 
The Parties reaffirm their position that the FCRPS and Upper Snake BiOps (including 
hydro operation, configuration, and water management provisions) satisfy ESA 
requirements during their terms. This includes the overarching hydro performance 
standards, supported by adaptive management, as set out in the BiOps and Biological 
Assessment.5  

 
In implementing this Estuary MOA, the Parties commit to collaborate within the 
framework of the FCRPS BiOp.  This includes annual reporting and comprehensive 
evaluations (including consideration of population and evolutionarily significant unit 
[“ESU”] status) in 2013 and 2016, all-H diagnosis, and identification of modified actions 
and contingencies.    
 

III. ESTUARY HABITAT COMMITMENTS 
 
A.  Biological Value of Estuary Habitat Projects  
 
The Parties agree that projects to protect, improve, and restore estuary habitat will yield 
important biological benefits.  The Columbia River estuary represents one of three major 
environments supporting the life cycle of Columbia Basin salmon and steelhead.  All of 
these salmon and steelhead stocks spend time in the estuary before migrating to the 
ocean.  The Columbia River estuary has been significantly altered and degraded by 
human activities, and innumerable scientific studies and communications from notable 
regional scientists confirm that protection and restoration of this habitat will yield 
biological benefits for all listed salmonids in the Columbia River Basin.  In addition, by 
improving ecological conditions and processes, the estuary habitat actions under this 
Agreement will also benefit numerous other fish and wildlife species that rely on estuary 
habitat at some point in their lifecycle.  This includes non-listed salmon and steelhead, 
smelt (eulachon, whitebait, surf, night, and longfin), sea-run cutthroat trout, Pacific 
lamprey, and green and white sturgeon, among others.  Enhancement of wetlands and 
riparian areas also provide important habitat for a variety of birds, including bald eagle, 
peregrine falcon and a variety of waterfowl species.   
 
The actions being undertaken by the Parties in the estuary (including on the ground 
actions and research, monitoring and evaluation) support the estimated ESU survival 
benefits of 6% and 9% (for stream type and ocean type fish, respectively) over the term 
of the FCRPS BiOp.  Although this Estuary MOA is not required under the 2008 FCRPS 

                                                 
5 The hydro performance standards referenced here, as well as hydro targets and metrics, are described in 
the Main Report, Section 2.1.2.2 of the Action Agencies’ August 2007 FCRPS Biological Assessment 
(FCRPS BA), pages 2-3 through 2-6, and the FCRPS BiOp at RM&E Strategy 2 (Hydro) and RPA 52 
(pages 72-76 of 98).  The adaptive management referenced here, including reporting and diagnosis, are 
described in Section 2.1 of the FCRPS BA, with population/ESU progress monitoring addressed in RM&E 
Strategy 1 (Status Monitoring) and RPAs 50 and 51 (pages 69-71 of 98).  
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BiOp, the additional $4.5 million annually of funding and actions provided under this 
Agreement will aid in the achievement of these benefits.  The Parties are committed to 
using the estuary research, monitoring, and evaluation actions in the BiOp, in conjunction 
with the 2013 and 2016 comprehensive evaluations, to confirm the achievement of these 
benefits by 2018 within the framework of the FCRPS BiOp. 
 
B.  Overall Increased Estuary Commitments--$40.5 million     
 
As a result of the mutual commitments between BPA, the Corps, and Washington 
described below, the Action Agencies will be providing an increase in funding for all 
estuary habitat actions of approximately $40.5 million over the nine year term of this 
MOA, summarized as follows: 
    
 Pre-Estuary MOA With this Estuary MOA 

Annual Planning Budgets ($ million) 
  

Habitat 
 
RM&E 

 
Estuary 
Total 

 
Habitat 

 
RM&E 

 
Estuary 
Total 

Increased 
Habitat 
Funding 

BPA 3.5   5.3   1.8 
Corps 2.0   4.7   2.7 
BPA & 
Corps 
Combined 

 6.6   6.6   

Sub-Total  5.5 6.6 12.1 10.0 6.6 16.6 4.5
Nine-Year Total ($ million) 

BPA & 
Corps 
Combined 

49.5 59.4 108.9 90.0 59.4 149.4 40.5

 
 

*********************************************************** 
Actual dollars figures will be higher, because these figures  

do not include the 2.5% inflation adjustment for BPA commitments. 
 

This MOA addresses the additional funding from BPA and the Corps for estuary habitat 
projects of $4.5 million annually committed to Washington.  The remaining $5.5 million 
combined BPA and Corps commitments for estuary habitat projects, which began prior to 
this MOA, will continue to be utilized with other governmental and non-governmental 
entities in Oregon and Washington, including the Lower Columbia River Estuary 
Partnership (“LCREP”).  The $6.6 million annually for estuary research, monitoring, and 
evaluation (“RM&E”) will similarly be utilized with governmental and non-
governmental entities.6  
                                                 
6 There is an additional $1.2 million (annual) from system-wide RM&E activities benefitting the estuary 
that is not included in the table above; RM&E amounts may vary to reflect changes in scope over time. 
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Any funds provided to Washington or the Estuary Partnership through the stimulus 
packages under the American Recovery and Reinvestment Act of 2009 or other 
subsequent Acts, may provide additional biological benefits, but will not affect the 
funding commitments in this Agreement.  
 
C. Funding for Estuary Habitat Improvements 
 
C.1 General Principles:  
  

• For purposes of this Agreement, the Columbia River estuary is defined as the area 
from the mouth of the Columbia River, including the plume, upstream to the limit 
of tidal influence (including tidally influenced areas of tributaries) at Bonneville 
Dam at River Mile 146.  

• Estuary habitat projects funded under this Estuary MOA are linked to biological 
benefits based on limiting factors for ESA-listed fish at the ESU level. Estimated 
survival benefits based on habitat improvements will be determined for each 
project utilizing the process and methodology specified in the FCRPS BiOp.  See 
Attachments 1 and 2. (Attachment 1 is the spreadsheet showing projects and 
estimated planning budgets; Attachment 2 provides brief project narratives, ESUs 
and limiting factors being addressed, and estimated survival benefits of the 
actions).  

• Washington, acting through the Washington Department of Fish and Wildlife 
(“WDFW”), will either sponsor or coordinate the projects or actions funded under 
this Agreement for the benefit of salmon and steelhead in support of the FCRPS 
BiOp, consistent with the Northwest Power and Conservation Council’s 
(“Council”) Fish and Wildlife Program implementation in Washington.  WDFW 
will coordinate the projects with the Lower Columbia Fish Recovery Board 
(“LCFRB”), and LCREP (which includes the State of Oregon), and other estuary 
action partners of the Action Agencies. 

• The Parties endorse the National Oceanic and Atmospheric Administration 
(“NOAA”)-modified LCREP ecosystem criteria7 for estuary habitat projects 
(Attachment 3), and will apply these criteria (subject to any subsequent 
modifications made by NOAA in coordination with LCREP to reflect results of 
RM&E) in the process of selecting projects for this MOA.  

• Projects funded under this Agreement are consistent with subbasin plans now 
included in the Council’s Program and ESA recovery plans.  More specific 
linkages to these plans will be documented as a function of the BPA contracting 
process. 

• Projects may be modified by mutual agreement over time based on biological 
priorities, feasibility, science review comments, or based on results in habitat and 
survival improvements. 

                                                 
7 NOAA modified the broader LCREP ecosystem criteria to more specifically address ESA-listed salmon 
and steelhead. 
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• Parties agree to report the results of implementation of this MOA through the 
annual reporting process under the FCRPS BiOp.  

• The Parties acknowledge that there may be multiple projects in various phases of 
planning, design, and construction in any given year.  The Parties agree to meet 
annually to discuss which projects will receive funding in that fiscal year for the 
Corps projects addressed in this MOA.  

 
C.2 BPA Funding for Estuary Habitat Actions 
 

• New Funding:  BPA is committing to an increase of $1.8 million per year of 
estuary habitat funding beginning in fiscal year 2010.  These funds will be utilized 
by Washington to:  

o Provide the cost share for projects to be submitted to the Corps pursuant to 
the Water Resource Development Act of 2000 (“WRDA 2000”) Section 
536, Lower Columbia River and Tillamook Bay Ecosystem Restoration, 
Oregon and Washington (see description below);  

o Provide cost-share for restoration of shoreline and shallow water habitat to 
benefit salmon and steelhead in the estuary under the Corps’ Beneficial 
Use of Dredge Material program; 

o Address any planning and development and operation and maintenance 
costs for Corps projects addressed in this MOA; and 

o Fund other estuary habitat projects as mutually agreed.   
 

• The BPA funding will be available for (in priority order): 
o Non-federal cost share for Corps projects under this MOA; 
o To cover operation O&M costs (O&M) for Corps projects under this 

MOA; and 
o Additional estuary habitat projects. 

 
• Up to 20% percent of the BPA funds will be available per year for “transaction 

costs” which means costs to develop proposed projects, identify willing project 
sponsors, coordinate and develop the basic elements of these proposals, initiate 
and respond to science review and otherwise plan for project implementation. 

 
• In order to reflect the heavier emphasis on initial planning steps in the first two 

years of the MOA, BPA will execute an umbrella contract with Washington’s 
designated implementing agencies, providing up to $250 thousand each year for 
transaction costs.  

o Upon completion of planning, development and execution of partnering 
agreements for estuary projects for implementation under this Agreement, 
any additional transaction costs (if any) will transition from the umbrella 
contract to the Corps projects addressed in this Agreement.  

o The Parties will cooperate with the Corps to ensure that costs incurred 
prior to the start of the Corps’ processes are to perform tasks needed to 
develop a proposal that addresses provisions of the Corps’ authorities. 
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o The Parties also agree to cooperate to minimize these transaction costs to 
maximize available funds for the non-federal cost share and leveraging 
Corps appropriations for Corps projects under this Agreement. 

 

• Of the $1.8 million commitment, $1.3 million is based on the Corps’ 
commitment, below, to assume some of BPA’s estuary RM&E commitments.  
The remaining $0.5 million commitment will be added to the Fish and Wildlife 
Program budget.  However, the Parties share a preference that the 0.5 million per 
year will be funded from within BPA's existing Fish and Wildlife Program, and 
will cooperate in good faith to seek that outcome. 

C.3.  Corps Funding for Estuary Habitat Actions   
 

• Under this Agreement the Corps will seek a $2.7 million annual increase in 
federal appropriations for the Corps 536 Program.  This is based on the increase 
from BPA available to the State of Washington to cost share in increased estuary 
habitat work.8  Two existing Corps authorities to create estuarine habitat are 
Section 536 of the WRDA 2000 (“536 Program”) and Section 204 of the WRDA 
of 1992 (Beneficial Use of Dredge Material)(“Section 204 Program”).  

 
• Under Section 536 (WRDA 2000), the Corps can construct ecosystem restoration 

projects for the lower Columbia River estuary to protect, monitor and restore fish 
habitat.  This authority requires a non-Federal cost share sponsorship, in which 
the sponsor pays 35% and the Corps is responsible for 65% of the total costs to 
plan and construct the projects.  The non-Federal sponsor (or local sponsor) is 
responsible for all lands, easement and rights-of-ways, of which value will be 
credited toward the local (non-Federal) cost- share.  In addition, the local sponsor 
is responsible for all future operation and maintenance costs.  (See Attachment 4 
for more details of this authority and a flow chart for the Section 536 process.) 
 

• A feasibility study to formulate an estuary habitat project under the Corps' 536 
Program is cost shared equally (50 percent/50 percent) between the Corps of 
Engineers and the non-Federal sponsor.  One hundred percent of the non-Federal 
share may be contributed as in-kind products or services.  The feasibility study 
results in recommendations for the design and construction of the habitat actions, 
and identifies the responsibilities of the Federal and non-Federal sponsor during 
design and construction.  

 

                                                 
8 Corps funds are subject to annual appropriations.  The Corps, through its Northwestern Division, will 
request and work to obtain appropriations sufficient to fund its commitments under this Estuary MOA, and 
will keep the Parties apprised of the status of its appropriations request.  The other Parties will support the 
Corps’ efforts to obtain this funding.  BPA will maintain its $1.8 million estuary habitat commitment even 
if the increased appropriations request is not immediately successful, provided the Corps continues to use 
best efforts to obtain the increased appropriations.  
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• Under Section 204 (WRDA 1992), the Corps can cost share with willing local 
sponsors the incremental costs above the least cost Federal standard to create 
estuarine habitat (beneficial use) from material dredged for a federal navigation 
project.  Incremental costs could result from increased distances to disposal site, 
requiring different equipment or special handling/rehandling techniques or 
additional features to help stabilize dredged material at a placement site.  The 
Corps will pay 75% of the incremental costs and the sponsor is required to pay the 
remaining 25%.   

 
• The Corps will consult with Washington to ensure that Corps projects and related 

RM&E implemented under these authorities will contribute to the objectives of 
this Agreement, including projects (or types of projects) identified for funding.  

 
C.4.  Estuary RM&E Funding.   
 

• The Corps and BPA currently fund approximately $6.6 million annually of 
RM&E in the estuary to support implementation of the FCRPS BiOp.  (See II.B. 
above). 

• As part of its commitments to implement the Reasonable and Prudent Alternative 
(RPA) actions of the 2008 FCRPS BiOp, the Corps and BPA are funding RM&E 
(RPA actions 58- 61).  Under this Estuary MOA, the Corps agrees to fund up to 
$1.3 million annually of the on-going RM&E work through its Columbia River 
Fish Mitigation Project (“CRFM”) starting in Fiscal Year 2010, through the 
duration of this MOA.  This work will include the study of “Historic Habitat Food 
Web Linkages” (NOAA and others) and the “Ecology of Juvenile Salmon in Tidal 
Freshwater in the Vicinity of the Sandy River Delta” (Pacific Northwest National 
Lab).   

• In regional coordination processes, WDFW will support these estuary RM&E 
actions for priority funding under the CRFM. 

• This shift in funding will not change the commitment by the Corps and BPA to 
implement the estuary RM&E.  Any changes in scope for the two RM&E projects 
identified above will be coordinated and mutually agreed by the Corps and BPA.   

• With the Corps’ commitment to fund through CRFM up to $1.3 million in RM&E 
commitments that had been provided by BPA, BPA will provide an equivalent 
amount, $1.3 million, to Washington to serve as the matching cost share from 
Washington or other entities in Washington (as project sponsor) to the Corps, for 
habitat work in the estuary. 

 
C.5. Contingency 

 
If, despite its best efforts, Washington does not identify sufficient viable estuary habitat 
projects to utilize all 536 Program funds contemplated in this Estuary MOA for two 
consecutive years, the Parties agree that the Corps and BPA may seek additional project 
sponsors, for projects in Washington or Oregon, to utilize the available appropriations 
and the ‘freed’ cost share funds provided by BPA.  
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D. General Provisions For All Projects  
 
D.1. All projects funded pursuant to this Agreement shall: 
 

• Be consistent with the Council’s Program (including sub-basin plans), as 
amended, otherwise compliant with the NPA’s science and other review 
processes; applicable ESA recovery plans; and applicable data management 
protocols adopted by the Action Agencies. 

• Be consistent with BPA’s then applicable policies, including but not limited to 
BPA’s in lieu policy and BPA’s capital policy. 

• Report results annually (including ongoing agreed upon monitoring and 
evaluation) via PISCES and/or other appropriate databases. 

• Remain in substantive compliance with any applicable implementing project 
contract terms, including but not limited to 536 Program or Section 204 WRDA 
partnering agreements. 

• Be subject to any necessary permits and approvals for actions on federal lands. 
 
D.2. In addition, Washington shall:  
 

• Provide estimated habitat and survival benefits from the project to listed salmon 
and steelhead based on key limiting factors and determined using the process and 
methodology specified in RPA 37 of the FCRPS BiOp, in cooperation with the 
Corps and BPA; 

• Prior to implementation, bring projects through the expert regional technical 
group process prescribed in RPA 37 to confirm projected benefits and, in the 
event that there are differences between the results of the expert panel process and 
Washington’s original benefit estimate, the Parties will reconcile the difference 
and develop final benefits through technical collaboration;9 and 

• Support and defend these estimates of habitat and survival benefits with available 
and relevant scientific, policy, and legal information.  

 
D.3. The Parties will coordinate their RM&E projects with each other and with 
regional RM&E processes (particularly those needed to ensure consistency with the 
FCRPS BiOp RM&E framework), as appropriate and agreed to among the Parties. 
 
D.4.  For actions on federal lands, Washington will consult with the federal land 
managers, and discuss necessary permits and approvals.  
 
D.5. For projects where the State of Washington is a sponsor, before project approval, 
the Parties will meet to discuss and address projected operation and maintenance 
requirements and any potential liability exposure arising from project implementation.  
Operation and maintenance costs may be paid for as agreed by the Parties, on a project-

                                                 
9 BPA and the Corps will provide assistance to WDFW for technical support in the expert regional 
technical group process, on request. 
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by-project basis, from the BPA portion of the funding in this MOA.  Risk management 
issues will also be discussed and addressed by the Parties as needed, prior to project 
selection.   
 
E. Council and ISRP Review 
 
E.1.  As described in Section III.C.1, above, projects funded by BPA pursuant to this 
Agreement shall be consistent with the Council’s Program and follow the NPA’s science 
and other review processes.   
 
E.2.  The Parties recognize that the Council’s Program is a maturing program, which 
through several decades of implementation has established a continuing framework for 
mitigating the impacts of hydroelectric development in the Columbia River Basin.  The 
Parties acknowledge that nothing in this Agreement precludes any Party from making 
recommendations to the Council about modifications to the Council or ISRP review 
processes to facilitate project implementation under this Agreement or generally.  The 
guidelines for ISRP review developed by the Council in consultation with the ISRP, 
BPA, and the Accord parties, for review of the Columbia Basin Fish Accords projects 
will be used for review of the projects under this Estuary MOA.  Washington will ensure 
that any needed ISRP science review is timely and occurs before a project partnering 
agreement is drafted to implement a project under the Corps’ Programs.  If the ISRP 
review process cannot accommodate the timing requirements for Corps projects funded 
under this Estuary MOA, the Parties may propose a programmatic approach for ISRP 
review to the Council.  
 

F. Replacement Projects 
 
F.1. General Principles: 
 

• The Parties agree that a project identified in this Agreement may not ultimately be 
implemented or completed due to a variety of possible factors, including but not 
limited to:  

o Problems arising during regulatory compliance (e.g., ESA consultation, 
National Environmental Policy Act (“NEPA”), the (Washington) State 
Environmental Policy Act (“SEPA”), National Historic Preservation Act 
(“NHPA”) review, Clean Water Act permit compliance, etc); 

o The project does not meet BPA’s in lieu policy or does not meet BPA’s 
capital policy; 

o New information regarding the biological benefits of the project (e.g., new 
information indicating a different implementation action is of higher 
priority, or monitoring or evaluation indicates the project is not producing 
its anticipated  benefits);    

o Changed circumstances (e.g., completion of the original project or 
inability to implement the project due to environmental conditions); or 
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o Substantive non-compliance with the implementing contract, including but 
not limited to the Corps’ 536 Program or Section 204 WRDA partnering 
agreements.   

 
• Should a project not be implemented due to one or more of the above factors, the 

Action Agency and WDFW, in consultation with the LCFRB, LCREP, NOAA 
Fisheries, and other estuary action partners of the Action Agencies, will promptly 
negotiate a replacement project.  

 
F.2. Replacement Projects: 
 

• A replacement project(s) should be the same or similar to the project(s) it replaces 
in terms of target species, limiting factor, mitigation approach, geographic area 
and/or subbasin and biological benefits.  

• A replacement project(s) should have the same or similar planning budget as the 
project(s) it replaces (less any expenditures made for the original project(s)).  
Such budget must address carry-forward funding whose amount and calculation 
will be subject to the Parties' mutual agreement. 

 
G. Adaptive Management
 
In the implementation of this MOA, the Parties will work together on an adaptive 
management basis, consistent with the FCRPS BA and the collaborative framework of 
the FCRPS BiOp, including but not limited to the following: 
 
G.1. Regular Feedback and Review 
 
The Parties will meet at least annually to review implementation of this Estuary MOA 
and its progress, and to discuss actions needed to maintain or improve steady 
implementation and to attain the predicted biological benefits of the Agreement. 
 
G.2.     New Information/Changed Circumstances 
 
In addition to project-specific adaptation through replacement project(s) described above, 
the Parties may mutually agree to adaptively manage this shared implementation 
portfolio on a more programmatic scale based on new information or changed 
circumstances.  For example, if during implementation of this MOA, new information or 
changed circumstances indicate the habitat focus of this MOA is no longer the most 
effective type of activity to meet the estuary performance standards the Parties can, if 
mutually agreed, shift the BPA commitments in this MOA to a different programmatic 
approach.  
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G.3.   Additional Work and Funding 
 
As part of the comprehensive evaluations in 2013 and 2016, the Parties will review 
results under this Agreement and will determine whether additional work is needed to 
achieve ESU survival benefits of 6% and 9% (for stream type and ocean type Chinook, 
respectively) within the framework of the FCRPS BiOp.  Based on this review, if 
additional work is needed to achieve these benefits, the Parties will discuss whether the 
Action Agencies should seek and commit additional actions or funding. 
 
H. Inflation and Budget Matters   
 
H.1. Inflation   
 
Beginning in fiscal year 2011, BPA will provide an annual inflation adjustment of 2.5 
percent.  In implementing this provision, BPA will add the inflation adjustment, 
compounded, to expense budgets beginning in 2011, but will not subsequently adjust 
project budgets as the schedule of that work changes.   
 
H.2. Expense Planning versus Actuals, and Project-Year Budgets  
 
H.2.a. BPA will plan to contract at the full amounts described in this Estuary MOA.  Due 
to a variety of factors outside of BPA’s control, however, BPA’s actual expenditures may 
be less.  (Historically, the average difference between BPA’s planned expenditures for 
implementing the expense component of its Council Fish and Wildlife Program, and 
BPA’s actual spending—what BPA is invoiced and pays under individual implementing 
contracts—is about 7%; that is, BPA plans to expend 100 dollars, but it will be invoiced 
and pay 93 dollars).  When under-spending occurs, funding can be made available in 
other years and for other projects by mutual agreement per Section III.H.3, below.  If 
total BPA expense spending under this Agreement is less than 93% of the planned 
amount in any one year, BPA, the Corps, and Washington will meet to discuss possible 
actions to remove the impediments to achieving the Agreement’s full implementation and 
spending.   
 
H.2.b. BPA’s financial commitments and project budgets identified in Attachment 1 are 
described in fiscal-year terms, but BPA fish and wildlife program contracts are not 
necessarily aligned to the fiscal year (FY).  As a result, the expense budgets in 
Attachment 1 will be interpreted as project-year (PY) budgets.  This means that the 
project (as implemented through a BPA-issued contract or contracts) can start anytime 
during the federal fiscal year (Oct 1 – Sep. 30) and use that PY budget for the full 
implementation period (usually one year). 
 
H.3. Budget Management   
 
Washington may request an adjustment of the PY budget (through requests for transfers, 
reschedules, or preschedules) for any individual project so long as the Agreement level 
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planning budget--the roll up of the individual project-year budgets--does not exceed 
120% of the original planning budgets after the inflation adjustment (see Attachment 1).   
 
Transfers of budgets between projects may be allowed through mutual agreement so long 
as the transfer is consistent with the Agreement-level budget cap (above), and BPA and 
Washington mutually agree on the revised focus. (BPA will not likely agree to a budget 
transfer that moves dollars away from habitat work or other on-the-ground work.)   
 
If Washington is able to complete work below a project budget, leaving obligated funds 
unspent for a project when the contract is closed, those funds will be made available to 
Washington for re-allocation if mutually agreed by BPA.  Through mutual agreement 
those unspent funds may be rescheduled to the same project or transferred to another 
Agreement project so long as the adjustment is consistent with the Agreement-level 
budget cap. 
 
In addition, BPA and Washington may, by mutual agreement, adjust the 120% cap for 
those projects that involve the acquisition of interests in land or water from willing 
sellers, to accommodate the uncertainties of negotiations with sellers.  In order to exceed 
the 120 percent cap for such circumstances, Washington shall give BPA at least six 
months notice of the potential need for such an extension, and provided further that BPA 
may decline to make the adjustment to avoid a “bow wave” of spending in any given 
year, or towards the end of this MOA’s terms, or on any other reasonable ground, 
including consideration of how any such adjustments would affect cost-share 
opportunities with the Corps’ 536 Program under this MOA.  
 
H.4. Costs of environmental and regulatory reviews   
 
In order to implement the projects identified in this Agreement, BPA, the Corps and/or 
Washington may need to undertake a variety of environmental and regulatory reviews, 
including, but not limited to those under NEPA, the NHPA, the ESA, and the Clean 
Water Act.  Unless otherwise mutually agreed, the costs of these review processes will be 
taken out of the funding commitments of this Agreement, regardless of whether 
Washington or BPA undertakes the work.  Thus, for example, if an Environmental 
Assessment or an Environmental Impact Statement under NEPA is needed for one or 
more projects, the costs of that work will be subtracted from the relevant budget under 
this Agreement.  The Parties agree to coordinate in advance on budgeting for these 
environmental and regulatory reviews.  
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IV. LITIGATION, GOOD FAITH, DISPUTE 
RESOLUTION AND OTHER PROVISIONS   

 
A. Effects on Litigation 

 
The Parties will discuss the appropriate means of alerting the district court in NWF v. 
NMFS of this Agreement (if needed) and will undertake any agreed-upon approach.  
 
B. Good Faith Implementation and Support   
 
Best effort good-faith implementation and support of this Estuary MOA is the general 
duty to which all Parties agree to be bound.  Nonetheless, the Parties understand that 
from time to time questions or concerns may arise regarding a Party's compliance with 
the terms of this Agreement.  In furtherance of the continuing duty of good faith, each 
Party agrees that the following specific actions or efforts will be carried out: 
 
B.1. On a continuing basis, each Party will take steps to ensure that all levels of its 
government/institution is made aware of the existence of this Agreement and the specific 
commitments and obligations herein, and emphasize the importance of meeting them. 
 
B.2.  Each Party will designate a person to be initially and chiefly responsible for 
coordinating internal questions regarding compliance with the Agreement. 
 
B.3.  Each Party will make best efforts to consult with other Parties prior to taking any 
action that could reasonably be interpreted as inconsistent with any part of this 
Agreement.  To assist in this, the Parties will designate initial contact points.  The 
formality and nature of the consultation will likely vary depending circumstances.  The 
initial contact points are initially charged with attempting to agree on what form of 
consultation is required.  In some instances, the contact between initial contact points 
may suffice for the consultation, while in others, they may need to recommend additional 
steps.  The Parties agree that consultations should be as informal and with the least 
amount of process necessary to ensure that the Parties are fulfilling the good-faith 
obligation to implement and support the Agreement. 
 
B.4.  If a Party believes that another Party has taken action that is contrary to the terms of 
the Agreement, or may take such action, it has the option of a raising a point of concern 
with other Parties asking for a consultation to clarify or redress the matter.  The Parties 
will endeavor to agree upon any actions that may be required to redress the point of 
concern.  If after raising a point of concern and having a consultation the Parties are 
unable to agree that the matter has been satisfactorily resolved, any Party may take 
remedial actions as it deems appropriate, so long as those remedial actions do not violate 
the terms of the Agreement.  
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C. Changed Circumstances, Renegotiation/Modification, 
Withdrawal   

 
C.1. The Parties acknowledge that NOAA Fisheries has issued a final BiOp for the 
FCRPS as of May 5, 2008, and that there is litigation regarding this BiOp.  
 
C.2.  If any court, regardless of appeal, finds that the FCRPS or the Upper Snake Project 
BiOp or agency action is arbitrary, capricious, an abuse of discretion, or otherwise not in 
accordance with law, and subsequently remands either BiOp to NOAA Fisheries, this 
Agreement shall remain in force, subject to the provisions of this Section IV.C.2.  If any 
court, regardless of appeal, finds that either BiOp or agency action is arbitrary, 
capricious, an abuse of discretion, or otherwise not in accordance with law, the Parties 
will seek to preserve this Estuary MOA, and will meet promptly to determine the 
appropriate response as described below:  
 

(a )  In the event that a portion(s) of this Agreement is in direct conflict with the 
court order or resulting amended BiOp, the Parties shall meet and agree on an 
appropriate amendment to that section, or, if such amendment is not possible 
under the terms of the court order or resulting amended BiOp, then a substitute 
provision shall be negotiated by the Parties.  
 
(b)  If the court-ordered FCRPS operations or resulting amended BiOp require 
additional actions that are either financially material to an Action Agency or that 
materially constrain the Corps or Reclamation from meeting FCRPS purposes, 
Section IV.C.3 shall apply.   
 
(c)  The Parties will participate in any court-ordered process or remand 
consultation in concert with Sections IV.B and IV.C.   
 
(d)  The Parties intend that determinations of materiality will only be made in 
cases of great consequence.  
 

C.3.  In the event of the occurrence of any of the material effects in Section C.2, or in the 
event of material non-compliance with the Agreement not resolved by dispute resolution, 
the affected Party or Parties shall notify the other Parties immediately and identify why 
the event is considered material.  The Parties shall utilize dispute resolution if there is a 
disagreement as to whether the event is material.  In addition, prior to any withdrawal, the 
Parties shall first make a good faith effort to renegotiate mutually agreeable modifications 
to the Agreement.  If renegotiation is not successful, the affected Party may notify the 
other Parties in writing of its intent to withdraw by a date certain.  If renegotiation is not 
successful, at the time the withdrawal is effective, all funding commitments and/or other 
covenants made by the withdrawing Party cease, and the withdrawing Party shall have no 
further rights or obligations pursuant to the Agreement.  A withdrawing Party reserves 
any existing legal rights under applicable statutes, including all arguments and defenses, 
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and this Agreement cannot be used as an admission or evidence in support of or against 
any such argument or defense.   
  
C.4.  The provisions of this Agreement authorizing renegotiation, dispute resolution, 
withdrawal, or challenge in appropriate forums provide the sole remedies available to the 
Parties for remedying changed circumstances or disputes arising out of or relating to 
implementation of this Agreement. 
 
C.5. Any Party may withdraw or request renegotiation for reasons other than those 
enumerated above subject, however, to the provisions in Section IV.C.3.  

 
C.6.  If one Party withdraws from the Agreement, any other Party has the option to 
withdraw as well, with prior notice. 
 
C.7.  Savings.   Notwithstanding Section IV.C.3, in the event of withdrawal, BPA will 
continue providing funding for projects necessary for support of FCRPS BiOp 
commitments (as determined by the Action Agencies), and may provide funding for other 
on-going projects or programs that the Parties mutually agree are important to continue. 

 
D. Dispute Resolution 
 
D.1. Negotiation  
 
1.a. The Parties shall attempt in good faith to resolve any dispute arising out of or relating 
to implementation of this Estuary MOA in accordance with this section prior to 
administrative, judicial or other formal dispute resolution procedures.  The purpose of 
this Section IV.D.1 is to provide the Parties an opportunity to fully and candidly discuss 
and resolve disputes without the expense, risk and delay of a formal dispute resolution.   
 
1.b.  If the Parties are unable to resolve the dispute through informal dispute resolution, 
then the dispute shall be elevated to negotiating between executives and/or officials who 
have authority to settle the controversy and who are at a higher level of management than 
the person with direct responsibility for administration of this Agreement.  All reasonable 
requests for information made by one Party to the other will be honored, with the Action 
Agencies treating “reasonable” within the context of what would be released under the 
Freedom of Information Act.   
 
1.c. In the event a dispute over material non-compliance with the Agreement has not been 
resolved by negotiation, the affected Party may seek to withdraw, without further 
renegotiation, in accordance with Section IV.C.3, and may pursue any other remedy 
provided by law. 
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D.2. Mediation   
 
In the event the dispute has not been resolved by negotiation as provided herein, the 
disputing Parties may agree to participate in mediation, using a mutually agreed upon 
mediator.  To the extent that the disputing Parties seeking mediation do not already 
include all Parties to this Agreement, the disputing Parties shall notify the other Parties to 
this Agreement of the mediation.  The mediator will not render a decision, but will assist 
the disputing Parties in reaching a mutually satisfactory agreement.  The disputing Parties 
agree to share equally the costs of the mediation.   
 
E. Modification  
 
The Parties by mutual agreement may modify the terms of this Estuary MOA.  Any such 
modification shall be in writing signed by all Parties. 

 
V. MISCELLANEOUS PROVISIONS  

 
A. Term of Agreement 
 
The term of this Estuary MOA will extend from its effective date through midnight on 
September 30, 2018, unless amended by mutual agreement of the Parties.   
 
B. Relationship Between This Agreement and Implementing 

Intergovernmental Agreements   
 
The Parties will enter into separate and discrete intergovernmental agreements to 
implement this Estuary MOA.  Once issued, those intergovernmental agreements will 
govern all activities addressed in those agreements.  For example, the provisions of this 
MOA regarding changed circumstances, renegotiation and withdrawal (Section IV.C) 
would not govern disputes in a Corps partnering agreement or BPA contract.  Similarly, 
if a Party were to withdraw from this MOA pursuant to Section IV.C, this would not 
automatically terminate any implementing intergovernmental agreements; any decision to 
terminate an implementing intergovernmental agreement would be pursuant to that 
agreement’s termination provisions.   
 
C. Applicable Law   
 
All activities undertaken pursuant to this Agreement must be in compliance with all 
applicable laws and regulations.  No provision of this Agreement will be interpreted or 
constitute a commitment or requirement that the Action Agencies or Washington take 
action in contravention of law, including the APA, ESA, CWA, NEPA, Federal Advisory 
Committee Act, Information Quality Act, or any other procedural or substantive law or 
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regulation.  Federal law shall govern the implementation of this Agreement and any 
action to enforce its terms.   
 
D. Authority 
 
Each Party to this Agreement represents and acknowledges that it has full legal authority 
to execute this Agreement. 
 
E. Effective Date & Counterparts 
 
The effective date of this Agreement shall be the date of execution by the last Party to 
provide an authorized signature to this Agreement.  This Agreement may be executed in 
counterparts, each of which is deemed to be an executed original even if all signatures do 
not appear on the same counterpart.  Facsimile and photo copies of this Agreement will 
have the same force and effect as an original.   
 
F. Binding Effect   
 
This Agreement shall be binding on the Parties and their assigns and successors.  Each 
Party may seek dispute resolution in accordance with Section IV.D, or to withdraw in 
accordance with Section IV.C.3 if the dispute is not resolved.  
 
G.   No Third Party Beneficiaries
 
No third party beneficiaries are intended by this Agreement. 
 
H. Entire Agreement 
 
All previous communications between the Parties, either verbal or written, with reference 
to the subject matter of this Agreement are superseded, and this Agreement duly accepted 
and approved constitutes the entire Agreement between the Parties.   
 
I. Waiver, Force Majeure, Availability of Funds 
 
I.1.  The failure of any Party to require strict performance of any provision of this 
Agreement or a Party’s waiver of performance shall not be a waiver of any future 
performance of or a Party’s right to require strict performance in the future.  

 
I.2.  No Party shall be required to perform due to any cause beyond its control.  This may 
include, but is not limited to fire, flood, terrorism, strike or other labor disruption, act of 
God or riot.  The Party whose performance is affected by a force majeure will notify the 
other Parties as soon as practicable of its inability to perform, and will make all 
reasonable efforts to promptly resume performance once the force majeure is eliminated.  
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If the force majeure cannot be eliminated or addressed, the Party may consider 
withdrawal pursuant to Section IV.C.3. 
 
I.3.  The actions of the Corps and Reclamation set forth in this Agreement are subject to 
the availability of appropriated funds.  Nothing in this Agreement shall be construed to 
require the obligation or disbursement of funds in violation of the Anti-Deficiency Act. 
 
J. Notice 
   
J.1.  Any notice permitted or required by the Good Faith provisions of this Agreement, 
Section IV.B, may be transmitted by e-mail or telephone to a Party’s initial contact 
points, as that person is defined pursuant to the Good Faith provisions. 
 
J.2.  All other notices permitted or required by this Agreement shall be in writing, 
delivered personally to the persons listed below, or shall be deemed given five (5) days 
after deposit in the United States mail, addressed as follows, or at such other address as 
any Party may from time to time specify to the other Parties in writing.  Notices may be 
delivered by facsimile or other electronic means, provided that they are also delivered 
personally or by mail.  The addresses listed below can be modified at any time through 
written notification to the other Parties.  
 

Notices to BPA should be sent to: 
 
Vice President, Environment Fish & Wildlife  
Mail Stop KE-4 
Bonneville Power Administration 
P.O. Box 3621 
Portland, OR 97208-3621 
 
Notices to the U.S. Army Corps of Engineers should be sent to: 
 
U.S. Army Corps of Engineers, Northwestern Division 
Chief, Planning, Environmental Resources and Fish Policy Support Division 
1125 NW Couch Street 
 Suite 500 
P.O. Box 2870 
Portland, OR  97208-2870 
 
Notices to the U.S. Bureau of Reclamation should be sent to: 
 
Deputy Regional Director 
Bureau of Reclamation 
Pacific Northwest Region 
1150 N. Curtis Rd., Suite 100 
Boise, ID 83706 

18 



WASHINGTON-ACTION AGENCY ESTUARY HABITAT MOA 
September 2009 

  
 

 
Notices to the State of Washington should be sent to: 

 
Southwest Regional Director 
Washington Department of Fish and Wildlife 
2108 Grand Boulevard 
Vancouver, WA 98661 

 
K. List of Attachments  
 
Attachment 1—Excel spreadsheet showing projects and funding commitments 
Attachment 2—Narrative description of projects, and benefits to ESUs 
Attachment 3—LCREP ecosystem criteria 
Attachment 4—Corps 536 Program Authority & Flow Chart 

19 



WASHINGTON-ACTION AGENCY ESTUARY HABITAT MOA 
September 2009 

  
 

 
SIGNATURES  

 
 
 
 
/s/ Stephen J. Wright       [Sept. 16, 2009] 
Stephen J. Wright         Date  
Administrator and Chief Executive Officer 
Bonneville Power Administration 
 
 
 
 
/s/ William Rapp       16 Sept. 2009 
William E. Rapp, P.E.        Date 
Brigadier General, US Army 
Division Commander 
 
 
 
 
/s/ J. William McDonald      Sept. 16, 2009 
J. William McDonald       Date 
Regional Director 
U.S. Bureau of Reclamation 
Pacific Northwest Region 
 
 
 
 
/s/ Christine Gregoire       9/16/09 
Christine O. Gregoire        Date 
Governor 
State of Washington  
 
 
 
 
/s/ Phil Anderson       9-16-09 
Phil Anderson         Date 
Director 
Washington Department of Fish and Wildlife 
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ATTACHMENT 1 ESTUARY HABITAT PROJECTS

# PROJECT TITLE 
Estimated Cost  
(2009 Dollars)

2010 2011 2012‐2018  TOTAL 

Total BPA+Corps Budget Target (Not including 2.5% Inflation on 
BPA $1.8M annual commitment)

 $           4,500,000   $           4,500,000   $        31,500,000   $        40,500,000 

WDFW Umbrella project ‐‐ WDFW Component $160,000 / Year 160,000$               160,000$               320,000$              

Lower Columbia Fish Recovery Board (LCFRB) Component $90,000 / Year 90,000$                 90,000$                 180,000$              
1 Abernathy Tidal Restoration $450,000 $450,000 450,000$              

2 Hump‐Fisher Island Restoration $800,000 $800,000 800,000$              

3 Cottonwood/Howard Island Tidal Channel Connection $1,100,000 $700,000 400,000$               1,100,000$           

4 Lower Kalama Tidal Restoration $550,000 $550,000 550,000$              

5 Acquisition of Chaney Parcel at Wood's Landing and Restoration of 
Chum Salmon Spawning Tributary

$1,850,000 $950,000 900,000$               1,850,000$           

6 Post Office Lake Wetland Restoration $1,350,000 $800,000 550,000$               1,350,000$           

Budget for other Projects, selected from menu, including but not 
limited to the following, which will be further scoped beginning in 
FY 10:

2,400,000$            31,500,000$         33,900,000$        

7 Germany Tidal Restoration $930,000

8 Paradise Point Wetland Enhancement $700,000

9 Austin Point LWD Complexing $350,000

10 Elochoman Tidal Restoration $600,000

11 Willow Grove Tidal Restoration To Be 
Determined

12 Shillapoo Wildlife Area ‐ Feasibility of  Setback Levees To Be 
Determined

13 Duncan Creek Fish Passage Restoration To Be 
Determined

14 Lower Washougal Delta Habitat Complexing ~$200,000
15 Lower Kalama Delta Habitat Complexing ~$400,000

16 Chinook River Estuary Restoration To Be 
Determined

17 Lower Cowlitz Tidal Restoration ~ $6 million 
(rough)

18 Coweeman River Tidal Restoration To Be 
Determined

19 Lewis River Acquisition To Be 
Determined

20 Port of Kalama Off‐channel Wetland Enhancement To Be 
Determined

21 Barlowe Point Beach Nourishment To Be 
Determined

Totals: 4,500,000$            4,500,000$            31,500,000$         40,500,000$        

Page 1 of 1
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ATTACHMENT 2 
 
WDFW Estuary MOA Preliminary Habitat Project List Notes: 
 
Preliminary Project List:  The projects identified in this list are derived from a variety of 
sources, including the Lower Columbia Fish Recovery Board (LCFRB), Lower Columbia 
River Estuary Partnership (LCREP), U.S. Army Corps of Engineers (USACE), 
Washington Department of Fish and Wildlife (WDFW), and other entities.  This project 
list will be adjusted over time depending on feasibility, emerging priorities and 
opportunities, and landowner and community support. 
 
Landowner Support and Coordination:  Landowner and community support is 
recognized as critical to the long term success of Estuary Habitat MOA implementation.  
No project will be implemented without first securing necessary landowner and 
community support, and required agreements. 
 
Estimated Project Benefits:  Salmon and steelhead survival benefits are determined 
in accordance with the guidance and procedures outlined in “Estimated Benefits of 
Federal Agency Habitat Projects in the Lower Columbia River and Estuary” (FCRPS 
BA, Attachment B.2.2.).  In summary, each project is first scored in terms of two criteria:   
certainty of success and potential benefits (0=low, 5=high).  Then each project is linked 
to a related recovery action from the Estuary Recovery Plan Module, and evaluated for 
its contribution to implementation of that action, using survival improvement targets from 
the Module.  This results in estimated survival units gained by the action, allocated to 
ocean- and stream-type juveniles.  Project benefits identified in this table are considered 
preliminary, and will be refined by the expert technical group in accordance with 
Reasonable and Prudent Alternative (RPA) 37 (FCRPS Biological Opinion, 2008). 
 
Project Coordination:  As described in Section C.1 of the Estuary Habitat MOA, 
WDFW will sponsor or coordinate projects proposed under the agreement.  WDFW will 
coordinate with the Lower Columbia Fish Recovery Board (LCFRB), Lower Columbia 
River Estuary Partnership (LCREP) and other action partners as needed to ensure 
efficient and effective implementation of the MOA.  
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Ocean Stream Ocean Stream

1 Abernathy Tidal Restoration 4 3 12 CRE-1.4 2 2 0.06 0.06

Intensively Monitored Watershed (IMW) Treatment Plan identifies two 
projects in the tidal reaches of Abernathy Cr (1A and 2A).  The projects 
would enhance a minimum of 500' of off-channel habitat and 2200' of 
mainstem through engineered log jam construction, large woody material 
placement, riparian enhancement, and floodplain reconnection. Conceptua
designs have been completed for these projects. Explore opportunities for 
creation of chum spawning habitat.  Project Site Acres = 22

CRE-1.4 2 2 0.12 0.12

CRE-6 0.3 0.15 0.1 0.03

3 Cottonwood/Howard Island 
Tidal Channel Connection 3 5 15 CRE-10.1 15 6 0.15 0.05

Reconnect and construct backwater channels. Project Site Acres = 400

CRE-1.4 2 2 0.1 0.1

CRE-10.1 10 4 0.12 0.05

CRE-9.1 1 0.5 0.2 0.05

CRE-9.3 8 3 0.24 0.03

2 Fisher - Hump Island 
Restoration 4 5

Modify dredged material to improve flushing flows within the Hump - Fisher
Island embayment; plant additional riparian vegetation (Hump Island); 
revegetate meadow on Fish Island (5-10 acres); remove piling/add LWD. 
Project Site Acres = 33720

20

Certainty of 
Success

Potential 
Benefit

5 4

Notes5

Lower Kalama Tidal 
Restoration4

Lower Columbia Fish Enhancement Group (LCFEG) recently completed a 
Lower Kalama Off-channel Habitat Assessment that identified five projects
in the tidal reaches of the Kalama.  Three of these scored in the fundable 
range when subjected to the LCFRB criteria (KRL 0.1, KRR 0.7, and KRL 
1.4).  These projects would create or enhance existing off-channel habitat. 
Conceptual designs and cost estimates have been completed for KRR 
0.7. Explore opportunities for creation of chum spawning habitat. Project 
Site Acres = 32 + 34 + 2 +12

Total

Total Possible 
Survival Units by Sub-

Action

Preliminary Estimated 
Survival Units By Project

Estuary 
Module Sub-

Action

Washington MOA 
Project

Preliminary WDFW Estuary MOA Project Benefits and Survival Unit Summary 1Table 1

Acquisition of Two 
Alternative Parcels at 
Wood's Landing/Columbia 
Springs and Restoration of 
Chum Salmon Spawning 
Tributary or Channel

5 4 3 12

Acquire one of two possible properties in the vicinity of the genetically 
distinct I-205 spawning population of chum salmon, and restore tributary 
spawning habitat either by: OPTION A - Acquire the 2.29 acre Chaney 
property located just downriver of the Wood's Landing Columbia River 
chum salmon spawning site -- that can be combined with existing 
conservation easements to result in a combined restoration area of 13.0 
acres.  This parcel contains the last  unprotected habitat for "I-205 
population" of chum salmon.  Site also has Native American cultural and 
educational values and a functioning riverine wildlife community; or, 
OPTION B -  Acquire the 5.5 acre Egan Property and construct a 1400' 
long by 6' wide engineered spawning channel using natural springs and the
WDFW Vancouver Hatchery as a water source.  A conceptual design and 
preliminary feasibility study have been completed on this alternative. This 
site has high educational potential since it is adjacent to the Columbia 
Springs educational facility. Project Site Acres = 13.0 (Chaney+Woods 
Landing) or 5.5 (Egan parcel). 
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Ocean Stream Ocean Stream

Certainty of 
Success

Potential 
Benefit

Notes5Total

Total Possible 
Survival Units by Sub-

Action

Preliminary Estimated 
Survival Units By Project

Estuary 
Module Sub-

Action

Washington MOA 
Project

CRE-1.4 2 2 0.18 0.18

CRE-10.1 10 4 0.15 0.05

7 Germany Tidal Restoration 4 3 12 CRE-1.4 2 2 0.06 0.06

IMW Treatment Plan identifies two projects in the tidal reaches of 
Germany Creek (2A, 2B, 2C). The projects would enhance a minimum of 
600' of mainstem habitat, stabilize 350' of eroding bank, and enhance a 
minimum of 7 acreas of riparian area. Conceptual designs have been 
completed for these projects. Explore opportunities for creation of chum 
spawning habitat. Project Site Acres = 75

CRE-1.4 2 2 0.08 0.08

CRE-10.1 10 4 0.15 0.07

CRE-15.3 1.5 0.7 0.05 0.02

9 Austin Point LWD 
Complexing 4 4 16 CRE 1.4 2 2 0.07 0.07

Restore riparian habitat and construct ELJs on the right bank of the North 
Fork Lewis River at the confluence with the Columbia River, to provide 
instream cover and complexity, and cold-water refuge for outmigrating 
salmonids. Restoration would compliment conservation banking efforts on 
Morgan Property, at the North Fork Lewis River mouth, across from 
project site; investigate options for off-channel habitat creation other 
WDFW lands in project vicinity. Project Site Acres = 71

CRE-1.4 2 2 0.06 0.06

CRE-10.1 10 4 0.15 0.05

CRE-10.2 3 1.2 0.05 0.01

 CRE-15.3 1.5 0.7 0.05 0.02

CRE-1.4 2 2 0.06 0.06

CRE-10.1 10 4 0.15 0.05

CRE-15.3 1.5 0.7 0.05 0.01

6 Post Office Lake 16

This project will restore hydrologic connection from the Post Office Lake 
floodplain wetland with the estuary while protecting privately owned 
farmland. The objective is to re-establish access and improve wetland 
function to approximately 80 acres of shallow water habitat for juvenile 
salmonids. Project Site Acres = 80

3 5 15

4 4

8 Paradise Point Wetland 
Enhancement

Restore and enhance approximately 1000 lineal feet of side channel 
habitats within a tidally influenced forested/emergent/scrub-shrub wetland 
complex; construct mainstem LWD structures to increase juvenile rearing 
and adult holding habitat during low tributary flows, low Columbia River 
flows, and periods of low tide; and investigate opportunites for creation of 
chum spawning habitat. Restoration would compliment conservation 
banking efforts on Morgan Property, at the North Fork Lewis River mouth.  
Project Site Acres = 60

5 4 20

10 Elochoman Tidal 
Restoration

CLT was funded to purchase 200 acres of high quality intertidal forested 
riparian and wetland habitat along the Elochoman River and Elochoman 
Slough.  The property is adjacent to the JBH Refuge and 210 acres 
already owned by CLT on Nelson Creek.  The property includes over 7000
of off channel habitat.  Potential restoration activities on the property 
include culvert removal, tidegate removal, road abandonment, invasive 
treatment, and riparian enhancement.  Project Site Acres = 200

CLT has recently purchased over 200 acres of intertidal wetland and off-
channel habitat along the Columbia River and Coal Creek.  Potential 
restoration activities include restoration of native wetland communities, 
invasive control, and enhancing the hydrologic connection of the site to the 
mainstem, possibly via Fisher slough.  Project Site Acres = 312

Willow Grove Tidal 
Restoration11 3 5 15
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Ocean Stream Ocean Stream

Certainty of 
Success

Potential 
Benefit

Notes5Total

Total Possible 
Survival Units by Sub-

Action

Preliminary Estimated 
Survival Units By Project

Estuary 
Module Sub-

Action

Washington MOA 
Project

12 Shillapoo Wildlife Area 
Floodplain Reconnection NA NA NA NA 0.0 0.0 0.0 0.0

Investigate the potential for providing fish passage to re-connect historical 
floodplain wetland habitats at Shillapoo Wildlife Area. Restoration actions 
will focus on restoring hydrology to existing water bodies, providing 
physical access for juvenile salmonids, reducing elevated temperatures, 
and managing pisciverous fish species. Project requires further scoping 
prior to assessing survival units. Project Site Acres = ~900 

13 Duncan Creek Fish 
Passage Restoration 3 3 9 CRE-10.2 3 1.2 0.03 0.1

Modify existing dam and outlet structure and construct a backwater 
elevation control berm/roughened channel to improve steelhead, coho and 
chum passage during Columbia River low flow periods. Project Site 
Acres =  2

14 Lower Washougal Delta 
Habitat Complexing 4 4 16 CRE-1.4 2 2 0.06 0.06

Construct ELJs on the Lower Washougal river delta at the Columbia River 
confluence to provide instream cover and complexity, and cold-water 
refuge for outmigrating juvenile salmonids an migrating adults.  Project 
Site Acres = 10

15 Lower Kalama Delta Habitat
Complexing 3 4 12 CRE-1.4 2 2 0.06 0.06

Construct ELJs on the Lower Kalama river delta at the Columbia River 
confluence to provide instream cover, complexity and holding; cold-water 
refuge for outmigrating juvenile salmonids and migrating adults; and to 
reduce predation by pinnepeds during low flow conditions. Investigate 
options for channel realignment. Project Site Acres = 5

CRE-10.1 10 4 0.15 0.05

CRE-10.2 3 1.2 0.03 0.01

CRE-10.3 2 0.8 0.03 0.01

CRE-1.4 2 2 0.05 0.05

CRE-6.2 0.3 0.15 0.08 0.01

10

Enhance tidal inundation of the historic Chinook River estuary through 
creation of a community adaptive management strategy. WDFW along 
with several partners have replaced the failing tide-gates with two new 
gates that have the ability to be mechanically opened and closed. The new
gates provide increased flood protection to Chinook Valley landowners and
provide an important  management tool in improving the health and 
productivity of the Chinook River estuary.  Through modeling and 
monitoring efforts WDFW will work with several adaptive management 
strategies to increase the tidal fluctuation to approximately 500 acres in 
the Chinook River estuary. Project Site Acres = 500

2 5

The Lower Cowlitz River and Floodplain Habitat Restoration Project Siting 
and Design report identifies 6 potential projects in the tidal reaches of the 
Lower Cowlitz and Coweeman Rivers (1.0L, 0.5R, C3.5R, C4.0B, 3.0L, 
4.5R). These projects include removal of dredge material, riparian 
enhancement, side channel creation and/or enhancement, riprap removal, 
and LWD placement.  (Note: when scored by LCFRB, these projects did 
not all fall within the fundable range, but out-of-basin/estuary benefits were 
not included at that time). Opportunities exist for beneficial use of dredged 
materials.  Project Site Acres = 226

3 3 917 Lower Cowlitz River Tidal 
Restoration

16
Chinook River Estuary 
Feasibility/Restoration4
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Certainty of 
Success

Potential 
Benefit

Notes5Total

Total Possible 
Survival Units by Sub-

Action

Preliminary Estimated 
Survival Units By Project

Estuary 
Module Sub-

Action

Washington MOA 
Project

CRE-1.4 2 2 0.06 0.06

CRE-6.2 0.3 0.15 0.08 0.01

CRE-1.3 2 2 0.1 0.1

CRE-1.4 2 2 0.08 0.08

CRE-9.3 8 3 0.15 0.03

CRE-10.3 2 0.8 0.06 0.01

CRE-15.3 1.5 0.7 0.05 0.01

CRE-1.4 2 2 0.06 0.06

CRE-8.2 6 6 0.03 0.03

CRE-10.1 10 4 0.12 0.05

CRE-15.3 1.5 7 0.05 0.01

3.75 2.09

16

5 5

419 Lewis River Acquisition and 
Restoration

Clark Co. is proposing to acquire a large parcel of floodplain forest along 
the left bank of the mainstem Lewis near Mud Lake.  This property also 
has potential for future side channel and floodplain reconnection, as well 
as lacustrine habitat restoration. Acquisition and restoration would 
compliment conservation banking efforts on Morgan Property, at the North 
Fork Lewis River mouth.  Project Site Acres = 154

Coweeman River Tidal 
Restoration

The Lower Cowlitz River and Floodplain Habitat Restoration Project Siting 
and Design report identifies 6 potential projects in the tidal reaches of the 
Lower Cowlitz and Coweeman Rivers (1.0L, 0.5R, C3.5R, C4.0B, 3.0L, 
4.5R). These projects include removal of dredge material, riparian 
enhancement, side channel creation and/or enhancement, riprap removal, 
and LWD placement.  (Note: when scored by LCFRB, these projects did 
not all fall within the fundable range, but out-of-basin/estuary benefits were 
not included at that time). Opportunities for beneficial use of dredged 
materials.  Project Site Acres = 71

4 3

20 Port of Kalama Off-channel 
Wetland Enhancement

Barlowe Point Beach 
Nourishment21

12

4

18

Restore and enhance tidal slough and channel habitats at the Port of 
Kalama's Northport mitigation site and WDFW ownership; remove or 
modify pile structures.  Project Site Acres = 157

4 if public 
ownership, 2 if 

private 
2 4 to 8 0.010.02

25

Contour beach profile through beach nourishment to reduce fish stranding 
(Note: should be associated with subsequent effectiveness monitoring). 
Project Site Acres = 2112.1 0.2 0.1

Total:
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Ocean Stream Ocean Stream

Certainty of 
Success

Potential 
Benefit

Notes5Total

Total Possible 
Survival Units by Sub-

Action

Preliminary Estimated 
Survival Units By Project

Estuary 
Module Sub-

Action

Washington MOA 
Project

ESU Type

Ocean

Stream 2.09

Estuary Survival Benefit        (x 
.2)

0.75

0.418

Project Contribution 
Totals

4This project received acquistion survival benefits and restoration survival benefits in the 2008 BiOp (CRE-10.3). 

2This project received survival benefits as a construction project in the 2008 baseline portfolio (2000 - 2006).
3This project is a feasibility study therefore no survival benefits were assigned. 

3.75

5Project acreage refers to total project site.  Actual acreage of restorated habitat will be determined during final project development. 

1Salmon and steelhead survival benefits are determined in accordance with the guidance and procedures outlined in “Estimated Benefits of Federal Agency Habitat Projects in the Lower 
Columbia River and Estuary” (FCRPS BA, Attachment B.2.2). Project benefits identified in this table are considered preliminary, and will be refined by the expert regional technical group in 
accordance with Reasonable and Prudent Alternative (RPA) 37 (FCRPS Biological Opinion, 2008).   
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ATTACHMENT 3 
 

 
Criteria for Identifying and Prioritizing Habitat Protection and Restoration 
Projects on the Lower Columbia River and Estuary* 
 
Modified by NOAA to be more ESA specific 
 

Ecosystem Criteria 

 

1) Habitat Connectivity 
This criterion recognizes that habitat connectivity is a landscape level concept.  It 
emphasizes linkages between habitat areas that provide a variety of functions ESA-listed 
salmonids at various stages of their life cycle (juvenile, yearling, and adult) and that gradual 
alteration of landscapes through natural succession and retrogression allow species that 
require a variety of habitat components to disperse and survive.  In the Lower Columbia, 
historic changes have limited or cut off listed salmonids’ access to resources needed for their 
development and migration.  Specific emphasis on species with narrow ecological 
requirements such as salmonids will be prioritized.  Upland habitat areas adjacent to 
drainage ways, existing protected/restored sites, and areas offering diverse habitat types, 
function, and successional stages should also be considered.   

2) Areas of Historic Habitat Type Loss  
Land use activities such as diking, filling, pile dike field development, and shoreline 
hardening have removed many of the shallow, peripheral wetlands along the Lower 
Columbia, isolating the river from its floodplain.  This criterion recognizes that historic 
wetland types such as emergent and forested wetlands that are particularly important for 
salmonids, have been greatly diminished.  These habitats promote networks of physical 
complexity such as shallow, dendritic channels and backwater sloughs.   NMFS’ Northwest 
Fisheries Science Center has emphasized the need to connect historic habitats that have been 
disconnected from the mainstem system that are important to ESA-listed salmonids. 

3) Improvement in Ecosystem Function  
This criterion acknowledges that some restoration actions can result in greater enhancement 
of ecosystem functions than others.  This criterion emphasizes that location of a project may 
in some cases be more important than size of the project.  This is especially the case for dike 
removal projects that can open backwater habitat back up for salmonid access.  This criterion 
also emphasizes the need to closely evaluate the quality and long-term sustainability of the 
project. 

4) Adequate Size and Shape 
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Size refers to reach length and the size of the potential habitat within a reach.  In general, 
larger size enhances habitat stability, increases the number of salmonid species that can 
potentially use the site, makes it easier to find by migratory species such as salmonids, and 
increases within-habitat complexity.   

5) Level of Complexity 
This criterion refers to the number and interspersion of different types of habitats within a 
given restoration reach or area.  As the number of habitats increase, so do the number of 
salmonid species that can occupy an area, and the number of functions supported by an area. 
Higher complexity potentially results in higher biodiversity.  It is recognized that some 
restoration efforts, such as a chum channel, may not strive for habitat complexity. 

6) Accessibility For Target Species 
Accessibility refers to unencumbered access by Columbia River for ESA-listed salmonid 
species that utilize estuary habitat  Projects that allow or enhance access of these species to 
important habitats would potentially enhance the feeding, rearing, and refuge functions of 
the site are preferred.  This criterion acknowledges the need to restore habitat for those 
threatened and endangered species, whose populations are at precariously low numbers and 
who might benefit from improved near-shore habitat conditions.   
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ATTACHMENT 4 
 

-= 
SEC. 536. LOWER COLUMBIA RIVER AND TILLAMOOK BAY ECOSYSTEM RESTORATION, 

OREGON AND WASHINGTON. 
 

(a) IN GENERAL- The Secretary shall conduct studies and ecosystem restoration projects for the 
lower Columbia River and Tillamook Bay estuaries, Oregon and Washington. 
 
(b) USE OF MANAGEMENT PLANS- 

 
(1) LOWER COLUMBIA RIVER ESTUARY- 

 
(A) IN GENERAL- In carrying out ecosystem restoration projects under this 
section, the Secretary shall use as a guide the Lower Columbia River estuary 
program's comprehensive conservation and management plan developed under 
section 320 of the Federal Water Pollution Control Act (33 U.S.C. 1330). 
 
(B) CONSULTATION- The Secretary shall carry out ecosystem restoration 
projects under this section for the lower Columbia River estuary in consultation 
with the Governors of the States of Oregon and Washington and the heads of 
appropriate Indian tribes, the Environmental Protection Agency, the United 
States Fish and Wildlife Service, the National Marine Fisheries Service, and the 
Forest Service. 

 
(2) TILLAMOOK BAY ESTUARY- 

 
(A) IN GENERAL- In carrying out ecosystem restoration projects under this 
section, the Secretary shall use as a guide the Tillamook Bay national estuary 
project's comprehensive conservation and management plan developed under 
section 320 of the Federal Water Pollution Control Act (33 U.S.C. 1330). 
 
(B) CONSULTATION- The Secretary shall carry out ecosystem restoration 
projects under this section for the Tillamook Bay estuary in consultation with 
the Governor of the State of Oregon and the heads of appropriate Indian tribes, 
the Environmental Protection Agency, the United States Fish and Wildlife 
Service, the National Marine Fisheries Service, and the Forest Service. 

 
(c) AUTHORIZED ACTIVITIES- 

 
(1) IN GENERAL- In carrying out ecosystem restoration projects under this section, the 
Secretary shall undertake activities necessary to protect, monitor, and restore fish and 
wildlife habitat. 
 
(2) LIMITATIONS- The Secretary may not carry out any activity under this section that 
adversely affects-- 

 
(A) the water-related needs of the lower Columbia River estuary or the 
Tillamook Bay estuary, including navigation, recreation, and water supply 
needs; or 
 
(B) private property rights. 

 
(d) PRIORITY- In determining the priority of projects to be carried out under this section, the 
Secretary shall consult with the Implementation Committee of the Lower Columbia River Estuary 
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Program and the Performance Partnership Council of the Tillamook Bay National Estuary 
Project, and shall consider the recommendations of such entities. 
 
(e) COST-SHARING REQUIREMENTS- 

 
(1) STUDIES- Studies conducted under this section shall be subject to cost sharing in 
accordance with section 105 of the Water Resources Development Act of 1986 (33 U.S.C. 
2215). 
 
(2) ECOSYSTEM RESTORATION PROJECTS- 

 
(A) IN GENERAL- Non-Federal interests shall pay 35 percent of the cost of any 
ecosystem restoration project carried out under this section. 
 
(B) ITEMS PROVIDED BY NON-FEDERAL INTERESTS- Non-Federal 
interests shall provide all land, easements, rights-of-way, dredged material 
disposal areas, and relocations necessary for ecosystem restoration projects to 
be carried out under this section. The value of such land, easements, rights-of-
way, dredged material disposal areas, and relocations shall be credited toward 
the payment required under this paragraph. 
 
(C) IN-KIND CONTRIBUTIONS- Not more than 50 percent of the non-Federal 
share required under this subsection may be satisfied by the provision of in-kind 
services. 

 
(3) OPERATION AND MAINTENANCE- Non-Federal interests shall be responsible for 
all costs associated with operating, maintaining, replacing, repairing, and rehabilitating 
all projects carried out under this section. 
 
(4) FEDERAL LANDS- Notwithstanding any other provision of this subsection, the 
Federal share of the cost of a project carried out under this section on Federal lands 
shall be 100 percent, including costs of operation and maintenance. 
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2012 Annual Convention 

Pendleton, Oregon 
 

RESOLUTION #12 - 53 

 

“CALLING FOR FULL, TRANSPARENT ENVIRONMENTAL REVIEW OF  

THE PORT OF MORROW PROPOSAL, CONSULTATIONS, AND  

REGIONAL REVIEW OF ALL SIX NW COAL EXPORT PROPOSALS”  
 

PREAMBLE 
 

 We, the members of the Affiliated Tribes of Northwest Indians of the United States, 

invoking the divine blessing of the Creator upon our efforts and purposes, in order to preserve 

for ourselves and our descendants rights secured under Indian Treaties, Executive Orders, and 

benefits to which we are entitled under the laws and constitution of the United States and several 

states, to enlighten the public toward a better understanding of the Indian people, to preserve 

Indian cultural values, and otherwise to promote the welfare of the Indian people, do hereby 

establish and submit the following resolution: 

 

WHEREAS, the Affiliated Tribes of Northwest Indians (ATNI) are representatives of 

and advocates for national, regional, and specific tribal concerns; and 

 

WHEREAS, ATNI is a regional organization comprised of American Indians/Alaska 

Natives and tribes in the states of Washington, Idaho, Oregon, Montana, Nevada, Northern 

California, and Alaska; and 

 

WHEREAS, the health, safety, welfare, education, economic and employment 

opportunity, and preservation of cultural and natural resources are primary goals and objectives 

of the ATNI; and 

 

WHEREAS, since time immemorial, our economy, culture, religion and way of life have 

centered around our fishing, hunting and gathering resources, and the lands and waters on which 

they depend, and we have been, and remain, careful and conscientious stewards over them to 

ensure their continued health and well-being; and 
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WHEREAS, the tribes of ATNI are sovereign and our people depend on the natural 

resources of this region; and 

 

WHEREAS, the tribes of ATNI have an obligation to protect our First Foods and our 

most precious resource, water; and 

 

WHEREAS, there are sweeping proposals for Powder River Basin coal to be shipped by 

rail and/or barge to West Coast ports: Cherry Point, Washington; Longview, Washington; Grays 

Harbor, Washington; Port of Morrow, Oregon; St. Helens, Oregon; and Coos Bay, Oregon; and  

 

WHEREAS, the coal will then be shipped through our waters to Asia where it will then 

be burned in coal-fired power plants, emitting mercury and other toxins that return through the 

atmosphere to our homes; and 

 

WHEREAS, the estimated coal export volumes from the proposed West Coast ports are 

unprecedented at over 150 million tons per year; and 

 

WHEREAS, Northwest tribes have strong concerns about the impact of these proposals 

on tribal rights and resources, including but not limited to the following: 

 

 Intrusions into traditional fishing, hunting and gathering sites;  

 Destruction of our cultural and religious areas; 

 Degradation of human health, related to fugitive coal dust and mercury poisoning;  

 Interference with tribal business enterprises and opportunities, causing a loss of jobs, 

preventing jobs growth, and reducing tribal income, related to increased coal-train traffic; 

 Declining water quality and loss of salmon and lamprey habitat from barging and 

shipping operations;  

 Increases in emergency response times, interference with school functions, and fiscal 

impacts on other public services due to delays at train crossings;  

 Filling of shorelines, wetlands, and streams, during expansion or reconstruction of rail 

lines along the Columbia River, the Salish Sea, and their tributaries; 

 Climate change, sea level rise, and ocean acidification from coal-fired power plants; and 

 Overall degradation of our natural resources and culture  

 

; and 

 

WHEREAS, Northwest tribes require transparency and ongoing consultation to ensure 

that the permitting and Environmental Impact Statements (EIS) for all of the proposed coal ports 

are consistent, in light of the fact that all of our waterways are connected to one another; and 

 

WHEREAS, that ATNI hereby declares that a mere Environmental Assessment for the 

Port of Morrow facility, instead of an EIS, is completely unacceptable, based on a number of 
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deficiencies, including but not limited to the lack of Government-to-Government consultation 

required with all affected tribes in the region; now  

 

THEREFORE BE IT RESOLVED, that ATNI hereby calls upon the White House 

Council on Environmental Quality to require immediate preparation of a comprehensive 

Environmental Impact Statement for the Port of Morrow proposed coal export facility; and 

 

BE IT FURTHER RESOLVED, that ATNI hereby calls upon the White House Council 

on Environmental Quality to direct the U.S. Army Corps of Engineers (USACE) to develop a 

comprehensive EIS at the USACE Northwestern Division level, on the cumulative effects of all 

six currently proposed coal export proposals, and any future proposals, together, including 

analysis of the cumulative impacts of the proposals throughout the entire region and 

internationally, including their direct and indirect impacts on tribal cultural resources, treaty 

rights and interests (see attached letter); and 

 

BE IT FURTHER RESOLVED, that ATNI hereby concludes that a separate EIS is also 

necessary for each of the coal export facilities individually; and 

 

BE IT FINALLY RESOLVED, that ATNI hereby insists that the White House Council 

on Environmental Quality mandate all federal and state agencies to commence immediate 

Government-to-Government consultations with all tribes in the region, as our First Foods and 

resources, treaty rights and human health are directly impacted by the coal industry in the 

Northwest. 

 

 

CERTIFICATION 
 

 The foregoing resolution was adopted at the 2012 Annual Convention of the Affiliated 

Tribes of Northwest Indians, held at Wildhorse Resort and Casino, Pendleton, Oregon on 

September 24 – 27, 2012 with a quorum present. 

 

 

 

        

______________________________  ______________________________ 

Fawn Sharp, President    Norma Jean Louie, Secretary 



For Immediate Release: September 27, 2012 
 
Distributed in conjunction with the Coast Salish Gathering and Association of Washington Tribes 
 

Northwest Tribes say no short-cuts for coal export proposals 
 
For more information contact: 
Debra Lekanof, Swinomish Indian Tribal Community (360) 391-5296 
Julie Carter, Columbia River Inter-Tribal Fish Commission (503) 238-0667 
 

Mission, Oregon:  Faced with the possibility of impacts to human health, natural resources and 
economies, leadership of Northwest tribes today called on the U.S. Army Corp of Engineers to conduct a 
full environmental analysis for all six proposals to transport and export coal through their shared lands 
and waters.  
 
Today’s action arose from the Northwest Tribal Coal Summit organized by the Association of 
Washington Tribes and the Coast Salish Gathering in conjunction with the Affiliated Tribes of Northwest 
Indians’ fall convention hosted by the Confederated Tribes of the Umatilla Indian Reservation.  
 
Driven by exploding Asian demand and declining domestic consumption of coal, export proposals have 
sprung up at Oregon and Washington ports. Six proposals call for transporting Powder River Basin coal 
from Montana through Indian and non-Indian lands in the Northwest via rail and barge.  
 
Tribal communities are expressing grave concern about the health and safety impacts from 
environmental dangers of coal dust.  
 
“Along the Columbia River it’s cliff, highway, railroad, then river. Our communities are wedged between 
the railroad and the river. We’ve got nowhere to escape,” said Paul Lumley, Executive Director of the 
Portland-based Columbia River Inter-Tribal Fish Commission.  “If we cannot escape, neither will the 
coal.” 
 
The Tulalip Tribes expressed their concern both environmentally and economically.  Tulalip is one of the 
largest economic engines in the region, along with Boeing.  The Tulalips say that an increase in rail traffic 
along the I-5 corridor to as many as 18 trains a day will bring traffic in the area to a halt, blocking access 
to businesses, hospitals and fire stations.  
 
“The risks not only to our tribe can be devastating, but also to the entire county,” said Mel Sheldon, 
Chairman. “We’ve made substantial retail investments that depend heavily on quality of life, and we 
have collaborated with local citizens to restore and protect our watersheds.  We are tracking this 
carefully, and plan to express our decision on this new threat in the near future.” 
 
Tribal leaders were addressed by Colonel Anthony Funkhouser, Commander of the Northwest Division 
of the U.S. Army Corps of Engineers, whose agency has federal permitting authority over coal export 
terminals through the Clean Water Act and Rivers and Harbors Act. The Corps of Engineers announced 
last week they would conduct an Environmental Assessment rather than a more rigorous Environmental 
Impact Statement on the Port of Morrow proposal for a new export coal terminal. 
 
“We don’t want the minimum protection any longer, we’re used to getting the minimum”, said Brooklyn 
Baptiste, Vice-Chairman of the Nez Perce Tribe. “We deserve the maximum attention and expect the 
lead and coordinating agencies to provide the full environmental studies on all ports, as they will be 



making one of the largest decisions   impacting human health, the environment and economies of not 
only our tribal communities, but of our neighboring citizens of the Northwest.” 
 
Kathryn “Kat” Brigham, member of the Confederated Tribes of Umatilla Board of Trustees, urged tribal 
leaders to reach out to neighboring communities, “they have something at risk too.”  
 
In addition to full environmental assessment the today’s resolution passed by the fifty-seven member 
tribes of ATNI called for full transparency and government to government consultation throughout the 
entire decision making process the local, state, and federal levels.   
 
“We believe the Northwest is interconnected through the families, resources and waterways, that these 
coal terminals and railway routes should be addressed in a holistic manner,” expressed by Chairman 
Brian Cladoosby, Swinomish Tribe.  “If a coal train or tanker were to spill on the route or in the river at 
Port Morrow in Oregon, the water ways will carry the pollution throughout the Northwest, and coal dust 
will be carried through the mountains in the air we all breath. “ 
 
Billy Frank Jr., Chairman of the Northwest Indian Fish Commission added, “The idea of a half-dozen new 
coal export terminals in western Washington and Oregon -- and the hundreds of trains and barges 
running from Montana and Wyoming every day to deliver that coal -- would threaten our environment 
and quality of life like nothing we have seen before. Coal may be a cheap source of energy for other 
countries, but these export facilities and increased train traffic would come at a great cost to our health, 
natural resources and communities.”  

 
# # # # 

 



























TRIBAL EXECUTIVE COMMITTEE
p.O. BOX 305 . LApWAt, TDAHO 83540 . (208) B4g-22S3

By Electronic (Stwen.K.Gaenon@u Mail

May 3,2012

Steve Gagnon
Regulatory Proj ect Manager
U.S. Army Corps of Engineers
Portland District
PO Box 2946
Portland, OR 97208

Re: Nez Perce Tribe's comments on the March 6,z}l2Public Notice for Permit Application
NWP-2012-56

Dear Mr. Gagnon:

The Nez Perce Tribe appreciates the opportunity to comment on the above-captioned Permit
Application. The Tribe is concerned that this project may negatively affect Tribal treaty rights,
ESA-listed fish and lamprey and their habitat, Tribal traditional use areas along the coal
transportation corridor, tribal cultural resources, and Tribal member health arising from coal dust
and diesel pollution. For the reasons below, the Tribe requests that the Corps prepare an
Environmental Impact Statement under NEPA as part of its review of the project. The Tribe also
requests government-to-government consultation with the Corps on this project consistent with
Executive Order 13175, President Obama's November 2009 Memorandum on Consultation and
Coordination with Tribal governments, and the Corps' implementing regulations.

Since time immemorial members of the Nez Perce Tribe have used and occupied the lands and
waters of north-central Idaho, southwest Washington, northeast Oregon, and portions of western
Montana lor subsistence, ceremonial, commercial and religious purposes. In Article 3 of the
1855 Treaty with the United States, the Nez Perce Tribe reserved, and the United States secured,
the right to take fish and at all usual and accustomed fishing places, and to hunt, gather and
pasture on open and unclaimed lands. Treaty of June 9, 1855, with the Nez Perce Tribe, 12 Stat.
957 (1S59). The waters within the Tribe's aboriginal territory continue to be used by the Nez
Perce. Tribal members exercise their treaty-reserved rights, as well as observe ceremonial,
cultural and religious practices within the Columbia River Basin, including usual and
accustomed fishing places located within or adjacent to the project area on the Columbia River.



I. Project Description

According to the Public Notice, Coyote Island Terminals, LLC, and, John Thomas, Ambre
Energy North America are seeking a Corps Section l0 Rivers and Harbors Act permit to
construct a new transloading facility for bringing coal in from Montana and Wyoming by rail
and transferring it to barges on the Columbia River at the Port of Morrow. The pulpose of the
project is to "[s]hip coal mined from Wyoming and Montana overseas to Asia." The coal would
be shipped down the Columbia to Port Westward and loaded onto ocean-going vessels to be
shipped to Asia. Initially, approximately 3.85 million tons of coal would be shipped through the
facility to Asia each year. At maximum capacity, the facility would be able to handle 8.8 million
tons. That would translate to approximately 5 trains to Port of Morrow, 5.5 loaded barge tows
from Port of Morrow to Port Westward, and one ship to Asia per week initially, increasing to 11

trains, 12 loaded barge tows, and three ships per week to Asia at full build out.

IL Comments

A. Impacts to Tribal treatv rights

The Tribe is concemed that this project will negatively affect tribal treaty rights. The Tribe
reserves treaty-fishing rights at all usual and accustomed fishing places, including those places
along the Columbia and Snake Rivers and their tributaries. As noted above, the permit
application contemplates a significant increase in barge and rail traffic. The Tribe believes that
the increase in barge traffic has the potential to directly interfere with tribal treaty fisheries. For
example, drifting has become a major component of the commercial fishing inZone 6 (between
Bonneville and McNary Dams). Driftnetting downstream of the Port of Morrow would likely be
affected by the increased barge traffrc. In addition, the increased rail traffrc may affect Tribal
member access to usual and accustomed fishing places and other traditional use areas as well as
interfere with Tribal member use of those places through increased noise disturbances, coal dust,
and diesel pollution.

B. Impacts to ESA-listed fish and lamprey

According to the permit application, preliminary determinations indicate that the described
activity may affect an endangered or threatened species or its critical habitat. There are several
ESA-listed fish in the project corridor including Lower Columbia River Chinook Salmon ESU,
Upper Willamette River Chinook Salmon ESU, Snake River Fall Chinook ESU, Columbia River
chum salmon ESU, middle Columbia River steelhead DPS, and lower Columbia River steelhead
DPS. These species are of critical importance to subsistence and culture of the Tribe.

In addition, lamprey, although currently are not a listed species, are also located in the project
corridor.

C. Impacts to Tribal member health

Given the large amount of coal that is contemplated to be transported by barge and rail in
connection with the project, the Tribe is very concerned of the project's potential impacts to
Tribal member health. Coal dust and diesel emissions are known to cause respiratory disease,
particularly affecting sensitive populations such as children and the elderly. In addition, the coal
dust that settles on the water can have adverse environmental consequences to the river corridor.



Coal dust can affect natural biological processes and can potentially affect fish and other biota
that reside in the rivers.

D. Indirect/Cumulative Impacts

Agencies conducting NEPA review must also consider the indirect effects of the proposed
project. Indirect effects are those effects "caused by the [agency] action [that] are later in time or
farther removed in distance, but are still reasonably foreseeable." 40 C.F.R. $ 150S.S(b). Such
effects "include growth inducing effects and other effects related to induced changes in the
pattern of land use, population density or growth rate, and related effects on air and water and
other natural systems, including ecosystems." Id.

Cumulative impacts are "the impact[s] on the environment which results from the incremental
impact of the action when added to other past, present, and reasonably foreseeable future can
actions regardless of what agency...or person undertakes such other actions. Cumulative
impacts can result from individually minor but collectively significant actions taking place over a
period of time. 40 C.F.R. $ 1508.27(b)(7).

The Corps needs to analyze the indirect and cumulative effects associated with the increased
barge and rail traffic the project will create. The Corps should analyze whether dffi trow-huctr
dredging needs to occur on the river corridor to accommodate the increased traffrc and howthis
dredging may affect the environment. In addition, the agency should assess the potential effect
of accidents on the river caused by the increase in barge traffic. Finally, the Corps needs to
arnlyze the cumulative effect of this project relative to the other coal export or similar projects
that are proposed in the region.

E. Environmental Impact Statement

Given the potential impacts to tribal treaty rights, ESA-listed species, Tribal member health, and
the indirect and cumulative effects that may result in Columbia River basin and the region, the
Tribe requests that the Corps perform a full Environmental Impact Statement under NEPA. All
of these issues cannot be properly assessed through an environmental assessment.

F. Conclusion

For the reasons above, the Tribe requests the Corps evaluate the project with an EIS so that a full
exploration of the impacts of this controversial project can be thoroughly vetted. As part of this
review, the Tribe looks forward to consulting with the Corps on a staff-to-staff and governmental
basis before any formal action is taken on the proposal.

Please contact Mike Lopez, Nez Perce Tribal staffattomey, at (208) 843-7355 with any
questions.

Sincerely, ,/ yl/Hq(*LG'n4(oklyr{'Baptiste d



 

 
COLUMBIA RIVER INTER-TRIBAL FISH COMMISSION 
729 NE Oregon, Suite 200, Portland, Oregon 97232                           Telephone 503 238 0667 
                                                                                                                         Fax 503 235 4228 

 
 
 
May 7, 2012 
 
Colonel John Eisenhauer 
Commander, Portland District 
U.S. Army Corps of Engineers 
P.O. Box 2946 
Portland, OR 972008-2946 
 
RE:  Public Notice for Permit Application, Coyote Island Terminals, LLC.  U.S. Army 

Corps of Engineers No: NWP-2012-56 
 
Dear Colonel Eisenhauer: 
 
Since your arrival to the Portland district, I have truly appreciated the partnership and 
opportunities for collaboration between the U.S. Army Corps of Engineers (Corps) and 
the Columbia River Inter-Tribal Fish Commission (CRITFC) in the region’s efforts to 
restore salmon and protect our member tribes’ treaty fishing rights. The purpose of this 
letter is to provide CRITFC’s comments regarding three project proposals to construct 
coal export terminals in the Columbia River Basin that threaten the forward progression 
of these efforts. Specifically, this letter includes our formal comments for one of the 
projects; the permit application for the Morrow Pacific Project.  
 
CRITFC files these comments on behalf of its member tribes1 and are in addition to the 
comments filed by the Yakama Nation and the Confederated Tribes of the Umatilla 
Indian Reservation, which are hereby incorporated by reference. The CRITFC tribes are 
very concerned about the Morrow Pacific Project because it will directly and negatively 
intrude on the tribes’ exercise of their treaty fishing rights. The sparse information we 
currently have raises more questions than answers; it would be premature for the Corps to 
approve this permit application at this time. There are many other processes that need to 
occur before any approval is granted, and CRITFC recommends that the Corps suspend 
action on this permit application at this time. 
 
Since time immemorial, the culture and livelihood of the Columbia River Basin tribes 
have been closely tied with the river. In the last century of modern development, this 
connection has been repeatedly broken. In 1977, the tribes resolved to restore fish to the 
                                                 
1
The four member tribes are: the Confederated Tribes of the Umatilla Indian Reservation, the Confederated 

Tribes of the Warm Springs Reservation of Oregon, the Nez Perce Tribe, and the Confederated Tribes and 
Bands of the Yakama Nation. These tribes possess treaty rights to take fish that pass their usual and 
accustomed fishing places. 
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river and formed CRITFC to support and collaborate in their efforts to protect, promote, 
and enhance the anadromous fish resources consistent with their treaties. In the last 
decade, fish have been returning to the river in ever-increasing numbers and the tribes 
have been able to restore some of their traditional fisheries, but the balance is still fragile.  
Projects such as the Morrow Pacific Project will undoubtedly put more pressure on the 
fisheries and are a major step backward from the forward momentum of current efforts. If 
other projects proposed for the Columbia River, such as the “Longview Project” 
(proposed by Millennium Bulk Logistics) and the “St. Helens Project” (proposed by 
Kinder Morgan) are developed; the pressures on the Basin fish will be substantial. These 
projects will affect the tribes, and therefore, on behalf of our member tribes and in 
addition to the formal requests already made, CRITFC requests that the Corps to conduct 
formal government–to–government consultation on the effects of the Morrow Pacific 
Project as well as the effects of the other projects.  
 
Environmental Justice and Public Interest 
 
This project raises substantial environmental justice issues; the environmental and other 
costs will be significant, but the burden of the costs resulting from the projects will not be 
borne by those who will profit the most. The benefits of these proposals accrue to a only 
a few, that is, huge profits for large foreign and national coal companies coupled with the 
creation of few local jobs, whereas the larger burden and costs will be borne first by the 
tribal treaty fishers, their treaty fisheries, and all the small communities that line the 
Columbia River Gorge. The Treaty Tribes of the Columbia River Basin are tightly linked 
to the river, and throughout this century, they, and the salmon, have carried development 
on their backs. Over the past thirty years, the tribes have worked tirelessly to put fish 
back in the river with many successes. Approving the Morrow Pacific proposal – and any 
of the other coal export proposals – would be a significant step backwards for all those 
efforts. 
 
The evaluation of a River & Harbors Act § 10 permit application must take into account 
the impacts to the public interest and will “reflect the national concern for both protection 
and utilization of important resources.” Furthermore, the agency must weigh any benefits 
from the proposal against reasonably foreseeable detriments. Below we have listed 
several reasonably foreseeable impacts to our tribes and to the environment from the 
Morrow Pacific Project. It is clear from this initial list that the public interest would not 
in any way be served by approving this proposal; not in the short term and definitely not 
in the long term. In order to discuss these issues on a broad scale and in a transparent, 
open process, we request that the Corps hold public hearings on this application.  
 
Environmental Review 
 
As the Corps proceeds to the environmental review step in this process, on behalf of the 
tribes, we encourage the agency to prescribe a broad scope of review of the Morrow 
Pacific Project to include cumulative effects of both the construction of the dock at Port 
of Morrow as well as its connecting port at Port Westward. The current documents, 
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including the applicant’s Biological Assessment, do not include very much information 
on the extent of work needed at the Port Westward site. Port Westward is within the 
Lower Columbia River Estuary and is near some particularly sensitive critical habitat for 
several salmonid stocks, including several listed as threatened or endangered under the 
Endangered Species Act (ESA). Restoration of habitat in the estuary is a key component 
to many of the anadromous fish processes in the Basin overseen by the National Marine 
Fisheries Service, or NOAA Fisheries.  
 
CRITFC strongly recommends that the Corps initiate a programmatic environmental 
review to broadly analyze the other projects in the Basin, i.e., the Longview and the St. 
Helens projects. While each of these proposals will present unique circumstances, in the 
aggregate they create similar issues that will have profound detrimental effects to the 
tribes, the communities and the environment of the Columbia River. 
 
Project proposals within the Northwest region, such as those proposed for Cherry Point, 
Grays Harbor Washington, and Coos Bay, Oregon, will also have synergistic effects on 
the Columbia River from increased train traffic to climate change effects.  
 
Regulatory Review 
 
Coal creates a myriad of ill effects on the environment in its removal, transport, and 
consumption. Of these, the transport and eventual consumption of this coal will create 
lasting and long-term effects on the Columbia River. Coal’s characteristics and values 
vary according to where it is mined. Coal that is expected to be transported through the 
Columbia River will originate in the Powder River Basin, and is considered friable and 
volatile, e.g., easily broken down and easy to catch fire. While the proponent has argued 
that most of the coal dust “shakes out” within the first miles from its source, the reality is 
over the course of the long haul the coal will slowly break down into smaller pieces, 
creating more dust potential. Coupled with the gusty and intense Columbia River Gorge 
winds, coal dust is not some theoretical possibility, but a reality that tribal fishers have 
personally experienced with coal trains currently traversing the Gorge. Simply put, the 
current levels of coal dust are already unacceptable to tribal members living and working 
along the Columbia River and the railroad tracks that are immediately adjacent thereto. 
Increasing these impacts would be intolerable. 
 
The Morrow Pacific Project attempts to address this issue by proposing fully enclosed 
storage and barging. However, the coal trains leading to the port are open. In addition, it 
is likely that coal dust will escape during the transfer process from the Port of Morrow 
site to the barge as well as the transfer between the barge and the panamax vessels at Port 
Westward. As noted in the letter from the U.S. EPA to the Corps (April 5, 2012), there is 
a potential for adverse effects in air quality from the airborne coal dust as well as the 
diesel used by the barges and ships.  
 
Coal dust will also enter the river and effect water quality at both the Port of Morrow and 
Port Westward. While the biological impacts are not well-studied, coal’s inherent 
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properties and the potential for fish ingestion is cause for concern.  Since there are many 
questions and uncertainties, targeted analysis is needed before any permit is issued. We 
also encourage the State of Oregon to conduct a Clean Water Act section 401 water 
quality certification process for this project to examine the effects of the project on water 
quality.  
 
The project will require extensive work in and over water, including building over 200 
piles and adding 15,000 square feet of dock. Because of these additions to the Port, we 
recommend that the Corps require the applicant to apply for a Clean Water Act section 
404 permit. While there are other docks at the site, this construction will bring new and 
expanded use to an area of navigable waters that will affect the flow of the river and will 
add new fill to the area.  
 
This area is also within Traditional Cultural Property (TCP) designated land and is likely 
to have significant cultural resources. In addition, and as the application notes, there are 
ESA-listed aquatic species that migrate near and around the terminal. While the “Joint 
Permit Application Form” acknowledges these and other issues, it is clear that nothing 
has been addressed or reviewed in any detail, and none of CRITFC’s member tribes have 
been consulted on any of these very important issues.   
 
Treaty Fishing and Fishery Resources 

In 1855, the CRITFC tribes signed treaties with the United States, peacefully ceding title 
to millions of acres of land in the Basin while reserving their rights to continue fishing at 
their usual and accustomed fishing places. The rights to access these sites have been 
fought for and preserved through the court system, and as a result, the tribes' treaty-
protected right of access to usual and accustomed fishing grounds is firmly established as 
a matter of law.2 After the construction of The Dalles Dam, and the subsequent flooding 
of Celilo Falls, the tribes and states agreed that the tribes would have exclusive access to 
commercial fishing in an area called “Zone 6”, a section of the river extending from 
Bonneville to McNary dams. Tribal fishers conduct year-round subsistence, ceremonial 
and commercial fishing in that zone with fishing gear types regulated by the tribes but 
including hoopnets fished from platforms built by tribal members along the river and 
gillnets anchored to the shore or river bottom.  

Shipping traffic has created many safety issues with gillnet fishers, and dock construction 
along the river has displaced fishing sites within Zone 6. The Port of Morrow is no 
different. Tribal members from the CRITFC tribes have fishers who lay their nets and 
make their livelihood within the Port of Morrow. There are numerous other sites within 
close vicinity up- and down-river from the Port as well. These are tribal people exercising 

                                                 
2 The Supreme Court, and other federal courts, confirmed these rights in a number of cases.  See, e.g., 
Sohappy v. Smith, 302 F.Supp. 899 (D.Or. 1969), aff'd, United States v. Oregon, 529 F.2d 570 (9th Cir. 
1976); Washington v. Washington State Commercial Passenger Fishing Vessel Ass'n, 443 U.S. 658 (1979); 
United States v. Winans, 198 U.S. 371 (1905); Confederated Tribes of the Umatilla Indian Reservation v. 
Alexander, 440 F.Supp. 553 (D.Or. 1977). 
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their tribal treaty rights and projects such as the Morrow Pacific Project will directly and 
negatively interfere with the exercise of that right.   

In addition to directly displacing fishing sites, the project brings concerns of increasing 
barge traffic by a magnitude of twenty-four barge trips each week. Barge traffic can 
interfere with fishing as well as be the leading cause of derelict nets, otherwise known as 
“ghost nets” in which nets are clipped and set adrift. These are very dangerous to aquatic 
creatures if left uncontrolled. 

The Port of Morrow portion of the project is quite extensive and may harm the critical 
habitat that is designated near both parts of the project, i.e., Port Westward and the Port 
of Morrow. Before approving this permit application, the Corps needs to conduct 
significant environmental review, consult with the effected tribes, and initiate 
consultation with the resource agencies, NOAA Fisheries and U.S. Fish & Wildlife.  
Only after extensive review, analysis, and study, would it be appropriate to consider the 
permit application. 
 
Climate Change and the Bigger Picture 
 
Resource managers cannot make management decisions today without analyzing the 
potential for changes in the Earth’s climate on the resources they are managing. There is 
no question that coal is a big problem on many levels and for many reasons with relation 
to climate change. Coal is the leading contributor to atmospheric carbon dioxide and will 
ultimately cause major effects to the Pacific Northwest. The environmental review needs 
to consider these potential effects and account for them.  
 
Burning coal also emits significant amounts of mercury and fine particulates, which are 
known to travel across the Pacific via the “jet stream” from Asia and are deposited in 
Oregon, Washington, and California. Most of the industrial mercury in the Pacific 
Northwest comes from these global sources. In 2004, scientists from Oregon State 
University observed with instruments mounted atop Mount Bachelor's Summit Express 
ski lift an enormous Asian plume laced with mercury and ozone. The fine-particle 
concentration of this plume that had transited the Pacific Ocean was about 20 micrograms 
per cubic meter, compared with the federal air quality standard of an average 65 
micrograms during a 24 -hour period. Oregon is already struggling to manage current 
levels of mercury pollution. 
 
The coal proposed to be shipped through the Port of Morrow and the other proposed 
Northwest sites would add to this air pollution burden. The proposed development at the 
Port of Morrow and how it is evaluated by the reviewing agencies will ultimately be a 
reflection of the seriousness of United States government policy and commitments to 
reduce greenhouse gases and manage toxic pollutants.  We believe that additional levels 
of air and water pollution associated with the project are not acceptable.       
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Conclusion 
 
We appreciate your consideration of our comments and are available to answer any 
questions you have about our concerns. We also look forward to working with you on 
this project and expanding the analysis if possible. If you have any questions, please feel 
free to contact me or Julie Carter at 503-238-0667. 
 
Sincerely, 

 
Babtist Paul Lumley 
Executive Director 
 
Cc: Governor John Kitzhaber, State of Oregon 

Governor Christine Gregoire, State of Washington 
Lisa Jackson, Administrator, U.S. Environmental Protection Agency 
Dennis McLerran, Administrator, Region 10, U.S. Environmental Protection 
Agency 
Steve Gagnon, U.S. Army Corps of Engineers 

 J.R. Inglis, Tribal Liaison, Portland District, U.S. Army Corps of Engineers 
 Paul Cloutier, Tribal Liaison, Portland District, U.S. Army Corps of Engineers 



 
 

May 15, 2012 

 

Steve Gagnon 

U.S. Army Corps of Engineers 

P.O. Box 2946 

Portland, OR 97208-2946 

 

Kate Kelly, Director 

Office of Ecosystems, Tribal and Public Affairs 

U.S. Environmental Protection Agency 

1200 Sixth Avenue, Suite 900 

Seattle, WA 98101-3140 

 

SENT VIA EMAIL  

 

 RE:  Comments on Project No. NWP-2012-56 (Coal Terminal) 

 

Dear Mr. Gagnon and Ms. Kelley: 

 

This letter is sent on behalf of the Tribal Caucus members of EPA Region 10’s Tribal 

Operations Committee (“RTOC”).  This letter is not sent on behalf of EPA Region 10 or 

any employees of EPA, but solely tribal government representatives of the RTOC.    

 

The intent of this letter is to express support for the April 5, 2012 letter submitted by EPA 

to the Corps urging that it thoroughly review the potential impacts of exporting large 

amounts of coal from Wyoming and Montana to Asia. As discussed by EPA, a project at 

Port of Morrow in Oregon has “the potential to significantly impact human health and the 

environment.” The RTOC strongly agrees that the Corps should utilize the NEPA process 

to address overall impacts, including impacts to fisheries, cultural resources, the exercise 

of treaty-reserved rights, increases in greenhouse gas emissions, rail traffic, and mining 

activity on public lands. . 

 

Given the magnitude of the coal export proposals associated with coal extraction in the 

Powder River Basin and the significant environmental and human health risks associated 

with these activities, the RTOC urges that the Corps join with other appropriate federal 

agencies and immediately begin the process of evaluating the cumulative impacts of coal 

extraction, shipping, export, and utilization in Asian power plants on human health and 

the environment through a comprehensive, programmatic Environmental Impact 
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Statement.  This EIS must be completed prior to any decisions are made to permit 

shipping terminals or additional extraction.   

 

In short, we believe that the Corps should consider the full scope of the impacts of coal to 

the environment. 

 

The RTOC appreciates your consideration of these comments.   

 

Sincerely, 

 

/s/ 

 

Violet Yeaton 

Region 10 RTOC  

Tribal Caucus Co-chair 

 

Cc: RTOC 
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Confederated Tribes of the 

Umatilla Indian Reservation 
Department of Natural Resources 

Administration 

46411 Timíne Way 
Pendleton, OR 97801 

 
www.ctuir.org             ericquaempts@ctuir.org 

Phone 541-276-3165     Fax: 541-276-3095 

 
 
 
March 28, 2012 
 
Steve Gagnon 
Regulatory Project Manager 
U.S. Army Corps of Engineers 
Portland District 
PO Box 2946 
Portland, OR 97208 
 
Submitted electronically to:  Steven.K.Gagnon@usace.army.mil  
 
Dear Mr. Gagnon: 
 
The Confederated Tribes of the Umatilla Indian Reservation (CTUIR) Department of Natural 
Resources (DNR) appreciates the opportunity to comment on application NWP-2012-52.  The 
CTUIR DNR has concerns that this project may impact Tribal treaty fisheries, nearby Tribal 
properties as well as traditional use areas, habitat and cultural resources along the rail transport 
corridors.  Further, the CTUIR has concerns regarding the cumulative impacts of this project and 
others proposed in the area. 
 
After careful consideration of the significant Tribal interests within our ceded, special use, and 
Tribally-owned lands, we recommend that the Corps of Engineers (Corps) undertake an 
Environmental Impact Statement (EIS).  The EIS should include adequate information for the 
Corps and the CTUIR to make an informed judgment of the impacts to treaty rights, traditional 
use areas and other interests.  We formally request consultation on a government-to-government 
basis concerning the impacts of this permit. 
 
Due to the short timeframe for comments, DNR has prepared this letter documenting preliminary 
concerns.  We look forward to working on this project with the Corps  as the project develops 
and the National Environmental Policy Act (NEPA) documentation is prepared. 
 
Fishing Site Impacts 
 
The CTUIR holds treaty protected fishing rights at all usual and accustomed stations.  These 
places include the Columbia River corridor and many of its tributaries.  The proposed dock site 
is a usual and accustomed fishing station, but the overall project would also impact fishing 
stations downstream due to the increase in project related barge and train traffic.   
 
The CTUIR worked with the Corps on the Willow Creek Barge Dock, NWP-2006-160.  The 
revised Environmental Assessment, issued April 4, 2008, includes useful information regarding 
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the fishing issues presented by this application.  The CTUIR intends to work with our Tribal 
fishermen to document their use of this area including timing and frequency.   
 
The proposal also involves increasing the lockages on the Columbia River in Zone 6 between 
Bonneville and McNary dams.  This increase would be between 550 and 1257 per year.  
However, it is unclear that there is an upper limit of barge lockages under the permit.  Will there 
be a defined upper limit on the number of barge trips per year?  Fishermen have reported that 
recently barges are entering areas where previously there was no barge traffic.  This may be due 
to barge congestion or other factors.  The Corps should quantify barge traffic on the Columbia 
and identify the potential impacts from increasing traffic at the dams.  We note that 10 years ago 
there were roughly 1000 more lockages a year at the John Day dam.  However, over the last 10 
years fish runs have increased as have the number of fishermen and nets on the river.  
Documentation of barge/net interference over time would aid analysis of potential impacts. 
 
Additionally, in 2008, the National Oceanic and Atmospheric Administration conducted a 
section 7 Endangered Species Act review of barge transport of baled municipal waste from 
Hawaii by way of barges up the Columbia River.  This review was inadequate in many ways, not 
the least of which was the failure of NOAA to consult with the CTUIR.  However, the review did 
analyze the impacts of the entire route of shipment of municipal waste from Hawaii to landfills 
in the northwest including ocean species impacts.  Since the barges will be going to Asia, it is 
logical that NOAA be consulted regarding ocean impacts.  Further, while the NOAA assessment 
determined there would be no impact to fisheries by the barges, that project included only 100 
barges per year transporting garbage.  This project has the potential for more than ten times that 
many barges.  Analysis should also include potential barge accidents.   
 
Cumulative Impacts 
 
The shipment of hundreds of barges of coal down the Columbia River, coupled with other 
proposed projects such as the barging of municipal waste from Hawaii and the ZeaChem plant 
immediately adjacent to this project, necessitates analysis of the cumulative increase in barge 
traffic and the associated impacts.  This impact will not just be on fishing sites or aquatic species, 
but traffic congestion on the river and the dam lockage infrastructure.  The EIS would benefit 
from a discussion of the carrying capacity of the river for shipment of goods and materials.   
 
Cultural Resources 
 
In your February 27, 2012 email regarding this undertaking, you state, “The Corps believes this 
project will have No Effect to cultural resources based upon our review of available information.  
We reviewed Branch files and records, the latest published version(s) of the National Register, 
lists of properties determined eligible, and other appropriate sources of information in making 
our determination.”  The CTUIR Cultural Resources Protection Program (CRPP) believes that 
finding is premature and incorrect.  
 
 



CTUIR DNR Letter to Corps of Engineers 
Re:  NWP-2012-56, Port of Morrow Coal Barge Dock 
March 28, 2012 
Page 3 of 4 

 

Treaty June 9, 1855 ~ Cayuse, Umatilla and Walla Walla Tribes 

 
Branch files should include site records for site 35MW13, which is both inundated by the John 
Day Reservoir and along the shoreline.  This site has been recommended eligible for inclusion in 
the National Register of Historic Places.  The proposed undertaking will certainly affect the site, 
and that effect will likely be adverse. 
 
Branch files should also include a document by Teara Farrow and Thomas Morning Owl entitled 
Addendum to the Identification of TCPs along Bonneville, The Dalles, and John Day Reservoirs.  
This document was prepared for and submitted to the Corps Portland District in 2001.  It 
identifies the Port of Morrow area as being located within Traditional Cultural Property 3.  On 
what basis has your staff determined that the proposed undertaking will not affect this historic 
property? 
 
Your email also describes the permit area as extending “from the Port of Morrow to Port 
Westward in light of increases in barge traffic due to the project.”  As you know neither the 
CTUIR nor the Advisory Council on Historic Preservation recognize Appendix C or the term 
“Permit Area” as being in compliance with National Historic Preservation Act (NHPA).  To 
adequately address the permit application the CRPP will need a map of the area of potential 
effects (APE; including how far inland it extends) and a summary description of the potential 
effects the proposed undertaking will have on historic properties.  This information will help us 
determine whether the proposed APE is appropriate.  Please note that there are several parcels 
downstream on the Columbia River from the Port of Morrow which are held in trust for several 
tribes.  Those parcels are overseen by Tribal Historic Preservation Offices (THPOs) rather than 
the State Historic Preservation Office (SHPO).  Please make sure that you initiate consultation 
with the THPOs as well as the SHPOs for this undertaking.   
 
In addition, as discussed below, the APE for this undertaking should include the rail transit, 
which passes adjacent to additional trust land and through additional traditional use areas.  
Information pertaining to changes in rail usage is necessary to assess the effects the proposed 
undertaking will have on those properties. 
 
To conclude, the CRPP disagrees with your finding of effect for this undertaking and we require 
additional information regarding the APE.  We look forward to further consultation to resolve 
these issues. 
 
Air Quality 
 
The CTUIR understands that much of the conveyance system for coal is going to be enclosed, 
limiting the release of coal dust.  However, to what degree can/will the Corps mandate that the 
facility will not produce coal dust?  Will there be air quality monitoring of all 
loading/offloading/transloading activities on the river?  Will air releases of coal dust be reported?  
The CTUIR DNR requests a study documenting the impacts of coal dust release be conducted 
and the NEPA documentation identify release thresholds requiring environmental review.  It is 
the hope of the CTUIR that there be as many protections as possible to prevent the release of 
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toxics into the river, including coal and coal dust.  Additionally, information regarding air 
emissions of barge and rail traffic should be discussed. 
 
Tribal Property 
 
As noted above, the Area of Potential Effect/Permit Area impact analysis will be inclusive of the 
area between Port of Morrow and Port Westward, where the coal will be transloaded to the 
ocean-going barge.  The CTUIR DNR recommends that the minimum area of the impact analysis 
should include both the transloading/barging activities as well as the associated rail 
transportation corridor traffic.   
 
We are concerned about the associated rail transport impacts to Tribal properties, and traditional 
use areas.  The CTUIR owns property near the applicant’s proposed site.  The property, referred 
to as Wanaket,  has the Burlington Northern rail line along its southern boundary   The property 
came into CTUIR ownership as one measure to specifically to mitigate for impacts to CTUIR 
treaty rights caused by the Corps and Bonneville Power Administration’s hydropower impacts 
and operations.   The CTUIR actively manages Wanaket for the preservation and enhancement 
of wildlife and related habitat purposes.  Increased train travel will impact…? 
 
Government-to Government Consultation 
 
The CTUIR requests consultation on a government-to-government basis with the Corps on this 
permit.  The Corps should provide adequate information to the CTUIR to make an informed 
analysis regarding its concerns and interests, as well including the CTUIR in the development of 
the NHPA and NEPA analysis of this permit.   
 
Our designated staff member for coordination issues is our DNR Intergovernmental Affairs staff 
member, Audie Huber -- audiehuber@ctuir.org or (541) 429-7228.   
 
 
Sincerely, 
 
 
 
Eric Quaempts, Director 
Department of Natural Resources 
 
Cc:   Chris Page, Corps Regulatory Archaeologist 

Gail Celmer, Corps Division Archaeologist  
Dennis Griffin, Oregon SHPO 
John Pouley, Oregon SHPO 





















REPLY TO

ATTENTION OF

Operations Division
Regulatory Branch
Corps No. NWP-2006-160

DEPARTMENT OF THE ARMY
PORTLAND DISTRICT. CORPS OF ENGINEERS

P O BOX 2946
PORTLAND, OREGON 97208-2946

Mr. Tim Wetherall
Port of Arlington
P.O. Box 279
Arlington, Oregon 97812

Dear Mr. Wetherall:

This letter refers to the Department of the Army permit application the Port of Arlington
(Port) submitted for authorization to construct a barge dock, trestle, and steel pile dolphins and
fender piles, to off-load containerized garbage for transport to the local landfill. The project is
located in the Columbia River, River Mile 252.6, Section 26, Township 4 North, Range 22 East,
near Arlington, Gilliam County, Oregon. The application was assigned number NWP-2006-160.

My decision to issue a permit, issue with conditions, or deny a permit is based on an
evaluation of the probable impacts, including the cumulative impacts of the proposed project and
its intended use on the public aquatic resource. During this review the benefits which may
reasonably be expected to accrue from the proposal are balanced against reasonably foreseeable
detriments. During the review of the Port's proposal the information provided by the Port and its
agents was thoroughly evaluated by my staff, as was the material submitted by the Federal and
state agencies, the Tribes and the interested public. After considering all of the relevant public
interest factors, I have determined the project as proposed would adversely impact treaty fishing
rights and is, therefore, contrary to the public interest. For that reason, it is my decision to deny
the permit request xvith prejudice. Should this issue be resolved at any time in the future, the Port
could submit another application for a Department of the Army permit. The review and this
effect are discussed in greater detail in the Environmental Assessment and Statement of Findings
(Enclosure 1).

On April 3, 2007, I suspended the Letter of Permission (LOP) that authorized construction of
the barge dock. That letter also stated additional review was required to determine whether to
reinstate, modify, or revoke the permit. It is my decision to formally revoke the LOP based on
that review.



lamas ,W411-1 Donovan

Colonel, Corps of Engineers
District Commander

-2-

The Port and/or its authorized agent may appeal a permit denial under the U.S. Army Corps of
Engineers' Administrative Appeal Process. The administrative appeal process may be initiated
by completing the Notification of Administrative Appeal Options and Process and Request for
Appeal  (Enclosure 2). The point of contact for appeal is Mr. David W. Gesl, U.S. Army Corps
of Engineers Northwestern Division, 1125 NW Couch St, Suite 500, PO Box 2870, Portland,
Oregon 97208. The appeal must be received by Mr. Gesl, the Review Officer, within 60 days of
this Notification of Appeal Process.

I have not come to this decision easily. It is only after careful review of the facts
surrounding this project that I have reached this decision. The Corps understands the financial
and economic consequences of this decision and is committed to continuing to work with all
affected parties on a mutually acceptable solution.

A copy of this letter is being furnished to Mr. Gene Leverton, 3144 NE 17 th . Portland. Oregon
97212.

Enclosures



CENWP-OD-G [NWP-2006-160]
SUBJECT: Department of the Army Environmental Assessment and Statement of Findings for Above-
Numbered Permit Application

DEPARTMENT OF THE ARMY ENVIRONMENTAL ASSESSMENT AND
STATEMENT OF FINDINGS

Applicant: Port of Arlington

Application Number: NWP-2006-160

1. Introduction: This is a Department of the Army (DA) permit decision document for a permit
action being reviewed by the Portland District of the U.S. Army Corps of Engineers (Corps).
This document constitutes the Environmental Assessment, Section 404(b)(1) Evaluation and
Determination, Statement of Findings, and Public Interest Determination for the proposed project
described below. Review was conducted according to the procedures at 33 CFR Part 320 and
325, including Appendices B and C. This document also addresses the Environmental Protection
Agency's Section 404(b)(1) Guidelines published at 40 CFR Part 230.

1.1. Authority.

(X) Section 10 of the Rivers and Harbors Act of 1899.
(X) Section 404 of the Clean Water Act.
( ) Section 103 of the Marine Protection, Research and Sanctuaries Act.

1.2. Permit Decision. As District Engineer, my decision is to deny an individual Department
of the Army permit for the proposed project.

1.3. Background. On June 26, 2006, a complete application was received from the Port of
Arlington (Port) for the construction of a dock and mooring dolphins for the off-loading of
barges. The proposed work included the construction of a barge dock on piling with fender piles
along the waterward edge of the dock, ten mooring dolphins, a trestle and footing to connect the
dock to the shoreline. A public notice was issued on November 29, 2006 soliciting conunents on
the proposed issuance of a Letter of Permission (LOP) for the project under Section 10.
Inadvertently, this public notice did not propose authorization for the discharge of fill material
for the footing required under Section 404. On February 21, 2007, an LOP was issued to the Port
of Arlington authorizing the construction of the dock, fender piles, dolphins, and trestle under
Section 10. When we discovered the LOP did not authorize the discharge of fill material for the
footing under Section 404, a second public notice was issued on February 23, 2007 soliciting
comments on the proposed issuance of an Individual Permit for the complete project under
Section 10 and Section 404.
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On April 3, 2007, the LOP was suspended based on cultural resource and treaty fishing site
concerns at the site pending a decision on the Individual Permit for the complete project. A total
of 43 piles consisting 31 single piles and 12 piles to construct dolphins were driven at the site as
authorized under the LOP prior to suspension of the LOP. Since then, there has been no further
construction or work at the site. This Decision Document contains our evaluation of the Port's
application for a permit for the complete project under both Section 10 and Section 404.

2. Proposed Project.

2.1. Location. The project is located along the Columbia River, River Mile 252.6
approximately 1/4 mile downstream from the mouth of Willow Creek, Section 26, Township 4
North, Range 22 East, near Arlington, Gilliam County, Oregon.

2.2. Project description. The Corps permitted the following work on February 21, 2007:

The project involves construction of a barge dock, trestle, and steel pile dolphins and fender
piles. Ten new mooring dolphins made up of approximately five, 24-inch diameter steel
piles connected by a steel plate, or cast-in-place concrete cap will be installed. The new
dolphins Will be driven using an impact hammer via barge mounted equipment, and if
necessary, the rock may be drilled and grouted  for additional support. Upon installation,
some piles will then be filled with sand or concrete. Up to twelve, 24-inch diameter
temporary piles may be installed for each dolphin. To protect the proposed dock,
approximately 15 new fender piles will be installed. The fender piles will be either
untreated wood or steel, driven with a vibratony  hammer.

The new dock will measure 40 feet wide by 80 feet long approximately parallel to the shore.
The new dock surface will be concrete with pre-cast concrete deck panels. Approximately
thirty-five, 24-inch diameter steel piles will be driven to support the new dock. The dock
will be accessed by a 30-foot wide by 75-foot long trestle. Approximately sixteen, 24-inch
diameter steel piles will support the trestle, which will be aligned roughly perpendicular to
the shore.

The purpose of the additional public notice was to re-authorize the above work with the addition
of the following fill under Individual Permit:

To support the trestle approximately 650 cubic yards of rock will be placed below ordinary
high water to create a footing along the shoreline.

There have been no project changes since the Individual Permit Public Notice was issued.
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2.3. Existing conditions. The site is located along the left descending (south) bank of the
Columbia River, River Mile 252.6 of the John Day Pool (also known as Lake Umatilla)
approximately 1500 feet west of the mouth of Willow Creek.

The upland portion of the site consists of an abandoned rock quarry previously used by the
Port of Arlington and for the construction of the Union Pacific Railroad (approximately 7 acres).
It is sparsely vegetated, and encompasses the abandoned pit area, and has very steep shoreline
access, with the exception of a small 'beach' area immediately west of the dock construction site.

The river portion of the site, where the dock is to be constructed consists of open water area
adjacent to the shoreline. The depth of the river at the project location is approximately 25 feet.
There are no islands, shoals, or rapids in the vicinity of the project site. The water surface
elevation at this location remains relatively constant as it is managed based on hydropower , fish
passage, and flood control needs.

The site does not contain any wetlands or other waters and provides very little wildlife habitat.
It is bound on the south by the Union Pacific railroad line and Interstate 84.

To date, a total of 43 piles have been driven at the site as authorized under the Letter of
Permission (LOP) February 21, 2007. A total of 31 single piles, and a total of 12 grouped piles
to create dolphins were installed.

The Corps suspended the LOP based on cultural resource and treaty fishing right concerns at
the site on April 3, 2007. Since the time of the suspension there have been no further
construction or work at the site.

2.4. Jurisdiction. A Jurisdictional Determination form, dated July 18, 2006 is located in the
project file.

2.5. Project Purpose. The purpose of the proposed project is to accommodate waterway bulk
and container deliveries to the regional landfill complex near Arlington, Oregon.

3
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3. Public Notification Issues.

3.1 Public Notice Information. A complete application was received on June 26, 2006. A
Public Notice describing the project was originally issued on November 29, 2006 (for the Letter
of Permission) A second public notice was issued February 23, 2007 (for the total project and
Individual permit). Both notices were sent to all interested parties, including appropriate Federal
and state agencies and Native American Tribes. Comments received on this action are
summarized below, followed by the applicant's response to the comments and the Corps'
response.

3.2. Comments to the Public Notice.

3.2.1. Federal Agencies. No comments received.

3.2.1.1. Environmental Protection Agency (EPA). No comments received.

3.2.1.2. U.S. Fish and Wildlife Service ( FWS ). No comments received.

3.2.1.3. National Marine Fisheries Service ( NMFS ). The Corps initiated formal
consultation for potential impacts to species listed under the Endangered Species Act (ESA) with
the NMFS  July 25, 2006. NMFS  issued a Biological Opinion ( BiOp ) with special conditions
January 31, 2007, which this office received on February 2, 2007. All terms and conditions of
this BiOp  were included as terms and conditions of the LOP.

3.2.2. State and Local Agencies.

3.2.2.1. Oregon Department of Fish and Wildlife ( ODFW ). No comments received.

3.2.2.2. State Historic Preservation Officer ( SHPO ). SHPO  did not provide comments
to the Corps in response to the first public notice or at any time prior to issuance of the Letter of
Permission. The Corps contacted SHPO  after concerns were raised by the Confederated Tribes
of the Umatilla Indian Reservation ( CTUIR ) about cultural resources within the site. The Corps
received comments from SHPO  on March 9, 2007, after the Letter of Permission had been issued
and the Individual Permit public notice had been sent. These comments indicated that there was
a known site in the area and a cultural resources survey was recommended.

When asked why SHPO  had not commented previously, they told the Corps they had
submitted a similar comment letter to DSL  in response to their public notice. This letter was
dated August 3, 2006 and also stated that there was a known site in the area and that a survey was
recommended. This information was neither sent directly to nor copied to the Corps.
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3.2.3. Organizations. No comments received.

3.2.4. Individuals. No comments received.

3.2.5. Native American Tribes. Catherine Dickson representing the Confederated Tribes of
the Umatilla Indian Reservation ( CTUIR ) contacted the Corps' Archeologist (Michael Martin) on
May 11, 2006 to obtain information regarding the proposed project. Michael Martin contacted
the Regulatory Branch (Karla Ellis) to request that the CTUIR  receive a copy of the application
and any subsequent Public Notices. Michael Martin identified a known site in the vicinity of the
project, and indicated that cultural resource survey work had been conducted. In July, 2006
Catherine Dickson contacted Michael Martin by phone to request a copy of the cultural resources
survey conducted for the site, referenced as Martin (1999) and Gilsen  (1999) and also requested
the opportunity to comment when the application was filed. In August 2006, Karla Ellis received
the cited report directly via hard-copy from Michael Martin. The same day, this copy was
provided by e-mail to Catherine Dickson.

On November 29, 2006, the Corps issued a Public Notice for the Letter of Permission. A hard
copy of the notice was sent to directly to Catherine Dickson. The application for the project was
also sent to Ms. Dickson, as requested. No comments were received; specifically no comments
were received from SHPO  (see Section 3.2.2.2 above), the CTUIR , or Catherine Dickson.

On February 21, 2007, the Corps issued the Letter of Permission for barge dock construction. On
February 21, 2007, the Corps received calls from Catherine Dickson stating all requested
information had not been received. Upon receiving notification on February 21, 2007 that the

CTUIR  did not have the requested information, the Corps emailed  Catherine Dickson to
determine what information was outstanding. She referred to the conversation in July stating she
needed the report by Martin and Gilsen .

On February 26, 2007, the Corps emailed  the requested report to Catherine Dickson, which was
the same report the Corps sent to her in August 2006. On March 2, 2007, Karla Ellis emailed
Catherine Dickson to confirm that the information had been received. On March 5, 2005, the
Corps received a response stating that while the information had been received, she would need
several days to review. On March 6, 2007 the Corps received an email from Catherine Dickson,
specifically requesting the map that should have been with the report that identified a known site.
During this time, we received a report from the Port that pile driving was occurring.

On March 19, 2007, the Corps received the first letter from  the CTUIR . In summation , the letter
requested formal consultation with the CTUIR , expressed concern about the project, requested
the map to support the above-mentioned report, stated the area was known to contain cultural
resources, that it was a treaty reserved fishing site, and traditional cultural property. It also went
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on to state that the notifications of the project by the Corps to the Tribe were insufficient means
to initiate government-to-government consultation.

Coordination was started internally with Barbara Creel (Corps Tribal Liaison), Shawn Zinszer
(Regulatory Section Chief), and Larry Evans (Regulatory Branch Chief).

On March 22, 2007, the Corps located the map the Tribe had requested and transmitted it to the
Tribe. Also on this day, we began coordination with Mr. Audie  Huber of the CTUIR . He
requested the application and other project information, public notices, consultations, etc., which
were provided electronically.

On March 23, 2007, the Corps notified the Port of the cultural resources issues, and clearly stated
that the permit for the fill portion of the work would not be forthcoming until the issue was
resolved in full.

On March 24, 2007, the CTUIR  requested an extension to the comment period for the Individual
Permit public notice.

On March 26, 2007, the CTUIR  sent a request to the Corps asking for a stop work order at the
Arlington site to allow sufficient time to review and comment on the project. On March 28,
2008, the Corps confirmed with the Port that work had voluntarily ceased for a period of one
week. On March 29, 2007, the Corps responded to the CTUIR's  letters received on March 19
and 26, 2007. This letter requested a meeting with the CTUIR  to discuss the identified concerns
and also notified them that the Port had been made aware of the concerns. During this time, the
Corps attempted to obtain information  regarding the treaty fishing right claim and was unable to
identify this area on any map or other resource available to the District.

On March 30, 2007, the Corps received a letter from the CTUIR . The stated purpose of the letter
was threefold:

1) to inform the Corps and Port of Arlington staff about the nature of federally protected
Indian treaty reserved usual and accustomed fishing sites;

2) to reiterate the CTUIR's  request that work stop immediately on the construction
project (NWP-2006-160 ); and

3) to provide notice that should construction not stop immediately, and remain stopped
pending satisfactory resolution of the concerns stated in their letter, the CTUIR  would
be prepared to file a complaint in the United States District Court for the District of
Oregon and seek a Temporary Restraining Order and Preliminary Injunction
prohibiting further work and the issuance of any further permits or other permission
that would allow work to continue on the site.
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Further, the letter went on to state that the Corps failed to engage in government-to-government
consultation with the CTUIR  prior to issuing the permit, which violated the Corps' "trust and
fiduciary obligations" to the CTUIR . During this time the Corps arranged to meet directly with
the CTUIR .

On April 3, 2007, the Corps sent a letter to the CTUIR  thanking the Tribe for the opportunity to
meet and notifying them that based on those discussions and new information the Corps would
be suspending the permit effective immediately.

On April 3, 2007 the Corps issued a letter to the Port officially suspending the permit.

On April 4, 2007 the CTUIR  contacted the Governor's office regarding this project.

On April 10, 2007, the Corps received a letter from the CTUIR  stating that approximately 90
steel piles had been driven "on and in the middle of the Tribe's usual and accustomed fishing
site and reiterated the importance of the traditional cultural property. The letter went on to
outline steps to help resolve the issue as follows:

1) Define the Undertaking. The CTUIR  requested that the Corps enter into full
consultation with the CTUIR .
2) Assess Impacts from Construction to Date. The CTUIR  requested that the Corps
conduct a survey.
3) Review Section 10 and Section 404 Permits. The CTUIR  requested 30 days to review
both actions.
4) Conduct NEPA  Review. The CTUIR  requested that the Corps revise the NEPA
document.
5) Collaborative Resolution Development. The CTUIR  stated that they and the Corps
needed to enter into discussion with the Port and Gilliam County collectively.
6) Collaborative Media Relations. The CTUIR  requested that any release be coordinated
with them.
7) Improve Tribal/ACOE  Relationships and Communication.

On April 17, 2007, the Corps sent a response to the April 10, 2008 the CTUIR  letter
acknowledging receipt and identifying next steps. This letter reiterated the importance of 7 next
steps listed above.

On May 4, 2007, the Corps sent a letter to the CTUIR  defining the Area of Potential Effect
(APE) as required under 36 CFR  800.4 and 33 CFR  325, Appendix C.
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On May 11, 2007, the CTUIR  provided comments back on the APE. They also suggested
contacting the Confederated Tribes of the Warm Springs ( CTWS ), Yakama , and Nez  Perce
Tribes. At this suggestion, the Corps provided the APE letter to CTWS , Yakama , and Nez  Perce
Tribes.

On May 16, 2007, the Corps received a letter from the CTUIR  asserting that an Environmental
Assessment (EA) was not sufficient and did not adequately address the impacts of the project.
For this reason the CTUIR  requested that the Corps complete an Environmental  Impact
Statement (EIS).

On June 6, 2007, the Corps sent a letter to the CTUIR , the CTWS , Yakama  Nations and the Nez
Perce  Tribe clarifying the APE as requested by the CTUIR .

On June 11, 2007, the Corps sent letter to the CTUIR  in response to their letter dated May 16,
2007. This letter stated that while the Corps understood the request, an EIS was not warranted at
this time.

On July 2, 2007, the Corps received an email from the CTWS  requesting additional information
on the project. The Corps sent the requested information to the CTWS  on July 23, 2007 and
again on August 8, 2007. On September 7, 2007 CTWS  stated they had not received the
requested information. The Corps again sent it on September 7, 2007. No comments have been
received to date from the CTWS .

On July 5, 2007, the Corps received a letter from the CTUIR  stating that it was dissatisfied with
the APE. To address these concerns the Corps held a conference call. In attendance were SHPO ,
Corps Regulatory, and the CTUIR . On July 9, 2007, the Corps received a letter from the CTUIR
that expressed frustration that the May 4, 2007 APE letter did not address their concerns. No
action was requested.

On July 16, 2007, the Corps received a letter from the CTUIR  discussing a request by the Port to
remove gravel from the quarry site while negotiations for the larger project took place. The

CTUIR  did not oppose this proposal provided material outside of the quarry was not removed.

On July 24, 2007, the Corps sent the CTUIR  a letter to clarify that the APE would be defined as
it was in the May 4, 2007 letter to the CTUIR . The Corps stated that the APE would be defined
as 8 acres, not 50 acres as requested.
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On July 27, 2007, the Corps received a letter from the CTUIR  that responded to the Corps' June
11, 2007 letter regarding the EA and EIS. The Tribe reiterated their request for an EIS. This
letter further stated that if the matter could not be resolved it would be taken to the Federal Court
system.

On August 10, 2007, the Corps sent a letter to the CTUIR  in response to the CTUIR's  July 27,
2007 letter. The Corps requested documentation from the Tribe that the project site is a treaty-
reserved usual and accustomed fishing site and information on what impact the project would
have on the asserted treaty fishing site. Specifically, declarations or affidavits from tribal

members  were requested.

On August 22, 2007, the Corps sent a letter to the CTUIR  requesting that they participate as a
consulting party for the Section 106 determination. On September 4, 2007 the Corps also
enlisted the services of David Ellis of Willamette Cultural Resources Associates to conduct a
cultural resources survey. On September 4, 2007 the Corps issued a similar letter to CTWS , the

Nez  Perce  Tribe and the Yakama  Nation requesting their participation in the Section 106 survey.
On September 7, 2007, the Corps received a copy of a letter from the CTUIR  to the Advisory
Council on Historic Properties ( ACHP ). This letter requested the ACHP's  participation in the

NHPA  compliance in this project. On September 17, 2007, the Corps received a request from
the ACHP  for all pertinent project information so that they might respond to the CTUIR's
request. On November 19, 2007 the Corps provided all relevant project info via letter to the

ACHP .

On November 2, 2007, the Corps received a letter from the CTUIR , which was also addressed to
the Port of Arlington and Gilliam County that stated no mitigation was possible for the
construction and operation of the barge dock. Further, CTUIR  stated that the barge dock could
not co-exist with the tribal fishing at the site and that this is a significant fishing site to the Tribe.

On November 19, 2007 the Corps responded to the CTUIR's  letter and requested a meeting to
discuss options.

On November 23, 2007, the Corps received a bid from the CTUIR  to conduct the Section 106
Cultural resources survey for the Tribe's asserted traditional cultural property.

On November 27, 2007, the Corps received signed affidavits from two Tribal members, Robert
Brigham and Leo Stewart, describing the current and historical fishing done by tribal members at
this site and near the mouth of Willow Creek and the impact the pilings have had and the impact
the completed barge dock would have on the their ability to fish.
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On December 5, 2007, the Corps received a letter from the CTUIR  reiterating their statements in
their November 2, 2007 letter that the dock could not coexist with the fishing on the site and
summarizing their meetings with various branches of the state, federal and county government.
They also stated that the "pilings already driven into one of our usual and accustomed fishing
areas must be removed, as the construction impermissibly and unavoidably interferes with the
exercise of' treaty fishing rights. They also committed to providing additional affidavits and
record materials related to the historical identification of the site as a usual and accustomed
fishing site by December 14, 2007.

On December 19, 2007, the Corps received additional signed affidavits from Tribal members
describing current and historical fishing done by tribal members at this site and near the mouth of
Willow Creek and the impact the pilings have had and the impact the completed barge dock
would have on the their ability to fish. Included where affidavits from Donald Sampson, Robert
Brigham (who had previously provided an affidavit in November, this affidavit focused on how
the pilings interfered with his ability to fish at the site and the damage he allegedly incurred to his
nets when attempting to fish the site after partial construction), and Kat  Brigham.

On January 15, 2008, David Ellis of Willamette Cultural Resources Associates transmitted to the
Corps his report on the archaeological and historical survey he conducted on the site. This report
found an isolate not Tribal in nature and did not encounter any cultural resources at the project
site. An Isolated Find in Oregon is defined as one (1) to nine (9) artifacts discovered in a location
that appears to reflect a single event, loci, or activity, as per the Oregon Parks and Recreation
Department Heritage Program. While visibility was a problem for the in-water portion, there was
no evidence that the project to-date had impacted any cultural resources. There are no known
cultural resources in the project area, as per Willamette Cultural Resources Associates.

On January 31, 2008, the Corps received a letter from the CTUIR's  attorney (Brent Hall) that
included some of the documentation of the project site as a usual and accustomed treaty fishing
site.

On February 4, 2008, the Corps received a letter from the CTUIR  to the Port reiterating their
position that no mitigation was possible, that the CTUIR  is opposed to the project at the Willow
Creek site, and that the CTUIR  will "vigorously oppose the Project in the Willow Creek location
in federal court if necessary."

On February 11, 2008, the Corps sent a letter to the CTUIR  requesting formal Government to
Government consultation with the Tribe.
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On February 29, 2008. the Corps received the Traditional Cultural Properties portion of the
cultural resources survey from the CTUIR . The document provides information that satisfies
National Register Criteria A for Significance (Property is associated with the events that have
made a significant contribution to the broad pattern of our history). Furthermore, the CTUIR
determined the nomination form "to be adequately documented and technically and
professionally correct and sufficient." The CTUIR  indicated they would recommend  acceptance
of the nomination for "as meeting the documentation standards for registering properties in the
National Register of Historic Places and meeting the procedural and professional requirements
set forth in 36 CFR  Part 60."

On March 10, 2008 the Corps sent a letter to the Port of Arlington providing opportunity to
comment on the usual and accustomed fishing site assertion made by the CTUIR . The Corps
provided documentation provided by the CTUIR  and requested any comments by March 21,
2008.

On March 19, 2008, SHPO  provided concurrence that the project will have no effect on any
known archaeological resources.

On March 20, 2008 the Port of Arlington sent a letter in response to the usual and accustomed
fishing site assertion by the CTUIR . The letter surmises the Port is not equipped or qualified to
make a determination on the fishing site assertion. The letter also raises concerns about how
usual and accustomed sites are defined and what this means for development of its waterfront.

The Corps has not evaluated whether any other alternative locations would also impact usual and
accustomed fishing stations. Any other location would require a similar fact specific analysis.
While the Corps appreciates the issues raised in the Port's letter, it is the Corps' opinion that the
project as proposed impermissibly impacts a treaty-reserved usual and accustomed fishing
station.

3.3. Public Hearing ( 33CFR  Part 327). Public hearings are held if the Corps determines
additional information from such a hearing is needed to make a final permit decision. Generally,
public hearings are held if comments to the public notice raise substantial issues which cannot be
resolved informally. Public hearings are conducted on an as needed basis at the discretion of the
District Engineer. No public hearing was requested or held for this project.

4. Compliance With Other Federal and State Laws. (e.g., ESA,WQC , CZM , EFH,
Executive Order

4.1. Water Quality Certification. Oregon Department of Environmental Quality ( DEQ ).
On February 20, 2008, DEQ  issued a letter stating that they needed additional information from
the Port. The letter also stated that if they did not hear back from the Port by February 22, 2008
DEQ  would deny WQC . DEQ  has not issued Water Quality Certification ( WQC ) for this project.
lithe WQC  is denied, the applicant understands that DEQ  will re-open review of the file when

the additional information is received.
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The full letter is located in the project file, however the following outlines the additional info
needs from DEQ :

1) Clarification of work that has taken place.
2) Clarify if the existing quarry has an NPDES  permit.
3) Fluvial geomorphological  analysis of the barge dock site.
4) Clarification of construction materials.
5) Work area isolation from cement.
6) Clarify how silt curtains will contain sediment in this site.
7) Revegetation  plan.
8) Mitigation plan.
9) Post-Construction Stormwater  Management Plan
10) Operations Plan for the site (spill containment, invasive species management, etc.)

4.2. State and/or Local Authorizations (if issued).

4.2.1 Oregon Department of State Lands ( DSL ). DSL  issued a Removal/Fill  Permit on
August 22, 2006. A renewal of the permit was issued on August 22, 2007. However, DSL
then placed it on hold until the requirements of the Corps could be met. Once the Port has
resolved the issues with the Corps, DSL  will take the permit "off of hold status."

4.2.2 Oregon Water Resources Department ( WRD ). Not applicable.

4.3. Endangered Species Act. The Corps initiated formal consultation for potential impacts
to ESA-listed species with the NMFS  July 25, 2006. NMFS  issued a Biological Opinion ( BiOp )
with special conditions January 31, 2007, which this office received on February 2, 2007. All
terms and conditions of this BiOp  were included as terms and conditions of the LOP
authorization. All terms and conditions of the BiOp  would be terms and conditions of an
Individual Permit, if issued, as the original BiOp  covered the entire project.

4.4. Essential Fish Habitat ( EFH ).
The Magnuson-Stevens Fishery Conservation and Management Act ( MSA ), as amended by

the Sustainable Fisheries Act of 1996 (Public Law 104-267), requires Federal agencies to consult
with NMFS  on activities that may adversely affect EFH . We prepared an EFH  assessment and
consulted on EFH  along with our ESA consultation discussed in Section 4.3 above. We
proposed conservation recommendations to avoid, minimize or otherwise offset adverse
modification of EFH . We anticipate that implementation of the conservation measures contained
in the consultation and other considerations outlined previously will avoid, minimize or
otherwise offset potential adverse effects to EFH  in the proposed action area. All terms and
conditions of the BiOp  would be terms and conditions of an Individual Permit, if issued, as the
original BiOp  covered the entire project.

4.5. Executive Orders. Not applicable.
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4.6. Coastal Zone Management Consistency Determination. Oregon Department of
Land Conservation and Development ( DLCD ). Not applicable. The project is not located
within the coastal zone.

5. Alternatives. [33 CFR  Part 320.4 ( a)(2)(ii ) and 40 CFR  Part 230.10(a)]  Section 404(b)(1)
of the Clean Water Act prohibits the discharge of dredged or fill material into waters of the
United States unless the proposed discharge is the least environmentally damaging practicable
alternative capable of achieving the project purpose. Alternatives were evaluated pursuant to 40

CFR  230.10. The NEPA  and implementing regulations at 40 CFR  1502.14 require that a range
of reasonable alternatives including the no action alternative be evaluated. Under NEPA , the no
action alternative and action alternatives that meet the project purpose and need of the preferred
alternative are considered to be reasonable alternatives. These alternatives under NEPA  do not
need to be available to the applicant. Though we evaluate these alternatives, the alternatives
selected should be available to the applicant at the time of our permit decision. Following is a
detailed discussion of alternatives to the proposed project that meet the project purpose and need.
Each alternative discussed addresses logistics, technology, cost and environmental consequences
and is followed by a statement indicating whether or not we consider the alternative to be
practicable. Alternatives to the proposed project are evaluated throughout this document unless
they are considered not practicable, do not meet the project purpose, are not the least
environmentally damaging or are not available.

5.1. No Action. Under the No Action alternative, the Corps would not issue a Department of
the Army permit. In this case, the applicant began work under a LOP and installed a total of 43
pilings. For this case, the no action alternative also includes removing structures already placed
by the applicant. Removal of the existing structures would result in a minor and temporary
impact to the waterway during construction. There would be no long-term impacts to the
environment resulting from piling removal.

The site could then presumably be developed to support non-water dependant uses.

5.2. Other Project Designs.

5.2.1. Smaller Project Designs. As a portion of the project has already been completed,
smaller project designs were not considered. Originally, before issuance of the LOP the Port
designed the current project to ensure there was minimal impact on the environment,
minimal financial impact, and that it was logistically feasible. This alternative was
considered to be the least environmentally damaging practicable alternative.

5.2.2. Larger Project Designs. Larger project designs were originally considered by the
Port. The larger design involved blasting into the cliff-face along the Columbia River to
avoid dredging and dock construction. While this alternative would not require dock
construction, it would have included significantly more environmental impact than the
current design. Dredging in the river would have resulted in disturbance and blasting into
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the cliff-face would have resulted in an unquantifiable  amount of rock and debris entering
the waterway uncontrolled. A larger project would not be the least environmentally
damaging practicable alternative.

5.2.3. Different Project Designs. Due to constraints at the site, and the existing conditions
alternative designs beyond blasting of the cliff-face were not considered and would not be
feasibly logistically. See below for different designs that were considered at alternative
sites.

5.3. Other Sites Available to the Applicant. The Port investigated several others locations
before settling on the current site. The following was provided by the Port at the Corps'
request.

Site 1- Known as the Downtown Site: In the fall of 2001, a conditional use permit process
was initiated through the City of Arlington. This permit would have allowed construction of a
barge dock downtown to handle waste products, and possibly rock. Two parcels were
available- one of about 3 acres on the west side and one acre on the east. With public pressure
to reduce visual impacts, the Port chose the east side location. Although there was only one
acre of land on the east side of a man-made peninsula, and 5 acres underwater, the Port owned
it and the location was closest to the landfill complex. A Citizen Advisory Panel was formed,
and met three times and two Town Hall meetings were held to openly discuss the project. In
April 2002, the Corps held an onsite  pre-application meeting was held with representatives
from the Corps, NMFS , () DEW , USFWS , and DEQ . The location on the east side of the
peninsula would involve large amounts of fill in water that is 60-80 feet deep. The agencies
encouraged the Port to find an alternate site because of the potential environmental impacts.
Combining this information with the resistance expressed in the public meetings, the Port
commission withdrew its proposal to build a dock downtown.

The major public objections were noise and truck traffic that would be generated by the dock.
Truck traffic would need to transit the downtown park area. Visual impacts from downtown
were a concern, as was the perception of possible cross-contamination with the existing grain
elevator tenant who seasonally uses open storage. City of Arlington zoning ordinance
prohibits potential conflicts with existing tenants.

Site 2- A nearby site, a bout 'A mile east of the peninsula, was briefly considered as well. It
was called the old depot site because it was formerly a railroad depot. Obstacles included that
the only access was on railroad right-of-way, it required transit of the downtown park, there
were less than a few acres on two levels, it was owned by the Corps of Engineers and the
Union Pacific Railroad, and would have required significant amounts of fill material in the
river. The applicant rejected this site due to the above-listed concerns.

14



CENWP-OD-G  [NWP-2006-160 ]
SUBJECT: Department of the Army Environmental Assessment and Statement of Findings for Above-
Numbered Permit Application

Site 3- Blalock Canyon: This river access point is 10 miles west of Arlington. Although there
is an existing freeway interchange, there is only a narrow strip of land along the water. It is
owned by the Corps of Engineers, and Union Pacific Railroad has main line track and right-of-
way consuming most of the land. The largest possible site north of the rail track is about 3
acres, but there is no way to safely cross the track. A rail crossing bridge would occupy most
of the available land. The applicant rejected this site due to size constraints and safety
concerns.

Site 4- Willow Creek Site: The site is 10 miles east of Arlington. The Port bought 56 acres
from the Corps in 1967. The land is north of the Union Pacific rail line, and about '/2 miles
west of where Willow Creek enters the Columbia River. The site includes basalt quarry,
originally developed to relocate rail lines and highways because of the John Day Dam
construction. One result of the 2001 attempt to locate the barge dock downtown was strong
public endorsement of the Willow Creek site as ideal for this purpose. It is owned by the Port,
has good highway access, is away from downtown, properly zoned, the landfill transit route
avoids the city park, and it is a zoned quarry that could supply barges with back-haul rock.

Any alternate location within the Willow Creek property would need to consider the
potentially eligible historic property and if found eligible, how to resolve the adverse effects
from the project because the Tribe may have concerns about that stretch of the river, not just
the specific location already isolated for the proposed barge facility.

In 2002, the Port and county began planning for the barge dock at Willow Creek. Studies
were completed on how best to cross the rail track. A right-of-way easement was negotiated
with Union Pacific Railroad, land was purchased from the Oregon Department of
Transportation south of the rail track for access, and a new bridge was designed and built with
County funds. This bridge was completed in August 2006. It gave, for the first time, safe
access to the Port's Willow Creek site.

The analysis and review of the four above-mentioned sites resulted in the selection of the
Willow Creek site. It is my determination that this alternative resulted in the least
environmentally damaging alternative, was feasible based on logistics and technology and
cost, and met the project purpose.

5.4. Other Sites Not Available to the Applicant. The above-mentioned sites were the only
locations within a reasonable distance to the landfill that the Port would have access to, or the
ability to purchase. For this reason, additional sites not investigated.

6. Environmental Impact Assessment. [33 CFR  Part 320.3 and 320.4]. The following
paragraphs describe the potential beneficial and detrimental direct impacts of the activity on
various public interest factors considering the parameters that are necessary to ensure minimal
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adverse effects. Direct impacts are the potential short and long team effects of discharges on the
chemical, physical, and biological components of the aquatic environment. Direct impacts are
caused by the action and occur at the same time and place. The extent to which each factor is
discussed is based on the value of the resource, the controversy surrounding it, the level of
concern expressed by the commenting public, and the potential impact to the factor. Indirect and
cumulative impacts of the proposed work are discussed at the end of this section.

6.1. Substrate. The installation of piling and the addition of fill will alter the substrate in the
project area. However, it is anticipated that the piles will have a minimal impact as their
footprint is limited in size, and the fill in considered to be a small quantity (650 cy ). To off set
impacts to the substrate and shoreline from the fill, the applicant has proposed shoreline re-
vegetation and mitigation west of the project site.

6.2. Currents, circulation or drainage patterns. The barge dock would impact flow in the
project area. However this impact is expected to be extremely limited in nature as the
installation of the piles are sufficiently far enough apart to allow unimpeded water flow and
access.

6.3. Suspended Particulates and Turbidity. Turbidity will increase as a result of this
project. However, the impacts are expected to be limited in duration and size. Pile driving
will be done with a vibratory hammer and proper erosion and sediment controls will be
employed during fill portions of the project. The turbidity is expected to be limited to a short

ti meframe  during construction and there will be no long-term impacts on turbidity resulting
from the project.

6.4. Water Quality (temperature, salinity patterns). The barge dock shall be constructed at
sufficient height that it will not affect the temperature of the River either at the project site, or
as a whole. Any additional water quality concerns are addressed in Section 6.3 above.

The offloading of garbage at the site would not impact water quality. Garbage shipments
would be in containerized forms and would not be at risk of spilling or dumping into the river.

6.5. Flood Control, Storm, Wave and Erosion Buffers. No impacts expected. The new
structure is not expected to have any impacts on the above-mentioned factors. The dock
would not impede any flowage restrictions that may apply for the area, nor would it impact
any buffers. The project was designed so that it would have the minimal amount of impact on
the River and shoreline.

6.6. Erosion and accretion patterns. Construction of the barge dock is not expected to have
any impact on the above-mentioned factors. If constructed, the dock would not appreciably
alter normal flowage patterns in the area.
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6.7. Aquifer recharge. Not applicable.

6.8. Baseflow . Not applicable.

6.9. Mixing Zone (for projects that involve the discharge of dredged material) (consider
the depth of water at the disposal site, current velocity, direction and variability of the
disposal site, degree of turbulence, water column stratification, discharge vessel speed
and direction, rate of discharge, dredged material characteristics, and number of
discharges per unit of time). The project would require the discharge of 650 cubic yards of
rock fill to support the access ramp. The fill is not expected to create a significant amount of
turbidity, nor is it expected to result in any long-term impacts.

6.10. Special Aquatic Sites. There are no special aquatic sites that would be impacted by the
proposed project.

6.11. Habitat for Fish and Other Aquatic Organisms. As stated in the Biological
Assessment, riparian vegetation is sparse to non-existent and the shoreline is rip-rapped and
hardened by native basalt from the Willow Creek Quarry site. Water temperatures in the
action area during the summer and early fall are higher than those of properly functioning
conditions for the listed salmonids  that are likely to occur in the area. There are areas of steep
bluffs outside of the proposed project site and two small crescent shaped beach areas to either
side of the promontory where the new access ramp to the dock would be constructed.

Habitat elements conducive to juvenile rearing, such as large woody debris, shallow water
habitat, and riparian vegetation are rare or absent. In general, there is no suitable spawning
habitat in the project area along the Columbia River at the project site due to the sandy
substrates or larger angular quarried substrates from the former quarry and submerged rail bed.

Constructing the proposed project will have a permanent impact of creating approximately
5,450 square feet of overwater  structure in the John Day pool of the middle Columbia River.

Benthic  habitat is likely to be affected for a portion underneath the structure, though the height
of the structure above the average water elevation will allow light to penetrate under most of
the structure at some time throughout the day. As aquatic invertebrates are an important
source of prey for salmonids , the loss of their habitat through burial or displacement may
temporarily reduce foraging opportunities for listed juvenile salmonids . However, aquatic
invertebrates can re-colonize disturbed locations quickly and adapt to new features in their
environment. Additionally, the proposed project will add vertical attachment points that may
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enhance some communities of invertebrates. Shading in the John Day pool is nearly absent
and the structure itself is likely to provide some minimal benefit in the form of increased
shading. In fact, shading may create areas for predatory fish to gather, potentially impacting
listed salmonids .

6.12. Wildlife habitat. The upland portion of the project site is very sparsely vegetated and
does not support any major populations of wildlife. There appears to be no documented
wildlife use in the area, and therefore the project is not expected to have any impact on
wildlife species.

6.13 Threatened and Endangered Species. See Section 4.3 above.

6.14. Biological availability of possible contaminants in dredged or fill material,
considering hydrography  in relation to known or anticipated sources of contaminants;
results of previous testing of material from the vicinity of the project; known significant
sources of persistent pesticides form land run-off or percolation; spill records for
petroleum products or designated (Section 311 of the CWA ) hazardous substances;
other public records of significant introduction of contaminants from industries,
municipalities or other sources. The project does not involve any dredging or alteration of
the substrate. While the project will result in minor impacts during pile driving activities, the
discharge from displacement during that activity is considered to be minimal. The fill is not
known to be a carrier of contaminants and sediment testing is not required.

6.15. Existing and Potential Water Supplies. The project site does not support water
supplies of any kind. No impact.

6.16. Recreational and Commercial Fisheries. The project site is not known to support any
type of commercial or recreational fishery.

For information on treaty-reserved usual and accustomed fishing sites, please see Section
6.33.1 below.

6.17. Other Water Related Recreation. No other water recreation is known to take place in
this location.
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6.18. Aesthetics of Aquatic Ecosystem. The project site is located in a relatively
undeveloped, semi-natural area. The addition of a man-made structure would detract from the
natural viewscape  of the area. There are no residences in the vicinity, but the area is visible to
passing motorists using Interstate 84 along the south shore of the river and State Highway 14
along the north shore.

For information on historic properties, please see Section 6.26 below.

6.19. Parks, National Seashores, Wild and Scenic Rivers, Wilderness Areas, Research
Sites, etc. Not applicable.

6.20. Traffic/Transportation  Patterns. In 2006 the Port constructed an on and off-ramp
from 1-84 for the quarry site. The purpose of this construction was to allow access to the
quarry site as well as to facilitate barge dock construction upon deciding on this site (see
Section 5 above). Truck traffic would increase on Interstate 84, however as this highway is

currently  used for this type of commercial transport, this effect is expected to be minimal.

6.21. Energy Consumption or Generation. The proposed project will not have any impact
on energy consumption. While power may be needed to operate the dock and attendant
features, this impact is expected to be minimal.

6.22. Navigation. The Columbia River currently supports navigation and heavy barge traffic
along this segment. The project will be constructed in such as manner as to not impact
shipping or navigation on the main-stem Columbia.
According to the applicant 1-5 barges are expected to visit the site per week, over the 49 week
operation ti meframe  for the year. There are two weeks out of the year that the locks are closed
during the month of March for inspection and maintenance. This number equates to a
minimum of 49 barge deliveries to a maximum of 245 barges per year. The River currently
supports barge traffic that supplies grain and other commodities to points well east of the
project site (Boardman, etc.) and the addition of a maximum of 245 barges per year is not
expected to significantly impact traffic along the Columbia River.

6.23. Safety. The Columbia River currently supports navigation and heavy barge traffic along
this segment and the amount of barge traffic expected will not impact safety of the river. The
new off ramp will allow vehicular traffic within the proximity of the project site, however, this
traffic is expected to be directly related with barge dock operation, and will not impact the
general public.

6.24. Air Quality. There are no adverse impacts expected to result from this project. While
barge traffic will occur in an area where none previously existed, use of this site is not
anticipated to be heavy enough to result in impacts to air quality.
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6.25. Noise. There will be an increase in noise at the site. Currently, the site is an abandoned
rock quarry. For this reason there is no known on-going operation or pedestrian use at the site.
Construction of the barge dock would bring vehicular traffic (trucks, passenger vehicles for
workers, back hoes and other off-loading machinery), and barge traffic. The noise level of the
operation of this site is anticipated to be commensurate with operations at any other off-
loading facility. While noise levels will change, it is not anticipated that operations will
adversely the ambient noise levels. Additionally, there are no residences in the project
vicinity, and therefore, the project will not result in increased noise impacts to people.

6.26. Historic Properties (National Historic Preservation Act). The area was surveyed and
reviewed for the presence of historic properties eligible for inclusion on the National Register
as well as the possible effects to those properties. Two survey were undertaken. The first
survey focused on archaeological resources. The report, dated January 8, 2008, was conducted
by Willamette Cultural Resource Associates (Willamette CRA ), and is known as Willamette
CRA  Report 07-02. According to the report, there are no historic properties located within the
project area of potential effect, nor are there any archeological sites eligible for listing on the
National Register of Historic Places. The second survey focused on traditional cultural
properties. This survey was done by CTUIR . The Corps believes the results of the survey
demonstrates that there is a traditional cultural property which is eligible for inclusion in the
National Register under criterion A because of its association with events that have made a
significant contribution to the broad patterns of our history. However, the Corps has not yet
received the Oregon SHPO's  concurrence.

6.27. Land Use Classification. The project location was previously zoned properly to allow
completion of the project without zoning changes. There will no change to land-use
classifications.

6.28. Economics. The Port won a 1.9 million dollar Connect Oregon Grant (Grant) to build
the in-water portion of the dock (fill, ramp, dock, and dolphins). The Grant is based on a local
investment of 1.5 million dollars. Investments have included a new site access bridge,
roadwork, utilities and dock engineering. The Port goes on to state: "The $1.9 million Grant
is the largest received in Gilliam County, and tremendously important for economic vitality."

6.29. Prime and Unique Farmland (7 CFR  Part 658). The project site is not used as
farmland.

6.30. Food and Fiber Production. The project site does not support food and fiber
production.
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6.31. Mineral Needs. The project site previously consisted of a rock quarry. However, the
site was used to extract basalt, not minerals. There are no mineral mining operations
associated with the project site.

6.32. Consideration of private property. The Port owns the project site and holds a right-of-
way lease for the overpass portion of the road at the interchange with I-84. The project will
not impact any adjacent private property.

6.33. Tribal and Cultural Resources. Evidence presented by the Tribe supports a finding
that there is a treaty fishing site at the project location and that the project would have more
than a de minimis  i mpact on their right of access to their treaty fishing site. Further, as noted
in 6.26 above, the location falls within an area the Corps believes contains eligible historic
properties which may be adversely affected by the project.

6.33.1 Treaty Fishing Sites. The CTUIR  is a signatory to the Treaty with the Walla Walla
Cayuses , and Umatilla Tribes and Bands of Indians, June 9, 1855, 12 Stat  945. Article I of
this treaty provides in pertinent part:

Provided, also, That the exclusive right of taking fish in the streams running through
and bordering said reservation is hereby secured to said Indians, and at all other usual
and accustomed stations in common with citizens of the United States, and of erecting
suitable buildings for curing the same .. .

"Usual and accustomed" fishing places have been defined as all sites where tribal members
customarily fished at or before the time the treaty was signed regardless of the distance from
the Tribe's usual home or whether other Tribes also fished in the same waters. E.g., United
States v. Washington, 520 F.2d  676, 689 (9 th Cir . 1975); United States v. Washington, 730

F.2d  1314, 1318 (9 th Cir . 1984). The words "usual and accustomed," as contemplated by the
treaty, have been defined as "closely synonymous words" which "indicate the exclusion of
unfamiliar locations and those used infrequently or at long intervals and extraordinary
occasions." Northwest Sea Farms, Inc. v. US. Army Corps of Engineers, 931 F. Supp .
1515, 1521 ( W.D . Wash. 1996) (citing U.S. v. Washington, 384 F. Supp . 312, 332 ( W.D .
Wash. 1974); see also U.S. v. McGowan, 62 F.2d  955 (9 th Cir . 1933).

Due to the scarce documentation of Indian fishing locations in and around 1855, federal
courts do not follow stringent proof standards because to do so would likely preclude a
finding of a usual and accustomed fishing station; therefore, there is a lower evidentiary
standard of proof to support a finding of a usual and accustomed fishing station. See U.S. v.
Washington, 730 F.2d  at 1316-1317; U.S. v. Lummi  Indian Tribe, 841 F.2d  317, 318 (9 th Cir .
1988). In finding that a particular site is a "usual and accustomed" fishing site, federal
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courts have relied on anthropological reports, testimony of tribal elders, and current fishing
use of the site. See U.S. v. Washington, 384 F. Supp . at 350; See U.S. v. Washington, 459 F.

Supp . 1020, 1059 ( W.D . Wash. 1978). More specifically, the Oregon federal district court
has relied on the manner of fishing used by the Indians at the time of the treaty.
Confederated Tribes of the Umatilla Indian Reservation v. Alexander, 440 F. Supp . 553, 554
(D. Or. 1977).

The CTUIR  provided the Corps an anthropological report by Robert B. Lane and Barbara
Lane I dated April 1979 which documents the traditional fisheries of the Walla Walla,
Cayuse  and Umatilla. In the Lane and Lane report, two usual and accustomed places sites
were identified of particular relevance to this project area. The first was identified as the
location at the "Columbia River about mouth of Willow Creek[.]" Lane at 122. The second
was identified as the location at the "Columbia River just downstream from Willow Creek."
Id. According to Lane and Lane, both sites were mentioned by Lewis and Clark in their

journals or noted by them on their sketch maps.

As the manner of fishing used by the Indians at the time of the treaty, Lane and Lane notes
that traditionally, the most important fisheries to the Cayuse , Umatilla and Walla Walla were
on the main stem rivers, Columbia and Snake, as well as the mouths of tributaries. Lane at
83. The project site's proximity on the Columbia and near the mouth of Willow Creek is
consistent with manner of fishing by the Tribe at treaty times. Rapids and falls provided an
obvious fishing place where dip nets, harpoons and spears were used. Id. In calmer
stretches of water, nets were used. Id. at 84. Fishing could also take place from canoes with
harpoons, seine nets, or dip nets. Id.

There was a mobile character to the manner of fishing by Indians at the time of the treaty.
According to the findings of fact issued by the Indian Claims Commission in 1964:

The Indians were familiar with the various places where the salmon could be found in
greatest abundance probably beginning with the Columbia River as far down stream as
The Dalles  and Celilo  Falls where their fishing began, and as the fish moved up stream
the Indians followed to the headwaters of the tributary streams, principally the Walla
Walla and Umatilla Rivers[.]
Claims of villages out on headwaters of streams in the Blue Mountain and other areas
where the summer  groups went on their gathering, hunting, and fishing activities are
not realistic. These areas were actually camping areas rather than villages...There  is
no evidence in the record that dwellings of any kind existed in any of these areas on

1 Barbara Lane was the anthropologist expert witness relied on heavily by Judge Boldt  in the early U.S. v.
Washington line of cases. See U.S. v. Washington, 384 F. Supp . at 350 and U.S. v. Washington 459 F. Supp . at
1059.
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anything resembling a permanent basis; in fact no dwellings even in the Indian version
of a dwelling are mentioned in the evidence. The only places where lodges are
described are in the areas where these Indians lived throughout the winter season in
one sense were their permanent villages. Their life during the summer season seemed
to be one round of camp spots after another.

Confederated Tribes of the Umatilla Indian Reservation v. U.S., 14 Ind. Cl . Comm. 14, 27-
28 (1964) (emphasis added). According to testimony by Dr. Verne Ray, during the middle
of the nineteenth century, the Umatilla occupied both banks of the Columbia River from the
vicinity of Rock Creek, Washington (approximately river mile 229 on the Columbia or
approximately 27 miles west of the project location) to a few miles below the mouth of the
Walla Walla River. He noted that Umatilla families sometimes camped as far west as the
John Day River (approximately river mile 217 or approximately 39 miles west of the project
location). 14 Ind. Cl . Comm. at 40. The Indian Claims Commission delineated the western
boundary of the lands the CTUIR  ceded to the United States as Willow Creek, from its
headwaters down to the Columbia River. 14 Ind. Cl . Comm. at 132.

In an affidavit, CTUIR  tribal member Robert Brigham states that he earns his living fishing
on the Columbia River, including sites downstream from the mouth of Willow Creek.
Brigham Affidavit (August 29, 2007) at ¶ 1. His knowledge of the fishing sites near Willow
Creek goes back 40 years. Id. at ¶ 2. His father began fishing these sites in the mid-1960s
prior to the construction and inundation by the John Day Dam. Id. at ¶3. His father would
tie off at the bluff before the area was flooded and fished with various other tribal members.
Id. He asserts that since 1980 he has been the primary fisherman on the site and that the site
is registered to him by the Umatilla Tribes. Id. at ¶4 . He no longer ties his nets "off to the
shore" but rather, weighs them down and the net locations are in the same general area each
season. Id. at ¶ 7.

Leo Stewart, an enrolled member of the CTUIR , submitted an affidavit asserting his fishing
use of the area downstream from the mouth of Willow Creek, which includes the location of
the Port of Arlington barge dock construction. Stewart Affidavit at ¶ 2. From 1985 to 1997,
he and his brother-in-law, Robert Brigham, would set their nets off the bluff because it was
"very deep and [they] could tie off on the shore." Id. at ¶ 4. Prior to that time, he also fished
the sites downstream from the mouth of Willow Creek when tribal members Walt Farrow
and Marvin Reed fished on the site immediately below the bluff Id at ¶ 5. He states that
the area downstream from the mouth of Willow Creek "is recognized by tribal fishermen as
an historic tribal fishing site" and "was and is fished every year by tribal fishermen, many of
whom I talk to." Id. at ¶ 8.
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Donald Sampson, enrolled member and Executive Director of the CTUIR , also submitted an
affidavit attesting to his fishing history at sites around the mouth of Willow Creek, including
the location of the barge dock. Sampson Affidavit at 2. He fished around the mouth of
Willow Creek in 1979 and 1980. Id. at ¶3 . He recalls that while fishing, fishermen would
"pass[]  down the knowledge of our ancestors about how to fish these sites on the Columbia
River, including Willow Creek[.]" Id. at ¶6 . His brother continued to fish the site with
Percy Brigham from 1980 to 1982. Id. at if  8.

Given the lower standard of evidentiary proof for usual and accustomed fishing sites, it is
my conclusion that the following evidence supports a finding that the site is a usual and
accustomed station[s ] of the CTUIR :

• the anthropological report that identifies usual and accustomed fishing sites at the
mouth of Willow Creek and just downstream of Willow Creek;
• the mobile character and manner of traditional Indian fishing on the Columbia
River;
• the fact that Willow Creek was delineated as the western boundary of the Tribe's
ceded territory;
• the recent history of fishing in the area as attested to by tribal members.

Whether a site is a considered a usual and accustomed fishing station is not whether the
interference by a proposed project is substantial. The standard for interference is a
determination that an action will have an effect on the treaty fishing right. That standard has
been met even if the site is not the most productive fishing areas or primary fishing site used
by the Tribe. See Northwest Sea Farms v. United States, 931 F. Supp . 1515 ( W.D . Wash.
1996). The standard has also been met even if the project would only eliminate a portion of
the usual and accustomed fishing site. See Muckleshoot  Indian Tribe v. Hall, 698 F. Supp .
1504 ( W.D . Wash. 1988). The following two federal cases in the northwest involving the
Corps permit regulatory program are noteworthy:

• In Northwest Sea Farms v. United States, the Corps denied the plaintiff a Section 10
permit under the Rivers and Harbors Act because it would conflict with the Lummi
Nation's fishing rights at one of its usual and accustomed fishing places. 931 F.

Supp . 1515 (W.D . Wash. 1996). The applicant argued that its project would not
affect or would have only a de minimis  effect upon Lummi  Nation fishing and further
argued that the area was not a productive fishing area and also not a fishing site used
by the Lummi  Nation primarily. The court disagreed and found that the record for
the denial of the permit supported the Corps' conclusion that the Tribe's right to
access would be affected by the project and therefore, the project would interfere
with treaty fishing rights. The court upheld the Corps' decision.
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• In Muckleshoot  Indian Tribe v. Hall, the Corps issued a permit for construction of a
1200 slip marina. The Tribe sought an injunction to enjoin the construction because
it would eliminate a portion of one of the usual and accustomed fishing areas in
Elliot Bay and thus interfere with their treaty right to fish at the marina site. The
defendants argued that the marina would not preclude "meaningful use" of the
fishing area because the project would only occupy a "fraction of one percent of the
Tribes' usual and accustomed Puget Sound fishing areas." 698 F. Supp . at 1515. The
court found that the construction would eliminate a portion of the usual and
accustomed fishing ground and deny the Tribes' access. "No case has been
presented to this Court holding that it is permissible to take a small portion of a tribal
usual and accustomed fishing ground, as opposed to a large portion, without an act of
Congress or to permit limitation of access of a tribal fishing place for a purpose other
than conservation." Id. The court granted the motion for preliminary injunction and
enjoined the Corps from taking any action to permit or allow any activities relating to
construction of the marina.

In several letters from the CTUIR  and in affidavits of those tribal members who have on
prior occasions or currently fish the site, the Tribe asserts that the installed pilings have
already had an effect on their ability to fish at the site. One tribal member asserts that his
nets were damaged when he tried to fish in the vicinity of the pilings and that the pilings are
located on the exact location that he normally fishes. See Brigham Affidavit (December 6,
2007).

Federal courts have consistently found that taking of access or taking of fishing grounds or
stations must be specifically authorized by Congress. E.g., Umatilla, 440 F. Supp  at 556;

Muckleshoot , 698 F. Supp  at 1512; Northwest Sea Farms, 931 F. Supp . at 1520. More
specifically, it has been held that the "treaty right is a property right which may not be
abrogated without specific and express Congressional authority." Muckleshoot , 698 F.

Supp . at 1512 (citing Menominee Tribe, 391 U.S. 404, 411 n. 12 (1968)) (emphasis added).
No court has permitted the taking of treaty fishing grounds without an act of Congress, other
than allowing some fishing limitation by States for purposes of conservation. See
Muckleshoot , 698 F. Supp . at 1512 (summarizing cases). In Muckleshoot , the court found
that the Corps did not have the ability "to qualify or limit the Tribes' geographical treaty
fishing right (or to allow this to occur through permits) by eliminating a portion of an Indian
fishing ground for a purpose other than conservation." 698 F. Supp . at 1514. In _Northwest
Sea Farms, the court held that "[ i]n  carrying out its fiduciary duty, it is the government's,
and subsequently the Corps', responsibility to ensure that Indian treaty rights are given full
effect." 931 F. Supp . at 1520. Further, the court found that " Oil  is this fiduciary duty,
rather than any express regulatory provision, which mandates that the Corps take treaty
rights into consideration." Id.
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I conclude that the evidence presented by the CTUIR  supports a finding that the project
currently would have more than a de minimis  impact on their right of access to their usual
and accustomed fishing site and if fully constructed, will continue to have an impact on its
treaty fishing right in this location.

6.33.2 Traditional Cultural Properties. As noted in 6.26 and 6.33 above, the additional
cultural resource surveys done also indicate that there may be effects to National Register
eligible historic properties.

6.34. Secondary and Cumulative Impacts.

6.34.1. Secondary Impacts. Secondary impacts are the effects on an aquatic ecosystem that
are associated with a discharge of dredged or fill material, but do not result from the actual
placement of the dredged or fill material. Secondary effects are caused by the action and are
later in time or farther removed in distance, but are still reasonably foreseeable.

The project would result in a secondary impact by increasing barge transport to the project
site as well as traffic in the project area as well as the area that intersects with 1-84.
Currently ships do not visit this area and the project would allow for docking and off-
loading at the site. Additionally, the project site does not currently experience the volume of
traffic that is expected to result from construction and operation of the facility. These
i mpacts are not expected to be negative.

The project will also result in a secondary impact, by affecting a usual and accustomed treaty
fishing site of the CTUIR . See Section 6.33.1 above for more information. It is expected
that the project would result in adverse impacts to the treaty fishing site. The significance of
the effect of the project on these Trust resources and the Corps' fiduciary duty to the tribes
to ensure that their treaty rights are given full effect absent an express abrogation from
Congress dictates that the Corps cannot issue a permit.

6.34.2. Cumulative Impacts. Cumulative impacts are the changes in an aquatic ecosystem
that are attributable to the collective effect of a number of individual discharges of dredged
or fill material. Although the impact of a particular discharge may constitute a minor change
by itself, the cumulative effect of numerous separate actions can result in a major
impairment of the water resources and interfere with the productivity and water quality of
existing aquatic ecosystems. Cumulative effects attributable to the discharge of dredged or
fill material in waters of the United States should be predicted to the extent reasonable and
practicable.
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This project is not expected to have any cumulative impacts. The project site has over time
been subject to several different uses, all commercial or industrial in nature. The installation
of the dock and use of the site will not result in any cumulative impacts.

7. Compliance with 404 (b)(1) Guidelines of the Clean Water Act [40  CFR  230.11. The
following evaluates how the project complies with these guidelines. A check in a block denoted
by an asterisk indicates that the project does not comply with the guidelines.

7.1. Alternatives Test.

• Are there practicable alternatives available which do not involve a discharge of dredged
or fill material into waters of the United States or that would involve discharges at other
locations within these waters?

Yes* No X

• For proposed discharges into special aquatic sites, has the applicant clearly
demonstrated that there are no practicable alternative sites available?

Yes X No* N/A X

7.2. Special Restrictions.

• Will this discharge violate state water quality standards?
Yes* No X

• Will this discharge violate toxic effluent standards (under Section 307 of the Act)?
Yes* No X

• Will this discharge jeopardize endangered or threatened species or their critical habitat?
Yes* No X_

• Will this discharge violate requirements imposed by the Department of Commerce to
protect marine sanctuaries?

Yes* No N/A X

7.3. Significant Degradation. Would this discharge contribute to significant degradation of
waters of the United States through adverse impacts to:

• Human health or welfare, through pollution of municipal water supplies, fish , shellfish,
wildlife and special aquatic sites?

Yes* No X
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• Life stages of aquatic life and other wildlife?
Yes* No X

• Diversity, productivity and stability of the aquatic ecosystem, such as loss of fish or
wildlife habitat or loss of the capacity of wetlands to assimilate nutrients, purify water
or reduce wave energy?

Yes* No X

• Recreational, aesthetic, and economic values:
Yes* No X

7.4. Evaluation of the information in Section 6 above indicates that the proposed
discharge material meets testing exclusion criteria for the following reasons:

( X) Based on the above information, the material is not a carrier of contaminants.

( ) The levels of contaminants are substantially similar at the extraction and disposal sites
and the discharge is not likely to result in degradation of the disposal site and pollutants will
not be transported to less contaminated areas.

( ) Acceptable constraints are available and will be implemented to reduce contamination to
acceptable levels within the disposal site and prevent contaminants from being transported
beyond the boundaries of the disposal site.

7.5. Minimization of Impacts. Will the applicant take all appropriate and practicable steps to
minimize potential adverse impacts of the discharge on the aquatic ecosystem?

Yes X No*

8. Mitigation. To compensate for the impacts of construction to waters of the United States, the
permit, if issued, would require enhancement of approximately 3,500 square feet of degraded
shoreline immediately adjacent to the project site. It is my opinion the mitigation proposed would
adequately offset the impacts of the proposed project.

9. Special Conditions. Special conditions were not developed because the project would
interfere with treaty fishing rights; therefore, the project would have an adverse impact on the
public interest.
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10. Determinations.

10.1. Finding of No Significant Impact ( FONSI ) (33 CFR  Part 325). Having reviewed the
information provided by the applicant, all interested parties and the assessment of environmental
i mpacts contained in Section 6 of this document, I find that the denial of this permit will not have
a significant impact on the quality of the human environment. Therefore, an Environmental
Impact Statement is not required.

10.2. 404(b)(1) Guidelines (40 CFR  230.12) Determination.

(X) The discharge complies with the guidelines.

( ) The discharge complies with the guidelines, with the inclusion of the appropriate and
practicable conditions listed above (in Section 9) to minimize pollution or adverse effects to
the affected ecosystem.

( ) The discharge fails to comply with the requirements of these guidelines because:()

 
There is a practicable alternative to the proposed discharge that would have less
adverse effect on the aquatic ecosystem and that alternative does not have other
significant adverse environmental consequences.

The proposed discharge will result in significant degradation of the aquatic
ecosystem under 40 CFR  230.10(b) or (c).

The discharge does not include all appropriate and practicable measures to
minimize potential harm to the aquatic ecosystem, namely...

There is not sufficient information to make a reasonable judgment as to whether
the proposed discharge will comply with the guidelines.

10.3. Public Hearing Determination. No public hearing was requested or held for this
project.

10.4. Clean Air Act Determination. The proposed project has been analyzed for conformity
applicability pursuant to regulations implementing Section 176(c) of the Clean Air Act. I have
determined that the activities proposed under this permit will not exceed de minimis  levels of
direct emissions of a criteria pollutant or its precursors and are exempt by 40 CFR  Part 93.153.
Any later indirect emissions are generally not within the Corps' continuing program
responsibility and generally cannot be practicably controlled by the Corps. For these reasons a
conformity determination is not required for this project.
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10.5. Public Interest Determination. I find that issuance of a Department of the Army
permit as prescribed by regulations published in 33 CFR  Parts 320 to 330, and 40 CFR  Part 230
is contrary to the public interest because issuance would interfere with CTUIR ' s treaty fishing
right of access at their usual and accustomed fishing place.

11. Findings. It is my decision to deny this permit application with prejudice because of
unresolved impacts to treaty fishing rights. The Corps has a fiduciary responsibility to the tribes
to ensure that their treaty rights are given full effect absent an express abrogation from Congress.
Should these issues be resolved at any time in the future, the applicant could submit another
application for another department of the Army permit. However, I also remain concerned
regarding possible impacts to potentially eligible historic properties as defined by the National
Historic Preservation Act. This issue must also be resolved during any future consideration of
work at this site.

In compliance with the requirements of Executive Order 12630 and the Attorney General's
Guidelines for the Evaluation of Risk and Avoidance of Unanticipated Takings, I have reviewed
and considered the Takings Implication Assessment ( TIA ) prepared for this permit application
and have concluded that the denial of this permit does not indicate a takings implication.

PREPARED BY:

Ms. Karla G. Ellis
Project Manager, Team Leader
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NOTIFICATION OF ADMINISTRATIVE APPEAL OPTIONS AND PROCESS AND
REQUEST FOR APPEAL

Applicant: Port of Arlington c/o Timothy Wetherall y File Number: 200600160 Date: 4/4/08
Attached is: See Section below

INITIAL PROFFERED PERMIT (Standard Permit or Letter of permission) A
PROFFERED PERMIT (Standard Permit or Letter of permission) B

X PERMIT DENIAL C
APPROVED JURISDICTIONAL DETERMINATION D
PRELIMINARY JURISDICTIONAL DETERMINATION E

SECTION I - The following identifies your rights and options regarding an administrative appeal of the above
decision. Additional information may be found at http://usace.army.mil/inet/functions/cw/cecwo/reg or
Corps regulations at 33 CFR Part 331.
A: INITIAL PROFFERED PERMIT: You may accept or object to the permit.

• ACCEPT: If you received a Standard Permit, you may sign the permit document and return it to the district engineer for final
authorization. If you received a Letter of Permission (LOP), you may accept the LOP and your work is authorized. Your
signature on the Standard Permit or acceptance of the LOP means that you accept the permit in its entirety, and waive all rights
to appeal the permit, including its terms and conditions, and approved jurisdictional determinations associated with the permit.

• OBJECT: If you object to the permit (Standard or LOP) because of certain terms and conditions therein, you may request that
the permit be modified accordingly. You must complete Section II of this form and return the form to the district engineer.
Your objections must be received by the district engineer within 60 days of the date of this notice, or you will forfeit your right
to appeal the permit in the future. Upon receipt of your letter, the district engineer will evaluate your objections and may: (a)
modify the permit to address all of your concerns, (b) modify the permit to address some of your objections, or (c) not modify
the permit having determined that the permit should be issued as previously written. After evaluating your objections, the
district engineer will send you a proffered permit for your reconsideration, as indicated in Section B below.

B: PROFFERED PERMIT: You may accept or appeal the permit

• ACCEPT: If you received a Standard Permit, you may sign the permit document and return it to the district engineer for final
authorization. If you received a Letter of Permission (LOP), you may accept the LOP and your work is authorized. Your
signature on the Standard Pennit or acceptance of the LOP means that you accept the permit in its entirety, and waive all rights
to appeal the permit, including its terms and conditions, and approved jurisdictional determinations associated with the permit.

• APPEAL: If you choose to decline the proffered permit (Standard or LOP) because of certain terms and conditions therein, you
may appeal the declined permit under the Corps of Engineers Administrative Appeal Process by completing Section 11 of this
form and sending the form to the division engineer. This form must be received by the division engineer within 60 days of the
date of this notice.

C: PERMIT DENIAL: You may appeal the denial of a permit under the Corps of Engineers Administrative Appeal Process
by completing Section II of this form and sending the form to the division engineer. This form must be received by the division
engineer within 60 days of the date of this notice.

D: APPROVED JURISDICTIONAL DETERMINATION: You may accept or appeal the approved JD or
provide new information.

• ACCEPT: You do not need to notify the Corps to accept an approved JD. Failure to notify the Corps within 60 days of the
date of this notice, means that you accept the approved JD in its entirety, and waive all rights to appeal the approved JD,

• APPEAL: If you disagree with the approved JD, you may appeal the approved JD under the Corps of Engineers Administrative
Appeal Process by completing Section II of this form and sending the form to the division engineer. This form must be received
by the division engineer within 60 days of the date of this notice, Also, see Section II.

E: PRELIMINARY JURISDICTIONAL DETERMINATION: You do not need to respond to the Corps
regarding the preliminary JD. The Preliminary JD is not appealable. If you wish, you may request an
approved JD (which may be appealed), by contacting the Corps district for further instruction. Also you may
provide new information for further consideration by the Corps to reevaluate the JD.

http://usace.army.mil/inet/functions/cw/cecwo/reg


SECTION II - REQUEST FOR APPEAL or OBJECTIONS TO AN INITIAL PROFFERED PERMIT
REASONS FOR APPEAL OR OBJECTIONS: (Describe your reasons for appealing the decision or your objections to an
initial proffered permit in clear concise statements. You may attach additional information to this form to clarify where your reasons
or objections are addressed in the administrative record. If you believe you have additional information pertinent to an approved
jurisdictional determination {see Part D} with which you disagree, that new information should first be sent to the Portland District
for reconsideration. Following the District's reconsideration, the approved jurisdictional determination can still be appealed as noted
in Part D)

ADDITIONAL INFORMATION: The appeal is limited to a review of the administrative record, the Corps memorandum for the
record of the appeal conference or meeting, and any supplemental information that the review officer has determined is needed to
clarify the administrative record. Neither the appellant nor the Corps may add new information or analyses to the record. However,
you may provide additional information to clarify the location of information that is already in the administrative record.

POINT OF CONTACT FOR QUESTIONS OR INFORMATION:
if you have questions regarding this decision and/or the appeal
process you may contact:

U.S. Army Corps of Engineers
Portland District Office
CENWP-OP-GP (ATTN: Michael Turaski)
Post Office Box 2946
Portland, Oregon 97208-2946

If you decide to appeal an action under Parts B, C or D above,
send a copy of each page to:

Division Engineer
Attention: Karen Kochenbach
Regulatory Program Manager
P.O. Box 2870
Portland, OR 97208-2870
Telephone: 503-808-3888

RIGHT OF ENTRY: Your signature below grants the right of entry to Corps of Engineers personnel, and any government
consultants, to conduct investigations of the project site during the course of the appeal process. You will be provided a 15 day
notice of any site investigation, and will have the opportunity to participate in all site investigations.

Date: Telephone number:

Signature of appellant or agent.



                       
 

 

                     
       
 
 

 
November 30, 2010 
 

 
 
Ted Sturdevant, Director  
Department of Ecology 
P.O. Box 47600 
Olympia, WA 98504-7600 
ted.sturdevant@ecy.wa.gov 
 

Sally Toteff, Southwest Region Director 
Department of Ecology 
P.O. Box 47775 
Olympia, WA 98504-7775 
stot461@ecy.wa.gov 
 

Department of Ecology 
Water Quality Program 
Attn: Joyce Smith 
P.O. Box 47696 
Olympia, WA 98504-7696 
josm461@ecy.wa.gov 
Fax: (360) 407-6426 
 

 

 
RE: Millennium Bulk Logistics Longview Coal Export Terminal; Public 

Comments on Notice of Intent for a Construction Stormwater General 
Permit and SEPA Compliance. 

 
Dear Director Sturdevant, Ms. Toteff, and Ms. Smith, 
 

Millennium Bulk Logistics (“Millennium”) is planning to operate a massive outdoor coal 
storage and export terminal on the banks of the Columbia River at the Chinook Ventures facility 
in Longview, Washington.  Columbia Riverkeeper, Climate Solutions, Sierra Club, and the 
Washington Environmental Council submit the following comments on Millennium’s Notice of 
Intent (“NOI”) for a Construction Stormwater General Permit (“CSWGP”) and State 
Environmental Policy Act (“SEPA”), RCW 43.21C et seq., compliance.  Our organizations 
appreciate the Department of Ecology’s commitment to clean water and healthy ecosystems.  We 
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recognize the time and effort Ecology expended on this complex facility during the aluminum 
smelter curtailment and the Chinook Ventures enforcement actions.  We request that the 
Department continue to take a leadership role and carefully analyze the full impact of the new 
proposed use.   

 
Millennium’s plans call for soil disturbing activities in excess of 70 acres and associated 

stormwater runoff to the Consolidated Diking Improving District Ditches, or “Longview 
Ditches,” and the Columbia River.  The Longview Ditches are 303(d) listed for turbidity, fecal 
coliform, and dissolved oxygen and Ecology has not prepared any Total Maximum Daily Loads 
(“TMDLs”) for these pollutants.  Under the Ninth Circuit’s 2007 Friends of Pinto Creek v. U.S. 
EPA decision, the Clean Water Act prohibits new discharges of 303(d) listed pollutants to the 
Longview Ditches.   

 
Even if a TMDL existed, Ecology should deny Millennium’s CSWGP application and 

require that the company apply for an individual NPDES permit.  Neither the 2005 nor draft 
2010 CSWGP are designed to protect water quality from a facility like the Chinook Ventures 
site.  As the Department is well aware, soils and groundwater at this industrial property are 
contaminated with fluoride, cyanide and polycyclic aromatic hydrocarbons (PAHs).  The 
property is currently subject to a Model Toxics Control Act (“MTCA”), RCW 70.105D et seq., 
Agreed Order.  Most recently, Ecology conducted a series of compliance investigations and 
issued multiple enforcement orders against Chinook Ventures for air, land, and water quality 
violations.  Simply put, the combined impact of pollution caused by over sixty years of 
aluminum smelting and Chinook Ventures now notorious environmental record render the 
general permit’s one-size-fits-all approach completely inadequate to protect public health, 
aquatic life, and water quality.1   

 
Finally, Ecology must require an Environmental Impact Statement (“EIS”) to assess the 

direct, indirect, and cumulative impacts of this massive coal export terminal.  From climate 
change to the coal dust emissions associated with coal transport and storage, this permit 
application raises issues of state-wide significance.  Cowlitz County recently approved 
Millennium’s Shoreline Substantial Development Permit and an inadequate SEPA analysis that, 
among other things, failed to consider the impacts of authoring a 5.7 million ton per year coal 
export terminal on the Columbia River.  Before taking any action on Millennium’s CSWGP 
application, Ecology must prepare a complete SEPA review, including an EIS.   
 

For the reasons explained below, Ecology should: (1) deny Millennium’s CSWGP 
application; and (2) require an Environmental Impact Statement before proceeding with any 
permitting for this coal export terminal.   
 
 

                                                 
1Regardless of the Department’s understandable interest in seeing Chinook Ventures sell its 
lease, the CSWGP application raises serious water quality issues that should be assessed 
independent of any sale. 
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I. Ecology Should Deny Millennium’s Construction Stormwater Permit 
Application or, at a minimum, Require an Individual NPDES Permit. 

 
Millennium’s proposed construction activities will disturb over 73 acres, significantly 

increasing the risk that historic pollution from aluminum smelting and more recent pollution 
from Chinook Ventures’ operations could be discharged during construction activities.  
Columbia Riverkeeper, Climate Solutions, Washington Environmental Council and the Sierra 
Club urges Ecology to deny Millennium’s application because it violates 40 C.F.R. § 122.4.  
Even if TMDLs existed for the Longview ditches, a CSWGP is inappropriate because it is not 
tailored to the significant contamination at the former Reynolds Aluminum site.  

 
A. Millennium’s proposed construction stormwater discharges to a 303(d) listed 

waterbody would violate the prohibitions of 40 C.F.R. § 122.4. 
 

The Clean Water Act prohibits issuing a NPDES permit to a new discharger if the 
discharge will contribute to the violation of water quality standards that resulted in the inclusion 
of the receiving waters on the 303(d) list, unless both requirements of 40 C.F.R §§ 122.44(i)(l) 
and (2) are satisfied.  Friends of Pinto Creek v. EPA, 504 F.3d 1007, 1012 (9th Cir. 2007).2   
Millennium’s construction stormwater activities will discharge pollutants into the Longview 
Ditches, which are 303(d) listed for fecal coliform, turbidity, and dissolved oxygen.  Based on 
Ecology’s online 303(d) mapping tool, it is unclear if the particular segment of the Longview 
Ditches that Millennium will discharge to is included on the 303(d) list.  
 

Pollutants that are likely to be present in construction stormwater discharges include 
turbidity, suspended and settleable solids, pathogens, metals, organic compounds, and nutrients.  
74 Fed. Reg. 62996, 63010 – 011 (Dec. 1, 2009).  Therefore, Ecology must abide by the 
prohibition of 40 C.F.R.  § 122.4 with respect to discharges from construction stormwater to the 
Longview Ditches.  To date Ecology has not issued, and EPA has not approved, TMDLs for the 
Longview Ditches.  Consequently, the Clean Water Act prohibits a new or expanded discharge 
of 303(d) listed pollutants to this impaired waterbody. 

 
In Friends of Pinto Creek, the Ninth Circuit explained that 40 C.F.R. § 122.4 prohibits 

new discharges of pollutants of concern to 303(d) listed waterbodies unless “a TMDL has been 
performed and the owner or operator demonstrates that before the close of the comment period 
two conditions are met, which will assure that the impaired waters will be brought into 
compliance with applicable water quality standards.”  Friends of Pinto Creek, 504 F.3d at 1012 
(emphasis in original).  The Ninth Circuit explained that “[t]he plain language of this exception 
to the prohibited discharge by a new source provides that the exception does not apply unless the 
new source can demonstrate that, under the TMDL, the plan is designed to bring the waters into 
compliance with the applicable water quality standards.”  Id.  As a result, Ecology may not issue 

                                                 
2The Puget Soundkeeper Alliance submitted detailed comments on the draft 2010 CSWGP, 
which explained why Schedule 1.E. fails to comply with the Ninth Circuit’s Friends of Pinto 
Creek decision.   
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NPDES permit coverage for Millennium’s proposed construction stormwater discharges to a 
303(d) listed waterway unless Ecology determines that no pollutant of concern will be 
discharged.  However, the overwhelming science on pollution associated with stormwater from 
construction sites—and Ecology’s acknowledgement of this science in the Draft 2010 CSWGP 
Fact Sheet—weighs strongly against issuing Millennium coverage under the CSWGP.  See Draft 
2010 CSWGP Fact Sheet at 7 (“Pollutants expected in the stormwater discharge from 
construction activity include sediment (that is, suspended solids, turbidity, etc.), pH, 
phosphorous, and petroleum products.”); id. at 8 (“The suspended solids may affect biological 
functions, such as the ability of submerged aquatic vegetation to receive light and the ability of 
fish gills to absorb dissolved oxygen.”).  

 
B. Historic Contamination at the former Reynolds Metals Site Warrants Requiring an 

Individual Construction Stormwater Permit. 
 

Even if Ecology had issued TMDLs for the Longview Ditches, a CSWGP is not 
appropriate for this highly contaminated industrial property.  As an initial matter, soil and 
groundwater at the former Reynolds Metals Company (“Reynolds”) site is contaminated with 
hazardous substances.  Reynolds produced aluminum and aluminum based products at the site 
for nearly sixty (60) years.  The site is currently subject to an Agreed Order between Northwest 
Alloys, Chinook Ventures, and Ecology.  The Agreed Order states:  

 
Studies done at the Site in 2002 and 2003 show contamination is located at two closed 
industrial landfills, three closed waste ponds, one closed potliner storage area and a 
closed RCRA waste pile.  Ground water found beneath portions of the Site has elevated 
levels of sulfate, fluoride and cyanide.  
 
Initial studies of soil and ground water at the Site find levels of free cyanide above Model 
Toxics Control Act (MTCA) cleanup standards.  Levels of fluoride are above MTCA 
ground water levels.  

 
Agreed Order at 3, ¶¶ 9 – 10.   
 

Fluoride, cyanide, and PAHs found at the site are “hazardous substances” as defined in 
RCW 70.105D.020(7).  The Agreed Order states: “Based on the presence of these hazardous 
substances at the Site and all factors known to the Department, there is a release or threatened 
release of hazardous substances from the facility, as defined at RCW 70.105D.020(19).”  Agreed 
Order at 4 § III ¶ 4.   
 

Notably, the CSWGP does not require additional monitoring, best management practices, 
or stormwater treatment to address historic pollutants that may enter the Longview Ditches and 
the Columbia River.  In addition, the CSWGP does not impose numeric effluent limits or, at a 
minimum, benchmarks for fluoride, cyanide, PAHs and other pollutants associated with the 
historic aluminum plant operations or Chinook Ventures recent operations.   
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The Clean Water Act, and in turn Ecology’s 2005 CSWGP and Draft 2010 CSWGP, 
anticipate that the general permit approach will not protect water quality in all circumstances.  In 
turn, both the 2005 and Draft 2010 CSWGP authorize Ecology to develop individual permits to 
protect our state’s rivers, streams, and lakes.  The 2005 Construction Stormwater General Permit, 
Schedule 1.D., states:  

  
The Director may require any discharger to apply for and obtain coverage under an 
individual permit or another more specific general permit.  Such alternative coverage will 
be required when Ecology determines that this general permit does not provide adequate 
assurance that water quality will be protected; or there is a reasonable potential for the 
project to cause or contribute to a violation of water quality standards. 

 
(emphasis in original).  According to Ecology’s website, the agency intends to issue the new 
CSWGP on December 1, 2010.  See Ecology’ Construction Stormwater Website at 
http://www.ecy.wa.gov/programs/wq/stormwater/construction/.  The 2010 Draft Construction 
Stormwater General Permit, Schedule 1.E., “Limitations on Coverage,” states:  
 

The Director may require any discharger to apply for and obtain coverage under an 
individual permit or another more specific general permit.  Such alternative coverage will 
be required when Ecology determines that this CSWGP does not provide adequate 
assurance that water quality will be protected; or there is reasonable potential for the 
project to cause or contribute to a violation of water quality standards. 

 
Thus, both the 2005 and Draft 2010 CSWGP empower Ecology to require that dischargers obtain 
an individual permit when the CSWGP: (1) does not provide adequate assurance that water 
quality will be protected; or (2) when Ecology determines that there is a reasonable potential for 
the construction project to cause or contribute to a violation of water quality standards. 
 

Unlike the 2005 CSWGP application, the Draft 2010 CSWGP application requires that 
applicants disclose the construction site’s history and soil contamination.  See Draft 2010 
CSWGP Application at 2, § V (requiring that CSWGP applicants disclose existing site 
conditions, including information on whether contaminated soils are present on the site, whether 
the site boundaries include contaminated groundwater, and whether “any contaminated soils will 
be disturbed” or whether “any contaminated groundwater [will] be discharged due to the 
proposed construction activity”).  In addition, the new CSWGP application requires that 
applicants explain “in detail the locations, contaminants, and concentrations, and pollution 
prevention and/or treatment BMPs proposed to control the discharge of soil/groundwater 
contaminants.”   Id.  Ecology’s decision to require this information in the new application 
reflects the connection between historic site contamination, soil disturbance, and pollution 
associated with stormwater from construction sites.  See Draft 2010 CSWGP Fact Sheet at 9 
(“Historical contamination or natural soil conditions may contribute other pollutants to 
stormwater.  Examples may include pesticides, metals (arsenic, lead, etc.), polychlorinated 
biphenyls (PCBs), or petroleum.”).  This critical information on historic site contamination will 
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inform the Department’s decision on whether to invoke Schedule 1.E. for CSWGP applicants 
starting December 1, 2010. 
 

Because Millennium submitted the 2005 CSWGP application, Ecology has not had the 
benefit of reviewing historic site contamination at the Chinook Ventures site.  Even if this 
information had been submitted, the 2010 CSWGP fails to ensure that a highly contaminated 
property like the Chinook Ventures site will not cause or contribute to water quality violations.  
Based on the site’s historic soil and groundwater contamination alone, an individual NPDES 
permit is warranted.   

 
C. Recent industrial operations support issuing an individual permit to protect the 

Columbia River from pollution associated with Chinook Ventures’ management 
of the facility. 

 
In addition to historic soil contamination, Chinook Ventures’ unlawful management of 

the facility raises serious questions about the potential for stormwater contamination from soil 
disturbing activities.  Since 2006, Chinook Ventures operated the site as a bulk materials 
handling facility without first obtaining a NPDES permit to cover these industrial activities.3  
Ecology’s files on Chinook Ventures document numerous illicit activities that must be 
considered in the context of this CSWGP application.  Of particular significance, Ecology has 
issued at least three enforcement orders against Chinook Ventures for violating multiple state 
environmental laws.  The Department must assess whether Chinook Ventures’ activities at the 
site could have caused soil contamination that Millennium’s construction activities will expose to 
stormwater, the Longview Ditches, and the Columbia River.    

 
Ecology’s inspection reports and enforcement orders against Chinook Ventures counsel 

against issuing the CSWGP.  In particular, Ecology’s inspections identified multiple air, land, 
and water quality violations that range from storing dangerous wastes (spent potliner)4 outdoors 
to rerouting stormwater outfalls to land application of unpermitted substances.  It is highly 
probable that Chinook Ventures’ unlawful activities contaminated the facility.   

                                                 
3Chinook Ventures’ failure to obtain a NPDES permit and other Clean Water Act violations are 
the subject of a pending lawsuit, Columbia Riverkeeper v. Chinook Ventures, case no. 09-5707 
(W.D. Wash).  The facility currently operates under a NPDES permit issued in 1990 for an 
aluminum smelting facility.  Ecology modified the permit in 1992 and 2002 to cover an 
aluminum smelting facility in curtailment.  The Clean Water Act, 33 U.S.C. § 1342(b)(1)(B), 
authorizes delegated states to issue NPDES permits “for fixed terms not exceeding five years.”   
 
4The former aluminum smelter “operated 876 pots to produce molten aluminum.  Each pot 
consisted of a steel shell, electrical bus bar conductor, and an anode/ore storage superstructure.  
The pots were lined with a carbon material known as potliner.  Potliner removed from pots is 
known as spent potliner (“SPL”).  SPL is listed as a dangerous waste (K088) and subject to the 
Washington State Dangerous Waste (DW) Regulations (Chapter 173-303).”  Ecology Order No. 
6422. 
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Ecology’s enforcement orders against Chinook Ventures make a compelling case for 

requiring an individual NPDES application.  Ecology’s Notice of Penalty No. 6421 (Mar. 9, 
2009) states:   

 
Over the last several years, Ecology has received numerous complaints about the 
Chinook Ventures facility.  During site visits (April 5, 2006, December 28, 2006, April 
11, 2007, and October 17, 2007), Ecology discovered that Chinook had begun operating a 
flat storage and transport facility that received petroleum coke, coke, coal, cement, 
alumina, fly ash, and furnace slag by marine vessels and rail, and transports the materials 
off-site by rail, truck and ship. 

 
Notice of Penalty No. 6421 at 1.  The Order goes on to state: 
 

Ecology issued Air Order No. 2728 AQ05 in 2006 which allowed Chinook to operate 
equipment to size and crush SPL [spent potliner] and anode material in buildings with 
emission controls.  The order required that all activities be conducted under controlled 
conditions as a temporary source for a period of not more than one year. 
 
Ecology conducted two unannounced site inspections in 2007 (April 11 and October 17).  
During these inspections, Ecology observed Chinook operating anode sizing and crushing 
equipment in buildings that had no emissions controls.  Despite discussions with Chinook 
management and staff following the April 2007 inspection and in the intervening months, 
in October 2007, Ecology found Chinook sizing and crushing anodes again without air 
pollution controls.  They have also continued this operation beyond the one-year deadline 
for a temporary source. 
 
In addition to the air quality violations noted during these inspections, Ecology also 
observed a number of water quality violations.  Inspectors found Chinook storing waste 
materials outside without adequate pollution prevention controls, materials being spilled 
during loading and unloading operations and begin tracked through the site, and poor 
housekeeping on-site and at the pier, all of which were potentially impacting stormwater 
runoff and water quality in the Columbia River.   

 
Notice of Penalty No. 6421 at 1 – 2 (emphasis in original).   
 

The Department of Ecology’s 2009 fines failed to stop illegal pollution at Chinook 
Ventures.  Ecology’s 2010 inspections chronicle additional, unlawful water quality and land 
management activities.  On October 8, 2010, Ecology issued Order No. 8027 for violations of 
Chinook Ventures’ Dangerous Waste Management Facility Post-Closure Plan (WAD 
057068561) and National Pollutant Discharge Elimination System (NPDES) Permit (No. WA 
00000806).  According to the Order, in March 2010 Chinook Ventures’ new environmental 
manager “revealed that stormwater from the drainage ditch system near the Black Mud Pond [a 
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dangerous waste management facility] and Industrial Landfill was once again being routed to the 
plants’ NPDES Outfall 005.”   

 
In addition to Ecology’s inspections, a petroleum coke spill in February 2010 prompted a 

private investigation and report by Marine Systems, Inc.  The report states: 
 
Much of the smelter and associated infrastructure has been cannibalized by Chinook 
partly as agreed for the cleanup of the site, but also for scrapping to raise cash, and for re-
use and conversion into components of the new long multi-leg conveyor system, reverser 
trip and ship loader for the petcoke business built without permits, engineering or 
inspection . . . Evidence abounds of sloppy and un-permitted handling of wastes, poor 
and unsafe working conditions, and conversion of the former engineered and permitted 
waste treatment system into an un-permitted and un-maintained waste distribution system 
that has intensified rather than reduced the complexity of the cleanup and remediation the 
site will require to return to safe and beneficial use . . . . 

 
Marine Systems Inc. Report (Apr. 22, 2010) at 3.  Together, Ecology’s inspections and private 
investigations demonstrate that soil disturbing activities at this facility warrant the review and 
oversight that a CSWGP does not afford.  

 
By orders of magnitude, the CSWGP application is far less rigorous than an individual 

NPDES application.  Typically, the rationale for this less rigorous, general permit approach is the 
intermittent nature of the stormwater discharges and the common BMPs that construction sites 
can use to reduce erosion, turbidity, and total suspended solids.  The typical rationale does not 
hold up for the Chinook Ventures property.  Given Chinook Ventures’ atypical and illegal 
management of dangerous wastes and other materials, the more rigorous individual permit 
application process will provide critical information on soil contamination and ensure that water 
quality is protected.   

 
II. Ecology Should Assume Lead Agency Status and Prepare an Environmental 

Impact Statement for the 5.7 Million ton/year Coal Export Terminal.  
 

Based on the nature, size, and environmental impacts associated with coal transport and 
export, we have urged from the outset that Ecology take lead-agency status or, at a minimum, 
that Cowlitz County require a comprehensive Environmental Impact Statement.  On November 
23, 2010 Cowlitz County issued Millennium’s Substantial Shoreline Development Permit and 
associated Modified Mitigated Determination of Nonsignificance (“MMDNS”).  The MMDNS 
fails to account for the coal export terminal’s direct impacts on human health and the 
environment, particularly along the rail transport route outside of Cowlitz County, and the 
indirect impacts on climate change.  By this reference, we incorporates pubic comments 
submitted to Cowlitz County by Earthjustice on behalf of Climate Solutions, Columbia 
Riverkeeper, Sierra Club, and the Washington Environmental Council.  See Ex. A, B, C, D, and 
E.  We urge Ecology to consider these comments on Millennium’s SEPA compliance. 
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Based on Cowlitz County’s inadequate SEPA review, Ecology should exercise its 
authority under WAC 197-11-600(3)(a) and assume lead agency status.  Specifically, WAC 197-
11-600(3)(a), “When to use existing environmental documents,” states:  
 

Any agency acting on the same proposal shall use an environmental document 
unchanged, except in the following cases:  
 

(a) For DNSs, an agency with jurisdiction is dissatisfied with the DNS, in which 
case it may assume lead agency status (WAC 197-11-340(2)(e) and 197-11-
948). 

 
(emphasis added).  Given the state-wide significance of climate change and coal dust emissions, 
Ecology should assume lead agency status and require that Millennium prepare an 
Environmental Impact Statement.  For perspective, five million tons of coal per year will 
generate approximately 10 million tons of carbon dioxide annually—roughly equivalent to the 
emissions of two million U.S. cars, or about 10% of Washington State’s total carbon emissions.  
It is about the same total amount of coal that the TransAlta coal-fired power plant in Centralia, 
Washington uses every year.  Cowlitz County’s wholesale failure to account for climate change 
is an end-run around SEPA’s requirements and contrary to Governor Gregoire’s Executive Order 
on climate change.   
 
 Millennium’s coal export terminal requires, at minimum, a one mile-long train of open 
coal cars traveling across Washington and along the Columbia River every day.  Cowlitz County 
attempted to address the significant and widespread impacts of coal dust emissions from the coal 
transport and terminal operations.  We urge Ecology to carefully assess the adequacy of these 
MMDNS conditions.  At first blush, the MMDNS appears to mitigate coal dust emissions with 
conditions that address rail car loading techniques and coal dust monitoring along the transport 
route.  Upon further scrutiny, Ecology should reject the MMDNS because the conditions: (1) are 
highly discretionary; (2) do not require proven methods that can significantly reduce coal dust 
emissions (i.e., covered rail cars, mandatory use of dust suppressants); and (3) hinge on 
“enforcement” by a party with a serious financial stake in west coast coal export: Burlington 
Northern Santa Fe (“BNSF”).  For the reasons explained in Earthjustice’s November 15, 2010 
letter, Ecology should assume lead agency status and require an EIS before proceeding with any 
permits for Millennium’s facility.  
 

III. Millennium’s CSWGP Application was Premature because Cowlitz County’s 
SEPA Review was not “Final” at the Time Millennium Submitted the 
Application. 

 
Aside from the reasons explained above, Ecology cannot issue Millennium’s CSWGP 

because of procedural errors in the application.  First, Millennium’s Notice of Intent (“NOI”) 
was incomplete at the time it applied for the CSWGP.  Section VI of the NOI, “State 
Environmental Policy Act (SEPA),” states: “The Notice of Intent (NOI) is incomplete and cannot 
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be approved until the applicable SEPA requirements under Chapter 197-11 WAC are met.”  
Millennium’s October 22, 2010 NOI failed to meet the NOI SEPA requirements. 

 
Specifically, Millennium’s October 22nd application incorrectly stated that Cowlitz 

County had issued a “final” SEPA determination.  In fact, on October 22nd, Cowlitz County’s 
MDNS was not “final.”  See WAC 197-11-390(3) (“Regardless of any appeals, a DS or DNS 
issued by the responsible official may be considered final for purposes of other agencies’ 
planning and decision making unless subsequently changed, reversed, or withdrawn.”); WAC 
197-11-340 (describing DNS process).  The public comment period on Cowlitz County’s 
preliminary SEPA determination was still pending when Millennium submitted the NOI.  The 
preliminary nature of the MDNS determination was confirmed on November 9, 2010 when 
Cowlitz County issued a Modified Mitigated Determination of Nonsignificance (“MMDNS”).  
The MMDNS responded to public comments, added conditions, and modified proposed 
conditions.    Under WAC 197-11-390(3), a DS or DNS is not considered “final” if it is 
subsequently “changed, reversed or withdrawn.”  In the case of Millennium’s initial MDNS, 
Cowlitz County later changed and modified its preliminary finding.  Thus, the Notice of Intent 
was incomplete at the time Millennium advertised the public notice and public comment 
deadlines.  Ecology must require that Millennium submit a new, accurate NOI and publish a new 
public notice and associated public comment deadlines.   

 
Second, contrary to its response in the CSWGP application, Millennium did not “own or 

control” the Chinook Ventures site on the date it submitted the application.  Moreover, were 
Ecology to issue Millennium permit coverage, it is entirely unclear if Millennium would meet 
the CSWGP definition of “owner” or “operator” today.  See Millennium’s CSWGP Application 
(Oct. 22, 2010).  The Draft 2010 CSWGP defines as “operator” as: 

 
[A]ny party associated with a construction project meets either of the following two 
criteria: 

 The party has operational control over construction plans and specifications, 
including the ability to make modifications to those plans and specifications; 
or 

 The party has day-to-day operational control of those activities at a project 
that are necessary to ensure compliance with a SWPPP for the site or other 
permit conditions (e.g., they are authorized to direct workers at a site to carry 
out activities required by the SWPPP or comply with other permit conditions). 

 
Draft 2010 CSWGP at 47; see also 2005 CSWGP at 42 (defining “operator”).  According to 
Ecology’s November 2010 website updates, Millennium had not acquired the Chinook Ventures’ 
property on October 22, 2010, and a sale is still pending.  Millennium’s application and publicly 
available information do not support a finding of operational control or site ownership. 

 
Based on these procedural errors alone, Ecology should deny Millennium’s CSWGP 

application at this time. 
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IV. Conclusion. 
 
For the reasons explained above and in SEPA comments to Cowlitz County, Columbia 

Riverkeeper, Climate Solutions, Sierra Club, and the Washington Environmental Council urge 
Ecology to deny Millennium’s CSWGP application.  We greatly appreciate Ecology’s 
commitment to carefully reviewing new industrial projects such as the Millennium coal export 
terminal.  Given the complexity of the issues raised in this comment, we are requesting a meeting 
with the Department to discuss these issues and, more generally, coal export terminals in 
Washington State.  Please contact me at your earliest convenience to arrange a meeting with 
representatives from the coalition. 
 
 
 

Sincerely, 
 

 
Lauren Goldberg 
Staff Attorney, Columbia Riverkeeper 
lauren@columbiariverkeeper.org  
541-965-0985 
On behalf of Climate Solutions, Columbia 
Riverkeeper, Sierra Club, and Washington 
Environmental Council 

 
 
  
 
 
 
cc: (Letter via email only) 
 

Governor Chris Gregoire 
Jay Manning, Chief of Staff  
Governor’s Office 
(jay.manning@gov.wa.gov) 
 
Keith Phillips  
Governor’s Office 
(keith.phillips@gov.wa.gov) 
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Alan Bogner 
Office of Regulatory Assistance 
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Josh Baldi 
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Janice Adair 
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Judy Schweiters 
Washington Department of Ecology 
(judith.schweiters@ecy.wa.gov) 
 
Rogers Weed 
Washington Department of Commerce, Director 
(rogersw@cted.wa.gov) 
 
 
Tony Usibelli 
Washington Department of Commerce 
(tonyu@cted.wa.gov) 

 
Phil Anderson, Director 
Washington Department of Fish and Wildlife 
(director@dfw.wa.gov) 

 
 Dave Howe 

Washington Department of Fish & Wildlife 
(david.howe@dfw.wa.gov) 
 
Steve West 
Washington Department of Fish & Wildlife 
(steve.west@dfw.wa.gov) 
 
Brian Larsen 
Washington Department of Natural Resources 
(brian.larsen@dnr.wa.gov) 



 
Department of Ecology 
November 30, 2010 
Page 13 of 14 

 

 
Denise Wilhem 
Washington Department of Natural Resources 
(denise.wilhelm@dnr.wa.gov) 
 
Bridget Moran 
Washington Department of Natural Resources 
(bridget.moran@dnr.wa.gov) 
 
Edie Gilliss 
Washington Department of Natural Resources 
(edie.gilliss@dnr.wa.gov) 
 
Heath Packard 
Washington Department of Natural Resources 
(heath.packard@dnr.wa.gov) 
 
Siri Nelson 
U.S. Army Corps of Engineers 
(siri.c.nelson@usace.army.mil) 
 
David Marten 
U.S. Army Corps of Engineers 
(david.j.martin@usace.army.mil) 
 
Danette Guy 
U.S. Army Corps of Engineers 
(danette.l.guy@usace.army.mil) 
 

 Dan Guy 
National Marine Fisheries Service 
(dan.guy@noaa.gov) 
 
Steve Landino 
National Marine Fisheries Service 
(steven.landino@noaa.gov) 
 
Mike Wojtowicz, Director 
Department of Building & Planning 
Cowlitz County 
(wojtowiczm@co.cowlitz.wa.us) 
 
Chris Bischoff 
Cowlitz Co. Environmental Health Manager 



 
Department of Ecology 
November 30, 2010 
Page 14 of 14 

 

(bischoffc@co.cowlitz.wa.us) 
 
 
 
 
 
 
 
 
 
 
 
  
 



 
 
 
 
 
 

AERMOD Modeling of Air Quality Impacts of the  
Proposed Morrow Pacific Project 

 
 

Final Report 
 
 

October 2012 
 
 
 
 
 
 

Prepared for 
 

Ms. Jessica Loarie 
SIERRA CLUB 

San Francisco, California 
 
 
 
 
 
 
 

Prepared by 
Mr. Khanh T. Tran 

Principal 
 
 
 
 
 
 

AMI Environmental 
206 Black Eagle Ave 
Henderson, NV 89002 

Tel. (714)679-7363 



   2

Table of Contents 
 

             Page 
I. Introduction                4  
 
II. Modeling Methodologies              4 

A. Model Version               4 
B. Source Emissions               4 
C. Stack Parameters               6 
D. Receptors                6 
E. Meteorological and Ozone Data             7 
F. Background Concentrations             7 

 
III. Modeling Results             11 

A. 1-hour NO2 Impacts            11 
B. 1-hour SO2 Impacts            18 
C. 24-hour PM2.5 Impacts            19 
D. Annual NO2 Impacts            22 
E. Nitrogen Deposition Impacts           24 

 
IV. Conclusions              27 
  
V. References              28 
 
Appendix A - Summary of AERMOD-Predicted 1-hour NO2 Impacts (Full Conversion) 
of Port of Morrow Operations      
 
Appendix B - Summary of AERMOD-Predicted 1-hour NO2 Impacts (Tier 3-OLM) of 
Port of Morrow Operations 
 
Appendix C - Summary of AERMOD-Predicted 1-hour NO2 Impacts (Tier 3-PVMRM) 
of Port of Morrow Operations     
 
Appendix D - Summary of AERMOD-Predicted 1-hour NO2 Impacts (Full Conversion) 
of Port Westward Operations with Transloader using Emergency Power 
  
Appendix E - Summary of AERMOD-Predicted 1-hour NO2 Impacts (Full Conversion) 
of Port Westward Operations with Transloader using Shore Power 
  
Appendix F - Summary of AERMOD-Predicted 1-hour SO2 Impacts of Port of Morrow 
Operations with Ultra Low Sulfur Fuel  
 



   3

Table of Contents (continued) 
 
Appendix G - Summary of AERMOD-Predicted 1-hour SO2 Impacts of Port Westward 
Operations with Ultra Low Sulfur Fuel  
 
Appendix H - Summary of AERMOD-Predicted 24-hour PM2.5 Impacts of Port of 
Morrow Operations with Enclosed Barges and Trains 

 
Appendix I - Summary of AERMOD-Predicted 24-hour PM2.5 Impacts of Port of Morrow 
Operations with Open Barges and Closed Trains 
 
Appendix J - Summary of AERMOD-Predicted 24-hour PM2.5 Impacts of Port of 
Morrow Operations with Closed Barges and Open Trains 
 
Appendix K - Summary of AERMOD-Predicted Annual NO2 Impacts of Port of Morrow 
Operations 
 
Appendix M - Summary of AERMOD-Predicted NO2 Deposition Impacts of Port of 
Morrow Operations 



   4

 
I. INTRODUCTION 
 
This document presents the methodologies and results of a modeling analysis of air 
quality impacts of the proposed Morrow Pacific Project (MPP) in Oregon. The MPP 
includes three operating stages. In the first stage, coal will be offloaded from trains at the 
Port of Morrow via enclosed facilities into enclosed storage buildings and transferred into 
enclosed barges by enclosed conveyors. In the second stage, coal will be shipped down 
the Columbia River by enclosed barges to Port Westward in Columbia County. The MPP 
third stage involves the coal transloading from barges into ocean-going vessels (OGV). 
An Environmental Review (ER) and an air pollution permit application have been 
prepared for the MPP. However, no dispersion modeling has been performed in these 
documents to quantify the project impacts. Hence, AMI Environmental has been asked by 
Sierra Club to conduct an air quality modeling analysis using the regulatory dispersion 
model AERMOD to predict project impacts of criteria pollutants, such as nitrogen 
dioxide (NO2), sulfur dioxide (SO2) and fine particulates (PM2.5).  Project impacts are 
compared against applicable national ambient air quality standards (NAAQS).  
 
 
 
II. MODELING METHODOLOGIES 
 
This section documents the methodologies and assumptions used in the generation of 
modeling inputs such as source emissions, stack parameters, receptors, meteorological 
data and background concentrations.  
 
A. Model Version 
 
Version 12060 of the AERMOD model has been used in the modeling study. It is 
currently the latest version of the model that has been approved by the U.S. 
Environmental Protection Agency (USEPA, 2012). The most recent modeling guidance 
by US EPA has been implemented in the AERMOD model and it is fully capable of 
predicting project impacts for comparison against recent short-term NAAQS, e.g. the 1-
hour NO2 NAAQS of 100 ppb (188 ug/m3), the 1-hour SO2 NAAQS of 75 ppb (196 
ug/m3 and the 24-hour PM2.5 NAAQS of 35 ug/m3 as well as the annual NO2 NAAQS of 
53ppb (100 ug/m3). 
  
 
B. Source Emissions 
 
Two basic scenarios are considered for modeling by the AERMOD model. In the first 
scenario, coal is unloading from trains while barges are loading at the dock in Port of 
Morrow.  The second scenario involves coal loading at Port Westward onto a Panamax 
while the transloader is testing the emergency generator and a tug boat assisting the barge 
unloading operation.  For both scenarios, AERMOD modeling has been performed for 1-
hour and annual NO2 and SO2. PM2.5 impacts are only modeled for the first scenario. 
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Pollutant annual emissions for all modeled sources are taken from the Project ER. Table 
1 shows total annual emissions for each pollutant (NOx, SO2 and PM2.5) at Port of 
Morrow. To convert these annual emissions into hourly emissions required by 
AERMOD, information about train and tug boat activities documented in the project ER 
are used. For trains, there will be 607 trains per year and 12 hours for train unloading. For 
tug boats, there will be 630 trips and 9 hours for barge loading. The storage facility is 
assumed to be a continuous source (365 days, 24 hours per day). 
 
Table 1 also shows the PM2.5 emissions from wind erosion of coal on open barges and 
open trains (railcars). The project ER states that the four-barge tow is 650 ft long by 84 ft 
wide, resulting in an exposed surface area of  A=1.256 acre. Using the emission factor in 
Table 11.9-1 of AP-42 for wind erosion from coal piles, wind erosion emissions of open 
barges can be estimated from: 
 

PM2.5 of open barge (lb/hr) = 0.72*u*A* F = 4.341 lb/hr 
 
where u is the wind speed (=2*32 where 32 mph is the highest daily wind speed 

averaged over daytime hours at Hermiston during 2007-2011 and the factor 2 is to 
account for wind gust), 

 A is the exposed surface area (=1.256 acre) 
 F is the fraction of PM2.5 (=0.075 from AP-42 Section 13.2.5.3) 
 
The length of a unit train is 5,800 ft (ER p. 2-6) and it has a width of 9.5 ft. Its exposed 
surface area is calculated to be A = 1.26 acre. Windblown dust emissions from railcars of 
a unit train are then estimated using the same AP-42 formula above (Phyllis Fox, Train 
Staging, Oct. 28, 2012): 
 

PM2.5 of open train (lb/hr) = 0.72*64*1.26* 0.075 = 4.35 lb/hr 
 

  
 

Table 1 
Pollutant Emissions for Modeled Sources at Port of Morrow 

 
Emission 
Sources 

NOx 
(tpy) 

1-hr NOx 
(lb/hr) 

SO2 
(tpy) 

1-hr 
SO2 

(lb/hr) 

PM2.5 
(tpy) 

24-hr 
PM2.5 
(lb/hr) 

Train unloading 492 135.09 0.3 0.824 12.8 3.51 
Tug boat 39 13.76 0.0088 0.0031 0.92 0.32 
Storage facility -- -- -- -- 0.012 0.0027 
Open barge -- -- -- -- -- 4.341 
Open train -- -- -- -- -- 4.35 
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Table 2 shows the modeled sources and emissions at Port Westward. Total annual 
emissions have been taken from the project ER. For converting these annual emissions 
into hourly emission rates, all modeled sources are assumed to operate continuously (365 
days, 24 hours per day) as stated in the project ER. 
 

 
Table 2 

Pollutant Emissions for Modeled Sources at Port Westward 
 

Emission Sources NOx 
(tpy) 

1-hr  
NOx 

(lb/hr)

SO2 
(tpy) 

1-hr 
SO2 

(lb/hr) 
Panamax 81.5 18.61 14.7 3.36 
Transloader (emergency power) 281 64.16 0.048 0.011 
Transloader (shore power) 0.33 0.0753 7.9e-5 1.80e-5 
Tug boat 32 7.31 0.0042 0.00096 

 
 
 
 
B. Stack Parameters 
 
Project emissions are modeled as point sources. Stack parameters (stack height, diameter, 
temperature and exit velocity) for the modeled sources are shown in Table 3. They are 
taken from the modeling studies of port operations conducted by the California Air 
Resources Board (CARB, 2006) and New Jersey Department of Environmental 
Protection (NJDEP, 2009). Emissions from tug boats and barges are released from a 
height of 20 ft. Windblown dust emissions from railcars are modeled as area source with 
a release height of 16 ft (CARB, 2006).  
 
 

 
Table 3.  Stack Parameters for Modeled Emission Sources 

 
Source  Height 

(m) 
Diameter

(m) 
Temperature 

(K) 
Velocity 

(m/s) 
Train engine 4.572 0.61 372.0 3.47 
Tug Boat 6.0 0.5 300.0 0.0 
Barge 6.0 0.5 300.0 0.0 
Open train 5.0 -- -- - 
Panamax 43.0 0.50 618.0 16.0 
Generator 35.97 0.47 699.82 30.0 

  Note: Emissions from open trains are modeled as area source 
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C. Receptors 
 
The AERMOD modeling uses a Cartesian grid of discrete receptors that are located 
within a radius of 5 km around the ports of Morrow and Westward. The receptor grid has 
varying resolutions: 50 m within the first 2 km and 100 m between 2 km and 5 km. 
Receptors located on the leased property at Port of Morrow have been removed from 
consideration. A total of 16,739 receptors have been used in the AERMOD modeling for 
Port of Morrow.  The modeling at Port Westward has 16,762 receptors.  A flagpole 
height of 1.5 m was also assigned to the modeled receptors. The preprocessor AERMAP 
has been employed to obtain terrain elevations at these receptors using the National 
Elevation Data (NED). 
     
 
D. Meteorological and Ozone Data 
 
For Port of Morrow, the AERMOD modeling uses the 2007-2011 surface meteorological 
data (including 1-min ASOS wind data to minimize calm hours) from Hermiston and 
upper-air data from Salem. The dataset has 589 calm hours and 1,662 hours with missing 
data (3.79% of possible 43,824 hours). The wind rose from Hermiston in Figure 1 shows 
predominant winds from the southwest. 
 
The modeling for Port Westward uses the 2006-2010 surface data (including 1-min 
ASOS wind data) from Astoria and upper-air data from Salem. This dataset has 523 calm 
hours and 1,554 hours with missing data (3.55% of possible 43,824 hours). The wind rose 
of Astoria surface winds is shown in Figure 2. Wind directions at this station are highly 
variable, from east to northwest.  
 
For 1-hour NO2 modeling at Port of Morrow, the AERMOD model uses the Ozone 
Limiting Method (OLM) and the Plume Volume Molar Ratio Method (PVMRM). Both 
techniques are considered as Tier 3 by the US EPA and require hourly ozone data as 
input. Hourly ozone measurements at Hermiston during the same years (2007-2011) as 
the meteorological data are used as input to the AERMOD model.    
 
 
 
E. Background Concentrations 
 
For comparison with the NAAQS, background concentrations at a monitoring station are 
added to the concentrations predicted by the AERMOD model. Monitoring data during 
2007-2008 tabulated in the Oregon DEQ 2011 Air Quality Annual Report (ODEQ, 2012) 
indicate that a 98th percentile of daily maximum NO2 of 37 ppb (69.6 ug/m3) and a 99th 
percentile of daily maximum SO2 of 9 ppb (23.5 ug/m3) were measured at the Hermiston 
municipal airport. Monitoring data in 2007 at the Hermiston pump station show a 98th 
percentile of daily maximum PM2.5 of 24 ug/m3. An annual-averaged NO2 concentration 
of 8 ppb (15.0 ug/m3) was also measured at the Hermiston airport. These pollutant 
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measurements are used as background concentrations for modeling impacts at Port of 
Morrow. 
 
For modeling at Port Westward, the background concentrations are: 35.3 ppb (66.4 
ug/m3) recorded in Portland as the 2009-2011 average of the 98th percentile of daily 
maximum 1-hour NO2 and 8.7 ppb (22.8 ug/m3) recorded in Portland as the 2009-2011 
average of the 99th percentile of daily maximum 1-hour SO2. For 24-hour PM2.5, the 
2009-2011 design value of 20 ug/m3 for the Dalles monitoring station is used as 
background. Background concentrations used in the modeling are shown Table 4 below.    
 
While we included background concentrations to be consistent with applicable guidance, 
even if the background concentrations were all assumed to be zero, it would not affect 
any of the NAAQS violations discussed in this report. 
 
 

 
Table 4.  Pollutant Background Concentrations (ug/m3) 

 
 

Modeled 
Port 

1-hour 
NO2 

1-hour 
SO2 

 

24-hour 
PM2.5  

Annual 
NO2 

Morrow 69.6 23.5 24.0 15.0 
Westward 66.4 22.8 20.0 -- 
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Figure 1 – Wind Rose of Hermiston 2007-2011 Surface Winds 
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Figure 2 – Wind Rose of Astoria 2006-2010 Surface Winds 
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III. MODELING RESULTS 
 
A.  1-Hour NO2 Impacts 

 
In January 2010, US EPA announced a new 1-hour NAAQS which is attained when the 
3-year average of the 98th percentile of the daily maximum 1-hour NO2 concentrations 
does not exceed 100 ppb (or 188 ug/m3). Subsequently, US EPA issued in June 2010 a 
modeling guidance for using the AERMOD model with one year of onsite 
meteorological data or five years of offsite meteorological data (USEPA, 2010). 
According to the US EPA, the 8th highest maximum daily 1-hour concentration obtained 
with one year of onsite data or averaged over five years of offsite data should be used in 
the NAAQS comparison. 
   
For 1-hour NO2 modeling, US EPA has recommended several techniques that can be 
divided into three tiers: 
 

1. Tier 1: Full conversion where the NOx emissions are assumed to be 100% 
converted into NO2, 
 

2. Tier 2: The Tier 2 technique is known as the Ambient Ratio Method (ARM). In 
this technique, a default conversion rate of 0.80 recommended in the US EPA 
March 2011 guidance is applied to the predicted NOx concentrations, and 
 

3. Tier 3: Two Tier 3 techniques known as Ozone Limiting Method (OLM) and 
Plume Volume Molar Ratio Method (PVMRM) are currently available in the 
AERMOD model.  

 
The Tier 1 and Tier 2 methods are fully approved by the US EPA. The OLM and 
PVMRM techniques in Tier 3 are considered to be non-regulatory defaults and their use 
requires the approval of US EPA and state agencies on a case by case basis (US EPA, 
2011). AMI Environmental contacted ODEQ regarding the appropriate Tier 3 
methodology to use in this setting.  ODEQ recommended the use of both techniques 
(OLM and PVMRM) and, hence, they have been employed in this modeling analysis. 
 
 
A.1 Impacts of Port of Morrow Operations 
 
1-hour NO2 impacts from NOx emissions from train unloading and a tug boat assisting 
barge loading at Port of Morrow have been modeled by all the above modeling 
techniques recommended by the US EPA: Tier 1 with full conversion; Tier 2 with 80% 
conversion; OLM and PVMRM in Tier 3. The Tier 3 techniques use in-stack NO2/NOx 
ratios of 0.15 for locomotive and 0.10 for tug boat. The in-stack ratio for locomotive is 
obtained from source tests conducted by Southwest Research Institute (Fritz, 2007). The 
ratio for tug boat is taken from source tests included in the in-stack NO2/NOx ratio 
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database that has recently been setup by the US EPA OAQPS.  Hourly ozone 
measurements at the Hermiston airport from 2007-2011 have also been used as inputs.   
 
Three AERMOD modeling runs (Tier 1, OLM and PVMRM) have been performed with 
the 2007-2011 meteorological data. Both the train and the tug boat are assumed to 
operate only during daytime hours (0600-1800). This is a conservative assumption that 
may understate the impacts since daytime hours typically have stronger wind and more 
unstable conditions than nighttime hours.  
 
NO2 modeling results for the 8th highest concentrations are summarized in Appendices A-
C and presented in Table 5. As shown in this table, the AERMOD model has predicted, 
with all modeling techniques, large exceedances of the 1-hour NAAQS of 188 ug/m3 by 
project emissions alone. The highest 8th highest concentrations obtained with Tier 1 
(12,000.4 ug/m3) and Tier 2 (9,600.3 ug/m3) are much higher than those predicted by Tier 
3 techniques.  The highest concentration predicted by PVMRM (2,064.3 ug/m3) is 
slightly higher than that of the OLM technique (1,872.6 ug/m3).  
 
For Tier 1, a plot of the contour of 188 ug/m3 is shown in Figure 3. The area with 
concentrations exceeding 188 ug/m3, i.e., violating the 1-hr NAAQS due to project 
emissions alone, has a radius of about 5 km north and west of the project site. These 
exceedances are also predicted within 3 km east and south of the project. Figure 4 shows 
that the area of NAAQS exceedances predicted with OLM is much smaller. PVMRM has 
predicted a much larger area of exceedances than OLM, albeit smaller than that of Tier 1. 
 

 
Table 5.  Predicted 1-Hour NO2 Impacts of Port of Morrow Operations 

 
Modeling 
Method 

Project 
Conc. 

(ug/m3) 

Backgr. 
Conc. 

(ug/m3) 
 

Total 
Conc.  

(ug/m3) 

NAAQS 
   
(ug/m3) 

Percent 
Over 

NAAQS 

Tier 1 -100% 12,000.4 69.6 12,070.0 188 6,320% 
Tier 2 - 80% 9,600.3 69.6 9,669.9 188 5,044% 
Tier 3-OLM 1,872.6 69.6 1,942.2 188 933% 

Tier 3-PVMRM 2,064.3 69.6 2,133.9 188 1,035% 
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Figure 3.  Area with Highest 8th Highest 1-hour NO2 Concentrations (Tier 1-Full 
Conversion) Exceeding the 1-Hour NAAQS of 188 ug/m3 by 

Port of Morrow Operations Alone 
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Figure 4.  Area with Highest 8th Highest 1-hour NO2 Concentrations (Tier 3-OLM) 

Exceeding the 1-Hour NAAQS of 188 ug/m3 by 
Port of Morrow Operations Alone 
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Figure 5.  Area with Highest 8th Highest 1-hour NO2 Concentrations (Tier 3-
PVMRM) Exceeding the 1-Hour NAAQS of 188 ug/m3 by 

Port of Morrow Operations Alone 
 
 
 
A.2 Impacts of Port Westward Operations 
 
1-hour NO2 impacts from NOx emissions from the OGV Panamax loading, the 
transloader operating on emergency power and a tug boat assisting the barge unloading at 
Port Westward have been modeled by Tier 1 with full conversion and Tier 2 with 80% 
conversion. No Tier 3 technique, OLM or PVMRM, has been performed since Astoria 
does not have hourly ozone measurements publicly available.  Modeling results are 
summarized in Appendix D. As shown in this Appendix and Table 6, the highest 8th 
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highest concentrations of from project emissions alone (4,670 ug/m3 for Tier 1 and 3,736 
ug/m3 for Tier 2) largely exceed the NAAQS of 188 ug/m3. With the added background 
of 66.4 ug/m3, the NAAQS is predicted to be exceeded by 2,419% (Tier 1) and 1,923% 
(Tier 2). 
 
Another AERMOD run has been performed where the transloader is operating on shore 
power. As shown in Appendix E and Table 7 below, the highest 8th highest NO2 of 4,670 
ug/m3 is the same as in the previous modeling scenario with the transloader operating on 
emergency power.  Thus, the NAAQS is predicted to be largely exceeded by 2,419% 
(Tier 1) and 1,923% (Tier 2) for both modeling scenarios.  
 
The areas of NAAQS exceedances are shown in Figure 6 for the scenario with emergency 
power and Figure 7 for the scenario with shore power. Comparing these two figures 
shows that the area of exceedances of the former scenario is larger than that of the latter. 
Due to the emissions of the emergency generator, the area of exceedances extends about 
3 km northwest of the project site.  
 
 
 

Table 6.  Predicted 1-Hour NO2 Impacts of Port Westward Operations 
With Transloader on Emergency Power 

 
Modeling 
Method 

Project 
Conc. 

(ug/m3) 

Backgr. 
Conc. 

(ug/m3) 
 

Total 
Conc.  

(ug/m3) 

NAAQS 
   
(ug/m3) 

Percent 
Over 

NAAQS 

Tier 1 -100% 4,670.0 66.4 4,736.4 188 2,419% 
Tier 2 - 80% 3,736.0 66.4 3,802.4 188 1,923% 

 
 
 

Table 7.  Predicted 1-Hour NO2 Impacts of Port Westward Operations 
With Transloader on Shore Power 

 
Modeling 
Method 

Project 
Conc. 

(ug/m3) 

Backgr. 
Conc. 

(ug/m3) 
 

Total 
Conc.  

(ug/m3) 

NAAQS 
   
(ug/m3) 

Percent 
Over 

NAAQS 

Tier 1 -100% 4,670.0 66.4 4,736.4 188 2,419% 
Tier 2 - 80% 3,736.0 66.4 3,802.4 188 1,923% 
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Figure 6.  Area with Highest 8th Highest 1-hour NO2 Concentrations (Tier 1-Full 
Conversion) Exceeding the 1-Hour NAAQS of 188 ug/m3 by 

Port Westward Operations Alone (with Transloader on Emergency Power)  
 
 

 



   18

 
 

Figure 7.  Area with Highest 8th Highest 1-hour NO2 Concentrations (Tier 1-Full 
Conversion) Exceeding the 1-Hour NAAQS of 188 ug/m3 by 

Port Westward Operations Alone (with Transloader on Shore Power)  
 
 
 
B.  1-Hour SO2 Impacts 
 
In June 2010, US EPA announced a new 1-hour NAAQS which is attained when the 3-
year average of the 99th percentile of the daily maximum 1-hour SO2 concentrations does 
not exceed 75 ppb (or 196 ug/m3). Subsequently, US EPA issued in August 2010 a 
modeling guidance for using the AERMOD model with one year or five years of 
meteorological data (USEPA, 2010b). According to the US EPA, the 4th highest 
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maximum daily 1-hour concentrations obtained with one year of onsite data or averaged 
over the modeled five years of offsite data should be used in the NAAQS comparison.   
 
Impacts from SO2 emissions from operations from both ports have been modeled. 
Modeling results are summarized in Appendix F (for Port of Morrow) and Appendix G 
(for Port Westward).  As shown in Table 8 below, the AERMOD model has predicted  
the highest 4th highest SO2 concentrations of 7.7 ug/m3 for the Port of Morrow and 87.1 
ug/m3 for Port Westward.  With the added background concentrations, the NAAQS is 
predicted not to be exceeded at both ports. The low SO2 concentrations are due to the use 
of SO2 emissions that are shown in the project ER. These emissions have been calculated 
based on the use of ultra low sulfur diesel for both locomotive and boats. We note that the 
locomotive and boats are currently legally allowed to use much higher sulfur content 
diesel fuel that what was assumed in the ER.  See 77 Fed. Reg. 61281 (Oct. 9, 2012).  
 
  
 

Table 8.  Predicted 1-hour SO2 (ug/m3) of Port Operations 
 

  Modeling 
Scenario 

Project 
Conc. 

Backgr. 
Conc. 

 

Total 
Conc. 

NAAQS NAAQS 
Exceeded? 

Port of Morrow 7.7 23.5 31.2 196.0 NO 
Port Westward 87.1 22.8 109.9 196.0 NO 

 
 
 
C.  24-Hour PM2.5 Impacts 
 
In September 2006, US EPA revised the 24-hour PM2.5 NAAQS which is attained when 
the 3-year average of the 98th percentile 24-hour concentrations must not exceed 35 
ug/m3. Subsequently, US EPA issued in August 2010 a modeling guidance for using the 
AERMOD model with one year of onsite data or five years of offsite meteorological data 
(USEPA, 2010d). According to the US EPA, the highest 24-hour average concentration 
obtained with one year of onsite data or the highest average of the maximum 24-hour 
averages across five years of offsite data should be used in the NAAQS comparison.   
 
Impacts from PM2.5 emissions from operations at Port of Morrow with enclosed and 
open barges and trains have been modeled. Modeling results are summarized in 
Appendix H (for enclosed barges and trains) and Appendix I (for open barges and closed 
trains).  As shown in Table 9 below, the AERMOD model has predicted exceedances of 
the 24-hour NAAQS of 35 ug/m3 by the highest 24-hour PM2.5 concentrations of 96.3 
ug/m3 for the enclosed barges and 219.0 ug/m3 for the open barges.  With the added 
background concentration of 24 ug/m3, the 24-hour NAAQS is predicted to be exceeded 
by both types of barges, by 2.4 times with the enclosed barges and by 5.9 times with the 
open barges. 
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Due to high emissions from wind erosion, impacts from open barges are much higher 
than those from enclosed barges.  NAAQS exceedances are plotted in Figure 8 for the 
closed barge/closed train scenario and Figure 9 for the open barge/closed train scenario. 
In both figures, the NAAQS exceedances are denoted by the contour of 12 ug/m3 (plus 
the background of 24 ug/m3). Figure 8 shows these exceedances for the closed 
barge/train scenario are predicted to only occur close to the project site in Oregon, i.e. 
south of the state line on the Columbia River. For the open barge/closed train scenario, 
they will extend north of the state line, i.e. in Washington.     
 
Another AERMOD modeling run has been performed to assess the impacts of the closed 
barge/open train scenario. The project ER indicates that up to two unit trains can be 
present onsite in any given hour (ER, p. 2-6). Their emissions (8.7 lb/hr=2*4.35 lb/hr) are 
modeled as area source with a length of 1500 ft (the length of rail lines within the MPP 
property) and a width of 19 ft (9.5 ft x 2). Modeling results are summarized in Appendix 
J. Table 9 shows that the highest 24-hour PM2.5  concentration of 388.6 ug/m3 is the 
largest among the modeled scenarios. The 24-hr NAAQS is also predicted to be exceeded 
by 10.8 times with the open trains. Figure 10 shows that the closed barge/open train 
scenario has the largest zone of exceedances among the modeled scenarios. The NAAQS 
exceedances are also predicted to occur in the Washington portion of the Columbia River. 
 

 
 

Table 9.  Predicted 24-hour PM2.5 (ug/m3) of Port of Morrow Operations 
 

  Modeling 
Scenario 

Project 
Conc. 

Backgr. 
Conc. 

 

Total 
Conc. 

NAAQS Percent 
Over NAAQS 

Operation with 
closed barges & 

closed trains 

96.3 24.0 120.3 35.0 244% 

Operation with 
open barges & 
closed trains 

219.0 24.0 243.0 35.0 594% 

Operation with 
closed barges & 

open trains 

388.6 24.0 412.6 35.0 1,079% 
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Figure 8.  Area with Highest 24-hour PM2.5 Concentrations (ug/m3) Exceeding the 

24-Hour NAAQS of 35 ug/m3 by Port of Morrow Operations  
with Closed Barges and Trains 
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Figure 9.  Area with Highest 24-hour PM2.5 Concentrations (ug/m3) Exceeding the 

24-Hour NAAQS of 35 ug/m3 by Port of Morrow Operations  
with Open Barges and Closed Trains 
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Figure 10.  Area with Highest 24-hour PM2.5 Concentrations (ug/m3) Exceeding the 

24-Hour NAAQS of 35 ug/m3 by Port of Morrow Operations  
with Closed Barges and Open Trains 

 
 
 
D.  Annual NO2 Impacts 
 
Annual NO2 impacts from the operations at Port of Morrow have been analyzed with the 
AERMOD run. This run uses NOx emissions from train unloading, a tug boat assisting 
the barge loading and a tug boat travelling on the Columbia River. NOx emissions of the 
traveling tug are 3.62 tpy (790/218 where the total emissions are 790 tpy and the distance 
traveled is 218 miles as shown in the project ER).  Table 10 shows that the annual-
averaged concentrations predicted for 2007 are the highest among the modeled annual 
NO2 concentrations. Modeling results for the year 2007 are summarized in Appendix K. 
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With the added background of 15 ug/m3, the annual NAAQS of 100 ug/m3 is predicted to 
be largely exceeded, by 16 times with Tier 1 and 12 times with Tier 2 as shown in Table 
11. Figure 11 shows these exceedances occurring near the project site. No Tier 3 
technique (OLM or PVMRM) has been performed. However, based on the large 
magnitude of the exceedances predicted by Tier 1 and Tier 2 and the results of applying 
Tier 3 techniques in 1-hour NO2 modeling described in Section III. A.1 above, 
exceedances of the annual NAAQS are also expected with Tier 3 techniques (OLM or 
PVMRM). 
    
  
 

Table 10.  Predicted Annual NO2 (ug/m3) of Port of Morrow Operations 
 

Modeling 
Method 

2007 2008 
 

2009 2010 2011 

Tier 1 -100% 1,750.9 1,660.5 1,366.5 1,430.8 1,572.8 
Tier 2 - 75% 1,313.2 1,245.4 1,024.9 1,073.1 1,179.6 

 
 
 

 
Table 11.  Predicted Maximum Annual NO2 Impacts (ug/m3) of Port of Morrow 

Operations 
 

Modeling 
Method 

Project 
Conc. 

Backgr. 
Conc. 

 

Total 
Conc. 

NAAQS Percent 
Over NAAQS 

Tier 1 -100% 1,750.9 15.0 1,765.9 100.0 1,666% 
Tier 2 - 75% 1,313.2 15.0 1,327.2 100.0 1,227% 
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Figure 11.  Area with Annual NO2 (ug/m3) Exceeding the NAAQS of 100 ug/m3 by 
Port of Morrow Operations Alone 

 
 
E.  Nitrogen Deposition Impacts 
 
Nitrogen deposition impacts due to dry and wet deposition from the operations at Port of 
Morrow have been analyzed with the AERMOD run. This run uses NOx emissions from 
trains unloading and tug boats assisting the barge loading. A tug boat travelling on the 
Columbia River with NOx emissions of 3.62 tpy is also included. Modeling results for the 
year  2011 with the highest NO2 deposition fluxes are summarized in Appendix M.  The 
maximum NO2 deposition fluxes (in g/m2/yr) predicted by AERMOD are converted into 
kg N/ha/yr by multiplying them by 3.043 = 10*(14/46) where 10 is the conversion factor 
from g/m2 to kg/ha and (14/46) is the mass ratio of nitrogen (N) over NO2. The converted 
maximum impacts are presented in Table 12 and a plot of the predicted deposition in 
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Figure 12 below. The predicted deposition fluxes largely exceed the ecological screening 
level (ESL) of 0.5 g/m2/yr or 5 kg/ha/yr recommended by US EPA (US EPA, 2008). 
 
 

Table 12.  Predicted Nitrogen Deposition (kg N/ha/yr) of Port of Morrow 
Operations 

 
Modeling 
Method 

2007 2008 
 

2009 2010 2011 ESL 

Tier 1 -100% 164.4 155.1 185.7 128.9 261.2 5 
Tier 2 - 75% 123.3 116.3 139.3 96.7 195.9 5 

 

 
 

Figure 12.  Area with Annual NO2 Deposition (g/m2/yr) by Port of Morrow 
Operations Alone 
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IV. CONCLUSIONS 
 
Air quality impacts of NOx, PM2.5 and SO2 emissions from the proposed operations at 
Port of Morrow and Port Westward of the Morrow Pacific Project have been analyzed 
with the AERMOD model.  For NO2, modeling techniques known as Tier 1 (full 
conversion) and Tier 2 recommended by the US EPA have been used for modeling at 
both ports. Tier 3 techniques (OLM and PVMRM) have also been used for modeling 
impacts at Port of Morrow. Using primarily project emissions documented in the project 
ER and the latest US EPA modeling guidance, the AERMOD model has predicted large 
exceedances of the NO2 1-hour NAAQS of 196 ug/m3 (by 9-63 times the NAAQS at 
Port of Morrow and by 19-24 times the NAAQS at Port Westward), the 24-hour PM2.5 at 
Port of Morrow (by 2.4-10.8 times the NAAQS of 35 ug/m3) and the annual NO2 

NAAQS at Port of Morrow (by 12-17 times the NAAQS of 100 ug/m3). These large 
exceedances have been predicted to occur due to project emissions alone, i.e., without 
the addition of background concentrations and also in large areas around the project 
sites. NAAQS exceedances will occur in both Oregon and Washington. SO2 impacts are 
insignificant due to low emissions from the use of ultra low sulfur fuel for both 
locomotive and boat engines. The AERMOD model has also predicted large nitrogen 
deposition around the Port of Morrow.  Thus, the proposed Morrow Pacific Project will 
cause very adverse air quality impacts in both Oregon and Washington.   
 
The AERMOD modeling files, including input/output files, meteorological data, ozone 
data and model executable, have been uploaded to box.com and are available from the 
folder:  https://www.box.com/s/tseqhg95g7fe1jdw57lk   . 
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Appendix A 
 

Summary of AERMOD-Predicted 1-hour NO2 Impacts (Full Conversion) of  
Port of Morrow Operations     
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 *** AERMOD - VERSION  12060 ***   *** Port of Morrow - 1-hr NO2                                            ***        10/01/12 
                                   ***                                                                      ***        19:50:07 
                                                                                                                       PAGE 616 

 **MODELOPTs:            CONC                                              ELEV      FLGPOL    
                                                                                                                             
 

                      *** THE SUMMARY OF MAXIMUM   8TH-HIGHEST MAX DAILY  1-HR RESULTS AVERAGED 
OVER   5 YEARS *** 

 
 

                                    ** CONC OF NO2      IN MICROGRAMS/M**3                          ** 
 

                                                                                                             NETWORK 
GROUP ID                       AVERAGE CONC                RECEPTOR  (XR, YR, ZELEV, ZHILL, ZFLAG)  OF TYPE  

GRID-ID 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

 
ALL  1ST HIGHEST VALUE IS   12000.43671 AT (  293682.00,  5081859.00,    88.36,    88.36,    1.50)  DC           
          2ND HIGHEST VALUE IS   11011.15662 AT (  293495.00,  5081933.00,    81.42,    81.42,    1.50)  DC           
          3RD HIGHEST VALUE IS    9546.46567 AT (  293634.00,  5081812.00,    88.06,    88.06,    1.50)  DC           
          4TH HIGHEST VALUE IS    8619.08562 AT (  293535.00,  5081880.00,    84.73,    90.01,    1.50)  DC           
          5TH HIGHEST VALUE IS    8446.96889 AT (  293486.00,  5081914.00,    81.42,    90.01,    1.50)  DC           
          6TH HIGHEST VALUE IS    7982.12692 AT (  293695.00,  5081883.00,    88.89,    88.89,    1.50)  DC           
          7TH HIGHEST VALUE IS    6129.74109 AT (  293495.00,  5081983.00,    81.42,    81.42,    1.50)  DC           
          8TH HIGHEST VALUE IS    5478.30847 AT (  293645.00,  5081883.00,    88.58,    88.58,    1.50)  DC           
          9TH HIGHEST VALUE IS    5425.12949 AT (  293436.00,  5081947.00,    81.42,    81.42,    1.50)  DC           
         10TH HIGHEST VALUE IS    5407.11800 AT (  293545.00,  5081933.00,    81.42,    88.09,    1.50)  DC           
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Appendix B 
 

Summary of AERMOD-Predicted 1-hour NO2 Impacts (Tier 3-OLM) of  
Port of Morrow Operations     
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 *** AERMOD - VERSION  12060 ***   *** Port of Morrow - 1-hr NO2 -OLM                                       ***        
10/12/12 

                                   ***                                                                      ***        18:19:34 
                                                                                                                       PAGE   5 

 **MODELOPTs:  NonDFAULT CONC                                              ELEV      FLGPOL    
                                                                                     OLM                                     

 
                      *** THE SUMMARY OF MAXIMUM   8TH-HIGHEST MAX DAILY  1-HR RESULTS AVERAGED 

OVER   5 YEARS *** 
 
 

                                    ** CONC OF NO2      IN MICROGRAMS/M**3                          ** 
 

                                                                                                             NETWORK 
GROUP ID                       AVERAGE CONC                RECEPTOR  (XR, YR, ZELEV, ZHILL, ZFLAG)  OF TYPE  

GRID-ID 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

 
ALL   1ST HIGHEST VALUE IS    1872.57842 AT (  293682.00,  5081859.00,    88.36,    88.36,    1.50)  DC           
          2ND HIGHEST VALUE IS    1506.09918 AT (  293634.00,  5081812.00,    88.06,    88.06,    1.50)  DC           
          3RD HIGHEST VALUE IS    1269.56877 AT (  293695.00,  5081883.00,    88.89,    88.89,    1.50)  DC           
          4TH HIGHEST VALUE IS    1157.13116 AT (  293495.00,  5081933.00,    81.42,    81.42,    1.50)  DC           
          5TH HIGHEST VALUE IS     930.96011 AT (  293535.00,  5081880.00,    84.73,    90.01,    1.50)  DC           
          6TH HIGHEST VALUE IS     898.70613 AT (  293486.00,  5081914.00,    81.42,    90.01,    1.50)  DC           
          7TH HIGHEST VALUE IS     888.67937 AT (  293645.00,  5081883.00,    88.58,    88.58,    1.50)  DC           
          8TH HIGHEST VALUE IS     804.59597 AT (  293729.00,  5081905.00,    89.36,    89.36,    1.50)  DC           
          9TH HIGHEST VALUE IS     708.92971 AT (  293645.00,  5081933.00,    88.68,    88.68,    1.50)  DC           
         10TH HIGHEST VALUE IS     708.92971 AT (  293645.00,  5081933.00,    88.68,    88.68,    1.50)  DC           
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Appendix C 

 
 

Summary of AERMOD-Predicted 1-hour NO2 Impacts (Tier 3-PVMRM) of  
Port of Morrow Operations 
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 *** AERMOD - VERSION  12060 ***   *** Port of Morrow - 1-hr NO2 -PVMRM                                     ***        

10/12/12 
                                   ***                                                                      ***        20:48:14 

                                                                                                                       PAGE   5 
 **MODELOPTs:  NonDFAULT CONC                                              ELEV      FLGPOL    

                                                                                     PVMRM                                   
 

                      *** THE SUMMARY OF MAXIMUM   8TH-HIGHEST MAX DAILY  1-HR RESULTS AVERAGED 
OVER   5 YEARS *** 

 
 

                                    ** CONC OF NO2      IN MICROGRAMS/M**3                          ** 
 

                                                                                                             NETWORK 
GROUP ID                       AVERAGE CONC                RECEPTOR  (XR, YR, ZELEV, ZHILL, ZFLAG)  OF TYPE  

GRID-ID 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

 
ALL   1ST HIGHEST VALUE IS    2064.26610 AT (  293682.00,  5081859.00,    88.36,    88.36,    1.50)  DC           
          2ND HIGHEST VALUE IS    1640.03383 AT (  293634.00,  5081812.00,    88.06,    88.06,    1.50)  DC           
          3RD HIGHEST VALUE IS    1453.05752 AT (  293495.00,  5081933.00,    81.42,    81.42,    1.50)  DC           
          4TH HIGHEST VALUE IS    1349.15566 AT (  293695.00,  5081883.00,    88.89,    88.89,    1.50)  DC           
          5TH HIGHEST VALUE IS    1276.62739 AT (  293486.00,  5081914.00,    81.42,    90.01,    1.50)  DC           
          6TH HIGHEST VALUE IS    1137.14103 AT (  293535.00,  5081880.00,    84.73,    90.01,    1.50)  DC           
          7TH HIGHEST VALUE IS     932.58202 AT (  293645.00,  5081883.00,    88.58,    88.58,    1.50)  DC           
          8TH HIGHEST VALUE IS     854.25416 AT (  293495.00,  5081983.00,    81.42,    81.42,    1.50)  DC           
          9TH HIGHEST VALUE IS     826.47500 AT (  293436.00,  5081947.00,    81.42,    81.42,    1.50)  DC           
         10TH HIGHEST VALUE IS     819.38900 AT (  293729.00,  5081905.00,    89.36,    89.36,    1.50)  DC           



   35

 
 

Appendix D 
 

Summary of AERMOD-Predicted 1-hour NO2 Impacts (Full Conversion) of  
Port Westward Operations with Transloader using Emergency Power 
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 *** AERMOD - VERSION  12060 ***   *** Port Westward - 1-hr NO2                                             ***        09/24/12 
                                   ***                                                                      ***        16:37:47 

                                                                                                                       PAGE   5 
 **MODELOPTs:            CONC                                              ELEV      FLGPOL    

                                                                                                                             
 

                      *** THE SUMMARY OF MAXIMUM   8TH-HIGHEST MAX DAILY  1-HR RESULTS AVERAGED 
OVER   5 YEARS *** 

 
 

                                    ** CONC OF NO2      IN MICROGRAMS/M**3                          ** 
 

                                                                                                             NETWORK 
GROUP ID                       AVERAGE CONC                RECEPTOR  (XR, YR, ZELEV, ZHILL, ZFLAG)  OF TYPE  

GRID-ID 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

 
ALL   1ST HIGHEST VALUE IS    4669.95119 AT (  485884.00,  5114327.00,     1.82,   173.28,    1.50)  DC           
          2ND HIGHEST VALUE IS    4019.45010 AT (  485834.00,  5114327.00,     1.84,   173.28,    1.50)  DC           
          3RD HIGHEST VALUE IS    4019.45010 AT (  485834.00,  5114327.00,     1.84,   173.28,    1.50)  DC           
          4TH HIGHEST VALUE IS    3552.36381 AT (  485884.00,  5114377.00,     1.86,   173.28,    1.50)  DC           
          5TH HIGHEST VALUE IS    3464.09646 AT (  485934.00,  5114327.00,     1.81,   173.28,    1.50)  DC           
          6TH HIGHEST VALUE IS    3464.09646 AT (  485934.00,  5114327.00,     1.81,   173.28,    1.50)  DC           
          7TH HIGHEST VALUE IS    3308.75055 AT (  485834.00,  5114377.00,     1.88,   173.28,    1.50)  DC           
          8TH HIGHEST VALUE IS    2985.93516 AT (  485784.00,  5114327.00,     1.86,   178.84,    1.50)  DC           
          9TH HIGHEST VALUE IS    2979.22153 AT (  485884.00,  5114277.00,     1.79,   173.28,    1.50)  DC           
         10TH HIGHEST VALUE IS    2935.63381 AT (  485934.00,  5114377.00,     1.85,   173.28,    1.50)  DC           
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Appendix E 
 

Summary of AERMOD-Predicted 1-hour NO2 Impacts (Full Conversion) of  
Port Westward Operations with Transloader using Shore Power 
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 *** AERMOD - VERSION  12060 ***   *** Port Westward/Shore Power - 1-hr NO2                                 ***        
10/10/12 

                                   ***                                                                      ***        09:16:03 
                                                                                                                       PAGE   5 

 **MODELOPTs:            CONC                                              ELEV      FLGPOL    
                                                                                                                             
 

                      *** THE SUMMARY OF MAXIMUM   8TH-HIGHEST MAX DAILY  1-HR RESULTS AVERAGED 
OVER   5 YEARS *** 

 
 

                                    ** CONC OF NO2      IN MICROGRAMS/M**3                          ** 
 

                                                                                                             NETWORK 
GROUP ID                       AVERAGE CONC                RECEPTOR  (XR, YR, ZELEV, ZHILL, ZFLAG)  OF TYPE  

GRID-ID 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

 
ALL   1ST HIGHEST VALUE IS    4669.94844 AT (  485884.00,  5114327.00,     1.82,   173.28,    1.50)  DC           
          2ND HIGHEST VALUE IS    4019.45010 AT (  485834.00,  5114327.00,     1.84,   173.28,    1.50)  DC           
          3RD HIGHEST VALUE IS    4019.45010 AT (  485834.00,  5114327.00,     1.84,   173.28,    1.50)  DC           
          4TH HIGHEST VALUE IS    3552.36381 AT (  485884.00,  5114377.00,     1.86,   173.28,    1.50)  DC           
          5TH HIGHEST VALUE IS    3464.09646 AT (  485934.00,  5114327.00,     1.81,   173.28,    1.50)  DC           
          6TH HIGHEST VALUE IS    3464.09646 AT (  485934.00,  5114327.00,     1.81,   173.28,    1.50)  DC           
          7TH HIGHEST VALUE IS    3308.75055 AT (  485834.00,  5114377.00,     1.88,   173.28,    1.50)  DC           
          8TH HIGHEST VALUE IS    2985.93516 AT (  485784.00,  5114327.00,     1.86,   178.84,    1.50)  DC           
          9TH HIGHEST VALUE IS    2979.22153 AT (  485884.00,  5114277.00,     1.79,   173.28,    1.50)  DC           
         10TH HIGHEST VALUE IS    2935.63381 AT (  485934.00,  5114377.00,     1.85,   173.28,    1.50)  DC           
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Appendix F 
 

Summary of AERMOD-Predicted 1-hour SO2 Impacts of  
Port of Morrow Operations with Ultra Low Sulfur Fuel  
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 *** AERMOD - VERSION  12060 ***   *** Port of Morrow - 1-hr SO2                                            ***        10/05/12 
                                   ***                                                                      ***        06:29:15 

                                                                                                                       PAGE   5 
 **MODELOPTs:            CONC                                              ELEV      FLGPOL    

                                                                                                                             
 

                      *** THE SUMMARY OF MAXIMUM   4TH-HIGHEST MAX DAILY  1-HR RESULTS AVERAGED 
OVER   5 YEARS *** 

 
 

                                    ** CONC OF SO2      IN MICROGRAMS/M**3                          ** 
 

                                                                                                             NETWORK 
GROUP ID                       AVERAGE CONC                RECEPTOR  (XR, YR, ZELEV, ZHILL, ZFLAG)  OF TYPE  

GRID-ID 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

 
ALL    1ST HIGHEST VALUE IS       7.71659 AT (  293682.00,  5081859.00,    88.36,    88.36,    1.50)  DC           
          2ND HIGHEST VALUE IS       6.87149 AT (  293634.00,  5081812.00,    88.06,    88.06,    1.50)  DC           
          3RD HIGHEST VALUE IS       5.11050 AT (  293695.00,  5081883.00,    88.89,    88.89,    1.50)  DC           
          4TH HIGHEST VALUE IS       4.23968 AT (  293645.00,  5081883.00,    88.58,    88.58,    1.50)  DC           
          5TH HIGHEST VALUE IS       3.29040 AT (  293729.00,  5081905.00,    89.36,    89.36,    1.50)  DC           
          6TH HIGHEST VALUE IS       3.11441 AT (  293645.00,  5081933.00,    88.68,    88.68,    1.50)  DC           
          7TH HIGHEST VALUE IS       3.11441 AT (  293645.00,  5081933.00,    88.68,    88.68,    1.50)  DC           
          8TH HIGHEST VALUE IS       3.01923 AT (  293495.00,  5081933.00,    81.42,    81.42,    1.50)  DC           
          9TH HIGHEST VALUE IS       2.90729 AT (  293695.00,  5081933.00,    88.78,    88.78,    1.50)  DC           
         10TH HIGHEST VALUE IS       2.85823 AT (  293591.00,  5081747.00,    87.42,    87.42,    1.50)  DC          
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Appendix G 
 

Summary of AERMOD-Predicted 1-hour SO2 Impacts of  
Port Westward Operations with Ultra Low Sulfur Fuel      
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 *** AERMOD - VERSION  12060 ***   *** Port Westward - 1-hr SO2                                             ***        10/05/12 
                                   ***                                                                      ***        09:08:23 

                                                                                                                       PAGE   5 
 **MODELOPTs:            CONC                                              ELEV      FLGPOL    

                                                                                                                             
 

                      *** THE SUMMARY OF MAXIMUM   4TH-HIGHEST MAX DAILY  1-HR RESULTS AVERAGED 
OVER   5 YEARS *** 

 
 

                                    ** CONC OF SO2      IN MICROGRAMS/M**3                          ** 
 

                                                                                                             NETWORK 
GROUP ID                       AVERAGE CONC                RECEPTOR  (XR, YR, ZELEV, ZHILL, ZFLAG)  OF TYPE  

GRID-ID 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

 
ALL   1ST HIGHEST VALUE IS      87.08375 AT (  485384.00,  5114627.00,    66.26,   173.28,    1.50)  DC           
          2ND HIGHEST VALUE IS      80.86337 AT (  485434.00,  5114677.00,    72.72,   173.28,    1.50)  DC           
          3RD HIGHEST VALUE IS      71.77678 AT (  485184.00,  5114527.00,    71.23,   173.28,    1.50)  DC           
          4TH HIGHEST VALUE IS      71.62989 AT (  485284.00,  5114577.00,    73.47,   173.28,    1.50)  DC           
          5TH HIGHEST VALUE IS      68.69739 AT (  485534.00,  5114727.00,    80.33,   173.28,    1.50)  DC           
          6TH HIGHEST VALUE IS      68.69739 AT (  485534.00,  5114727.00,    80.33,   173.28,    1.50)  DC           
          7TH HIGHEST VALUE IS      66.50215 AT (  485084.00,  5114477.00,    66.86,   178.84,    1.50)  DC           
          8TH HIGHEST VALUE IS      65.75496 AT (  485484.00,  5114727.00,    81.25,   173.28,    1.50)  DC           
          9TH HIGHEST VALUE IS      65.43326 AT (  485334.00,  5114627.00,    78.25,   173.28,    1.50)  DC           
         10TH HIGHEST VALUE IS      65.43326 AT (  485334.00,  5114627.00,    78.25,   173.28,    1.50)  DC           
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Appendix H 
 

Summary of AERMOD-Predicted 24-hour PM2.5 Impacts of  
Port of Morrow Operations with Enclosed Barges and Trains 
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 *** AERMOD - VERSION  12060 ***   *** Port of Morrow - 24hr PM2.5                                          ***        
10/06/12 

                                   ***                                                                      ***        12:32:11 
                                                                                                                       PAGE   4 

 **MODELOPTs:            CONC                                              ELEV      FLGPOL    
                                                                                                                             
 

                           *** THE SUMMARY OF MAXIMUM   1ST-HIGHEST 24-HR RESULTS AVERAGED OVER   5 
YEARS *** 

 
 

                                    ** CONC OF PM25     IN MICROGRAMS/M**3                          ** 
 

                                                                                                             NETWORK 
GROUP ID                       AVERAGE CONC                RECEPTOR  (XR, YR, ZELEV, ZHILL, ZFLAG)  OF TYPE  

GRID-ID 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

 
ALL   1ST HIGHEST VALUE IS      96.34646 AT (  293634.00,  5081812.00,    88.06,    88.06,    1.50)  DC           
          2ND HIGHEST VALUE IS      92.71799 AT (  293682.00,  5081859.00,    88.36,    88.36,    1.50)  DC           
          3RD HIGHEST VALUE IS      49.79568 AT (  293695.00,  5081883.00,    88.89,    88.89,    1.50)  DC           
          4TH HIGHEST VALUE IS      43.46942 AT (  293645.00,  5081883.00,    88.58,    88.58,    1.50)  DC           
          5TH HIGHEST VALUE IS      39.06540 AT (  293486.00,  5081914.00,    81.42,    90.01,    1.50)  DC           
          6TH HIGHEST VALUE IS      33.96834 AT (  293535.00,  5081880.00,    84.73,    90.01,    1.50)  DC           
          7TH HIGHEST VALUE IS      31.94523 AT (  293495.00,  5081933.00,    81.42,    81.42,    1.50)  DC           
          8TH HIGHEST VALUE IS      30.02961 AT (  293729.00,  5081905.00,    89.36,    89.36,    1.50)  DC           
          9TH HIGHEST VALUE IS      29.26999 AT (  293591.00,  5081747.00,    87.42,    87.42,    1.50)  DC           
         10TH HIGHEST VALUE IS      26.18454 AT (  293595.00,  5081733.00,    87.43,    87.43,    1.50)  DC           
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Appendix I 
 

Summary of AERMOD-Predicted 24-hour PM2.5 Impacts of  
Port of Morrow Operations with Open Barges and Closed Trains 
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 *** AERMOD - VERSION  12060 ***   *** Port of Morrow - Open barge - 24hr PM2.5                             ***        
10/12/12 

                                   ***                                                                      ***        03:28:27 
                                                                                                                       PAGE   4 

 **MODELOPTs:            CONC                                              ELEV      FLGPOL    
                                                                                                                             
 

                           *** THE SUMMARY OF MAXIMUM   1ST-HIGHEST 24-HR RESULTS AVERAGED OVER   5 
YEARS *** 

 
 

                                    ** CONC OF PM25     IN MICROGRAMS/M**3                          ** 
 

                                                                                                             NETWORK 
GROUP ID                       AVERAGE CONC                RECEPTOR  (XR, YR, ZELEV, ZHILL, ZFLAG)  OF TYPE  

GRID-ID 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

 
ALL   1ST HIGHEST VALUE IS      96.39479 AT (  293634.00,  5081812.00,    88.06,    88.06,    1.50)  DC           
          2ND HIGHEST VALUE IS      93.31912 AT (  293682.00,  5081859.00,    88.36,    88.36,    1.50)  DC           
          3RD HIGHEST VALUE IS      74.26387 AT (  293385.00,  5081765.00,    81.44,    89.12,    1.50)  DC           
          4TH HIGHEST VALUE IS      58.07956 AT (  293486.00,  5081914.00,    81.42,    90.01,    1.50)  DC           
          5TH HIGHEST VALUE IS      52.50092 AT (  293535.00,  5081880.00,    84.73,    90.01,    1.50)  DC           
          6TH HIGHEST VALUE IS      51.74925 AT (  293495.00,  5081933.00,    81.42,    81.42,    1.50)  DC           
          7TH HIGHEST VALUE IS      50.58559 AT (  293436.00,  5081947.00,    81.42,    81.42,    1.50)  DC           
          8TH HIGHEST VALUE IS      50.00263 AT (  293695.00,  5081883.00,    88.89,    88.89,    1.50)  DC           
          9TH HIGHEST VALUE IS      48.44197 AT (  293436.00,  5081761.00,    86.93,    86.93,    1.50)  DC           
         10TH HIGHEST VALUE IS      47.93824 AT (  293303.00,  5081902.00,    81.42,    81.42,    1.50)  DC           
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Appendix J 
 

Summary of AERMOD-Predicted 24-hour PM2.5 Impacts of  
Port of Morrow Operations with Closed Barges and Open Trains 
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 *** AERMOD - VERSION  12060 ***   *** Port of Morrow - Open Train - 24hrPM2.5                              ***        
10/28/12 

                                   ***                                                                      ***        21:07:10 
                                                                                                                       PAGE   4 

 **MODELOPTs:            CONC                                              ELEV      FLGPOL    
                                                                                                                             
 

                           *** THE SUMMARY OF MAXIMUM   1ST-HIGHEST 24-HR RESULTS AVERAGED OVER   5 
YEARS *** 

 
 

                                    ** CONC OF PM25     IN MICROGRAMS/M**3                          ** 
 

                                                                                                             NETWORK 
GROUP ID                       AVERAGE CONC                RECEPTOR  (XR, YR, ZELEV, ZHILL, ZFLAG)  OF TYPE  

GRID-ID 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

 
ALL    1ST HIGHEST VALUE IS     388.58720 AT (  293395.00,  5081533.00,    92.82,    92.82,    1.50)  DC           
          2ND HIGHEST VALUE IS     369.14316 AT (  293445.00,  5081483.00,    93.82,    93.82,    1.50)  DC           
          3RD HIGHEST VALUE IS     329.09982 AT (  293495.00,  5081433.00,    94.48,    94.48,    1.50)  DC           
          4TH HIGHEST VALUE IS     321.34654 AT (  293545.00,  5081383.00,    94.61,    94.61,    1.50)  DC           
          5TH HIGHEST VALUE IS     320.74418 AT (  293595.00,  5081333.00,    94.54,    96.30,    1.50)  DC           
          6TH HIGHEST VALUE IS     206.12712 AT (  293395.00,  5081583.00,    91.05,    91.05,    1.50)  DC           
          7TH HIGHEST VALUE IS     203.49253 AT (  293645.00,  5081283.00,    96.25,    96.25,    1.50)  DC           
          8TH HIGHEST VALUE IS     175.37558 AT (  293445.00,  5081533.00,    92.35,    92.35,    1.50)  DC           
          9TH HIGHEST VALUE IS     175.37558 AT (  293445.00,  5081533.00,    92.35,    92.35,    1.50)  DC           
         10TH HIGHEST VALUE IS     174.66553 AT (  293345.00,  5081633.00,    91.60,    91.60,    1.50)  DC           
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Appendix K 

 
Summary of AERMOD-Predicted Annual NO2 Impacts of  

Port of Morrow Operations 
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 *** AERMOD - VERSION  12060 ***   *** Port of Morrow - NO2 DEPOSITION - 2007                                     ***        
10/11/12 

                                   ***                                                                      ***        08:34:29 
                                                                                                                       PAGE   4 

 **MODELOPTs:  NonDFAULT CONC      DEPOS                                   ELEV      FLGPOL    
                                                       DRYDPLT   WETDPLT                                                     

 
                                   *** THE SUMMARY OF MAXIMUM ANNUAL RESULTS AVERAGED OVER   1 YEARS 

*** 
 
 

                                    ** CONC OF NO2      IN MICROGRAMS/M**3                          ** 
 

                                                                                                             NETWORK 
GROUP ID                       AVERAGE CONC                RECEPTOR  (XR, YR, ZELEV, ZHILL, ZFLAG)  OF TYPE  

GRID-ID 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

 
ALL   1ST HIGHEST VALUE IS    1750.88666 AT (  293682.00,  5081859.00,    88.36,    88.36,    1.50)  DC           
          2ND HIGHEST VALUE IS    1052.50428 AT (  293695.00,  5081883.00,    88.89,    88.89,    1.50)  DC           
          3RD HIGHEST VALUE IS     635.06315 AT (  293729.00,  5081905.00,    89.36,    89.36,    1.50)  DC           
          4TH HIGHEST VALUE IS     435.52880 AT (  293745.00,  5081933.00,    89.41,    89.41,    1.50)  DC           
          5TH HIGHEST VALUE IS     435.52880 AT (  293745.00,  5081933.00,    89.41,    89.41,    1.50)  DC           
          6TH HIGHEST VALUE IS     354.24233 AT (  293695.00,  5081933.00,    88.78,    88.78,    1.50)  DC           
          7TH HIGHEST VALUE IS     330.98272 AT (  293545.00,  5081933.00,    81.42,    88.09,    1.50)  DC           
          8TH HIGHEST VALUE IS     330.98272 AT (  293545.00,  5081933.00,    81.42,    88.09,    1.50)  DC           
          9TH HIGHEST VALUE IS     316.01375 AT (  293495.00,  5081983.00,    81.42,    81.42,    1.50)  DC           
         10TH HIGHEST VALUE IS     305.49073 AT (  293795.00,  5081933.00,    89.75,    89.75,    1.50)  DC           
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Appendix M 

 
Summary of AERMOD-Predicted Nitrogen Deposition Impacts of  

Port of Morrow Operations 
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*** AERMOD - VERSION  12060 ***   *** Port of Morrow - NO2 DEPOSITION-2011                                 ***        
10/11/12* 

***                                                                      ***        21:26:50 
PAGE   5 

**MODELOPTs:  NonDFAULT CONC      DEPOS                                   ELEV      FLGPOL 
DRYDPLT   WETDPLT 

 
*** THE SUMMARY OF MAXIMUM ANNUAL RESULTS AVERAGED OVER   1 YEARS *** 

 
 

** DEPO OF NO2      IN GRAMS/M**2/YR                            ** 
 

NETWORK 
GROUP ID                         TOTAL DEPO                RECEPTOR  (XR, YR, ZELEV, ZHILL, ZFLAG)  OF TYPE  

GRID-ID 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

ALL       1ST HIGHEST VALUE IS      85.83330 AT (  293645.00,  5081883.00,    88.58,    88.58,    1.50)  DC 
2ND HIGHEST VALUE IS      59.12736 AT (  293695.00,  5081933.00,    88.78,    88.78,    1.50)  DC 
3RD HIGHEST VALUE IS      56.41767 AT (  293695.00,  5081883.00,    88.89,    88.89,    1.50)  DC 
4TH HIGHEST VALUE IS      53.31785 AT (  293682.00,  5081859.00,    88.36,    88.36,    1.50)  DC 
5TH HIGHEST VALUE IS      50.98385 AT (  293645.00,  5081933.00,    88.68,    88.68,    1.50)  DC 
6TH HIGHEST VALUE IS      50.98385 AT (  293645.00,  5081933.00,    88.68,    88.68,    1.50)  DC 
7TH HIGHEST VALUE IS      38.15760 AT (  293695.00,  5081983.00,    86.48,    89.33,    1.50)  DC 
8TH HIGHEST VALUE IS      33.88791 AT (  293645.00,  5081983.00,    87.43,    87.43,    1.50)  DC 
9TH HIGHEST VALUE IS      26.27295 AT (  293495.00,  5081983.00,    81.42,    81.42,    1.50)  DC 
10TH HIGHEST VALUE IS      25.56387 AT (  293745.00,  5081983.00,    88.92,    88.92,    1.50)  DC 
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August 13, 2013 

 

U.S. Army Corps of Engineers 

Attn: Steve Gagnon 

P.O. Box 2946 

Portland, OR  97208-2946 

nwp-2007-998@usace.army.mil  

  

Submitted via U.S. mail and email. 

 

RE: Comments on Cascade Kelly Holdings LLC’s Rivers and Harbors Act 

Section 10 Permit Application (NWP-2007-998).  

 

Dear Mr. Gagnon, 

 

Columbia Riverkeeper (Riverkeeper), the Northwest Environmental Defense Center 

(NEDC), and the Sierra Club request that the U.S. Army Corps of Engineers (Corps) deny 

Cascade Kelly Holdings LLC’s (Cascade Kelly)
1
 application for a § 10 Rivers and Harbors Act 

permit to facilitate crude oil shipments at Port Westward (NWP-2007-998).  The commenters are 

all non-profit organizations, representing tens of thousands of members, dedicated to protecting 

public health, the environment, and natural resources.  We appreciate the opportunity to provide 

comments on Cascade Kelly’s proposal to significantly increase crude oil handling along and 

over the Columbia River. 

 

The Corps has the responsibility and authority to protect the Columbia River Estuary.  

The Lower Columbia River is a federally-designated Estuary of National Significance under the 

Clean Water Act’s National Estuary Program, and the Columbia River was designated in 2006 as 

one of the U.S. Environmental Protection Agency’s (EPA) seven Priority Large Aquatic 

Ecosystems.  The Columbia is a local treasure, and a national priority for watershed health.  The 

Columbia River Estuary faces numerous threats, but none with the potential to quickly and 

comprehensively devastate this ecosystem like a crude oil or vessel fuel spill.  

 

                                                 
1
 Cascade Kelly Holdings LLC is wholly owned by Global Partners LP, a company specializing in transporting 

crude oil and other petroleum products.  Global Partners LP Website, 

http://www.globalp.com/news/article.cfm?articleID=278 (last accessed 7/11/2013). 

mailto:nwp-2007-998@usace.army.mil
http://www.globalp.com/news/article.cfm?articleID=278


2 

 

The fundamental question before the Corps is whether the Columbia River and 

surrounding communities should become a conduit for millions of gallons of crude oil and 

millions of tons of coal.  The Corps may not issue Cascade Kelly a permit to expand the dock if 

the resulting uses of the dock—such as shipping crude oil and coal—would be “contrary to the 

public interest.”  30 C.F.R. § 320.4(a)(1).  Riverkeeper, NEDC, and the Sierra Club request that 

the Corps seriously consider whether shipping crude oil and coal through the Columbia River 

Estuary is in the public interest, and explain your answer to the public, before making a decision 

on this application.   

 

I. Crude Oil and the Port Westward Dock 

 

Cascade Kelly’s proposal calls for overhauling the existing Port Westward dock to 

facilitate Cascade Kelly’s crude oil export operations and lays the groundwork for major 

expansions in oil shipments.  Cascade Kelly began shipping crude oil at the Port Westward 

ethanol facility in November of 2012.  These over-water operations have never been reviewed by 

the Corps, the National Marine Fisheries Service, or the U.S. Fish and Wildlife Service.  For the 

reasons explained below, Cascade Kelly’s proposed dock expansion and its intended use—

massive shipments of crude oil—threaten the public’s use of the Columbia River and endangered 

salmon and other species.  We therefore urge the Corps to reject the inevitable impacts and 

severe risks associated with this project.   

 

Cascade Kelly’s Port Westward loading facility is the first large-scale crude oil terminal 

to operate in Oregon or Washington in decades.
2, 3

  Cascade Kelly acquired the existing Port 

Westward ethanol refinery, which includes a bulk liquid trans-loading facility capable of 

handling crude oil, thereby largely circumventing the government oversight and public 

involvement process that would normally accompany the construction of a crude oil terminal.  

Presently, Cascade Kelly’s terminal can handle 28,600 barrels of oil per day.
4
  A major failing of 

Cascade Kelly’s application is that it does not include any information about the quantity of 

crude oil Cascade Kelly intends to transport in the future.  This makes it very difficult for the 

public or the Corps to understand the intensity of environmental and social impacts that could 

result from this project.  A representative of Cascade Kelly asserted that the facility is “limited in 

its total capacity by EPA and others,” but—for some reason—Cascade Kelly’s application did 

not include these ‘limits’ or where they derive from.        

 

The Corps’ review of Cascade Kelly’s application will set the tone for  the agency’s 

reviews of future proposals that would enable more crude oil shipping in the lower Columbia—

and such proposals are coming.
5
  In the late 2000s, advances in technology led to an oil rush in 

the Bakken shale formation in the North Dakota/Montana/Saskatchewan/Manitoba region.  The 

rapid growth in crude oil production put pressure on pipeline capacity and pushed oil companies 

                                                 
2
 Global Partners LP Website, http://www.globalp.com/terminals/terminal.cfm?terminalID=4000 (last accessed 

7/11/2013) (describing the Port Westward dock as a “crude oil” terminal). 
3
 http://www.oregonlive.com/environment/index.ssf/2013/05/former_ethanol_plant_in_clatsk.html  

4
 Exhibit 1. Sightline Institute, The Northwest’s Pipeline on Rails at 4 (Aug. 2013).  

5
 Id. 

http://www.globalp.com/terminals/terminal.cfm?terminalID=4000
http://www.oregonlive.com/environment/index.ssf/2013/05/former_ethanol_plant_in_clatsk.html


3 

 

to start using rail to move crude to market.  In turn, Cascade Kelly’s application is likely the first 

of many that will threaten Oregon and Washington’s waterways with crude oil.
6
   

 

While Cascade Kelly appears focused on shipping Bakken crude oil at present, the Corps 

should critically investigate whether this project could: (1) transport Canadian Tar Sands crude 

oil for international export, or (2) facilitate and/support coal handling activities proposed by 

Pacific Transloading LLC, d/b/a Ambre Energy, at the Port Westward dock.  There is no 

apparent reason why the facility could not accommodate Tar Sands heavy crude in the future.  

Wider use of Tar Sands oil is currently impeded by transport bottlenecks, including staunch 

opposition to pipeline construction in U.S. and Canada.
7
  Some observers have concluded that 

“build-out of oil-by-rail projects in the Northwest could, in effect, serve as a pipeline on wheels 

for Canadian tar sands.”
8
  Canadian Tar Sands oil poses even more severe environmental and 

global warming risks than conventional crude,
9
 and exporting tar sands crude is contrary to the 

public interest within the meaning of 30 C.F.R. § 320.4(a)(1).   

 

II. Coal and the Port Westward Dock 

 

Despite Cascade Kelly’s protestations, the objective evidence clearly shows that this 

project is related to or benefits Ambre Energy’s proposed coal export terminal.  As the Corps 

knows, Ambre Energy’s “Morrow Pacific Project” contemplates using the Port Westward dock 

to transfer coal from river barges to Panamax vessels for overseas export.
10

  Ambre Energy’s 

Environmental Review Document stated that its coal barges would utilize the “existing dock at 

Port Westward.”
11

   

 

Last week, Ambre Energy sent a letter to the Oregon Department of State Lands 

reiterating that coal trans-loading would utilize the Port Westward dock.
12

  In fact, Ambre 

Energy’s web page has a graphic of a Panamax ship moored at the Port Westward dock, being 

loaded with coal.
13

  Further, the Port of St. Helens, which owns the Port Westward dock, has 

contracted with Ambre Energy to find space at Port Westward for the Morrow Pacific coal trans-

loading project,
14

 giving the Port of St. Helens the incentive—and possibly the obligation—to 

allow Ambre Energy to load coal onto Panamax ships at the Port Westward dock.  There is no 

apparent practical reason, based on the very limited information in Cascade Kelly’s application, 

why the expanded dock could not alternately accommodate Panamax vessels loading coal and 

crude oil.  Additionally, the objective evidence shows that Ambre Energy intends to use the 

                                                 
6
 Oil from Cascade Kelly’s operations is currently bound for U.S. oil refineries.  The future of the U.S. ban on 

overseas export of U.S. derived oil is uncertain.  Footnote 5, supra.  Additionally, it is not clear that all Bakken 

crude reaching the terminal is subject to that ban because some of it may originate in Canada.   
7
 Exhibit 1 at 3, 4. 

8
 Id.  

9
 Exhibit 2. U.S. Environmental Protection Agency, Comments on the Draft Supplemental Environmental Impact 

Statement for the Keystone XL Pipeline, 2, 3 (April 2013).  
10

 Ambre Energy’s website for the Morrow Pacific Project, (http://www.morrowpacific.com/the-project) (last 

viewed 7/16/2013). 
11

 Exhibit 3, Ambre Energy’s Environmental Review Document for the Morrow Pacific Project at 3. 
12

 Exhibit 4, Ambre Energy letter to Oregon Department of State Lands at 3. 
13

 Exhibit 5. See http://morrowpacific.com/wp-content/uploads/2012/08/MorrowPacificMap-large.jpg. 
14

 Exhibit 6. Pacific Transloading LLC / Port of St. Helens - Option and Terminal Services Agreement (Jan. 2012).  

http://www.morrowpacific.com/the-project
http://morrowpacific.com/wp-content/uploads/2012/08/MorrowPacificMap-large.jpg
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expanded dock to facilitate its coal export trans-loading scheme.  Because the Corps has the duty 

to assess whether “the proposed activity and its intended use” are contrary to the public interest, 

the Corps must also consider trans-loading coal onto Panamax vessels when deciding whether 

the intended uses of the expanded dock are in the public interest.  30 C.F.R. § 320.4(a)(1) 

(emphasis added).  Similarly, the Corps must analyze and describe the environmental effects of 

coal trans-loading in the EIS for the dock expansion.  See 40 C.F.R. § 1508.25(c)(1), (2). 

 

III. Request for Public Hearing. 

 

Riverkeeper, NEDC, and the Sierra Club request that the Corps hold a public hearing on 

the proposed § 10 permit.  Based on the applicant’s failure to fully disclose the nature and scope 

of its operation, many members of the public are not aware of the significant ramifications of 

expanding the capacity of the Port Westward dock.  For example, a public hearing would 

facilitate full disclosure of how this project would impact:  

 

 public safety 

 endangered and threatened species 

 recreational activities on the Columbia River, including recreational fishing and 

boating 

 commercial and subsistence fishing 

 commerce on the Columbia River 

 

A hearing would also facilitate public understanding of, and facilitate public input on, how 

Cascade Kelly’s proposal would enable coal export. 

 

The Northwest is at the center of an unprecedented movement to export crude oil.  The 

public’s interest and engagement in the Port of Vancouver’s recent decision to lease property to 

Tesoro Savage for a crude oil terminal underscores the importance of holding a public hearing on 

Cascade Kelly’s proposal.
15

  Tesoro Savage proposes shipping more crude oil per day than the 

TransMountain pipeline—one of the largest oil pipelines on the West Coast, and roughly half the 

amount of oil proposed for transport in the controversial Keystone XL pipeline.  This amounts to 

eight mile-and-half long trains per day—four full, four empty.  Based on Cascade Kelly’s 

application, it is unclear how much oil Cascade Kelly plans to handle.  Nonetheless, the strong 

public reaction evoked by the Port of Vancouver crude-by-rail proposal highlights the 

importance of public hearings.  A public hearing would support and facilitate a public dialogue 

on Cascade Kelly’s proposed dock work and crude oil operations that the Northwest is sorely 

lacking.   

 

IV. The Corps should deny Cascade Kelly’s application because crude oil 

shipment in the Columbia River Estuary is contrary to the public interest. 

 

                                                 
15

 http://www.columbian.com/news/2013/jul/22/port-of-vancouver-foes-fill-meeting-on-oil-plan/; 

http://www.columbian.com/news/2013/jul/30/vancouver-port-meetings-law-oil-terminal-tesoro/.  

http://www.columbian.com/news/2013/jul/22/port-of-vancouver-foes-fill-meeting-on-oil-plan/
http://www.columbian.com/news/2013/jul/30/vancouver-port-meetings-law-oil-terminal-tesoro/
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The Corps may not issue Cascade Kelly a permit to expand the dock if doing so would be 

“contrary to the public interest.”  30 C.F.R. § 320.4(a)(1).  To determine whether a project is 

contrary to the public interest, the Corps balances the “benefits which reasonably may be 

expected to accrue from the proposal” against the “reasonably foreseeable detriments” “of the 

proposed activity and its intended use . . . .”  Id. (emphasis added).  When assessing whether the 

impacts of this “proposed activity” (dock expansion), and its “intended use” (crude oil and coal 

shipping and loading), are contrary to the public interest, the Corps must consider “[a]ll factors 

which may be relevant . . . .”  Id.
16

  The public interest review is intended to be broad, capturing 

all issues that could impact the environment, human health, and natural resources. 

 

Cascade Kelly’s proposal to overhaul the Port Westward dock to facilitate crude oil and 

coal loading and shipping is contrary to the public interest because the foreseeable detriments to 

the public far outweigh any potential benefits.  The severe impacts of Cascade Kelly’s project, 

such as potential crude oil leaks and spills into the Columbia, toxic air pollution from diesel train 

and ship engines, toxic air pollution associated with vented emissions off of the crude oil itself, 

and the risk of catastrophes like the recent explosion and fire in Quebec,
17

 are all contrary to the 

“welfare of the people.”  30 C.F.R. § 320.4(a)(1).  Accordingly, the Corps should deny the 

permit.  

 

Before making its public interest determination, the Corps should fill in the informational 

gaps in Cascade Kelly’s application.  The application lacks basic information about the project’s 

size, design, and scope.  The application fails to disclose the quantity of ‘bulk liquid commodity’ 

Cascade Kelly intends to handle, the number or frequency of Panamax ships using the dock, how 

‘bulk commodity loading’ would proceed at the dock, or the number or frequency of unit trains 

hauling ‘bulk liquid commodity’ to the dock.  Without such fundamental information, the Corps 

cannot make an informed decision about how the project will impact the public, and whether the 

project is contrary to the public interest.      

 

a. The project is contrary to the public interest because it increases the risk of 

crude oil spills in the Columbia River Estuary, which would devastate this 

fragile environment and the numerous public benefits it provides. 

 

Expanding crude oil loading and shipment on the Columbia River is contrary to the 

public interest because such activities pose the unacceptable risk of a devastating oil spill in this 

unique and fragile environment.  It stands to reason that docking larger vessels would allow and 

lead Cascade Kelly to ship more crude oil, thus increasing the probability of an accident and/or 

the magnitude of a resulting spill.  To truly appreciate the ‘foreseeable detriments’ to the public, 

the Corps needs to analyze and discuss the probability of spills, and discuss the environmental 

                                                 
16

 For the purposes of the public interest test, factors which may be relevant include, but are not limited to: 

“conservation, economics, aesthetics, general environmental concerns, wetlands, historic properties, fish and 

wildlife values, flood hazards, floodplain values, land use, navigation, shore erosion and accretion, recreation, water 

supply and conservation, water quality, energy needs, safety, food and fiber production, mineral needs, 

considerations of property ownership and, in general, the needs and welfare of the people.”  30 C.F.R. § 320.4(a)(1). 
17

 Washington Post, 40 still missing in deadly Canada oil train derailment; police say higher death toll certain (July 

8, 2013) (http://www.washingtonpost.com/world/the_americas/40-still-missing-in-deadly-canada-train-derailment-

police-say-higher-death-toll-inevitable/2013/07/07/56961b80-e76a-11e2-818e-aa29e855f3ab_story.html). 

http://www.washingtonpost.com/world/the_americas/40-still-missing-in-deadly-canada-train-derailment-police-say-higher-death-toll-inevitable/2013/07/07/56961b80-e76a-11e2-818e-aa29e855f3ab_story.html
http://www.washingtonpost.com/world/the_americas/40-still-missing-in-deadly-canada-train-derailment-police-say-higher-death-toll-inevitable/2013/07/07/56961b80-e76a-11e2-818e-aa29e855f3ab_story.html
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and socio-economic impacts from a large crude oil spill in the  Columbia River Estuary.  

Additionally, the Corps should consider the known navigational dangers that could lead to spills, 

like crossing the perilous Columbia River Bar.  Without investigating and discussing the 

potential for oil spills resulting from this project, the Corps cannot possibly determine that such a 

potentially destructive project is consistent with the “public interest” in a clean and healthy the 

Columbia River.  30 C.F.R. § 320.4(a)(1).   

 

b.  The project is contrary to the public interest because it threatens public 

health and safety. 

 

A recent train derailment and explosion in Lac-Mégantic, Quebec, demonstrated that 

Bakken crude oil can burn and explode, and can be extremely dangerous to anyone nearby.
18, 19

  

First-hand accounts of the Lac-Mégantic tragedy are chilling.  Anne-Julie Hallee, a Lac-

Mégantic resident, explained her experience: “There was a cloud of flames, rolling and rolling. It 

was really scary . . . .”
 20

  “[I]t was like hell.”
21

  Another resident added: “I saw a mushroom 

cloud, like an atomic bomb, explode in the air.”
22

  These horrific events demonstrated that the 

possibility of an accident involving Bakken crude is real, and that a crude oil fire or explosion at 

a train car, an over-water pipeline, or a Panamax vessel poses a credible threat to public health 

and safety.  Subjecting workers and local residents to these dangers is contrary to the public 

interest.  

 

 In addition to the threat of fires and explosions, crude oil shipment could also subject 

workers and local residents to toxic air emissions.  Bakken crude oil, the type of crude Cascade 

Kelly ships, often contains high levels of hydrogen sulfide gas, a colorless, flammable, and toxic 

gas.  Chronic exposure to sulfide gas can cause lung, liver and kidney damage, infertility, 

immune system suppression, disruption of hormone levels, blood disorders, gene mutations, birth 

defects, and cancer.
23

  According to the Occupational Safety and Health Administration, 

hydrogen sulfide is immediately dangerous to life and health at concentrations above 100 parts 

per million (ppm).  When the concentration rises over 100 ppm, hydrogen sulfide is odorless 

because it paralyzes the olfactory nerves.  At concentrations as low as 50-200 ppm, hydrogen 

sulfide can cause shock, convulsions, and coma.  Cascade Kelly’s application does not mention 

how emissions of sulfide gas and other potential toxic air pollutants from rail cars, the trans-

loading pipeline, or receiving ships will be monitored and regulated to ensure human health and 

                                                 
18

 Exhibit 7. Pictures from aftermath of an oil-train explosion in Lac-Megantic, Quebec. 
19

  Exhibit 8. National Geographic. Oil Train Tragedy in Canada Spotlights Rising Crude Transport by Rail (July 

28, 2013); see also The Daily Beast, Inside the Brutal Clean-up Efforts in Lac-Megantic (July 16, 2013) 

(http://www.thedailybeast.com/articles/2013/07/16/inside-the-brutal-clean-up-efforts-in-lac-megantic.html); see also 

Washington Post, 40 still missing in deadly Canada oil train derailment; police say higher death toll certain (July 8, 

2013) (http://www.washingtonpost.com/world/the_americas/40-still-missing-in-deadly-canada-train-derailment-

police-say-higher-death-toll-inevitable/2013/07/07/56961b80-e76a-11e2-818e-aa29e855f3ab_story.html). 
20

 Exhibit 9. See http://www.ctvnews.ca/canada/residents-recall-terrifying-moments-in-lac-megantic-train-disaster-

1.1357750#ixzz2YW82LsBj. 
21

 Id. 
22

 Exhibit 9. See http://www.rcinet.ca/en/2013/07/08/quebec-town-a-war-zone-after-derailed-train-explosions/. 
23

 Utah Department of Environmental Quality, Adverse Health Effects from Exposure to Crude Oil Mixtures (June 

2010). 

http://www.thedailybeast.com/articles/2013/07/16/inside-the-brutal-clean-up-efforts-in-lac-megantic.html
http://www.washingtonpost.com/world/the_americas/40-still-missing-in-deadly-canada-train-derailment-police-say-higher-death-toll-inevitable/2013/07/07/56961b80-e76a-11e2-818e-aa29e855f3ab_story.html
http://www.washingtonpost.com/world/the_americas/40-still-missing-in-deadly-canada-train-derailment-police-say-higher-death-toll-inevitable/2013/07/07/56961b80-e76a-11e2-818e-aa29e855f3ab_story.html
http://www.ctvnews.ca/canada/residents-recall-terrifying-moments-in-lac-megantic-train-disaster-1.1357750#ixzz2YW82LsBj
http://www.ctvnews.ca/canada/residents-recall-terrifying-moments-in-lac-megantic-train-disaster-1.1357750#ixzz2YW82LsBj
http://www.rcinet.ca/en/2013/07/08/quebec-town-a-war-zone-after-derailed-train-explosions/
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safety.  Nevertheless, such serious impacts almost certainly exist, and are contrary to the public 

interest.  

 

Expanding crude oil and coal loading and shipment on the Columbia River is also 

contrary to the public interest because the Panamax vessels, support vessels, and trains that 

would be involved would all emit substantial amounts of toxic diesel pollution.  The fine 

particulates associated with diesel emissions “can cause lung damage, aggravate respiratory 

disease such as asthma, and are thought to be a human carcinogen.  Diesel emissions have a high 

potential to impact people who are sensitive to the health effects of fine particles (e.g. children, 

elderly, and those with existing heart or lung disease, asthma or other respiratory problems).”
24

  

The increased diesel exhaust emissions associated with Cascade Kelly’s proposal, and the 

cumulative diesel emissions resulting from similar fossil fuels export proposals, are not in the 

public interest. 

 

c. The project is contrary to the public interest because increased Panamax 

vessel traffic could degrade the estuary and public uses of the river.  

 

 Fishermen, commercial shippers, and recreational boaters, use the Columbia River 

Estuary and the shipping channel in the lower Columbia River extensively, and Panamax-class 

oil tankers transiting the ship channel would disrupt those uses.  Cascade Kelly’s application 

claims that the project will decrease shipping traffic from the Port Westward dock by 30 to 50 

percent; but this figure masks the fact that smaller oil barges would be replaced by very large 

Panamax vessels, and ignores the additional Panamax vessel traffic associated with coal shipping 

and loading.  When assessing the project’s foreseeable detriments to the public, the Corps must 

consider how Panamax vessel traffic would impact existing recreation and commercial activity 

on the river.  The Corps must consider not only the impacts of Panamax vessels serving Cascade 

Kelly’s project, but the foreseeable cumulative impacts of all Panamax vessel traffic from the 

various fossil fuel export projects currently proposed in the lower Columbia.
25

  30 C.F.R. § 

320.4(a)(1) (“The decision whether to issue a permit will be based on an evaluation of the 

probable impacts, including cumulative impacts, of the proposed activity and its intended use on 

the public interest.”) (emphasis added).  The shipping channel in the estuary and near the river 

mouth is a popular location for salmon and sturgeon fishing, and an important commercial transit 

corridor.  The individual and cumulative impacts of Panamax vessel traffic would disrupt 

existing uses of the river and are contrary to the public interest.        

 

 In addition to disrupting exiting uses of the river, increased Panamax vessel traffic could 

harm the river and estuary ecosystem in various ways.  For instance, increased Panamax vessel 

traffic could increase wake stranding and mortality of endangered juvenile salmon and 

                                                 
24

 Letter from Kate Kelly, Director, Office of Ecosystems, Tribal and Public Affairs, U.S. Environmental Protection 

Agency, to Mr. Steve Gagnon, U.S. Army Corps of Engineers, Re: Comments on Public Notice for Permit 

Application under Section 10 of the Rivers and Harbors Act for a Coal Transloading Facility, Port of Morrow, 

Oregon (Apr. 5, 2012). 
25

 See Section V.a., infra, describing other planned fossil fuel export projects in the Columbia River Estuary. 
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steelhead
26

 that use the estuary for migration and rearing habitat.
27

  Similarly, increased 

frequency and intensity of wakes from large Panamax ships could result in shoreline erosion, 

potentially damaging man-made structures as well as wetlands and riparian habitat throughout 

the estuary.  Additionally, increased vessel visits threaten to introduce aquatic invasive species 

through ballast-water transfers or ship fouling.  The Corps must consider these consequences of 

increased Panamax vessel traffic from the expanded dock and from the cumulative impacts of all 

proposed fossil fuels shipping activities in the Columbia.  These impacts to the Columbia River’s 

ecosystem are not in the public interest.                   

 

d. The project is contrary to the public interest because crude oil shipment 

exacerbates global warming. 

 

The impacts of Cascade Kelly’s project are contrary to the public interest because 

extracting and bringing crude oil to market exacerbates global warming.  Unfortunately, Cascade 

Kelly provides no figures on the amount of crude oil or other carbon-based fuel it plans to ship, 

so calculating the project’s true contribution global warming is nearly impossible.  However, the 

Corps has a duty to examine the project’s cumulative impacts, which, when added to the global 

warming impacts of all other proposed fossil fuels shipping proposals along the Columbia,
28

 are 

significant by any measure.      

 

Global warming is one of the greatest ecological and humanitarian threats of the modern 

era.  In 2007, the United Nations’ Intergovernmental Panel on Climate Change (IPCC) released 

its frequently cited report reflecting the new scientific consensus that unrestrained greenhouse 

gas (GHG) emissions are causing global warming.  As summarized by a United Nations press 

release: 

 

The IPCC, which brings together the world’s leading climate scientists and 

experts, concluded that major advances in climate modeling and the collection 

and analysis of data now give scientists “very high confidence”—at least a nine 

out of ten chance of being correct—in their understanding of how human 

activities are causing the world to warm.  This level of confidence is much greater 

than the IPCC indicated in their last report in 2001.  The report confirmed that it 

is “very likely” that greenhouse gas emissions have caused most of the global 

temperature rise observed since the mid-twentieth century.  Ice cores, going back 

10,000 years, show a dramatic rise in greenhouse gases from the onset of the 

industrial age.  The co-chair of the IPCC working group stated, “There can be no 

question that the increase in these greenhouse gases are dominated by human 

activity. 

                                                 
26

 Exhibit 10, Pearson et al., A Study of Stranding of Juvenile Salmon by Ship Wakes Along the Lower Columbia 

River Using a Before-and-After Design: Before-Phase Results (2006). 
27

 Exhibit 11, NMFS, Columbia River Estuary ESA Recovery Plan Module for Salmon and Steelhead (2011); 

Exhibit 12, Fresh et al., NOAA Technical Memorandum NMFS-NWFSC-69: Role of the Estuary in the Recovery of 

Columbia River Basin Salmon and Steelhead (2005); 78 Fed. Reg. 2,726 (January 14, 2013) (Proposed Critical 

Habitat Designation for Lower Columbia Coho Salmon).   
28

 See Section V.a., infra, describing other planned fossil fuel export projects in the Columbia River Estuary. 
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The United Nations went on to summarize the key findings of the report: 

 

The report describes an accelerating transition to a warmer world—an increase of 

three degrees Celsius is expected this century—marked by more extreme 

temperatures including heat waves, new wind patterns, worsening drought in 

some regions, heavier precipitation in others, melting glaciers and arctic ice, and 

rising global average sea levels. 

 

 More recent scientific analysis has demonstrated that the urgency to act on climate 

impacts is even greater than it was in 2007.  The recent Copenhagen Climate Science Congress, 

attended by 2,000 scientists, concluded with this “Key Message 1:” 

 

Recent observations confirm that, given high rates of observed emissions, the 

worst-case IPCC scenario trajectories (or even worse) are being realized.  For 

many key parameters, the climate system is already moving beyond the patterns 

of natural variability within which our society and economy have developed and 

thrived.  These parameters include global mean surface temperatures, sea-level 

rise, ocean and ice sheet dynamics, ocean acidification, and extreme climatic 

events.  There is a significant risk that many of the trends will accelerate, leading 

to an increasing risk of abrupt or irreversible climatic shifts.
29

 

 

Numerous studies predict severe impact from climate change in Oregon, including 

dramatic reductions in snowpack, declining river flows, increased deaths from temperatures and 

air pollution, increased risk of wildfires, loss of salmon and shellfish habitat, lost hydropower 

generation, and flooding.  The Oregon Department of Energy summarized these impacts: 

 

Rain and Snow Patterns 
Rainstorms and snowstorms could increase in severity, but less snow would build up in 

the mountains. Snowpacks might melt faster, increasing flooding. Less water would be 

available for recreation, irrigation, drinking and fish habitat. The concentration of 

pollutants in the water could increase during summer and fall. 

 

Sea Level Rise 
A rise in sea level could threaten beaches, sandy bluffs and coastal wetlands. Coast towns 

could experience more flooding, causing increased damage to roads, buildings, bridges 

and water and sewer systems. 

Diminished Water Supplies and Crop Productivity 
Oregon’s crops and livestock could be affected by warmer temperatures, less water 

availability and drier soils. Some crops, such as wheat, might thrive in warmer 

temperatures, while others, such as potatoes, could be harmed. Less water available for 

irrigation would harm agriculture. 

 

                                                 
29

 International Scientific Congress, Climate Change: Global Risks, Challenges, and Decisions (Mar. 12, 2009). 
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Ecosystems 
Native species adapted to Oregon’s climate could suffer if temperatures rise. Warmer 

streams and rivers would harm salmon and other native species and non-native species 

could replace them. The cultural practices of Oregon’s tribes could be affected, as could 

the businesses and recreation practices of those who rely on the state´s native species. 

  

 Based on the substantial contribution of GHG emissions associated with Cascade Kelly’s 

crude oil in conjunction with the cumulative global warming impacts of all fossil fuels shipping 

proposals in the Columbia, the project and its intended use are contrary to the public interest.  30 

C.F.R. § 320.4(a)(1). 

 

V. The Corps must use the NEPA process to evaluate the environmental risks 

and impacts of crude oil and coal shipment at Port Westward. 

 

The Corps decision about whether to approve Cascade Kelly’s application triggers 

NEPA’s review and disclosure requirements.  NEPA is America’s basic “charter for protection 

of the environment.”  40 C.F.R. § 1500.1(a).  NEPA serves two purposes: it (1) ensures that the 

agency will carefully consider detailed information concerning significant environmental 

impacts of the proposed project, and (2) “guarantees that the relevant information will be made 

available” so that the public may play a role in the decision-making process.  Robertson v. 

Methow Valley Citizens Council, 490 U.S. 332, 349 (1989).  By focusing the agency attention on 

the environmental consequences of proposed actions, NEPA “ensures that important effects will 

not be overlooked or underestimated only to be discovered after resources have been committed 

or the die otherwise cast.”  Id. 

 

a. Scope of NEPA analysis 

 

The Corps’ NEPA analysis must look beyond the installation of dolphins at the Port 

Westward dock.  The Council on Environmental Quality’s (CEQ) regulations governing the 

scope of NEPA analyses require agencies like the Corps to analyze the direct, indirect, and 

cumulative impacts of each proposed action.  40 C.F.R. § 1508.25(c).  Accordingly, the Corps’ 

review must address the environmental impacts of the crude oil and coal shipping that the dock 

alterations would facilitate, and the cumulative impact of this project in conjunction with other 

similar crude oil and fossil fuel shipping proposals.        

 

The Corps’ NEPA review must address the environmental impacts of transporting crude 

oil and coal to the dock, loading crude oil and coal at the dock, and shipping crude oil and coal in 

Panamax vessels from the dock and through the Columbia River Estuary.  The CEQ’s 

regulations require the Corps to analyze the direct and indirect
30

 impacts and effects of the 

proposed dock alterations.  40 C.F.R. § 1508.25(c)(1) & (2).  The effects of altered or increased 

crude oil and coal shipping on Panamax vessels are effects of the proposed dock alterations 

                                                 
30

 Indirect effects, for NEPA purposes, are those effects “which are caused by the action and are later in time or 

farther removed in distance, but are still reasonably foreseeable.”  40 C.F.R. § 1508.8(b).  Indirect effects include the 

ways that human use of an area changes as a result of the proposed action, and the consequential effects of those 

changed uses on air, water, and ecosystems.  Id. 
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because the dock alterations are specifically designed to facilitate this crude oil shipping, and the 

activity is a “reasonably foreseeable” result.  Id.  Accordingly, the Corps’ NEPA analysis must 

address the impacts of crude oil and coal shipping on the Columbia River’s water and 

ecosystems.       

 

Additionally, the Corps must explain the overall environmental impact of this project and 

the numerous other crude oil and fossil fuel shipping projects proposed in the Columbia River 

Estuary.  The CEQ’s regulations require the Corps to analyze the cumulative environmental 

impact of each proposed action when added to other past, present, and reasonably foreseeable 

future actions, regardless of what agency or person undertakes such other actions.  40 C.F.R. §§ 

1508.7, 1508.25(c)(3).  In recent years, various companies have proposed, or even begun, 

shipping fossil fuels—including crude oil, coal, and liquefied natural gas (LNG)—through the 

Columbia River Estuary.  These projects include, but are not limited to:  

 

 Cascade Kelly’s current shipments of Bakken crude oil from the Port Westward dock. 

 Ambre Energy’s proposed Morrow Pacific Project to export coal, also using the Port 

Westward dock.
31

 

 The Port of Vancouver’s recently approved a lease with Tesoro-Savage to construct and 

operate a very large crude oil terminal.
32

 

 Millennium Bulk Terminal’s proposed coal export terminal at Longview, Washington.
33

   

 Oregon LNG’s proposed LNG export terminal at Warrenton, Oregon.
34

  

 

All of these projects are either presently occurring or reasonably foreseeable, and all have the 

potential to impact the Columbia River in similar ways.  Accordingly, NEPA compels the Corps 

to assess and describe the cumulative impact that all of these fossil fuel shipping activities would 

have on the Columbia River.   

 

b. The Corps should prepare an Environmental Impact Statement to evaluate 

the environmental risks and impacts of crude oil shipment from the Port 

Westward dock. 

 

An Environmental Impact Statement (EIS) is the appropriate NEPA document to assess 

the environmental consequences and risks of crude oil transport in the Columbia River Estuary 

because there are substantial questions about whether the project may significantly impact the 

Columbia River.  An agency must prepare an EIS when substantial questions exist about whether 

the proposed project “may” significantly degrade the environment.  Native Ecosystems Council v. 

U.S. Forest Service, 428 F.3d 1233, 1239 (9th Cir. 2005) (emphasis in original); see also 42 

U.S.C. § 4332(2)(C).  “This is a low standard.”  Klamath Siskiyou Wildlands Ctr. v. Boody, 468 

                                                 
31

 See Section II, supra. 
32

 The Columbian, Port of Vancouver runs afoul of meetings law (July 30, 2013) 

(http://www.columbian.com/news/2013/jul/30/vancouver-port-meetings-law-oil-terminal-tesoro/). 
33

 Letter from Millennium Bulk Terminals LLC to the Corps (Feb. 13, 2012) (http://millenniumbulk.com/wp-

content/uploads/2012/05/February-13-2012-Letter-to-Michelle-Walker.pdf).   
34

 77 Fed. Reg. 59,603 (September 28, 2012 ) (FERC notice of intent to prepare an EIS for Oregon LNG’s proposed 

LNG export project.). 

http://www.columbian.com/news/2013/jul/30/vancouver-port-meetings-law-oil-terminal-tesoro/
http://millenniumbulk.com/wp-content/uploads/2012/05/February-13-2012-Letter-to-Michelle-Walker.pdf
http://millenniumbulk.com/wp-content/uploads/2012/05/February-13-2012-Letter-to-Michelle-Walker.pdf
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F.3d 549, 562 (9th Cir. 2006); California Wilderness Coalition v. U.S., 631 F.3d 1072, 1097 (9th 

Cir. 2011).   

 

The Council on Environmental Quality’s (CEQ) NEPA regulations contain ten ‘intensity’ 

factors that agencies like the Corps must consider when evaluating whether a project’s impacts 

may be significant, requiring an EIS.  40 C.F.R. § 1508.27(b); Ocean Advocates v. U.S. Army 

Corps of Eng’rs, 361 F.3d 1108, 1124 (9th Cir. 2004).  These factors include: 

 

 (1)   Impacts that may be both beneficial and adverse. A significant effect may exist even 

if the Federal agency believes that on balance the effect will be beneficial.  

 

 (2)   The degree to which the proposed action affects public health or safety.  

 

 (3)   Unique characteristics of the geographic area such as proximity to historic or 

cultural resources, park lands, prime farmlands, wetlands, wild and scenic rivers, or 

ecologically critical areas.  

 

 (4)   The degree to which the effects on the quality of the human environment are likely 

to be highly controversial.  

 

 (5)   The degree to which the possible effects on the human environment are highly 

uncertain or involve unique or unknown risks.  

 

 (6)   The degree to which the action may establish a precedent for future actions with 

significant effects or represents a decision in principle about a future consideration.  

 

 (7)   Whether the action is related to other actions with individually insignificant but 

cumulatively significant impacts. Significance exists if it is reasonable to anticipate a 

cumulatively significant impact on the environment. Significance cannot be avoided by 

terming an action temporary or by breaking it down into small component parts.  

 

 (8)   The degree to which the action may adversely affect districts, sites, highways, 

structures, or objects listed in or eligible for listing in the National Register of Historic 

Places or may cause loss or destruction of significant scientific, cultural, or historical 

resources.  

 

 (9)   The degree to which the action may adversely affect an endangered or threatened 

species or its habitat that has been determined to be critical under the Endangered Species 

Act of 1973.  

 

 (10)   Whether the action threatens a violation of Federal, State, or local law or 

requirements imposed for the protection of the environment. 

 

40 C.F.R. § 1508.27(b).  Most of these factors apply to crude oil and coal shipment in the 

Columbia River Estuary, and the presence of just one of these factors may compel the 
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preparation of an EIS.  Ocean Advocates v. U.S. Army Corps of Engineers, 402 F.3d 846, 865 

(9th Cir. 2005).  

 

i. Impacts are ‘significant’ because the proposed action affects public health and 

safety to a high degree. 

 

The Corps should prepare an EIS because shipping crude oil—especially potentially-

explosive Bakken crude—could seriously affect public health and safety.  CEQ’s second 

‘intensity’ factors is “[t]he degree to which the proposed action affects public health or safety.”  

40 C.F.R. § 1508.27(b)(2).  Tragically, a recent train derailment and explosion in Lac-Mégantic, 

Quebec, demonstrated that crude oil shipping can have disastrous consequences for public health 

and safety.
 35

  Accordingly, the Corps should analyze these impacts in an EIS.     

 

As the recent tragedy in Quebec illustrated, Bakken crude burns and explodes, and is 

extremely dangerous to workers and residents in the vicinity.
36

  First-hand accounts of the Lac-

Mégantic tragedy are chilling.  Anne-Julie Hallee, a Lac-Mégantic resident, explained her 

experience: “There was a cloud of flames, rolling and rolling. It was really scary . . . .”
 37

  “[I]t 

was like hell.”
38

  Another resident added: “I saw a mushroom cloud, like an atomic bomb, 

explode in the air.”
39

  These are the kinds of significant human health and safety impacts that the 

Corps should evaluate in an EIS.     

 

The proposed dock improvements will facilitate more oil shipment, and therefore 

increase the probability of a significant spill or other accident.  A crude oil spill, fire, or 

explosion at a ruptured over-water pipeline or at the point of loading onto a vessel poses a very 

real threat to public health and safety.  The proposed dock improvements would also allow, for 

the first time, immense Panamax tankers to carry crude through the estuary, in close proximity to 

towns, homes, and commercial and recreational river users.  A fire or explosion resulting from a 

crude oil spill or other accident on board a Panamax tanker could have catastrophic 

consequences for people nearby.  Finally, Cascade Kelly’s proposed project would add an 

undisclosed number of crude oil tanker-trains to Oregon’s rail system.  These trains have the 

potential to strike vehicles and pedestrians, close intersections delaying emergency response 

times in small communities, and have catastrophic accidents like the one in Lac-Mégantic.  

These health and safety risks are extremely significant, and deserve a thorough discussion in an 

EIS.    

 

                                                 
35

  Exhibit 8. National Geographic. Oil Train Tragedy in Canada Spotlights Rising Crude Transport by Rail (July 

28, 2013); see also The Daily Beast, Inside the Brutal Clean-up Efforts in Lac-Megantic (July 16, 2013) 

(http://www.thedailybeast.com/articles/2013/07/16/inside-the-brutal-clean-up-efforts-in-lac-megantic.html); see also 

Washington Post, 40 still missing in deadly Canada oil train derailment; police say higher death toll certain (July 8, 

2013) (http://www.washingtonpost.com/world/the_americas/40-still-missing-in-deadly-canada-train-derailment-

police-say-higher-death-toll-inevitable/2013/07/07/56961b80-e76a-11e2-818e-aa29e855f3ab_story.html). 
36

 Exhibit 7. Pictures from aftermath of an oil-train explosion in Lac-Megantic, Quebec. 
37

 Exhibit 9. See http://www.ctvnews.ca/canada/residents-recall-terrifying-moments-in-lac-megantic-train-disaster-

1.1357750#ixzz2YW82LsBj. 
38

 Id.  
39

 Exhibit 9. See http://www.rcinet.ca/en/2013/07/08/quebec-town-a-war-zone-after-derailed-train-explosions/. 

http://www.thedailybeast.com/articles/2013/07/16/inside-the-brutal-clean-up-efforts-in-lac-megantic.html
http://www.washingtonpost.com/world/the_americas/40-still-missing-in-deadly-canada-train-derailment-police-say-higher-death-toll-inevitable/2013/07/07/56961b80-e76a-11e2-818e-aa29e855f3ab_story.html
http://www.washingtonpost.com/world/the_americas/40-still-missing-in-deadly-canada-train-derailment-police-say-higher-death-toll-inevitable/2013/07/07/56961b80-e76a-11e2-818e-aa29e855f3ab_story.html
http://www.ctvnews.ca/canada/residents-recall-terrifying-moments-in-lac-megantic-train-disaster-1.1357750#ixzz2YW82LsBj
http://www.ctvnews.ca/canada/residents-recall-terrifying-moments-in-lac-megantic-train-disaster-1.1357750#ixzz2YW82LsBj
http://www.rcinet.ca/en/2013/07/08/quebec-town-a-war-zone-after-derailed-train-explosions/
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 In addition to the threat of fires and explosions, crude oil shipment could also subject 

workers and local residents to diesel exhaust from frequent trains and immense Panamax vessels, 

and toxic air emissions from the crude oil itself.  Cascade Kelly handles Bakken crude oil at Port 

Westward.  Bakken crude often contains high levels of hydrogen sulfide gas, a colorless, 

flammable, and toxic gas.  Chronic exposure to sulfide gas can cause lung, liver and kidney 

damage, infertility, immune system suppression, disruption of hormone levels, blood disorders, 

gene mutations, birth defects, and cancer.
40

  According to the Occupational Safety and Health 

Administration, hydrogen sulfide is immediately dangerous to life and health at concentrations 

above 100 parts per million (ppm).  When mixed with air, hydrogen sulfide is explosive.  When 

the concentration rises over 100 ppm, hydrogen sulfide is odorless because it paralyzes the 

olfactory nerves.  At concentrations as low as 50–200 ppm, hydrogen sulfide can cause shock, 

convulsions, and coma.  Cascade Kelly’s application does not mention how emissions of sulfide 

gas and other potential toxic air pollutants from rail cars, the trans-loading pipeline, or receiving 

ships will be monitored and regulated to ensure human health and safety.  Nevertheless, such 

serious impacts almost certainly exist, and the Corps should discuss these impacts in an EIS.  

 

ii. Impacts are ‘significant’ because the project may adversely affect the Columbia 

River Estuary’s unique ecological, cultural, and historic resources.  

 

The Corps should prepare an EIS because the project could devastate the Columbia River 

Estuary and its unique ecological and cultural resources.  CEQ’s third and eighth ‘intensity’ 

factors counsel in favor of preparing an EIS when the proposed project would negatively impact 

unique ecological, cultural, or historic resources.  40 C.F.R. § 1508.27(b)(3), (8).  Specifically, 

intensity factor three contemplates an EIS when a project is proposed in an area close “to historic 

or cultural resources, park lands, prime farmlands, wetlands, . . . or ecologically critical areas.”  

40 C.F.R. § 1508.27(b)(3).  Similarly, intensity factor eight considers the degree to which the 

proposed project “may cause loss or destruction of significant scientific, cultural, or historical 

resources.”  40 C.F.R. § 1508.27(b)(8).  Shipping and loading crude oil in the midst of the 

Columbia River Estuary’s unique ecological, social, and cultural resources deserves analysis in 

an EIS.  

 

The Columbia River supports a vibrant tradition of subsistence, commercial, and sport 

salmon fishing.  Salmon fishing in the estuary and lower Columbia River is a cultural and 

economic practice with a rich history reaching back many generations.  Cascade Kelly proposes 

to ship crude oil through the middle of the lower Columbia River salmon fisheries, potentially 

causing the loss, destruction, or disruption of these significant cultural and historical resources.  

The Corps should therefore use an EIS to analyze the impacts of Panamax ship traffic and 

potential crude oil spills on salmon fishing in the lower Columbia. 40 C.F.R. §§ 1508.27(b)(3) & 

(8).   

 

The lower Columbia River and estuary is an “ecologically critical area,” 40 C.F.R. § 

1508.27(b)(3), that is essential to the survival juvenile salmon and steelhead, waterfowl, and 

                                                 
40

 Utah Department of Environmental Quality, Adverse Health Effects from Exposure to Crude Oil Mixtures (June 

2010). 
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many other species.
41

  The lower river is lined with wetlands, riparian areas, and park lands
42

 

which could all be impacted by increased vessel traffic or invasive species brought in by oil 

tankers.  Further, a crude oil spill at the dock, or from a Panamax vessel in the river, could 

devastate the ecologically critical areas downstream and upstream from the Port Westward 

loading dock.  Before subjecting the unique and irreplaceable Columbia River Estuary to these 

extreme threats, the Corps should analyze the potential impacts in an EIS.  40 C.F.R. §§ 

1508.27(b)(3) & (8).      

 

iii. Impacts are ‘significant’ because the project entails highly uncertain and 

controversial risks.  

 

Cascade Kelly’s proposal would likely result in the shipment of Bakken crude oil, a 

substance that may be chemically different from other crude oils, and may have a propensity to 

explode or catch fire.  CEQ’s fourth and fifth ‘intensity’ factors counsel in favor of preparing an 

EIS when the impacts of the proposed project are highly controversial or uncertain, or the project 

involves unique risks.  40 C.F.R. § 1508.27(b)(4), (5).  The recent crude oil train disaster in Lac-

Mégantic, Quebec demonstrated that transporting Bakken crude oil is risky, and that those risks 

are unique and poorly-understood.   

 

Bakken crude often contains high levels of hydrogen sulfide gas, a colorless, flammable, 

toxic gas.  Chronic exposure to sulfide gas can cause lung, liver and kidney damage, infertility, 

immune system suppression, disruption of hormone levels, blood disorders, gene mutations, birth 

defects, and cancer.
43

  When mixed with air, hydrogen sulfide is explosive.  Highlighting these 

concerns with Bakken crude, an oil shipping company recently asked the Federal Energy 

Regulatory Commission to regulate the amount of hydrogen sulfide gas that could be contained 

in crude oil for rail transport.
44

  Additionally, the Canadian Transportation Safety Board is still 

investigating the cause of the Lac-Mégantic disaster, in part to determine if unsafe levels of 

hydrogen sulfide gas or other substances in the Bakken crude contributed to the explosion and 

fires seen there.
45

  Clearly, the problems and risks associated with transporting Bakken crude are 

not sufficiently understood to allow anything less than the thorough review provided by the EIS 

process.  40 C.F.R. § 1508.27(b)(4), (5).   

 

                                                 
41

 Exhibit 11, NMFS, Columbia River Estuary ESA Recovery Plan Module for Salmon and Steelhead (2011); 

Exhibit 12, Fresh et al., NOAA Technical Memorandum NMFS-NWFSC-69: Role of the Estuary in the Recovery of 

Columbia River Basin Salmon and Steelhead (2005); 78 Fed. Reg. 2,726 (January 14, 2013) (Proposed Critical 

Habitat Designation for Lower Columbia Coho Salmon).   
42

 E.g. Julia Butler Hansen Refuge for the Columbian White-Tailed Deer, Lewis and Clark National Wildlife 

Refuge. 
43

 Utah Department of Environmental Quality, Adverse Health Effects from Exposure to Crude Oil Mixtures (June 

2010). 
44

 Reuters, U.S. energy regulator approves sulfide gas limit in Bakken crude (June 7, 2013) 

(http://www.reuters.com/article/2013/06/07/enbridge-bakken-sulfide-idUSL1N0EJ0SS20130607).   
45

 The Globe and Mail, Probe of Lac-Mégantic train disaster turns to composition of oil (July 19, 2013) 

(http://www.theglobeandmail.com/news/national/probe-of-lac-megantic-train-disaster-turns-to-composition-of-

oil/article13315064/).  

http://www.reuters.com/article/2013/06/07/enbridge-bakken-sulfide-idUSL1N0EJ0SS20130607
http://www.theglobeandmail.com/news/national/probe-of-lac-megantic-train-disaster-turns-to-composition-of-oil/article13315064/
http://www.theglobeandmail.com/news/national/probe-of-lac-megantic-train-disaster-turns-to-composition-of-oil/article13315064/
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If, as discussed above, the project could result in the shipment of Tar Sands crude oil or 

coal, the Corps should prepare an EIS because transporting those substances also poses unique, 

controversial, and poorly-understood risks.  Id.   

 

iv. The cumulative impact of this project and other, similar projects is ‘significant.’  

 

Cascade Kelly’s proposed project is just one of many proposed and existing fossil fuels 

shipping projects in the Columbia River, and the cumulative impact of all these projects is 

undoubtedly significant.  CEQ’s seventh ‘intensity’ factor directs agencies to prepare an EIS 

when the cumulative impacts of a proposed project would be significant.  40 C.F.R. § 

1508.27(b)(7).  As explained in Section II.a. above, there are numerous proposals for crude oil, 

coal, and LNG shipping in the lower Columbia.  Cumulatively, these projects would drastically 

increase the shipping traffic on the Columbia River, rail traffic in local communities, domestic 

and foreign greenhouse gas emissions, and the probability of an accident or oil spill in the 

Columbia River.  Taken together, the impact of all those projects in addition to Cascade Kelly’s 

proposal will result in a cumulatively significant impact on the human environment in the lower 

Columbia.      

 

The EIS cannot ignore the cumulative contribution of this project, and others like it, to 

climate change.  NEPA requires a quantification of the “incremental impact[s] that [the proposed 

project’s] emissions will have on climate change … in light of other past, present, and 

reasonably foreseeable actions.” Ctr. for Biological Diversity v. Nat'l Highway Traffic Safety 

Admin., 538 F.3d 1172, 1216 (9th Cir. 2008); see also Center for Biological Diversity v. 

National Highway Traffic Safety Administration, 508 F.3d 508, 550 (9th Cir. 2007) (“The impact 

of greenhouse gas emissions on climate change is precisely the kind of cumulative impacts 

analysis that NEPA requires agencies to conduct.”).  Even if this proposed crude oil and coal 

shipping project had an “individually minor” effect on the environment—which it probably does 

not—it and other similar projects are “collectively significant actions taking place over a period 

of time” that contribute significantly to climate change.  40 C.F.R. § 1508.7.  NEPA requires 

analysis of the “actual environmental effects” resulting from those cumulative emissions.  Ctr. 

for Biological Diversity v. Nat’l Highway Traffic Safety Admin., 538 F.3d 1172, 1216 (9th Cir. 

2008).  Accordingly, the Corps must quantify and evaluate, in an EIS, the cumulative and 

incremental effects of climate change resulting from this crude oil and coal shipping proposal in 

conjunction with the effects of the other fossil fuels shipping projects currently proposed along 

the Columbia. 

 

iv. Impacts are ‘significant’ because the project is likely to adversely affect 

threatened and endangered species. 

 

The Corps should prepare an EIS because the project may seriously impact threatened or 

endangered species.  CEQ’s ninth ‘intensity’ factor favors the preparation of an EIS when a 

proposed project would substantially adversely affect an endangered or threatened species or its 

designated critical habitat.  40 C.F.R. § 1508.27(b)(9).  The project has the potential to 

drastically harm listed species of salmon and steelhead that rely on a healthy estuary 

environment for rearing and migration.   
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Multiple studies and publications have identified shallow-water and off-channel habitats 

in the Lower Columbia River and Estuary as vitally important for salmonid rearing and species 

recovery.
46

  Development or destruction of riparian wetlands and shallow-water habitats, and the 

construction of over-water structures like piers and docks, has significantly degraded the lower 

Columbia River’s ability to support juvenile salmonids.
47

   

 

Increased Panamax vessel traffic could lead to the wake-stranding, and death, of 

endangered juvenile salmonids, which frequent shallow, near-shore habitats in the estuary.  

Additionally, an oil spill or explosion at the loading dock or elsewhere would devastate the 

estuary’s salmon habitat for years or decades.  Along with ESA consultation, discussed more 

fully in Section IV below, an EIS is the proper analytical tool to discuss the risks to threatened 

salmon and steelhead posed by oil shipping in the estuary.    

  

VI. The Biological Assessment is inadequate and jeopardizes the sufficiency of 

the ESA §7 consultation. 
 

The Biological Assessment
48

 prepared for the Corps takes an illegally narrow view of the 

action and therefore does not address key threats to listed species.  In ESA § 7 consultation, the 

Corps and the expert scientific agencies (the National Marine Fisheries Service and/or the U.S. 

Fish and Wildlife Service) must consider the direct and indirect impacts of the proposed action 

on listed species.  50 C.F.R. § 402.02.  The Biological Assessment focuses almost exclusively on 

the in-water construction and ignores the direct and indirect effects of crude oil and coal 

shipping.  Specifically, the Biological Assessment fails to discuss how a crude oil, coal, or fuel 

spill could impact listed species.  Additionally, the Biological Assessment fails to discuss the 

potential for increased or altered shipping to incidentally transport invasive species into the 

Columbia River Estuary and the consequent effects on listed species. 

 

The Biological Assessment also takes an illegally narrow view of the ‘action area.’  The 

“action area” that is the focus of the ESA § 7 consultation includes “all areas to be affected 

directly or indirectly by the Federal action and not merely the immediate area involved in the 

action.”
 49

  50 C.F.R. § 402.02 (emphasis added).  The Biological Assessment for the dock 

ignores this requirement, and only addresses the area imediately adjacent to the dock.  The ESA 

§7 consult must address the impacts to listed species at least throughout the Columbia River 

estuary, where coal and crude oil shipping traffic would occur.       

 

                                                 
46

 Exhibit 11, NMFS, Columbia River Estuary ESA Recovery Plan Module for Salmon and Steelhead (2011); 

Exhibit 12, Fresh et al., NOAA Technical Memorandum NMFS-NWFSC-69: Role of the Estuary in the Recovery of 

Columbia River Basin Salmon and Steelhead (2005); 78 Fed. Reg. 2,726 (January 14, 2013) (Proposed Critical 

Habitat Designation for Lower Columbia Coho Salmon).   
47

 Id. 
48

 Exhibit 13. Biological Assessment for the Columbia Pacific Bio-Refinery Dock Modernization Project (June 6, 

2013). 
49

 See also Final ESA Section 7 Consultation Handbook at 4-18 (1998) (“The action area should be determined 

based on consideration of all direct and indirect effects of the proposed agency action.”). 
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 Additionally, the § 7 consult should be expanded to address impacts to Bull Trout.  Page 

three (3) of the Biological Assessment states that, because Bull Trout are not found in the project 

area, they will not be considered in the § 7 consultation.  However, the project area appears to be 

designated critical habitat for bull trout.  78 Fed. Reg. 63,898, 63,998 (Oct. 18, 2010).  Part of 

the purpose of a § 7 consultation is to ensure against destruction or adverse modification of 

designated critical habitat, regardless of whether an applicant believes such critical habitat is 

currently occupied.   

 

The § 7 consult should also consider how enlarging and operating a crude oil and coal 

trans-loading and shipping facility would impact endangered Columbia White-tailed Deer.  

According to page ten (10) of Cascade Kelly’s application, “White Tailed Deer . . . thrive at this 

location.”  Even if the dock construction would not physically occupy Columbia White-Tailed 

Deer habitat, the noise, disruption, and human traffic associated with construction, enlargement, 

and operation of a coal and crude oil shipping facility could negatively impact these endangered 

animals, which “thrive” in the project area.   

      

The Corps—and the Services—should take this opportunity to re-define the scope of the 

ESA § 7 consultation for the Port Westward dock expansion.   

 

VII. The Corps should not allow Cascade Kelly to do in-water work when 

endangered salmon and steelhead are rearing or migrating near the dock. 

 

If the Corps issues the permit, Cascade Kelly should not be allowed to perform any 

construction work on the dock outside of the in-water work period or ‘fish window.’  The 

Columbia River near the dock is rearing or migration habitat for 13 threatened or endangered 

species of salmon and steelhead.  Biological Assessment at 4.  In-water construction, such as the 

proposed vibratory- and impact-hammering to drive new dock pilings, could harm juvenile 

salmon and steelhead migrating or rearing near the dock.  Biological Assessment at 16.  The 

Oregon Department of Fish and Wildlife (ODFW) has made recommendations for time periods 

to avoid in-water construction in order to protect threatened and endangered anadromous fish, 

and other species.
50

  In reference to this project, the ODFW specifically commented to DSL that 

all “in-water work should occur within the ODFW preferred in-water work window . . . .”  

Because in-water construction could harm or kill threatened and endangered salmon and 

steelhead, and because protecting fish is ODFW’s area of expertise, the Corps should rely on 

ODFW’s advice and limit Cascade Kelly’s operations to Oregon’s in-water work window.  

 

VIII. The Corps must request and obtain a Clean Water Act § 401 Certification 

from the Oregon Department of Environmental Quality. 

 

The Corps may not issue the § 10 Rivers and Harbors Act permit until the State of 

Oregon certifies, pursuant to Clean Water Act §401, that the activities facilitated by the Corps’ 

permit comply with Oregon’s water quality standards.  Clean Water Act § 401 requires state 

approval any time a federally-licensed activity may result in a discharge to navigable waters.  33 

                                                 
50

 ODFW, Oregon Guidelines for Timing of In-water Work to Protect Fish and Wildlife Resources, 1 (June, 2008)  

(http://www.dfw.state.or.us/lands/inwater/Oregon_Guidelines_for_Timing_of_%20InWater_work2008.pdf). 

http://www.dfw.state.or.us/lands/inwater/Oregon_Guidelines_for_Timing_of_%20InWater_work2008.pdf
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U.S.C. § 1341(a)(1); S.D. Warren Co. v. Maine Board of Envtl. Protection et al., 547 U.S. 370, 

380 (2006).  Both the Supreme Court
51

 and the U.S. Environmental Protection Agency (EPA)
52

 

have noted that § 10 Rivers and Harbors Act permits can trigger state § 401 certification 

requirements.  Further, Cascade Kelly concedes that a § 401 certification is necessary, because 

Cascade Kelly’s application states: “All conditions of DEQ’s 401 Water Quality Certification 

will be followed.”
53

  As EPA’s guidance explains, § 401’s certification requirement is triggered 

by the mere possibility that the federally-permitted activity will cause a discharge.
54

  Here, the 

federally-permitted activities—crude oil and coal shipping—may result in discharges because of 

the possibility for crude oil and coal spills from ships and loading equipment.  The re-suspension 

of sediment that will almost certainly occur during the installation and removal of pilings also 

constitutes a discharge triggering § 401.  Therefore, Cascade Kelly’s § 10 permit, and the 

activities it authorizes, satisfy the jurisdictional test triggering § 401 certification.   

 

The Corps, therefore, must obtain § 401 certification from the State of Oregon before 

issuing Cascade Kelly’s permit.  While the ultimate onus to apply for § 401 certification falls on 

Cascade Kelly, the Corps should notify the Oregon Department of Environmental Quality (DEQ) 

that this Rivers and Harbors Act § 10 Permit requires § 401 certification.  Notifying DEQ seems 

to be the Corps’ standard operating procedure, in Oregon, when permitting a project that the 

Corps believes requires § 401 certification.  The Corps should actively solicit DEQ’s 

certification because, regardless of where the ultimate responsibility for initiating the § 401 

certification process lies, the Corps cannot issue the § 10 Rivers and Harbors permit without the 

§ 401 certification.
55

   

 

Conclusion 

 

For the Columbia River and its iconic salmon and steelhead runs, Cascade Kelly’s project 

means a significant increase in Panamax vessel traffic, toxic air emissions, and the risk of 

catastrophic crude oil spills.  For the people living along the river, crude oil and coal shipment 

are new and potential very dangerous neighbors.  This project may be in Cascade Kelly’s 

interest, but it is not in the public interest, and the Corps should therefore deny the permit 

application.  30 C.F.R. § 320.4(a)(1).

                                                 
51

 See PUD No. 1 of Jefferson Cty. v.Washington Dep’t of Ecology, 511 U.S. 700, 722–23 (1993). 
52

 EPA, Clean Water Act Section 401 Water Quality Certification: A Water Quality Protection Tool For States and 

Tribes at 1–2 (2010); Officials at EPA Headquarters confirmed EPA’s position: Section 401certification applies to 

RHA Section 10 permits, even in the absence of a CWA Section 404 permit, and states have the authority to 

determine if a Section 401 certification is required. Pers. Comm. Brian Topping, Office of Wetlands, Oceans, and 

Watersheds, EPA Headquarters (Dec. 10, 2012). 
53

 Cascade Kelly’s Application at 8 (http://docs.dsl.state.or.us/PublicReview/docview.aspx?id=1652650&&dbid=0).  
54

 EPA, Clean Water Act Section 401 Water Quality Certification: A Water Quality Protection Tool for States and 

Tribes at 4 (2010). 
55

 See City of Fredericksburg v. FERC, 876 F.2d 1109, 113 (4th Cir. 1989) (invalidating a FERC license issued 

without the required § 401 certification from as state). 

http://docs.dsl.state.or.us/PublicReview/docview.aspx?id=1652650&&dbid=0
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Sincerely,

 

 

 

 

 

 

 

_________________________ 

Miles Johnson 

Clean Water Attorney 

Columbia Riverkeeper 

(541) 272 – 0027 

miles@columbiariverkeeper.org 

 

 

 

 

 
___________________________ 

Marla Nelson 

Legal Fellow 

Northwest Environmental Defense Center 

(503) 768 – 6726 

msnelson@nedc.org 

 

 

 

  
____________________________ 

Devorah Ancel 

Attorney 

Sierra Club Beyond Oil Campaign 

 

mailto:miles@columbiariverkeeper.org
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Enclosures: 

 Exhibit 1: Sightline Institute, The Northwest’s Pipeline on Rails. 

 Exhibit 2: EPA, Comments on the Draft Supplemental Environmental Impact Statement 

for the Keystone XL Pipeline. 

 Exhibit 3: Ambre Energy’s Environmental Review Document for the Morrow Pacific 

Project. 

 Exhibit 4: Ambre Energy’s letter to Oregon Department of State Lands. 

 Exhibit 5: Graphic from Ambre Energy depicting Panamax vessel at Port Westward dock 

being loaded with coal. 

 Exhibit 6: Pacific Transloading LLC / Port of St. Helens - Option and Terminal Services 

Agreement. 

 Exhibit 7: Pictures of oil-train explosion in Lac-Megantic, Quebec.  

 Exhibit 8: National Geographic. Oil Train Tragedy in Canada Spotlights Rising Crude 

Transport by Rail (July 28, 2013). 

 Exhibit 9: Collected quotes from residents of Lac-Megantic, Quebec. 

 Exhibit 10, Pearson et al., A Study of Stranding of Juvenile Salmon by Ship Wakes Along 

the Lower Columbia River Using a Before-and-After Design: Before-Phase Results 

(2006). 

 Exhibit 11: NMFS, Columbia River Estuary ESA Recovery Plan Module for Salmon and 

Steelhead (2011). 

 Exhibit 12: Fresh et al., NOAA Technical Memorandum NMFS-NWFSC-69: Role of the 

Estuary in the Recovery of Columbia River Basin Salmon and Steelhead (2005). 

 Exhibit 13: Biological Assessment for the Columbia Pacific Bio-Refinery Dock 

Modernization Project (June 6, 2013). 
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Nina DeConcini, Northwest Region Administrator, Oregon DEQ 

Ben Meyer, Habitat Conservation Division, National Marine Fisheries Service 

Doug Young, U.S. Fish and Wildlife Service 

Paul Lumley, Executive Director, Columbia River Inter-Tribal Fish Commission 

Carl Merkle, Confederated Tribes of the Umatilla Indian Reservation 
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I. Introduction. 

On behalf of Columbia Riverkeeper, Sierra Club, Greenpeace, Columbia Pacific 
Commonsense, Landowners and Citizens for a Safe Community, Wahkiakum Friends of the 
River, Northwest Property Rights Coalition, Friends of Living Oregon Waters (FLOW), Forest 
Grove Oregon Citizens Against the Pipeline, and Food and Water Watch (hereafter “the 
Coalition”), we submit these comments on the proposed Oregon LNG Export Project and 
Washington Expansion Project,1 Docket Nos. PF12-18-000 and PF12-20-000 (collectively 
referred to as “Oregon LNG”, “the Oregon LNG pipeline”, and “the Oregon LNG project”), in 
response to the Federal Energy Regulatory Commission’s (FERC) Notice of Intent to Prepare an 
Environmental Impact Statement (EIS) under the National Environmental Policy Act (NEPA).2  
FERC’s Notice of Intent states that “Oregon LNG plans to amend its pending LNG import 
terminal proposal and Willamette Valley pipeline route, Dockets Nos. CP9-6-000 and CP09-7-
000 (the Oregon LNG Terminal and Pipeline Project) into a bidirectional liquefied natural gas 
(LNG) terminal and pipeline after completion of FERC’s pre-filing review process for the Export 
Project.”  The Notice of Intent further states that FERC will analyze the impacts of the 
Washington Expansion Project natural gas pipeline in in the same EIS as Oregon LNG’s 
proposed pipeline segments and LNG terminal.   
 
 Commenters are a diverse coalition of national and local conservation, public health, 
public safety, and property rights organizations committed to protecting quality of life and 
natural resources in the Pacific Northwest and beyond.  Collectively, our organizations represent 
thousands of members, many of which are threatened directly by Oregon LNG’s terminal, 
tankers, and the pipeline infrastructure that will feed North American natural gas to the terminal.  
Many of our members are also threatened by natural gas extraction and associated impacts on 
domestic gas prices, public health, climate change, and natural resources.   
 
 The Coalition urges FERC to prepare an EIS that discloses fully the wide reaching 
impacts of the Oregon LNG project.  Oregon LNG’s proposal to build an LNG export terminal, 
hundreds of miles of pipeline, and export North American natural gas overseas poses grave 
threats to public safety, the economy, and natural resources in the Pacific Northwest.  Along the 
pipeline route, the LNG export project will impact huge swaths of land and will result in the use 

                                                           
1 Oregon LNG’s new pipeline would traverse Clatsop and Columbia counties in Oregon, travel under the 
Columbia River to Cowlitz County, Washington, and connect with the interstate gas transmission system 
of Northwest Pipeline GP (Northwest).  FERC determined that Oregon LNG’s Export Project and 
Northwest’s Washington Expansion Project would be “connected actions” and, therefore, FERC intends 
to evaluate both project proposals in the same EIS.  FERC Notice of Intent to Prepare and Environmental 
Impact Statement and Notice of Public Scoping Meetings at 1 (Sept. 24, 2012) (hereafter “Notice of 
Intent”). 
2 77 Fed. Reg. 59,603 (Sept. 28, 2012).    
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of eminent domain in both Washington and Oregon to take private land for LNG export.  Outside 
of the Pacific Northwest, the project will also induce additional natural gas production in the 
United States, primarily involving hydraulic fracturing (“fracking”) of unconventional gas 
sources, causing attendant environmental harm; this inducement will occur notwithstanding 
Oregon LNG’s plan to export gas produced in Canada.  The project will also increase domestic 
gas prices, likely causing an increase in coal fired electricity generation, increasing emissions of 
greenhouse gas, conventional, and toxic air pollutants.  FERC must prepare an EIS that addresses 
the significant, and in many respects unprecedented, impacts of Oregon LNG’s project.   
 

II. Summary of the Proposed Project. 
 

Oregon LNG proposes to export natural gas from a terminal on the banks of the 
Columbia River in Warrenton, Oregon.  Oregon LNG claims that the facility will be 
“bidirectional,” allowing the company to import LNG if market conditions shifted.  The project’s 
components, which cross state and national boundaries, are summarized briefly below. 
 

 Natural Gas Extraction. According to Oregon LNG’s filings, the “vast majority” of the 
natural gas feedstock for the export terminal would come from resources in Western 
Canada.3  Although Oregon LNG states that they expect that market conditions will favor 
sourcing gas from Canada, the company concedes that the pipeline infrastructure will 
provide the ability to export gas produced in the U.S., and the Oregon LNG’s application 
to federal regulators offers no legal restriction on Oregon LNG’s ability to do so.4 
 

 LNG Terminal. Oregon LNG’s terminal would be located on 96-acres of state-owned 
land on the Skipanon Peninsula between the Skipanon River and Youngs Bay in 
Warrenton, Oregon.  The terminal would include two, 160,000 cubic meter LNG storage 
tanks, each 17-stories tall, and facilities that support ship berthing and LNG loading.  To 
export LNG, the company must dredge 1.2 million cubic feet of river bottom material in 
high-quality salmon habitat. 

 
 LNG Tankers. LNG tankers are not your average ship.  One LNG tanker alone is bigger 

than three football fields and towers 20-stories high.  According to Oregon LNG’s filings, 
its terminal will require roughly 125 new ships crossing the Columbia River bar (inbound 
and outbound) every year.  Each departing tanker would carry a staggering 8 percent of 
total U.S. daily gas consumption. 

 

                                                           
3 Oregon LNG Prefiling Review Draft Resource Report 1 at 1-4. 
4 Oregon LNG Application for Long-Term Authorization to Export Liquefied Natural Gas to Free Trade 
Nations, FE Docket No. 12-48-LNG at 2 (May 3, 2012) (hereafter “DOE Application”). 
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 Oregon LNG’s Pipeline in Oregon & Washington. Oregon LNG proposes building 86 
miles of high-pressure pipelines in Oregon (Clatsop and Columbia counties).  The 
company would drill under the Columbia River and connect to the Williams Pipeline in 
Woodland, Washington.  This route cuts a destructive path through agricultural and forest 
lands, residential properties, and through rivers and streams. 

 
 Williams Pipeline in Washington. The Williams Pipeline Company plans to build 136 

miles of new, high-pressure pipeline in ten different segments in or near the existing 
Northwest Pipeline right-of-way.  Segments of the new pipeline would run from 
Washington’s northern border south to Woodland, Washington, threatening hundreds of 
landowners and communities along the way.  Williams will also expand existing 
compression horsepower at five of Northwest Pipeline’s existing compressor stations. 

 
 Alternate Pipeline Route through the Willamette Valley. For years, Oregon LNG 

planned to cross the Willamette Valley to build a pipeline from Warrenton to Molalla.  
Now, Oregon LNG and FERC have provided conflicting information about whether the 
Willamette Valley pipeline, originally proposed in 2007, is still being considered.  
According to Oregon LNG’s filings, however, the “Molalla Route Alternative” is still on 
the table.  

 
III. The National Environmental Policy Act. 

The National Environmental Policy Act (NEPA), 42 U.S.C. § 4332 et seq., provides the 
congressionally mandated procedure for assessment of these impacts, and NEPA requires that 
these procedures be completed “at the earliest possible time,” i.e., “before decisions are made 
and before actions are taken.”5  Accordingly, FERC cannot proceed with Oregon LNG’s request 
for a conditional license until the NEPA process is completed, including preparation of an EIS. 

An EIS must describe: 

i. the environmental impact of the proposed action, 

ii. any adverse environmental effects which cannot be avoided 
should the proposal be implemented,  

iii. alternatives to the proposed action, 

iv. the relationship between local short-term uses of man’s 
environment and the maintenance and enhancement of long-
term productivity, and 

                                                           
5 40 C.F.R. §§ 1501.2, 1500.1(b) (emphases added). 
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v. any irreversible and irretrievable commitments of resources 
which would be involved in the proposed action should it be 
implemented.6 

The alternatives analysis “is the heart of the environmental impact statement.”7   Federal 
agencies must take care not to define the project purpose so narrowly as to prevent the 
consideration of a reasonable range of alternatives.8   

An EIS must also describe the direct and indirect effects, and cumulative impacts of, a 
proposed action.9  These terms are distinct from one another.  Direct effects are “caused by the 
action and occur at the same time and place.”10  Indirect effects are also “caused by the action” 
and “are later in time or farther removed in distance, but are still reasonably foreseeable.” 11  
Indirect effects “may include growth inducing effects and other effects related to induced 
changes in the pattern of land use, population density or growth rate, and related effect on air and 
water and other natural systems, including ecosystems.12 

Cumulative impacts are not causally related to the action.  Instead, they are: 

the impact on the environment which results from the incremental 
impact of the action when added to other past, present, and 
reasonably foreseeable future actions regardless of what agency 
(Federal or non-Federal) or person undertakes such other actions.  
Cumulative impacts can result from individually minor but 
collectively significant actions taking place over a period of time.13 

The EIS must give each of these categories of effect fair emphasis. 

Agencies may also prepare “programmatic” EISs, which address “a group of concerted 
actions to implement a specific policy or plan; [or] systematic and connected agency decisions 
allocating agency resources to implement a specific statutory program or executive directive.”14  
As we discuss below, such an EIS is appropriate here. 

                                                           
6 42 U.S.C. § 4332(C). 
7 40 C.F.R. § 1502.14. 
8 See, e.g., Simmons v. U.S. Army Corps of Engineers, 120 F.3d 664, 666 (7th Cir. 1997). 
9 40 C.F.R §§ 1502.16, 1508.7, 1508.8; Northern Plains Resource Council v. Surface Transportation 
Board, 668 F.3d 1067, 1072-73 (9th Cir. 2011).   
10 40 C.F.R. § 1508.8(a). 
11 40 C.F.R. § 1508.8(b).   
12 Id.   
13 40 C.F.R. § 1508.7.   
14 40 C.F.R. § 1508.17(b)(3). 
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Finally, while an EIS is being prepared FERC may take no action which would tend to 
“limit the choice of reasonable alternatives,” or “tend[] to determine subsequent development .”15  

IV. NEPA Procedural Comments. 
 
A. FERC’s Disjointed Scoping Process Stymies Public Participation. 

Although FERC will prepare a single EIS that covers aspects of Oregon LNG’s previous 
import terminal and the current export project, as well as the connected WEP, FERC’s Notice of 
Intent solicits comments on fractions of the complete project—an export terminal and segments 
of the pipelines.  FERC’s decision to notice a mythical project (i.e., an LNG export terminal 
missing a 41-mile segment of the feeder pipeline and the proposed import infrastructure) 
undercuts the purpose of NEPA scoping: to identify significant issues to analyze in the EIS, and 
gaps and in data and information.   

Oregon LNG has now produced two entirely separate, lengthy NEPA Prefiling Review 
Drafts for the import and export components.  Neither filing fully evaluates the full impacts of a 
bidirectional terminal.  FERC should require Oregon LNG to submit a new Prefiling Review 
Draft that covers both projects in a single filing.  After FERC has reviewed the Prefiling Review 
Drafts, FERC should open a new NEPA scoping process, including public hearings, to ensure 
that federal and state agencies, the Tribes, and the public have the opportunity to provide 
comments on the actual project that FERC will evaluate in an EIS. 

B. FERC May Not Conditionally Approve the LNG Project before Complying 
with NEPA and other Federal Laws. 

Sections 3 and 7 of the Natural Gas Act (NGA), 15 U.S.C. §§717b, 717f, and FERC 
Certificate Policy Statement, 88 FERC ¶ 61,227 (1999), require FERC to determine whether 
Oregon LNG’s proposed LNG terminal is “in the public interest” and that the proposed pipeline 
is “required by public necessity” (collectively the “public interest findings”).  FERC cannot 
approve the project under the NGA unless it concludes that the project’s benefits outweigh its 
adverse impacts.  

FERC’s findings under the NGA require compliance with NEPA and other federal laws, 
which inform the ultimate public interest findings.  FERC must, therefore, abandon its practice 
of issuing conditional licenses before complying with the Endangered Species Act (ESA) and 
receiving authorizations delegated to the states under the Clean Water Act (CWA), Coastal Zone 
Management Act (CZMA), and the Clean Air Act (CAA).  In scoping comments on the proposed 
Jordan Cove LNG terminal and Pacific Connector pipeline, the State of Oregon explained:  

                                                           
15 40 C.F.R. § 1506.1. 
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[S]uch conditional orders are arbitrary and capricious, because no balancing of the public 
interest can be made regarding the construction of the proposed LNG export terminal and 
pipeline project before the Commission has quantified and considered the full extent of 
the benefits and adverse impacts, including the socioeconomic impact on landowners and 
public safety risks associated with the overall project.16   

The Coalition concurs with the State of Oregon.  FERC must prepare the EIS concurrently with, 
and integrated with, environmental reviews and studies required under other environmental laws.  
The State of Oregon scoping comments explain further: 

The State of Oregon’s concrete, substantive interest in prescribing mandatory conditions 
in the Commission’s final order authorizing construction of a LNG facility is harmed by 
the Commission’s previous practice of authorizing and issuing a conditional license 
before receiving [the] State’s Clean Water Act 401 certification, Coastal Zone 
Management Act 307 consistency determination, and the Clean Air Act certification as 
well as before its initiated formal consultation with appropriate federal agencies for the 
project’s effect on protected species under the Endangered Species Act.17   

Forthcoming authorizations will inform the scope of FERC’s EIS.  In turn, FERC should refrain 
from issuing a license until the agency complies with the ESA and Oregon LNG receives 
authorizations required under the CWA, CAA, and CZMA. 

C. FERC Failed to Provide Adequate Public Notice. 

FERC should reopen the public comment period based on various flaws in the public 
notice process, summarized below. 

 FERC’s public notice fails to specify if Oregon LNG’s proposed 41-mile pipeline 
through Clatsop County is part of the NEPA scoping comment process.  FERC’s 
Notice of Intent fractures the public comment process by seeking public input on Oregon 
LNG’s export terminal and new pipeline segments.  FERC’s public notice asks for input 
on the segments of “newly proposed” pipeline (i.e., Williams Expansion Project (WEP) 
and Oregon LNG’s new pipeline route in Columbia and Cowlitz counties), but ignores 
the proposed 41-mile long pipeline in Clatsop County.   

 
Question: Will FERC hold a second NEPA scoping public comment period on 
the complete pipeline proposal? 

 Lack of public notice to impacted landowners.  Many landowners that are impacted by 
proposed and alternate routes for the Oregon LNG pipeline have not received FERC’s 

                                                           
16 State of Oregon’s Scoping Comments for the Jordan Cove Liquefication (PF12-7-000) and Pacific 
Connector Pipeline (PF12-17-000) Projects at 2 (Oct. 29, 2012) (emphasis in original). 
17 Id. at n. 1 (emphasis in original). 
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scoping notice.  In particular, FERC asked that Oregon LNG clarify its intentions 
regarding its previous proposed route through Washington, Yamhill, Marion, and 
Clackamas counties.  Currently, many landowners are confused about the status of the 
project because Oregon LNG submitted maps to FERC showing the route through the 
Willamette Valley to Molalla as an alternate route.  Yet, Oregon LNG also mailed a 
notice to some landowners on the Willamette Valley route that the pipeline was being re-
routed through Columbia County and Cowlitz County.   
 

Question: Is Oregon LNG proposing the Willamette Valley route as an alternate 
route? If so, FERC must provide accurate information on potential property 
impacts to facilitate public participation in the scoping process. 

 
Question: Did FERC notify landowners on the proposed pipeline route through 
Clatsop County of the NEPA scoping comment period and public hearings on the 
Oregon LNG Export Project and WEP? 

 
Question: Did FERC notify landowners along the Willamette Valley alternate 
route? 
 

 Oregon LNG’s prefiling resource reports are incomplete and contain contradictory 
information.  Federal and state agencies, local governments, the Tribes, and the public 
rely on Oregon LNG’s Prefiling Draft Resource Reports to identify significant issues that 
FERC should analyze in the EIS.  Oregon LNG’s Prefiling Resource Reports 
compromise the scoping process because FERC is soliciting input on a project that is not, 
in fact, the project Oregon LNG intends to build and operate.  For example, the Prefiling 
Resource Reports cross reference extensively Oregon LNG’s outdated and incomplete 
Resource Reports for the proposed LNG import terminal.  The Prefiling Resource 
Reports also contain contradictory information on how the export project will impact 
aquatic resources via ballast water discharges.18    
 

 FERC is seeking comments prematurely and, in so doing, cutting off meaningful 
public, state, tribal, and agency engagement. Oregon LNG is still determining major 
pipeline route and terminal decisions.  For example, FERC recently submitted extensive 
information requests to both Oregon LNG and Williams.  Until the issues raised by 
FERC are addressed, FERC should maintain an open scoping comment period.  It is 
unreasonable to expect the public—including counties and cities that will be impacted by 

                                                           
18For instance, Prefiling Resource Report 3 states that the export terminal “will eliminate the need for 
ballast water,” and later states “the Export terminal will require a total cooling/ballast water intake of 
1,610 million gallons per year (MG/Y).  Oregon LNG Prefiling Resource Report 3 at 3-49.   
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the pipelines and the terminal— to comment on the scope of the project when FERC is 
still collecting key information on the project.   
 

V. FERC Should Prepare a Programmatic EIS on LNG Export Proposals. 

Oregon LNG’s export proposal is one of many before FERC.  Because the effects of 
these projects are cumulative, and because each approval alters the price and production effects 
of exports on the economy, FERC must consider these projects’ interactions.  We note that in the 
similar proceeding regarding Jordan Cove, LLC’s proposal to construct and operate an export 
terminal in Coos Bay, the State of Oregon and the U.S. Environmental Protection Agency (EPA) 
requested consideration of this broader context.19 

FERC can best consider the impacts of all gas export proposals at once by preparing a 
programmatic EIS.  NEPA expressly contemplates a programmatic EIS for situations just like 
this one: where an agency is facing multiple independent permitting decisions that have 
overlapping, shared, or cumulative impacts.20  Federal guidance and courts sometimes refer to 
these reviews as “programmatic,” while in other cases they are called “area-wide” or “overview” 
EISs.  The label is not important—it is the content of such an assessment that matters.  Council 
on Environmental Quality (CEQ) guidance (in Q&A format) on this issue states plainly: 

Question: When is an area-wide or overview EIS appropriate? 
Answer: The preparation of an area-wide or overview EIS may be particularly useful 
when similar actions, viewed with other reasonably foreseeable or proposed agency 
actions, share common timing or geography. For example, when a variety of energy 
projects may be located in a single watershed, or when a series of new energy 
technologies may be developed through federal funding, the overview or area-wide EIS 
would serve as a valuable and necessary analysis of the affected environment and the 
potential cumulative impacts of the reasonably foreseeable actions under that program or 
within that geographical area.21 
 

Courts have agreed that a single EIS is required for multiple discreet actions under some 
circumstances, for example, when the projects have common timing, geography, and/or impacts. 

                                                           
19 EPA, Scoping Comments – The Jordan Cove Energy Project LP, FERC Dkt. Nos. PF12-7 and PF12-
17, at 3 (Oct. 29, 2012) (“we recommend discussing the proposed project in the context of the larger 
energy market, including existing export capacity and export capacity under application to the 
Department of Energy, and clearly describe how the need for the proposed action has been determined.”)  
20 See Native Ecosystems Council v. Dombeck, 304 F.3d 886 (9th Cir. 2002) (A single NEPA review 
document is required for distinct projects when the projects are connected, cumulative or similar actions); 
40 C.F.R. § 1508.25 (mandating single EIS for separate independent actions under some circumstances); 
40 C.F.R. § 1502.4(a), (c) (requiring a single EIS where proposals are related to each other closely). 
21 CEQ Website, http://ceq.hss.doe.gov/nepa/regs/40/20-29.HTM#24. 
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Such circumstances exist here.22 

FERC has the discretion to prepare a programmatic EIS, even if it determines that it does 
not have the duty to do so.23  Agencies may prepare programmatic EISs, which address “a group 
of concerted actions to implement a specific policy or plan; [or] systematic and connected 
agency decisions allocating agency resources to implement a specific statutory program or 
executive directive.”24  Such a programmatic EIS is appropriate here.   

A programmatic EIS would allow FERC, and the public, to understand the impacts of all 
LNG proposals, their interactions, and their cumulative environmental and economic impacts.  
That understanding would serve improved decisionmaking, and allow FERC, the public, and 
industry to identify prudent alternatives to serve the public interest and minimize environmental 
impacts.  FERC must recognize that it is making what is, functionally, a programmatic decision 
to radically alter the U.S. market and production system by allowing for large-scale LNG export, 
and conduct an EIS commensurate with the decision it is making, rather than piece-mealing that 
decision from application to application. 

VI. The Scope of the EIS. 

The Coalition offers the following, specific comments on the scope of FERC’s EIS on 
Oregon LNG’s proposed LNG export terminal and proposed pipeline segments in the State of 
Oregon (Columbia and Clatsop counties) and pipeline segments in Washington State, which 
includes the Washington Expansion Project.  The Coalition reserves the right to provide 
additional comments on the proper scope of the EIS as more information becomes available on 
the proposed pipeline routes, LNG terminal design, source of natural gas, and other factors 
relevant to the project’s impacts. 

A. Alternatives to LNG. 

The alternatives analysis is “the heart of the environmental impact statement.”25  CEQ’s 
regulations implementing NEPA, 40 C.F.R. § 1502.14, explain that a reasonable range of 
alternatives should be presented and compared in the EIS to allow for a “clear basis for choice 
among options by the decision maker and the public.”  In addition, CEQ’s “Forty Most Asked 
Questions Concerning National Environmental Policy Act Regulations” explain that agencies 
                                                           
22 See, e.g., Blue Mountains Biodiversity Project v. Blackwood, 161 F.3d 1208, 1215 (9th Cir. 
1998) (multiple timber sales must be evaluated in a single EIS where the sales were reasonably 
foreseeable, in a single general area, disclosed at the same time, and developed as part of a 
comprehensive strategy); Earth Island Institute v. U.S. Forest Service, 351 F.3d 1291 (9th Cir. 
2003) (confirming that “similar actions”—i.e., actions which have similarities, such as common 
timing or geography, that warrant comprehensive review—must be considered in a single EIS if 
it is the “best way” to consider their impacts). 
23 See 40 C.F.R. § 1508.17(b)(3).   
24 Id.   
25 40 C.F.R. § 1502.14.   
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must “[r]igorously explore and objectively evaluate all reasonable alternatives, and for 
alternatives which were eliminated from detailed study, briefly discuss the reasons for their 
having been eliminated.”26   

Crucially, the alternatives must include “reasonable alternatives not within the 
jurisdiction of the lead agency,” – meaning that FERC must review actions which it cannot 
directly order – and must include “appropriate mitigation measures not already included in the 
proposed action or alternatives.”  Id.  Because alternatives are central to decisionmaking and 
mitigation, “the existence of a viable but unexamined alternative renders an environmental 
impact statement inadequate.”27  

Without limiting this consideration, these alternatives should include, at a minimum, 
consideration of the following:   

(1) Whether to select the “no action” alternative;   

(2) Whether conservation, efficiency improvements, and renewable energy can meet part or 
all of the energy demand Oregon LNG proposes to address; 

(3) Whether export from other locations would better serve the public interest by mitigating 
economic or environmental impacts or by limiting the cumulative impacts of multiple 
terminals located in one region; 

(4) Whether limitations on the sources of exported gas – e.g., limiting export from 
particular formations or regions – would help to mitigate environmental and economic 
impacts; 

(5) Whether to condition export on the presence of an adequate regulatory framework, 
including the fulfillment of the recommendations for safe production made by the DOE’s 
Shale Gas Subcommittee, would better serve the public interest by ensuring that the 
production increases associated with export will not increase poorly-regulated 
unconventional gas production; 

(6) Whether to delay, deny, or condition exports based upon their effect on the U.S. utility 
market (including changes in air pollution emissions associated with the impacts of 
increased export demand on fuel choice); 

(7) Whether to require exporters to certify that any unconventional gas produced as a result 
of their proposal (or shipped through their facilities) has been produced in accordance with 
all relevant environmental laws and according to a set of best production practices; 

                                                           
26 CEQ, “Forty Most Asked Questions Concerning National Environmental Policy Act Regulations” 
(http://ceq.hss.doe.gov/nepa/regs/ceq/1502.htm#1502.140). 
27 Oregon Natural Desert Ass’n, 625 F.3d at 1122 (internal alterations and citations omitted). 
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(8) Whether exports, if allowed, should move forward in smaller quantities or a slower time 
table to mitigate the domestic economic and environmental impacts associated with large 
export volumes or rapid export schedules; 

(9) Whether foreign countries can fuel their economies with non-North American natural 
gas;  

(10) Whether alternative pipeline routes will minimize the potential for geologic hazards, 
harm to private and public property and safety risks to communities near the pipeline; 

(11) Whether to deny export proposals all together as contrary to the public interest. 

Other alternatives to LNG are, no doubt, also available, but FERC must at a minimum consider 
the possibilities listed above, as they are reasonable and bear directly on the public interest 
findings before it. 

B. Purpose and Need. 

In satisfying NEPA’s EIS requirements, a Federal agency must include the purpose and 
need for the action.28  In crafting the purpose and need, FERC should abandon its past practice of 
identifying an unreasonably narrow purpose and need, and then relying upon the narrow purpose 
and need to reject reasonable alternatives and the “no action” alternative. 

 
C. Public Safety. 

Oregon LNG’s proposals raise significant public health and safety issues.  The projects 
would put a significant number of people at risk of catastrophic accidents resulting from an LNG 
or natural gas accident.  The route for LNG tankers and the LNG terminal site itself are 
extremely close to population centers such as Warrenton and Hammond.  The pipelines will 
cross near residences, through communities, under an interstate highway, and near other areas 
where accidents or terrorist-induced crimes could leave a devastating toll on human life.   

For these reasons, the EIS must fully disclose the consequences of an accidental or 
terrorist-induced ignition of a vapor cloud from an LNG tank or tanker.  Similarly, the planned 
pipeline has a high-impact blast zone of over 800 feet and would put residents and others along 
the pipeline route at serious personal risk.  The EIS must fully disclose these risks, including 
risks described below.   

 Terminal safety threats.  The EIS should include an in-depth look at the risks of varying 
levels of accidents at the terminal, including a catastrophic accident, and a terrorist attack 
or other crime at Oregon LNG’s terminal.  This analysis should account for population 

                                                           
28 40 C.F.R § 1502.13. 
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fluctuations during the course of a year.  For example, the EIS should evaluate impacts to 
residents and visitors, including tourists.  The Coalition concurs with the National Park 
Service’s comments to FERC: the EIS must analyze safety impacts to visitors of the 
nearby Lewis and Clark National Historical Park and the Lewis and Clark National 
Historical Trail.29 
 

 LNG tanker safety threats.  The EIS must include an in-depth look at the risks of a 
catastrophic accident along the LNG shipping route.  The U.S. Coast Guard (Coast 
Guard) issued a Letter of Recommendation (LOR) regarding waterway suitability for 
LNG tanker traffic.  The Coast Guard’s failure to comply with federal law, including 
NEPA, before issuing the LOR is currently the subject of a federal lawsuit.  To date, no 
agency has disclosed the public safety and environmental risks from LNG tanker traffic, 
including an LNG tanker accident.  FERC has an affirmative duty to disclose the direct, 
indirect, and cumulative impacts of an LNG tanker accident or terrorist attack, including 
a spill, release, or explosion. The analysis must address accident scenarios at sea, within 
U.S. territorial waters, while traveling through the Columbia River Estuary (Estuary), and 
while docked at the proposed Oregon LNG terminal.   
 

 Pipeline explosion or release.  As recent natural gas pipeline explosions demonstrate, 
even with modern safety standards and inspections, deadly pipeline explosions continue 
to occur.  The proposed pipelines will use odor-less gas and have a high-impact blast 
zone of over 800 feet.  The EIS must examine direct, indirect, and cumulative impacts of 
building and operating the pipelines, including loss of life, property destruction and 
damage, and wildfires from a pipeline explosion. 
 

 Maps illustrating threats to loss of human life and property.  The EIS should include 
clear, visual information that explains the potential risks from accidental or intentional 
releases in the area around the LNG tanker shipping route, pipelines, and land-based 
storage that would be affected by a natural gas release, a release and near instantaneous 
ignition of LNG vapors, or a release that was followed by LNG vapors drifting and 
subsequent ignition.  FERC should also prepare a specific description of the properties 
and residences that would be adversely affected in the event of a natural gas or LNG 
release.  In addition, FERC should provide maps that show which sensitive community 
resources, such as schools, senior centers, residences, are encompassed by the various 
Sandia Labs “Zones of Concern” (zones 1,2 & 3) identified in 2004 and in subsequent 
Sandia reports.   

                                                           
29 See Letter from the National Park Service to FERC, Oregon LNG Export Project and Washington 
Expansion Project, FERC Nos. PF12-18-000, PF12-20-000 (Nov. 7, 2012). 
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 Emergency Response Plans.  Oregon LNG has not produced Emergency Response 
Plans.  Additionally, Oregon LNG has not identified resources, including funding, to 
respond to emergencies.  FERC’s EIS should encompass emergency response, including 
funding for emergency response.  This analysis should address the spectrum of 
emergencies that could occur as a result of the project (i.e., equipment failure, 
earthquake, tsunami, fire, terrorist attack etc.).  FERC has a responsibility to use its 
environmental review to assess the impacts of an LNG spill or pipeline leak, and FERC 
cannot conduct its review without realistically evaluating the emergency response 
capabilities in Warrenton and Astoria and communities along the pipeline.   

D. Water Resources. 

Oregon LNG’s project would impact water quality in numerous ways, including stream 
crossings for the pipeline, water withdrawals during construction, stormwater runoff from 
terminal facilities, and discharge and suspension or re-suspension of sediment in the Columbia 
River as a result of dredging and ship transits.  FERC’s EIS must describe the full range of 
direct, indirect, and cumulative impacts to water quality.   

i. Water Quality and Aquatic Resource Impacts. 

LNG tankers, terminals, and pipelines wreak havoc on water quality.  Oregon LNG’s 
proposed projects would have serious direct, indirect, and cumulative impacts on water quality 
and aquatic resources.  The scope of FERC’s EIS should, at minimum, address the impacts 
described below. 
 

 Impacts to water quality during terminal construction.  Oregon LNG proposes 
building its LNG terminal and industrial dock on undeveloped land, including 
wetlands, located on the Skipanon Peninsula.  The EIS must assess the impacts of 
polluted stormwater runoff from the terminal construction site.  This includes the 
impacts to water quality from removing riparian habitat and surface runoff to the 
Columbia and Skipanon rivers. 

 
 Impacts to water quality and aquatic life from dredging for the LNG dock.  

Oregon LNG proposes deepening the Columbia River—removing 1.2. million cubic 
yards of river bottom—to dock LNG tankers.  The company will also dredge 300,000 
cubic yards of river bottom every three years to maintain its dock.  The EIS must 
assess the impact of dredging during construction and the impacts of maintenance 
dredging.  Dredge and fill activities associated with construction, for example, would 
increase turbidity and mobilize toxics in river sediment.  In addition to disclosing the 
direct and indirect impacts of dredging, the EIS must also disclose the cumulative 
impacts of multiple dredging projects on the Columbia River, including the including 
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Columbia River Channel Deepening Project and other dredging projects in the 
Estuary.   

 

 Impacts to water quality and aquatic habitat from dredge spoil disposal.  The 
EIS must disclose the direct and indirect impacts of dredge spoil disposal, as well as 
the cumulative impacts of past, present, and reasonably foreseeable future dredge 
spoil disposal actions. 

 
 Impacts to water quality during LNG terminal operations.  Oregon LNG’s 

terminal will increase impervious surfaces, reduce natural infiltration and associated 
water quality benefits, and increase polluted stormwater runoff to the Skipanon River 
and Columbia River.  During operation, the terminal will discharge polluted process 
wastewater via the City of Warrenton Publicly Owned Treat Works (POTW).  The 
City of Warrenton POTW has a history of violating National Pollutant Discharge 
Elimination System (NPDES) permit limits.30  Oregon LNG’s Prefiling Draft 
Resource Reports grossly underestimate the water quality impacts to the Estuary by 
concluding, in summary fashion, that the POTW will comply with applicable federal 
and state standards.  The EIS must analyze the direct, indirect, and cumulative 
impacts of discharging more pollution to the heavily degraded Columbia River, 
including the City of Warrenton’s capacity to treat Oregon LNG’s wastewater and the 
City’s ability to comply with new human health criteria for toxics.   

 
 Invasive species introduced by LNG tankers.  The EIS must examine the impacts 

of LNG tankers on the introduction of invasive species.  This analysis must include 
the financial and ecological costs of invasive species.  FERC must go beyond Oregon 
LNG’s boilerplate ‘we will comply with state and federal law’ and address the serious 
economic and ecological threats posed by invasive species.  As part of this analysis, 
FERC must examine the introduction of invasive species from tankers, including but 
not limited to ballast water discharges.    
 

 Other water quality impacts from LNG tankers.  The EIS must disclose and 
analyze the impact of wastewater and stormwater discharged to the Columbia River 
from LNG tankers, including hot water expelled from tanker engines.   

 
 Impacts to water quality from pipeline construction.  FERC should analyze the 

direct and indirect impacts of pipeline construction on water quality.  The first – and 
most dramatic – impact is the potential for a “frac-out.”  A frac-out occurs when an 

                                                           
30 Oregon Dept. of Environmental Quality Fact Sheet, City of Warrenton POTW, 
http://www.deq.state.or.us/wqpr/372_2009120800021CS01.PDF at 2. 
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HDD fails, fractures a streambed or riverbed, and releases drilling lubricants into the 
stream.  Because the Oregon LNG project and the WEP propose to use HDDs to cross 
multiple salmon-bearing streams, including the Columbia River itself, FERC must 
fully assess the potential and impacts of HDD failures.  During its import proposal, 
Oregon LNG repeatedly characterized drilling lubricants (particularly bentonite clay) 
as “non-toxic.”  Rather, bentonite clogs fish gills and fish habitat, leading to fish 
mortality and loss of spawning habitat.  At public hearings, both Oregon LNG and 
WEP characterized HDD as having “no impact” on the environment.  The Coalition 
urges FERC to examine the best available science and reject this characterization.  
The EIS must disclose the direct, indirect, and cumulative HDD crossings, including 
the risks for HDD construction impacts and HDD failures. 

 

 Impacts from pipeline construction to aquatic habitat.  Construction in riparian 
areas and along steep slopes also increases the risk of erosion and sedimentation in 
important Columbia River tributaries, some of which are listed as water quality 
limited (i.e., already in violation of state water quality standards).  The EIS must 
disclose the environmental impacts of pipeline construction at proposed crossings and 
at alternative crossing locations. 
 

 Impacts of pipeline construction on ongoing and reasonably foreseeable Estuary 
restoration work.  Taxpayer dollars have funded extensive restoration work 
throughout the Estuary.   Many restoration projects are currently underway or planned 
for the near future.  For example, the Oregon Department of Fish and Wildlife 
(ODFW) identified the Lewis & Clark River and its tributaries as being important for 
Coho salmon, Fall Chinook, and Winters Steelhead.  ODFW recommended that the 
Lewis and Clark River be targeted for easement acquisition to protect functioning 
riparian areas, as well as restoration of degraded riparian areas, in order to ensure the 
survival and recovery of these species.31  The Oregon LNG pipeline directly threatens 
efforts to stabilize and restore fish and fish habitat.  The possibility of HDD frac-out 
and failure, which Oregon LNG has largely dismissed in its submittals, conflicts with 
ODFW’s identified goal of reducing the sediment load into the Lewis & Clark River 
and its tributaries.  This is one example of why the scope of the EIS must address the 
potential for Oregon LNG’s project to directly or indirectly conflict with completed, 
ongoing, or reasonably foreseeable future restoration projects in the Estuary, as well 
along other waterbodies along the proposed pipeline route.   

 

                                                           
31 Lower Columbia River Conservation and Recovery Plan For Oregon Populations of Salmon and 
Steelhead, http://www.dfw.state.or.us/fish/CRP/docs/lower-columbia/OR_LCR_Plan%20-
%20Aug_6_2010_Final.pdf . 



 
Columbia Riverkeeper et al.  
NEPA Scoping Comments, Docket Nos. PF12-18-000 & Docket No. PF12-20-000 
Page 16 
 

 Alternative pipeline locations and impacts to water quality.  The EIS must 
identify, for each HDD location, alternative crossing locations and methods and, in 
turn, evaluate the environmental impacts of the alternative locations.  If Oregon LNG 
is forced to relocate its HDD location or use another construction technique, the 
impact of the pipeline will potentially include surface impacts that have not been 
evaluated by FERC and other federal agencies.  In other pipelines of this size, 
regulating agencies have required descriptions of potential alternative crossing 
techniques.  Alternate crossing methods would potentially bring pipelines closer to 
the surface and likely interfere with existing residential, forestry, and agricultural 
uses, as well as pose an increased safety threat. 

 
ii. Water Consumption. 

Oregon LNG’s terminal alone will use over four billion gallons of water per year.  
FERC’s EIS must examine the direct, indirect, and cumulative impacts of using precious water 
resources for LNG.  According to Oregon LNG’s filings, constructing and testing the pipeline 
and bidirectional terminal will initially consume 182,900,000 gallons of water.32  After that, 
Oregon LNG’s proposed bidirectional terminal would consume 4,057,400,000 gallons year-
round.33  Oregon LNG will also use water to hydrostatically test the integrity of the pipeline and 
parts of the terminal during construction.34  Oregon LNG intends to purchase the water to 
hydrostatically test the pipeline from the City of Woodland, Washington.35  Water to 
hydrostatically test the infrastructure at the terminal would likely come directly from the 
Columbia near Warrenton.36   

Oregon LNG would also use water during the construction of the pipeline for dust control 
and when conducting horizontal directional drilling under waterways.37  Oregon LNG’s Prefiling 
Draft Resource Reports state that this water will be withdrawn from the Columbia, the Nehalem, 
Rock Creek and “various” other sources.38   

The terminal will need water on a continuous basis for cooling, ballast water, irrigation, 
fire suppression, and domestic purposes.39  Oregon LNG is proposing to withdraw water from 
the Columbia and the Skipanon and/or buy water from the City of Warrenton to meet these water 
needs.40  During operation the bidirectional terminal will use over 11 million gallons of water per 

                                                           
32 Oregon LNG, Prefiling Review Draft Resource Report 1 — General Project Description, 1-21, 1-22.   
33 Id. 
34 Oregon LNG, Prefilling Review Draft Resource Report 2 — Water Use and Quality, 2-15 – 2-18.   
35 Id. at 2-15.   
36 Id.    
37 Oregon LNG, Prefiling Review Draft Resource Report 1 — General Project Description, 1-22. 
38 Id.    
39 Id. at 1-21.   
40 Id.    



 
Columbia Riverkeeper et al.  
NEPA Scoping Comments, Docket Nos. PF12-18-000 & Docket No. PF12-20-000 
Page 17 
 

day.41  By comparison, water users in the entire city of Astoria use an average of 2.5 million 
gallons of water per day.42   

Given the well-documented scarcity of water in the Columbia River Basin, FERC must 
undertake a robust analysis of the direct, indirect, and cumulative impacts of taking more water 
out of the Columbia River and its tributaries to support LNG export.  This includes evaluating 
how Oregon LNG’s water withdrawals impact water availability, particularly in light on climate 
change modeling, impacts to Columbia River water quality, impacts to ESA-listed species and 
other aquatic life and wildlife, and the cumulative impacts of water withdrawals in the Estuary, 
specifically, and Columbia River Basin, in general. 

E. Air Quality and Visual Impacts. 

Oregon LNG’s terminal would degrade local air quality at the terminal and in the 
surrounding communities of Warrenton, Hammond, and Astoria.  LNG operations emit air 
pollution from compressors, vaporizers, ships, harbor tugs, support vehicles, gas flares, 
construction dust, and a myriad of other sources.  LNG tankers and the security vessels that 
accompany them typically run their engines during the entire cargo loading cycle, spewing 
exhaust and air pollutants that would impact surrounding communities.   

FERC must analyze how LNG will degrade clean air and the quality of scenic vistas in 
the Estuary.  As part of this analysis, the EIS must assess the public health impacts of increasing 
air pollution in the Estuary, along the pipeline route, and in the Pacific Ocean.  

 General impacts to air quality from Oregon LNG’s terminal.  Oregon LNG 
acknowledges the proposed bidirectional terminal is a “major source” and must obtain a 
preconstruction major source permit (Air Contaminant Discharge Permit) and an 
operating permit (Title V major source permit).  This is a significant change from the 
LNG import proposal.  According to Oregon LNG’s FERC filing, the facility exceeds the 
greenhouse gas PSD threshold.  The facility’s emissions will also exceed the Significant 
Emissions Ration (SER) thresholds for NOx, CO, SO2, and PM2.5.  The EIS must 
examine the direct, indirect, and cumulative impacts of Oregon LNG’s air pollution 
emissions. 
 

 Impacts of fog generation.  FERC noted the potential for the generation of fog during 
operation of large ambient air vaporizers.  FERC must evaluate how the Oregon LNG 

                                                           
41 Oregon LNG’s filings state that it will discharge, at most, 3.5 million gallons of water per day to the 
City of Warrenton POTW. Oregon LNG Export Project Prefiling Resource Report 1 at 1-25.  
Consequently, Oregon LNG’s consumptive use of water exceeds 7.5 million gallons of water per day. 
42 Daily Astorian, Where does Astoria’s water come from?, http://www.dailyastorian.com/free/where-
does-astoria-s-water-come-from/article_8ccacabe-dfcb-11e0-a440-001cc4c03286.html 
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project – including both import and export functions – could impact visibility in 
Warrenton and surrounding communities. 
 

 Impacts of gas flaring.  The EIS must take hard look at the direct, indirect, and 
cumulative impacts on air quality from gas flaring at the LNG terminal.  FERC should 
require that Oregon LNG provide a detailed description of how often gas flaring could 
occur, what gases would be burned, and what the likely emissions would be during 
maximum flaring operations.   
 

 Air pollution impacts on public health, including sensitive populations.  Residences, 
schools, and businesses are located in close proximity to the proposed LNG terminal.  
FERC must address how overall emissions from the site – including emissions from 
backup diesel generators, gas flares and docked ships – will impact air quality in nearby 
areas.  For example, many senior citizens live in close proximity to the terminal, 
including at the Port Warren condominium community on the Skipanon River.  

 Impacts to air quality from LNG tankers and associated vessels.  FERC must 
evaluate air pollution from LNG tankers and related vessels.  LNG tankers and the 
security vessels that accompany them are required to run their engines during the entire 
cargo loading cycle, spewing exhaust and air pollutants that would impact surrounding 
communities.   

 Impacts to air quality from LNG pipelines.  FERC must evaluate how large 
compressor stations will impact air quality in nearby communities.  In particular, FERC 
must identify the power source and power line route for providing electricity to the large 
new proposed compressor station in Columbia County.  Additionally, FERC must specify 
whether this station will operate at 48,000 Hp or larger (Oregon LNG’s Resource Report 
9 suggests 80,000Hp).  On the WEP route, Williams has identified multiple compressor 
stations that could be powered by natural gas, creating significant emissions and 
impacting air quality for nearby communities.  FERC must assess how the emissions 
from compressors will harm human health near the compressors.  Additionally, Williams 
has requested that plans for its compressor stations be labeled Critical Energy 
Infrastructure Information (CEII).43  This designation is inappropriate because it shields 
basic information from public review, and it frustrates the ability of the public to evaluate 
the project’s impacts.  In other pipeline proposals, basic information about compressor 
stations has not been deemed CEII. 

 Air quality impacts from an LNG import terminal. Oregon LNG leaves the door open 
for LNG import and, in turn, FERC must analyze the impacts of LNG import on air 

                                                           
43 See WEP Resource Report 1, Figures 1.1-8 – 1.1-12. 
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quality.  This includes increased combustion of natural gas in the United States and 
associated impacts on climate change.  LNG importation would significantly increase the 
overall greenhouse gas emissions of natural gas-fired electricity generation in Oregon and 
the West Coast, due to the added lifecycle emissions of LNG.  LNG is up to 30-40 
percent more polluting in its greenhouse gas emissions than North American natural gas 
because of the added emissions that occur in liquefying, shipping, and regasifying LNG. 

F. Impacts to Fish and Wildlife. 

FERC’s EIS must disclose the wide-ranging impacts to endangered and threatened 
species and other fish and wildlife threatened by LNG.  In addition to many of the impacts 
already identified in Oregon LNG’s Prefiling Draft Resource Reports, the EIS must also take a 
hard look at the direct, indirect, and cumulative impacts of the LNG export terminal, dock, 
tankers, and pipeline on fish and wildlife, which are described in greater detail below. 

 Impacts to Salmon Recovery.  Oregon and Washington are at the epicenter of salmon 
recovery.  Oregon LNG’s project runs directly counter to our region—and the nation’s— 
significant investment in restoring endangered salmon runs.  FERC must examine the 
direct and indirect impacts of LNG and LNG pipelines on ESA-listed salmonids.  As part 
of this analysis, FERC must examine the cumulative effects of other actions and 
programs of the federal government, and fully disclose the combined impact of ongoing 
and reasonably foreseeable future actions.  This includes the effect of Corps dredging 
projects, the Bonneville Power Administration’s dam operations, water withdrawals 
authorized by the U.S. Bureau of Reclamation and logging and grazing approved and 
permitted by the U.S. Forest Service and Bureau of Land Management.  FERC must also 
assess the cumulative impacts of actions authorized and carried out by state, local, and 
private entities. 
 

 Impacts to other Threatened and Endangered Species.  Oregon LNG’s Prefiling Draft 
Resource Reports and draft Biological Assessment for the import terminal grossly 
understate the project’s impacts on threatened and endangered species.  Yet Oregon LNG 
relies on these filings for its export terminal, and fails to provide the best available 
science on how the terminal will impact ESA-listed species.  The EIS must go well-
beyond the applicant’s filings and provide a robust analysis of the project’s direct, 
indirect, and cumulative effects on species such as eulachon and green sturgeon, which 
were listed after Oregon LNG completed its import terminal resource reports and draft 
Biological Assessment.   
 

 Impact from increased ship traffic in the Columbia River Estuary.  The EIS must 
consider the direct, indirect, and cumulative impacts of increased ship traffic in the 
Estuary.  This includes analyzing increased rates of fish stranding and bank erosion.  The 
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EIS must also assess the increased risk to fish and wildlife from vessel spills and 
accidents. 
 

 Cumulative impacts and ESA-listed species.  NEPA requires FERC to analyze the 
incremental consequences of the Oregon LNG project “when added to other” past, 
present, and reasonably foreseeable future actions.44  In turn, FERC must analyze the 
incremental impact of Oregon LNG project when added to past, present, and reasonably 
foreseeable future actions on the Columbia River, including dams, logging, industry, 
cities, and other landscape-level impacts that degrade habitat.  For example, coal export 
speculators are proposing three export terminals on the Columbia: Ambre Energy’s 8.8 
million ton per year Morrow Pacific Project (Port of Morrow and Port Westward in St. 
Helens), Kinder Morgan’s 30 million ton per year proposal at Port Westward, and Ambre 
Energy’s 44 million tons per year Millennium Bulk Terminals proposal in Longview.   
Any one of these projects would significantly increase river and marine traffic.  
Combined, the impacts of coal export and LNG are staggering.  FERC must analyze these 
reasonably foreseeable future energy export projects, as well as other reasonably 
foreseeable future actions on the Columbia and along the tanker route. 
 

 Impacts from ballast water and cooling water.  Oregon LNG’s resource reports 
contain inconsistent statements on ballast water and, therefore, the company frustrates the 
public’s ability to comment on the scope of the EIS as it pertains to ballast water 
impacts.45  FERC should seek clarification from Oregon LNG and reopen the comment 
period so that federal and state agencies, the Tribes, and the public can comment on the 
scope of the EIS as it pertains to ballast water impacts.  
 

 Impacts from increased ship traffic in the Pacific Ocean.  LNG export directly and 
indirectly threatens marine life, including ESA-listed species that spend part of their 
lifecycle in the Pacific Ocean.  This issue is addressed in greater detail below.   
 

 Impacts from pipeline construction and operation on habitat fragmentation.  Habitat 
fragmentation is one of the most pervasive and difficult to control threats to native 
ecosystems in the United States.  It occurs when land uses break up large contiguous 
blocks of habitat into smaller patches or when roads, transmission lines, pipelines, or 

                                                           
44 40 C.F.R. § 1508.7; Ctr. for Biological Diversity  v. Nat’l Hwy. Traffic Safety Admin., 538 F.3d at 
1215; see Or. Natural Resource Council, 470 F.3d at 822-23 (cumulative impacts analysis inadequate 
based on failure to consider incremental impacts of timber sales). 
45 See Oregon LNG Export Project Prefiling Resource Report 3 at 3-49 (“Export terminal will eliminate 
the need for ballast water.”) but see (“The Export terminal will require a cooling/ballast water intake of 
1,610 million gallons per year (MG/Y).”).  The Resource Report is filed under Oregon LNG’s 
“bidirectional terminal” docket, Docket No. PF12-18-000, yet fails to address ballast water discharges if 
LNG import occurs.   
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other corridors penetrate blocks of habitat.  FERC’s EIS must assess the impacts of 
habitat fragmentation and the extent to which Oregon LNG’s pipeline will compromise 
the integrity of habitat interior in wetlands, forests, and other ecosystems.  For example, 
habitat fragmentation can have negative effects on wildlife and ecosystems through direct 
habitat loss or indirectly through changes that occur as a result of the adjacent habitat 
type and the particular land use associated with it.  The EIS must also assess the 
cumulative impacts of Oregon LNG’s proposed pipeline route and existing and 
reasonably foreseeable future transmission, road, and pipeline right-of-ways that threaten 
habitat quality and wildlife. 

 Effects of pipeline construction and right-of-ways on habitat disturbance, including 
increased exotic and invasive species.  The EIS must disclose and evaluate the short-
term and long-term impacts of clearing massive right-of-ways to build new pipelines.  
Impacts include, but are not limited to: providing access for plants and animals that thrive 
in disturbed environments and the associated detriment to species that require contiguous 
habitat; opening access to previously remote areas via the new roads and pipelines and 
the impact of increased human access on fish and wildlife; the spread of invasive plant 
species; disturbance of sensitive habitats and species of conservation concern, including 
threatened and endangered species; the increase in car, truck, and heavy machinery 
traffic; and the impact of pipelines and roads as acting as barriers to movement for many 
amphibian species and some small mammals. 

  
G. Impacts to State and Private Forestland. 

FERC’s EIS must disclose the full extent of how Oregon LNG’s proposed network of 
pipelines will impact state and private forestland.  The Oregon Department of Forestry (Forestry) 
submitted extensive comments on December 13, 2012 detailing impacts to state and private 
forestland, and the Coalition urges FERC to prepare an EIS that addresses the significant 
concerns raised by Forestry.  Although Forestry’s comments are specific to the State of Oregon 
and Oregon law, many of the concerns are equally applicable to Washington State and, therefore, 
should be addressed for the portions of Oregon LNG’s pipeline in Cowlitz County, Washington, 
and the entire WEP pipeline.   

FERC’s EIS should address the pipelines’ impacts to state and private forestland, 
including but not limited to:  

 consistency with forest management plans 

 conflicts with ongoing and future forest operations 

 conservation of forest resources 

 loss of timber production 

 habitat fragmentation 
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 mass wasting 

 stormwater runoff from new forest roads and associated impacts to aquatic 
resources 

 destruction and/or disturbance of riparian habitat 

 increased threats of wildfires associated impacts from wildfires 

 increased off-road motorized vehicle use in right-of-way corridors and new forest 
roads 

 invasive species 

 impacts to hiking trails, camping sites, and water sources for recreationists 

 nesting bird sites 

The EIS must also analyze the cumulative impacts of Oregon LNG’s pipeline and 
pipeline right-of -ways in addition to existing and reasonably foreseeable future right-of-ways 
and roads in state and private forestlands. 

H. Noise and Light Pollution. 

LNG terminals operate around the clock, lighting the night sky as part of their 24-hour 
surveillance requirements and creating loud noises as they convert natural gas into LNG.  
According to Oregon LNG’s latest filings, the export terminal will require the ability to flare gas 
—a visual nightmare in the scenic Columbia River Estuary.   

The EIS must examine how noise and light pollution will harm the communities in the 
Estuary, as well as fish and wildlife.  The EIS must also disclose the impact of noise and light 
pollution from pipeline compressor stations.  For example, the EIS should disclose the direct and 
indirect impacts of noise pollution from each compressor station.  Specifically, FERC’s analysis 
should evaluate the direct, indirect, and cumulative impacts of noise and light pollution:  

 during the LNG terminal construction phase 

 in the course of the LNG terminal’s operational life 

 from LNG tankers 

 during pipeline and compressor station construction 

 during  pipeline maintenance 

 from pipeline compressor stations.  

The EIS should include a comprehensive discussion of the impacts of noise and light pollution 
from the Oregon LNG project on public health, including the impacts of light and noise pollution 
on sleep and attendant health consequence.  The EIS should also assess the impact of Oregon 
LNG’s noise and light pollution on aquatic resources and wildlife, including ESA-listed species.   

I. Energy Consumption. 
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The Oregon LNG project will require huge amounts of energy to ship and liquefy natural 
gas.  The source of Oregon LNG’s power is unclear, but the company currently plans to purchase 
power from the grid.  Regardless of Oregon LNG’s power source, the EIS must address the 
environmental impacts of generating the power that would fuel the LNG terminal and pipeline 
compressor stations. 

At a minimum, Oregon LNG will likely require 350 MW of energy every day, which is 
more energy than the average U.S. power plant generates in a day.  For example, Jordan Cove 
LNG plans to build its own gas-fired power plant (the South Dunes Power Project) in order to 
provide a stable power source for its proposed LNG export terminal in Coos Bay.  If Oregon 
LNG also requires uninterruptible power to operate, FERC must fully evaluate the impact of 
operating the facility with diesel or future gas-fired generation in the local area.  The EIS should 
also assess the direct, indirect, and cumulative impacts of energy sources that currently generate 
power for the grid, including hydroelectric and wind power. 

J. Recreation.  

The EIS must take a hard look at the Oregon LNG’s impact on recreation near the LNG 
terminal, along the LNG tanker route, and along the proposed pipeline route.  This includes the 
project’s impact on hiking, biking, kayaking, canoeing, boating, fishing, windsurfing, swimming, 
camping, and other recreational activities.  FERC’s analysis should examine the project’s impact 
on lost recreational opportunities, the deterrent effect of LNG on recreation, and LNG’s impact 
on degrading the quality of recreational activities.   

On November 7, 2012 the National Park Service (Park Service) submitted detailed 
comments describing impacts that FERC should evaluate in its EIS.  The Park Service manages 
the Lewis and Clark National Historical Park (Park) and the Lewis and Clark National Historical 
Trail (Trail).  The Coalition agrees with many of the comments raised by the Park Service and 
recommends that FERC evaluate Oregon LNG’s project in light of the Park Service’s substantial 
concerns.   These include, but are not limited, the following concerns: 

 safety hazards to National Park visitors 

 impacts to threatened and endangered species within the Park and along the Trail 

 impacts to bald eagles within the Park 

 the pipeline’s impact to contiguous wetlands located within the Park 

 the pipeline’s impact on suspending contaminated sediments from the Astoria 
Marine Construction Company 

 impacts to cultural landscapes and viewsheds 

 visual and audible impacts to historic sites along the Trail and at the Park 

 other recreational impacts, particularly along the Lower Columbia River Water 
Trail 
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In addition, the EIS must examine the project’s impacts to recreation on private and state-owned 
lands and local parks. 

K. Cultural Resources and Tribal Consultation. 

The EIS should evaluate how the construction of the proposed LNG terminal and 
pipelines will impact cultural resources.  This includes impacts to Native American cultural 
resources, impacts to cultural resources at the Lewis and Clark National Historical Park and 
along the Lewis and Clark National Historical Trail, and other cultural sites near the terminal, 
along the LNG tanker route and pipeline route.  FERC’s EIS will benefit from government-to-
government consultation with Columbia River Tribes and other Tribes impacted by the Oregon 
LNG project. 

L. Environmental Justice. 

From air pollution to impacts on subsistence fishing, Oregon LNG’s project raises 
significant environmental justice issues.  FERC must address these significant impacts in the 
EIS.   

As FERC is aware, on February 11, 1994, President Clinton issued Executive Order 
12898, “Federal Actions to Address Environmental Justice in Minority Populations and Low-
Income Populations.”  The Executive Order makes it the responsibility of each Federal agency to 
“make achieving environmental justice part of its mission in identify and addressing, as 
appropriate, disproportionately high and adverse human health or environmental effects of its 
programs, policies, and activities on minority populations and low-income populations.”   
Accompanying this order was a Presidential Memorandum stating that “each Federal agency 
shall analyze the environmental effects, including human health, economic and social effects, of 
Federal actions, including effects on minority communities and low-income communities, when 
such analysis is required by the [National Environmental Policy Act].”  The CEQ has also issued 
guidance on incorporating environmental justice considerations in the NEPA process.46  The 
guidance states in part:  

Early and meaningful public participation in the federal agency decision making process 
is a paramount goal of NEPA.  CEQ’s regulations require agencies to make diligent 
efforts to involve the public throughout the NEPA process.  Participation of low-income 
populations, minority populations, or tribal populations may require adaptive or 
innovative approaches to overcome linguistic, institutional, cultural, economic, historical, 
or other potential barriers to effective participation in the decision-making processes of 
Federal agencies under customary NEPA procedures.47 

FERC’s actions to date, including inadequate public notice for the Oregon LNG project, 
described at length above, undercut efforts to inform and engage environmental justice 
                                                           
46 CEQ, Environmental Justice: Guidance Under the National Environmental Policy Act, 
http://www.epa.gov/environmentaljustice/resources/policy/ej_guidance_nepa_ceq1297.pdf 
47 Id. at 13. 
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communities.   The Coalition urges FERC to restart the review process for the newly configured 
Oregon LNG terminal and pipeline route and engage environmental justice communities in a 
meaningful way. 

M. Natural Disasters and Geologic Hazards. 

FERC’s EIS must disclose the environmental impacts of Oregon LNG’s terminal, 
tankers, and pipelines in the event of an earthquake, tsunami, and other natural disasters.  In 
addition, the EIS must evaluate proposed pipeline’s impacts in light of geologic hazards along 
the pipeline route.  For both the terminal and pipeline, the EIS should address the capacity of 
first-responders to deal with a catastrophic event caused by an earthquake, tsunami, or other 
natural disaster.  This analysis will assist FERC in reaching a “public interest determination” 
under the NGA.  We offer the following comments for FERC’s consideration. 

 Impact of Oregon LNG’s terminal in the event of an earthquake or series of 
earthquakes. Significant new information about earthquake and tsunami risks has 
emerged in recent years since Oregon LNG’s initial formal application for an import 
terminal and pipeline in 2008.  For example, according to a recently completed study by 
Oregon State University, geologic data from the past 10,000 years indicates that the 
Oregon Coast has a significant likelihood of experiencing a subduction zone earthquake 
in the next 50 years – roughly the lifespan of the Oregon LNG export project.48  FERC 
cannot rely on information submitted in previous dockets, CP09-6 & CP09-7, to evaluate 
earthquake and tsunami hazards in the Cascadia Subduction Zone.    

The EIS must evaluate the direct, indirect, and cumulative impacts of Oregon LNG’s 
terminal in the event of various earthquake scenarios, including the suitability of the 
Skipanon Peninsula for an LNG terminal.  Specifically, Oregon LNG proposes to build 
its terminal on fill.  In Oregon LNG’s October 2008 Resource Report 6, the company 
acknowledged that it had drilled 350 feet deep at the proposed terminal site without 
reaching bedrock.  Oregon LNG proposes “deep soil mixing” to improve the foundation 
of its project, but this strategy is unproven and may not provide a stable foundation given 
the very severe geologic risks that could impact the Oregon LNG site.   

 Impacts of Oregon LNG’s terminal and pipeline in the event of a tsunami.  A large 
seismic event in the Pacific Rim has the potential of generating a tsunami on the Oregon 
Coast.  Oregon LNG has failed to identify critical engineering and safety measures that 
would protect the proposed terminal and pipeline from a large tsunami.  The terminal and 
its marine facilities will have infrastructure located at elevations near sea level, and 
subject to damage from large waves.  FERC must evaluate whether Oregon LNG’s 
proposed system of berms would adequately protect LNG tanks, pipeline infrastructure, 

                                                           
48 USGS Website, http://pubs.usgs.gov/pp/pp1661f/. 
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gas flare facilities, and other infrastructure at the LNG terminal.  Oregon LNG initially 
proposed a 10-foot berm for its import terminal.  FERC must use the most recent 
information available in the wake of the Japanese earthquake and tsunami to evaluate the 
design of the Oregon LNG project.   

 Impact of LNG vessels in the event of a tsunami.  FERC must evaluate the 
environmental impacts of LNG tanker becoming disabled, damaged, or grounded during 
a tsunami event.   

 High-water and flooding at the Oregon LNG terminal.  The proposed terminal 
location is prone to routine weather hazards, including high winds, high waves, and 
flooding.  The EIS must assess the impact of Oregon LNG’s terminal on the Columbia 
River during high-water events.  

 Impact of Oregon LNG’s pipeline in the event of an earthquake or series of 
earthquakes.  The EIS must disclose the direct and indirect impacts of an earthquake, or 
a series of earthquakes, on pipeline infrastructure.  This includes the impacts of pipeline 
failure, including threats to public safety, wildfires, and impacts to air and water quality.  

Question: How will FERC require Oregon LNG and WEP to plan for 
simultaneous failures and emergencies at the terminal and on the proposed 
pipelines?   

 Impact of Oregon LNG’s pipeline and landslides.   The EIS should include detailed 
information about current and historic landslides and how these landslides could impact 
the integrity of the proposed pipelines.  The review should also include risks from 
operation and construction of the new pipelines to nearby roads, homes, water wells, and 
other pipelines.  For example, the Oregon Department of Transportation and Oregon 
Department of Forestry expressed concern that pipeline route through the Coast Range 
poses a long-term threat to slope stability.  Along the proposed pipeline route, high 
winds, heavy rains, and flooding have generated landslides in recent years that have 
damaged key infrastructure such as roads, pipelines and power lines.  Within the past 15 
years, land movement has caused multiple pipeline failures in Cowlitz County, and at 
least one segment of gas pipeline in Cowlitz County near Kelso has been relocated above 
ground due to an unstable slope.  

Question: Will FERC require an independent, site-specific geologic hazard 
review for the Oregon LNG pipeline project? 

N. Protection of Flood Control Structures.  
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Oregon LNG’s proposed pipelines would intersect dikes and other flood control 
structures.  FERC’s EIS must consider the impacts of pipeline construction, operation, and 
maintenance on these flood control structures and the lives and property they protect.  For 
example, the proposed new pipeline segment beginning in Woodland, Washington, would cross 
under a dike along the Washington shore of the Columbia River which protects lowland farms 
around Woodland.  On the Oregon side of the Columbia, the new pipeline segment would run for 
several hundred feet along a dike protecting Deer Island, Oregon.  As the proposed pipeline 
approaches the terminal site, it would intersect various dikes and flood control structures along 
the lower Lewis and Clark River and around the city of Warrenton, Oregon.  The U.S. Army 
Corps of Engineers (Corps) constructed most or all of these dikes, and maintains on online 
database and mapping tool describing the exact location of the dikes and flood control structures 
that lie in the proposed pipeline routes.49   

Oregon LNG’s proposed pipeline construction would require authorization from the 
Corps.  Under the Rivers and Harbors Act, private parties such as Oregon LNG cannot alter 
federal flood control structures without permission from the Corps.  33 U.S.C. § 408 (hereinafter 
“Section 408”).  Most of the dikes and flood control structures in the path of the pipelines were 
built, or are owned by, the Corps.  Accordingly, Oregon LNG must secure permission under 
Section 408 from the Corps in order to construct the proposed pipeline segments.  Section 408 
permits and can require significant data collection and risk analysis by the Corps and the 
applicant.  Riverkeeper encourages FERC to work with the Corps at this early juncture to initiate 
the Section 408 review process and attendant NEPA analysis.       

O. Socioeconomics. 

FERC’s EIS must address the socioeconomic impacts of authorizing Oregon LNG’s project.   
The Coalition highlights some of the socioeconomic issues FERC should incorporate in the draft 
EIS. 

 LNG’s impact on economic development and property values.  Oregon LNG’s 
terminal will deter economic development, decrease property values, cause the loss of 
tourism and recreation related jobs, and result in a generally reduced quality of life 
around the Estuary.  The pipelines will degrade property values, including farms and 
forestlands, by preventing customary uses of land, causing erosion and environmental 
damage, harming drainage systems, and creating a safety risk.  The EIS must account for 
the direct and indirect impacts of LNG on economic development and decreased property 
values.  This analysis should include an assessment of the attendant impact on state and 
federal sales and property taxes. 

 

                                                           
49 See National Levee Database, http://nld.usace.army.mil/egis/f?p=471:1.  
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 Impacts to Ratepayers. LNG export will increase domestic natural gas prices, forcing 
American ratepayers to outbid high-priced Asian markets.  This issue is addressed at 
length in Sierra Club and Columbia Riverkeeper’s comments to the U.S. Department of 
Energy on Oregon LNG’s nFTA application, FE Docket No. 12-77-LNG.  The Coalition 
incorporates those comments by reference and attaches them hereto as Exhibit A.  FERC 
must consider the environmental and social impacts of LNG export on ratepayers. 
 

 Impacts from Exclusions Zones in the Columbia River. LNG tankers would require 
exclusion zones.  This will restrict fishing and directly interfere with recreational 
kayaking and boating.  FERC should take a hard look at how LNG tankers and associated 
marine traffic would change the face of commerce, recreational fishing, and other uses of 
the Columbia River. For example, many fishing, crabbing, and recreational boats are 
moored in the Skipanon River.  FERC and the USCG must evaluate the potential 
negative impact of the Oregon LNG project on these local vessels. 

 
P. Increased Natural Gas Production. 

FERC must examine significant environmental impacts from increased gas production.  
The Energy Information Administration (EIA), essentially every other LNG export applicant, 
and other informed commenters all agree that LNG exports will induce additional production in 
the U.S. The Oregon LNG proposal is no exception: notwithstanding its stated plan to source gas 
for export from Canada, Oregon LNG concedes that the proposed project will induce additional 
production in the U.S.50   

 Impact of induced natural gas production in the U.S.  As Oregon LNG explains, if 
gas produced in Canada is not exported, that gas will enter the U.S. market.51  This 
increase of supply in the U.S. market would, in turn, lower gas prices and cause U.S. 
gas producers to produce less gas than they would otherwise.52  Conversely, to the 
extent that Canadian gas is exported, U.S. gas prices will be higher, incentivizing 
domestic gas producers to increase production.53  Sierra Club and Columbia 
Riverkeeper submitted extensive comments on induced natural gas production and 
Oregon LNG (Exhibit A), which are incorporated by reference.  FERC’s EIS must 
examine the direct, indirect, and cumulative impacts of induced gas production 

                                                           
50 See DOE Application at 24 (“the demand induced by . . . exports will spur production” in the U.S.). 
51 Id. at 15. 
52 Id. 
53 The project may also export gas produced in the U.S., likely produced in the Rocky Mountain states, 
directly inducing further U.S. production. Although Oregon LNG states that they expect that market 
conditions will favor sourcing gas from Canada, the application explicitly notes that the pipeline 
infrastructure will provide the ability to export gas produced in the U.S., and the application offers no 
legal restriction on Oregon LNG’s ability to do so. As the EIA Export Study demonstrates, exports of gas 
produced in the US will increase US production. 
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resulting from Oregon LNG project.  Even if (contrary to all available evidence and 
Oregon LNG’s own admission) the proposed exports would not induce additional gas 
production in the U.S., the proposed exports would undoubtedly induce additional 
production in Canada, and FERC must consider the effect of that induced production 
on the environment in the U.S. 
 

 Impact of natural gas production.  Natural gas production—from both conventional 
and unconventional sources—is a significant air pollution source, can disrupt 
ecosystems and watersheds, leads to industrialization of entire landscapes, and 
presents challenging waste disposal issues. Oregon LNG predicts that its gas will 
primarily come from British Columbia’s Horn River Basin, which is mostly shale 
gas.54  Shale gas production (as well as coalbed and tight sands production) requires 
the controversial practice of hydraulic fracturing, or fracking.  The EIS must address 
the impacts of fracking on air pollution, surface and groundwater pollution, habitat 
destruction, climate change, and other environmental and socioeconomic impacts. 

 
 
Q. Climate Change.  

The EIS must examine the lifecycle greenhouse gas emissions of extracting, exporting, 
and burning natural gas.  This includes the associated impact on climate change.  LNG derived 
from conventional gas wells has a 30% larger carbon footprint than domestic natural gas.  On a 
global scale, LNG will have a greater impact to climate change than current natural gas sources 
used in the Pacific Northwest.   

 Climate change impacts from powering the LNG terminal.  Oregon LNG 
project has failed to specify a source of electricity generation for its LNG export 
terminal.  Instead, Oregon LNG claims that it will buy its power from the grid.  
However, Oregon LNG will be adding to the overall load on the grid, and the 
source of its electricity must be considered in the overall climate change impact 
assessment.  Indeed, if Oregon LNG is planning to purchase power from Pacific 
Power, the electricity generated to liquefy LNG may come partially from coal-
fired generation, thus increasing the overall carbon footprint of Oregon LNG’s 
proposal. 

 Lifecycle emissions of LNG export.  The EIS must address the overall lifecycle 
emissions of LNG exports, including but not limited to: fracking of natural gas 
and the resulting methane leakage in gas fields; fugitive emissions from piping 
and compressing natural gas; emissions from electricity generation necessary to 

                                                           
54 DOE Application at 17. 
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operate the terminal; pollution from shipping gas overseas in tankers powered by 
bunker fuel; and, emissions from regasifying LNG once it reaches its target 
market.  From cradle to grave, FERC should consider how Oregon LNG will 
increase global warming pollution. 

R. Migratory Birds. 

The Center for Biological Diversity (the Center) submitted detailed comments explaining 
why FERC must evaluate the project’s impacts on migratory birds, and the Coalition hereby 
incorporates those comments by reference. The Center’s comments are attached hereto as Exhibit B 
and incorporated by reference.   

 FERC must consider the direct impacts of the project, and particularly pipeline 
construction, on migratory and other birds under NEPA.  In addition, FERC must consider the 
project’s transboundary impacts on migratory birds, including impacts where natural gas is 
extracted.  For example, the project may take birds directly through collisions with vehicles, nest 
disturbances and destruction, and other impacts, and indirectly through increases in predation 
opportunities and habitat disturbance. Further, FERC must consider the impacts of gas drilling in 
Canada on birds and other wildlife.   

S. Marine Resources. 

LNG export poses significant threats to marine life.  Oregon LNG’s project will increase 
current ship traffic on the North Pacific Great Circle Route, including passing through sensitive 
marine life habitat such as feeding and breeding grounds and migratory routes.  For example, 
Oregon LNG’s tankers will pass through the Aleutian Islands Alaska Maritime Wildlife Refuge.  
FERC’s EIS must analyze the impacts of additional maritime traffic, including the increased risk 
of vessel spills, accidents, and harm to sensitive marine life.  Oregon LNG’s impacts to marine 
resources are addressed in comments submitted by the Center which, as noted above, the 
Coalition incorporates by reference.   

For the reasons explained by the Center, FERC must prepare an EIS that takes a hard 
look at the direct, indirect, and cumulative impacts of LNG tanker traffic on marine resources.  
This includes the cumulative impacts of Oregon LNG tanker traffic and past, present, and 
reasonably foreseeable future ship traffic.  For example, FERC must analyze the combined 
impact of Oregon LNG’s tanker traffic and the reasonably foreseeable future impacts of LNG 
tankers transporting LNG to the proposed Jordan Cove LNG terminal in Coos Bay and Panamax 
ships exporting coal, which is addressed in greater detail below. 

VII. Conclusion. 

Oregon LNG’s proposal will impose significant environmental and economic harm, 
which must be disclosed as part of a programmatic EIS on LNG projects, as well as an individual 
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EIS on the Oregon LNG project.  Moving forward, FERC should: (1) prepare a programmatic 
EIS that examines the serious threats of LNG export nationwide; and (2) reopen the public 
comment period and request input on the actual project Oregon LNG proposes to build.  FERC’s 
disjointed NEPA process stymies effective public input on the project’s impacts and, therefore, 
the agency must rectify this serious problem before proceeding with preparation of an EIS. 
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SIERRA CLUB AND COLUMBIA RIVERKEEPER’S MOTION TO INTERVENE, PROTEST, AND 

COMMENTS 
 

 
LNG Development Company, LLC, d/b/a Oregon LNG (“Oregon LNG”), requests 
authorization to export up to 1.3 billion cubic feet per day (bcf/d) of natural gas as 
liquefied natural gas (“LNG”) from a proposed LNG export terminal in Warrenton, 
Clatsop County, Oregon. This proposal cannot move forward without extensive 
environmental and economic analyses that Oregon LNG has not provided to the 
Department of Energy Office of Fossil Energy (“DOE/FE”). In any event, the available 
evidence demonstrates that this proposal is inconsistent with the public interest.   
 
In particular, although Oregon LNG asserts that its facility will primarily export gas 
produced in Canada, Oregon LNG concedes (as it must) that the proposal would increase 
natural gas production, especially shale gas production, in the United States. Application 
at 24. DOE/FE cannot authorize exports without fairly weighing significant 
environmental and economic impacts of this production. See, e.g., Udall v. Federal 
Power Comm’n, 387 U.S. 428, 450 (1967).  Exports will also harm the public interest by 
increasing domestic gas prices and likely increasing global greenhouse gas emissions. 
Locally, although Oregon LNG asserts that the project will benefit Clatsop County and 
Oregon generally, Oregon LNG gives short shrift to the local environmental impacts of 
the proposal.  
 
Because Sierra Club and Columbia Riverkeeper’s many thousands of members have a 
direct interest in ensuring that domestic natural gas production is conducted safely, and 
that any exports do not adversely affect domestic consumers, these organizations move 
to intervene in this proceeding and protest Oregon LNG’s application. 
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I. Sierra Club and Columbia Riverkeeper Should be Granted Intervention 
 
Sierra Club members live and work throughout the area that will be affected by the 
Oregon LNG export plan, including in the regions adjacent to the proposed facility and in 
regions near the pipelines necessary to supply the plant. Sierra Club members also live 
in the domestic gas fields that will likely see increased production as a result of the 
proposed exports. Sierra Club members everywhere will also be affected by increased 
gas prices which would be caused by the plan.  As of July 2012, Sierra Club had 15,525 
members in Oregon and 601,141 members overall. Declaration of Yolanda Andersen at 
¶ 7.1 
 
Columbia Riverkeeper (“Riverkeeper”) is a 501(c)(3) non‐profit organization dedicated to 
restoring and protecting the Columbia River and all life connected to it.  Riverkeeper 
members utilize the land, air, and water throughout the Columbia River estuary and, 
specifically, the area near and at the Oregon LNG site for economic, recreational, 
scientific, and aesthetic reasons.  Riverkeeper currently has over 3,000 members, 
including many members who live in Clatsop County.  Riverkeeper’s members live 
and/or work near the proposed Oregon LNG site and along the Columbia River and 
estuary where the proposed tanker routes traverse.  Many of Riverkeeper’s members 
live and/or work in communities on the banks of the Columbia River.  Some of 
Riverkeeper’s members recreate, on a continuing and ongoing basis, in and along the 
Columbia River at and/or near the Oregon LNG site.  Riverkeeper’s members use and 
enjoy species and habitat of the Columbia River for aesthetic, scientific, education, 
spiritual and recreational purposes.  These uses include, but are not limited to, hiking, 
swimming, boating, wildlife observation, photography, and general aesthetic 
enjoyment.  Riverkeeper’s members intend to continue such uses on an ongoing basis in 
the future. 
 
To protect their members’ interests, Sierra Club and Riverkeeper therefore move to 
intervene in this proceeding, pursuant to 10 C.F.R. § 590.303(b).Consistent with that 
rule, Sierra Club and Riverkeeper states that their “asserted rights and interests,” in this 
matter include, but are not limited to, interests in the following: 
 

‐ The environmental consequences of any gas exports from the Oregon LNG 
facility, including emissions and other pollution associated with the gasification 
and liquefaction processes, environmental damage associated with pipeline, 
facility construction and operation, environmental impacts caused by shipping 
traffic, and the emissions associated with all phases of the process from 
production to combustion. 

‐ The environmental and economic consequences of any expansion or change in 
natural gas production, especially in shale gas plays, as a result of increased gas 

                                                       
1 Attached as Exhibit 1. 
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exports.  Members living in these regions will be affected by the damage to air, 
land, and water resources caused by the increasing development of these plays, 
and the public health risks caused by these harms. 

‐ The economic impacts of any gas exports from the Oregon LNG facility, whether 
individually or in concert with exports from other such facilities, including the 
consequences of price changes upon the organizations’ members’ finances, 
consumer behavior generally, and industrial and electrical generating facilities 
whose fuel choices may be affected by price changes.  Sierra Club, in particular, 
works to reduce U.S. and global dependence on fossil fuels, including coal, gas, 
and oil, and to promote clean energy and efficiency in order to protect public 
health and the environment.  To the extent changes in gas prices increase the 
use and production of coal and oil, Sierra Club’s interests in this proceeding are 
directly implicated. 

‐ The public disclosure, in National Environmental Protection Act and other 
documents, of all environmental, cultural, social, and economic consequences of 
Oregon LNG’s proposal, and of all alternatives to that proposal. 

 
In short, Sierra Club and Riverkeeper’s members have vital economic, aesthetic, 
spiritual, personal, and professional interests in the project. 
 
These organizations have demonstrated the vitality of these interests in many ways.  
Sierra Club runs national advocacy and organizing campaigns dedicated to reducing 
American dependence on fossil fuels, including natural gas, and to protecting public 
health.  These campaigns, including its Beyond Coal campaign and its Beyond Natural 
Gas campaign, are dedicated towards promoting a swift transition away from fossil fuels 
and to reducing the impacts of any remaining natural gas extraction. 
 
Riverkeeper and its members have been and continue to be actively involved in efforts 
to protect and restore the Columbia River from pollution.  These efforts include 
protecting humans and wildlife from exposure to pollutants.  Riverkeeper has pursued 
numerous avenues to reduce the threats of pollution in the Columbia River and at in the 
Columbia River Estuary.  Riverkeeper and its members have written articles discussing 
the ecological importance of and threats to the Columbia River and threats posed by 
LNG terminals and tankers, commented on various federal and state agency actions that 
affect the Columbia River and Oregon LNG site, and when necessary, pursued litigation. 
 
Thus, although 10 C.F.R. § 590.303 states no particular standard for intervention, Sierra 
Club and Riverkeeper have interests in this proceeding that would be sufficient to 
support intervention on any standard.  This motion to intervene must be granted.2 

                                                       
2 If any other party opposes this motion, we respectfully requests leave to reply.  Cf. 10 
C.F.R. §§ 590.302, 590.310 (allowing for procedural motions and briefing in these cases). 



4  

II. Service 
 
Pursuant to 10 C.F.R. § 590.303(d), Sierra Club and Riverkeeper identify the following 
persons for service of correspondence and communications regarding this application: 
 
Nathan Matthews        Kathleen Krust 
Associate Attorney        Paralegal 
Sierra Club Environmental Law Program  Sierra Club Environmental Law Program 
85 2nd St., Second Floor      85 2nd St., Second Floor 
San Francisco, CA 94105      San Francisco, CA 94105 
(415) 977‐5695 (tel)        (415) 977‐5696 (tel) 
(415) 977‐5793 (fax)   

III. Sierra Club and Riverkeeper Protest this Application Because  
It Is Not In the Public Interest and Is Not Supported by Adequate Environmental and 

Economic Analysis 
 
Section 3 of the Natural Gas Act provides that DOE/FE cannot authorize exports unless it 
finds the exports to be in the public interest. 15 U.C.C. § 717b. Environmental factors 
must weigh in to this public interest analysis. Accordingly, DOE/FE cannot proceed with 
Oregon LNG’s application without fully evaluating the environmental impacts of Oregon 
LNG’s proposal. The National Environmental Policy Act (“NEPA”), 42 U.S.C. § 4332 et 
seq., provides the congressionally mandated procedure for assessment of these 
impacts, and NEPA requires that these procedures be completed “at the earliest 
possible time,” i.e., “before decisions are made and before actions are taken.”  40 C.F.R. 
§§ 1501.2, 1500.1(b) (emphases added). Accordingly, DOE/FE cannot proceed with 
Oregon LNG’s request for conditional export authorization until the NEPA process is 
completed, including preparation of an Environmental Impact Statement. 
 
Oregon LNG’s application is silent as to the environmental impacts of its proposal. For 
this and other reasons, Oregon LNG utterly fails to demonstrate that its proposal is in 
the public interest. As we explain below, the proposal will cause three types of 
significant environmental harm. First, the construction and operation of the terminal, 
liquefaction facilities, and associated new pipeline will directly impact local water 
quality, habitats, and air quality. Second, the project will induce additional natural gas 
production in the United States, primarily involving hydraulic fracturing (“fracking”) of 
unconventional gas sources, causing attendant environmental harm; this inducement 
will occur notwithstanding Oregon LNG’s plan to export gas produced in Canada. Third, 
the project will increase domestic gas prices, likely causing an increase in coal fired 
electricity generation, increasing emissions of greenhouse gas, conventional, and toxic 
air pollutants. 
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Oregon LNG’s economic arguments are unpersuasive. Contrary to Oregon LNG’s 
contentions, LNG export will significantly increase domestic gas prices, harming 
domestic consumers and, as noted above, increased coal‐fired electricity generation. On 
the other hand, Oregon LNG’s predictions of job creation and other economic benefit 
are overstated. These predictions are derived from flawed IMPLAN input‐output 
models. In particular, these models provide no consideration of counterfactuals, and are 
therefore unable to identify which of the purportedly “supported” jobs and benefits 
would have existed anyway. 
 
For these reason and the other reasons set forth below, Sierra Club and Riverkeeper file 
this protest, pursuant to 10 C.F.R. § 590.304. 

A. Legal Standards 
 
DOE/FE has significant substantive and procedural obligations to fulfill before it can 
authorize Oregon LNG’s export proposal.  We discuss some of those obligations created 
by the Natural Gas Act, the National Environmental Policy Act, the Endangered Species 
Act, and the National Historic Preservation Act, here, before explaining why these 
obligations preclude Oregon LNG’s request for conditional authorization. 

1. Natural Gas Act 

 
Pursuant to the Natural Gas Act and subsequent delegation orders, DOE/FE must 
determine whether Oregon LNG’s proposal to export LNG to nations which have not 
signed a free trade agreement (“FTA”) with the United States is in the public interest.3  
Courts, the Federal Energy Regulatory Commission (“FERC”), and DOE/FE, and Oregon 
LNG all agree that the “public interest” at issue in this provision includes environmental 
impacts. 
 
Section 3 of the Act provides: 
 

[N]o person shall export any natural gas from the United 
States to a foreign country or import any natural gas from 
a foreign country without first having secured an order of 
[DOE/FE] authorizing it do so.  [DOE/FE] shall issue such 
order upon application unless, after opportunity for 

                                                       
3 The Natural Gas Act separately provides that DOE/FE must approve exports to nations 
that have signed a free trade agreement requiring national treatment for trade in 
natural gas “without modification or delay.” 15 U.S.C. § 717b(c).  DOE/FE has previously 
authorized Oregon LNG to export 1.25 bcf/d LNG to such nations. DOE/FE Order No. 
3100 (May 31, 2012).  
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hearing, it finds that the proposed exportation or 
importation will not be consistent with the public interest. 
 

15 U.S.C. § 717b(a).4   
 
Courts have interpreted this provision to include environmental effects. While the public 
interest inquiry is rooted in the Natural Gas Act’s “fundamental purpose [of] assur[ing] 
the public a reliable supply of gas at reasonable prices,” United Gas Pipe Line Co v. 
McCombs, 442 U.S. 529 (1979), the Natural Gas Act also grants DOE/FE  “authority to 
consider conservation, environmental, and antitrust questions.”  Nat’l Ass’n for the 
Advancement of Colored People v. Federal Power Commission, 425 U.S. 662, 670 n.4 
(citing 15 U.S.C. § 717b as an example of a public interest provision); n.6 (explaining that 
the public interest includes environmental considerations) (1976). In interpreting an 
analogous public interest provision applicable to hydroelectric power and dams, the 
Court has explained that the public interest determination “can be made only after an 
exploration of all issues relevant to the ‘public interest,’ including future power demand 
and supply, alternate sources of power, the public interest in preserving reaches of wild 
rivers and wilderness areas, the preservation of anadromous fish for commercial and 
recreational purposes, and the protection of wildlife.” Udall v. Fed. Power Comm'n, 387 
U.S. 428, 450 (1967) (interpreting § 7(b) of the Federal Water Power Act of 1920, as 
amended by the Federal Power Act, 49 Stat. 842, 16 U.S.C. § 800(b)). Other courts have 
applied this Udall holding to the Natural Gas Act. See, e.g., N. Natural Gas Co. v. Fed. 
Power Comm'n, 399 F.2d 953, 973 (D.C. Cir. 1968) (interpreting section 7 of the Natural 
Gas Act). 5  
 
DOE has similarly acknowledged the breadth of the public interest inquiry, including 
environmental concerns. Deputy Assistant Secretary Smith recently testified that “[a] 
wide range of criteria are considered as part of DOE’s public interest review process, 
including . . . U.S. energy security . . .  [i]mpact on the U.S. economy . . . [e]nvironmental 
considerations . . . [and] [o]ther issues raised by commenters and/or interveners 

                                                       
4 The statute vests authority in the “Federal Power Commission,” which has been 
dissolved. DOE/FE has been delegated the former Federal Power Commission’s 
authority to authorize natural gas exports. Department of Energy Redelegation Order 
No. 00‐002.04E (Apr. 29, 2011). The Federal Energy Regulatory Commission has 
separately been delegated authority regarding the permitting, siting, construction and 
operation of export facilities. Department of Energy Delegation Order No. 00‐004.00A. 
See also Executive Orders 12038 & 10485 (vesting any executive authority to allow 
construction of export facility in the Federal Power Commission and its successors). 
5 Further support for the inclusion of environmental factors in the public interest 
analysis is provided by NEPA, which declares that all federal agencies must seek to 
protect the environment and avoid “undesirable and unintended consequences.” 42 
U.S.C. 4331(b)(3). 
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deemed relevant to the proceeding.” Testimony of Christopher Smith, Deputy Assistant 
Secretary of Oil and Gas Before the Senate Committee on Energy and Natural Resources 
(Nov. 8, 2011).6 DOE rules require export applicants to provide information 
documenting “[t]he potential environmental impact of the project.” 10 C.F.R. § 
590.202(b)(7). In a previous LNG export proceeding, DOE determined that the public 
interest inquiry looks to “domestic need” as well as “other considerations” that included 
the environment. Phillips Alaska Natural Gas Corporation and Marathon Oil Company, 2 
FE ¶ 70,317, DOE FE Order No. 1473, *22 (April 2, 1999); accord Opinion and Order 
Conditionally Granting Long‐Term Authorization to Export [LNG] from Sabine Pass LNG 
Terminal to Non‐Free Trade Agreement Nations (“Sabine Pass”), DOE/FE Order 2961 at 
29 (May 20, 2011) (acknowledging that the public interest inquiry extends beyond 
effects on domestic natural gas supplies). Finally, DOE has applied its “policy guidelines” 
regarding the public interest to focus review “on the domestic need for the natural gas 
proposed to be exports; whether the proposed exports pose a threat to the security of 
natural gas supplies, and any other issue determined to be appropriate.” Sabine Pass at 
29 (citing 49 Fed. Reg. 6,684 (Feb. 22, 1984)) (emphasis added).7 
 
FERC has agreed that environmental issues weigh on the public interest calculus. In 
FERC’s recent order approving siting, construction, and operation of LNG export facilities 
in Sabine Pass, Louisiana, FERC considered potential environmental impacts of the 
terminal as part of its public interest assessment. 139 FERC ¶ 61,039, PP 29‐30 (Apr. 14, 
2012).8  
 
Similarly, Oregon LNG acknowledges that the public interest inquiry has consistently 
been interpreted to include impacts on the environment. Application at 13. 
 
Although DOE/FE has adopted a presumption that LNG export applications are 
consistent with the public interest, this presumption is rebuttable and not 
determinative. The DC Circuit Court has explained to DOE/FE this presumption is “highly 
flexible, creating only rebuttable presumptions and leaving parties free to assert other 
factors.” Panhandle Producers and Royalty Owners Ass’n v. Economic Regulatory 
Administration, 822 F.2d 1105, 1110‐1111, 1113 (D.C. Cir. 1987) (emphasis added, 
internal quotation marks omitted). Put differently, although DOE/FE may “presume” 
that an application should be granted, this presumption is not determinative, and 
DOE/FE retains an independent duty to determine whether an application is, in fact, in 

                                                       
6 Attached as Exhibit 2. 
7 Although germane here, these Policy Guidelines are merely guidelines: they “cannot 
create a norm binding the promulgating agency.” Panhandle Producers and Royalty 
Owners Ass’n v. Economic Regulatory Administration, 822 F.2d 1105, 1110‐1111 (D.C. 
Cir. 1987).   
8 Sierra Club contends that other aspects of this order were wrongly decided, as was 
FERC’s subsequent denial of Sierra Club’s petition for rehearing, as we explain below.  
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the public interest.  See 10 C.F.R. § 590.404. 
 

2. National Environmental Policy Act 

 
NEPA requires federal agencies to consider and disclose the “environmental impacts” of 
proposed agency actions. 42 U.S.C. § 4332(C)(i). This requirement is implemented via a 
set of procedures that “insure [sic] that environmental information is available to public 
officials and citizens before decisions are made and before actions are taken.”  40 C.F.R. 
§ 1500.1(b) (emphases added). Agencies must “carefully consider [ ] detailed 
information concerning significant environmental impacts” and NEPA “guarantees that 
the relevant information will be made available” to the public. Dep’t of Transp. v. Public 
Citizen, 541 U.S. 752, 768 (2004) (quoting Robertson v. Methow Valley Citizens Council, 
490 U.S. 332, 349 (1989)).  The Council on Environmental Quality (“CEQ”) directs 
agencies to “integrate the NEPA process with other planning at the earliest possible 
time to insure that planning and decisions reflect environmental values.” 40 C.F.R. § 
1501.2. “It is DOE’s policy to follow the letter and spirit of NEPA; comply fully with the 
[CEQ] Regulations and apply the NEPA review process early in the planning stages for 
DOE proposals.” 10 C.F.R. § 1021.100.  DOE has adopted CEQ’s NEPA regulations in full.  
Id. § 1021.103.  The NEPA rules apply to “any DOE action affecting the quality of the 
environment of the United States, its territories or possessions.”  Id. § 1021.102.  
 
For purposes of the intersection of NEPA and the NGA, the NGA designated the former 
Federal Power Commission as the “lead agency” for NEPA purposes.  15 U.S.C. § 717n.  
The lead agency prepares NEPA documents for an action that falls within the jurisdiction 
of multiple federal agencies. FERC has since generally filled that role, preparing the 
NEPA documents for LNG export and import decisions, as it did in Sabine Pass.  See 10 
C.F.R. § 1021.342 (providing for interagency cooperation).  Whether or not FERC takes a 
lead role, however, DOE’s ultimate NEPA obligations are the same:  It may not move 
forward until the full scope of the action it is considering – here the approval of LNG 
export – has been properly considered.  Thus, if FERC prepares an deficient NEPA 
analysis, this will not meet DOE/FE’s NEPA obligations, and DOE/FE will be unable to rely 
thereon. 
 
The NEPA process is embodied in preparation of an “environmental impact statement” 
(“EIS”) where, as here, the proposed major federal action would “significantly affect[] 
the quality of the human environment.” 42 U.S.C. § 4332(C). With regard to this 
proposed project, FERC has already committed to completion of an EIS, 77 Fed. Reg. 
59,603 (Sept. 28, 2012), including future circulation of a draft EIS and public comment 
thereon, id. at 59,605. DOE/FE regulations similarly provide that “[a]pprovals or 
disapprovals of authorizations to import or export natural gas… involving major 
operational changes (such as a major increase in the quantity of liquefied natural gas 
imported or exported” will “normally require [an] EIS.”  10 C.F.R. Part 1021, Appendix D, 
D9. We agree that a full EIS is appropriate and required here. Furthermore, if the EIS 
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FERC prepares is inadequate to inform DOE/FE’s decision or discharge DOE/FE’s NEPA 
obligations, DOE/FE must prepare a separate EIS. 
 
An EIS must describe: 
 

i. the environmental impact of the proposed action, 

ii. any adverse environmental effects which cannot be 
avoided should the proposal be implemented,  

iii. alternatives to the proposed action, 

iv. the relationship between local short‐term uses of 
man’s environment and the maintenance and 
enhancement of long‐term productivity, and 

v. any irreversible and irretrievable commitments of 
resources which would be involved in the proposed 
action should it be implemented. 

42 U.S.C. § 4332(C). The alternatives analysis “is the heart of the environmental impact 
statement.”  40 C.F.R. § 1502.14.   Here, the proposed action is to export LNG from the 
proposed facility; DOE/FE must consider alternatives to this action. DOE/FE must take 
care not to define the project purpose so narrowly as to prevent the consideration of a 
reasonable range of alternatives.  See, e.g., Simmons v. U.S. Army Corps of Engineers, 
120 F.3d 664, 666 (7th Cir. 1997). If it did otherwise, it would lack “a clear basis for 
choice among options by the decisionmaker and the public.”  See 40 C.F.R. § 1502.14.   
 
An EIS must also describe the direct and indirect effects, and cumulative impacts of, a 
proposed action. 40 C.F.R §§ 1502.16, 1508.7, 1508.8; Northern Plains Resource Council 
v. Surface Transportation Board, 668 F.3d 1067, 1072‐73 (9th Cir. 2011).  These terms 
are distinct from one another: Direct effects are “caused by the action and occur at the 
same time and place.” 40 C.F.R. § 1508.8(a).  Indirect effects are also “caused by the 
action” but: 
 

are later in time or farther removed in distance, but are 
still reasonably foreseeable.  Indirect effects may include 
growth inducing effects and other effects related to 
induced changes in the pattern of land use, population 
density or growth rate, and related effect on air and water 
and other natural systems, including ecosystems. 

 
40 C.F.R. § 1508.8(b).  Cumulative impacts, finally, are not causally related to the action.  
Instead, they are: 
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the impact on the environment which results from the 
incremental impact of the action when added to other 
past, present, and reasonably foreseeable future actions 
regardless of what agency (Federal or non‐Federal) or 
person undertakes such other actions.  Cumulative 
impacts can result from individually minor but collectively 
significant actions taking place over a period of time. 

 
40 C.F.R. § 1508.7.  The EIS must give each of these categories of effect fair emphasis. 
 
Agencies may also prepare “programmatic” EISs, which address “a group of concerted 
actions to implement a specific policy or plan; [or] systematic and connected agency 
decisions allocating agency resources to implement a specific statutory program or 
executive directive.”  40 C.F.R. § 1508.17(b)(3); see also 10 C.F.R. § 1021.330 (DOE 
regulations discussing programmatic EISs).  As we discuss below, such an EIS is 
appropriate here. 
 
Finally, while an EIS is being prepared “DOE shall take no action concerning the proposal 
that is the subject of the EIS” until the EIS is complete and a formal Record of Decision 
has been issued.  10 C.F.R. § 1021.211.  During this time, DOE may take no action which 
would tend to “limit the choice of reasonable alternatives,” or “tend[] to determine 
subsequent development .” 40 C.F.R. § 1506.1. 
 

3. Endangered Species Act 

 
Pursuant to the Endangered Species Act’s (ESA) directive that all agencies “shall seek to 
conserve endangered species,” 16 U.S.C. § 1531(c)(1), DOE/FE must ensure that its 
approval of the Oregon LNG project “is not likely to jeopardize the continued existence 
of any endangered species . . . or result in the destruction or adverse modification of 
[critical] habitat of such species.”  16 U.S.C. § 1536(a)(2).  “Each Federal agency shall 
review its actions at the earliest possible time to determine whether any action may 
affect listed species or critical habitat.”  50 C.F.R. § 402.14(a); see also 16 U.S.C. § 
1536(a)(2).   
 
This determination must be wide‐ranging, because Oregon LNG’s export proposal will 
increase gas production activities nationwide.  Thus, DOE/FE must consider not just the 
effects of the project at the proposed site (although it must at least do that)9, but the 
effects of increased gas production across the full region the plant affects. 

                                                       
9 In a biological assessment prepared in connection with Oregon LNG’s prior import 
proposal, FERC identified 42 listed or candidate species as potentially occurring in the 
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To make this determination, DOE/FE should, first, conduct a biological assessment, 
including the “results of an on‐site inspection of the area affected,” “[t]he views of 
recognized experts on the species at issue,” a review of relevant literature, “[a]n analysis 
of the effects of the action on the species and habitat, including consideration of 
cumulative effects, and the results of any related studies,” and “[a]n analysis of 
alternate actions considered by the Federal agency for the proposed action.”  See 50 
C.F.R. § 402.12(f).  If that assessment determines that impacts are possible (as is likely 
here), DOE/FE must enter into formal consultation with the Fish and Wildlife Service and 
the National Marine and Fisheries Service, as appropriate, to avoid jeopardizing any 
endangered species or adversely modifying its habitat as a consequences of its approval 
of Oregon LNG’s proposal. 16 U.S.C. § 1536(a), (b). 

4. National Historic Preservation Act 

 
DOE/FE must also fulfill its obligations under the National Historic Preservation Act 
(NHPA) to “take into account the effect of the undertaking on any district, site, building, 
structure, or object that is included in or eligible for inclusion in the National Register.”  
16 U.S.C. § 470f; see also Pit River Tribe v. U.S. Forest Serv., 469 F.3d 768, 787 (9th Cir. 
2006) (discussing the requirements of the NHPA).  Because “the preservation of this 
irreplaceable heritage is in the public interest,” 16 U.S.C. § 470(b)(4), it behooves 
DOE/FE to proceed with caution. 
 
DOE/FE must, therefore, initiate the NHPA section 106 consultation and analysis process 
in order to “identify historic properties potentially affected by the undertaking, assess 
its effects and seek ways to avoid, minimize or mitigate any adverse effects on historic 
properties.”  36 C.F.R. § 800.1(a). NHPA regulations make clear that the scope of a 
proper analysis is defined by the project’s area of potential effects, see 36 C.F.R. § 800.4, 
which in turn is defined as “the geographic area . . . within which an undertaking may 
directly or indirectly cause alterations in the character or use of historic properties,” 36 
C.F.R. § 800.16(d).  This area is “influenced by the scale and nature of an undertaking,”  
Id. The area of potential effects should sweep quite broadly here because, as in the ESA 
and NEPA contexts, the reach of Oregon LNG’s proposal extends to the entire area in 
which it will increase gas production.  Thus, to approve Oregon LNG’s proposal, DOE/FE 
must first understand and mitigate its impacts on any historic properties which it may 
affect.  See also DOE Policy P.141.1 (May 2001) (providing that DOE will fully comply 
with the NHPA and many other cultural resources preservation statutes). 
 
The regulations governing this process provide that “[c]ertain individuals and 
organizations with a demonstrated interest in the undertaking may participate as 

                                                                                                                                                                 
project area. FERC Dkt. CP09‐6, Biological Assessment at 1‐8 (Nov. 3, 2010), attached as 
Exhibit 3. 
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consulting parties” either “due to the nature of their legal or economic relation to the 
undertaking or affected properties, or their concern with the undertaking’s effects on 
historic properties.”  36 C.F.R. § 800.2(c)(5).  Sierra Club and Riverkeeper meet that test, 
because the organizations and their members are interested in preserving intact historic 
landscapes, for their ecological and social value, and reside through the regions affected 
by the Oregon LNG’s proposal.  Our members have worked for years to protect and 
preserve the rich human and natural fabric of these regions, and would be harmed by 
any damage to those resources.  Sierra Club and Riverkeeper must therefore be given 
consulting party status under the NHPA for this application. 

B. All Pending Export Applications, Pipelines, and Studies Must Be Incorporated Into 
DOE/FE’s NEPA, NGA, and Other Analyses 

 
As explained above, the NGA, NEPA, ESA and NHPA all require DOE/FE’s determination 
to be informed by the context in which the proposed project would occur. Similarly, 
DOE/FE’s analysis must not be confined to local, direct effects of the particular 
application; DOE/FE must consider the broader constellation of indirect and cumulative 
effects. Accordingly, NEPA review of this application must also encompass the 
associated pipeline proposals pending before FERC (without which this project cannot 
proceed) and the other LNG export proposals pending before DOE/FE and FERC. To 
ensure adequate consideration of this context, DOE/FE must not act on the pending 
application until DOE/FE’s pending study of the economic impacts of LNG exports. The 
broader backdrop of related and similar projects, in turn, must inform the NEPA 
alternatives analysis. Finally, NEPA bars DOE/FE from granting conditional authorization 
prior to completion of the NEPA process, including the above analyses.10 

1. Williams Pipeline Expansion 

 
In its application to DOE/FE, Oregon LNG describes the construction of the terminal and 
liquefaction facilities in Warrenton, Oregon, and the “Oregon Pipeline,” an 86 mile 
pipeline necessary to connect with the Williams pipeline system. Application at 10. The 
Oregon Pipeline expansion is itself insufficient, however, to enable operation of the 
proposed LNG terminal. An additional 136 miles of 36 inch pipe must be added to the 
Williams system before the requisite volumes of gas can be delivered to the Oregon LNG 
terminal, as part of the “Washington Expansion Project.” Id. at 10 n.24. FERC has already 
concluded that the Washington Expansion Project and Oregon LNG’s proposal are 
“connected actions,” such that both will be considered in a single EIS. 77 Fed. Reg. 
59604. DOE/FE must similarly ensure that it considers both in its public interest 
determination. 
 

                                                       
10 Similarly, Sierra Club protests any request for final, rather than conditional, 
authorization prior to completion of NEPA review.  
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NEPA regulations clearly state that “[p]roposals or parts of proposals which are related 
to each other closely enough to be, in effect, a single course of action shall be evaluated 
in a single impact statement.”  40 C.F.R. § 1502.4(a). Similarly, actions that are 
“independent parts of a larger action and depend on the larger action for their 
justification” are “connected actions” that “should be discussed in the same impact 
statement.” Id. § 1508.25(a)(1). Separately, if DOE/FE accepts Oregon LNG’s invitation to 
count purported economic benefit from the Washington Expansion Project as a 
justification for the Oregon LNG’s proposal, DOE/FE must also consider the 
environmental impacts of the Washington Expansion Project.11 Application at 6.  

2. DOE/FE Must Consider the Cumulative Effect of All Pending Export Proposals, 

and Should Do So Using A Programmatic EIS 

 
Oregon LNG’s export proposal is only one of many before DOE/FE.  Because the effects 
of these projects are cumulative, and because each approval alters the price and 
production effects of exports on the economy, DOE/FE must consider these projects’ 
interactions. We note that in the similar proceeding regarding Jordan Cove, LLC’s 
proposal to construct and operate an export terminal in Coos Bay, Oregon, EPA 
requested consideration of this broader context. EPA, Scoping Comments – The Jordan 
Cove Energy Project LP, FERC Dkt. Nos. PF12‐7 and PF12‐17, at 3 (Oct. 29, 2012) (“we 
recommend discussing the proposed project in the context of the larger energy market, 
including existing export capacity and export capacity under application to the 
Department of Energy, and clearly describe how the need for the proposed action has 
been determined.”).12 
 
DOE/FE can best do so by conducting a programmatic EIS considering the impacts of all 
gas export proposals at once.  DOE/FE has the discretion to do so, even if it determines 
that it does not have the duty to do so. See 40 C.F.R. § 1508.17(b)(3); see also 10 C.F.R. § 
1021.330.  Such a programmatic EIS would allow DOE/FE, and the public, to understand 
the impacts of all of these proposals, their interactions, and their cumulative 
environmental and economic impacts.  That understanding would serve improved 
decisionmaking, and allow DOE/FE, the public, and industry to identify prudent 
alternatives to serve the public interest and minimize environmental impacts.  DOE/FE 
must recognize that it is making what is, functionally, a programmatic decision to 
radically alter the U.S. market and production system by allowing for large‐scale LNG 
export, and conduct an EIS commensurate with the decision it is making, rather than 
piece‐mealing that decision from application to application. 
 
 

                                                       
11 As we explain in part III.C.2 below, Oregon LNG’s predictions of economic benefits are 
overstated. 
12 Attached as Exhibit 4. 
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3. DOE/FE Must Not Act Until Its Pending Study of LNG Exports’ Economic Impacts 

Is Complete 

 
DOE/FE has commissioned two broad studies of exports’ impacts. In the first, requested 
that the Energy Information Administration (“EIA”) analyze “the impacts of increased 
domestic natural gas demand, as exports.” EIA, Effect of Increased Natural Gas Exports 
on Domestic Energy Markets (“EIA Export Study”), p.1 (Jan. 19, 2012).13 We discuss this 
study in detail in part III.C.1.b below. The EIA Export Study predicts price increases from 
all gas export scenarios, economic impacts to residential and industrial users and 
environmental harm as gas fired electricity generation to switch to coal power. Id. at 6. 
The study did not, however, consider the macroeconomic impacts of these effects. Id. at 
3. 
 
DOE has also commissioned a second study that will consider macroeconomic impacts. 
See Christopher Smith, DOE Deputy Assistant Secretary for Oil and Natural Gas, letter to 
Representative Edward J. Markey (February 24, 2012).14 DOE has committed to 
withholding final authorization of any pending export application until review of these 
studies was complete. Id. DOE/FE must honor this commitment with respect to Oregon 
LNG’s application. Moreover, because the forthcoming study will inform DOE/FE’s 
decision, DOE/FE should not take action on the application (including granting a 
conditional authorization) until the public has had an opportunity to comment on this 
fundamental and underlying study. Because the forthcoming study should address 
fundamental issues underlying the public interest analysis, any public interest analysis 
made pursuant to a conditional authorization would need to be wholly revisited once 
the study is released.  

4. The Alternatives Analysis Must Consider This Broader Context 

 
Both NEPA and the NGA require DOE/FE fully to consider alternatives to Oregon LNG’s 
proposal.  Specifically, the NGA public interest analysis requires an “exploration of all 
issues relevant to the ‘public interest’,” an inquiry which the Supreme Court held in 
Udall must be wide‐ranging.  In that case, which concerned hydropower, the regulatory 
agency was required to consider, for instance, “alternate sources of power,” the state of 
the power market generally, and options to mitigate impacts on wildlife.  387 U.S. at 
450. dHere, likewise, DOE/FE must consider alternatives to the export proposal which 
would better serve the public interest, broadly analyzing other approaches to 
structuring LNG exports and gas use generally, given exports’ sweeping effects on the 
economy.   
 

                                                       
13 Attached as Exhibit 5. 
14 Drill Here, Sell There, Pay More (Appendix 1 at 3). 
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NEPA is designed to support this sort of broad consideration.   The alternatives analysis 
is “the heart of the environmental impact statement,” presenting sharply defined issues 
which offer “clear basis for choice among options by the decisionmaker and the public.”  
40 C.F.R. § 1502.14.  Crucially, the alternatives must include “reasonable alternatives 
not within the jurisdiction of the lead agency,” – meaning that DOE/FE must review 
actions which it cannot directly order – and must include “appropriate mitigation 
measures not already included in the proposed action or alternatives.”  Id.  Because 
alternatives are so central to decisionmaking and mitigation, “the existence of a viable 
but unexamined alternative renders an environmental impact statement inadequate.” 
Oregon Natural Desert Ass’n, 625 F.3d at 1122 (internal alterations and citations 
omitted). 
 
Without limiting this consideration, these alternatives should include, at a minimum, 
consideration of the following:   
   

(1) Whether, consistent with the EIA Export Study, exports, if allowed, should 
move forward in smaller quantities or a slower time table to mitigate the domestic 
economic and environmental impacts associated with large export volumes or 
rapid export schedules; 
 
(2) Whether export from other locations would better serve the public interest by 
mitigating economic or environmental impacts or by limiting the cumulative 
impacts of multiple terminals located in one region (i.e., the Gulf Coast); 
 
(3) Whether limitations on the sources of exported gas – e.g., limiting export from 
particular plays, formations, or regions – would help to mitigate environmental 
and economic impacts; 
 
(4) Whether to condition export on the presence of an adequate regulatory 
framework, including the fulfillment of the recommendations for safe production 
made by the DOE’s Shale Gas Subcommittee, would better serve the public 
interest by ensuring that the production increases associated with export will not 
increase poorly‐regulated unconventional gas production; 
 
(5) Whether to delay, deny, or condition exports based upon their effect on the 
U.S. utility market (including changes in air pollution emissions associated with the 
impacts of increased export demand on fuel choice); 
 
(6) Whether to require exporters to certify that any unconventional gas produced 
as a result of their proposal (or shipped through their facilities) has been produced 
in accordance with all relevant environmental laws and according to a set of best 
production practices (such as that discussed by the DOE’s Shale Gas 
Subcommittee); 
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(7) Whether to deny export proposals all together as contrary to the public 
interest. 

 
Other alternatives are, no doubt, also available, but DOE/FE must at a minimum 
consider the possibilities listed above, as they are reasonable and bear directly on the 
public interest determination before it. 
 

5. DOE/FE May Not Conditionally Approve Oregon LNG’s Proposal Prior to NEPA 

Review 

 
Although as a general matter DOE/FE may issue “conditional” orders, see 10 C.F.R. § 
590.402, this general authority cannot trump DOE’s specific rules barring the agency 
from taking any “action concerning [a] proposal” that is the subject of an EIS, 10 C.F.R. § 
1021.211, if that action tends to “limit the choice of reasonable alternatives,” or “tend[] 
to determine subsequent development.” 40 C.F.R. § 1506.1.  Because FERC, the lead 
agency for purposes of NEPA review, has already determined that an EIS is needed here, 
DOE/FE’s regulations prohibit DOE/FE from issuing a conditional authorization now.  
 
Specifically, a conditional approval would limit alternatives, and determine subsequent 
choices, in precisely this forbidden way. The Sabine Pass EA and DOE/FE conditional 
approval in that case provide a good example of this problem.  In Sabine Pass, DOE/FE 
expressed its “conditional” view that the project was in the public interest, conditioned 
on “the satisfactory completion of the environmental review process [by FERC] and on 
issuance by DOE/FE of a finding of no significant impact or a record of decision pursuant 
to NEPA.” Sabine Pass at 41.   
 
This decision was, first, irrational: As we have discussed at length above, DOE/FE cannot 
complete a public interest determination without weighing environmental factors.  
Because these factors are integral to DOE/FE’s decision, and NEPA is purely procedural 
statute, DOE/FE must weigh environmental interests at the same time that weighs all 
other interests.  It may not parcel them into a separate process without irrationally 
ignoring required statutory factors and important aspects of the problem before it on 
the record. 
 
Second, DOE/FE’s approval, even if nominally “conditional,” plainly influenced the NEPA 
process.  In the Sabine Pass EA, although FERC acknowledged that DOE/FE was making a 
broad public interest determination, FERC functionally treated DOE/FE’s decision as 
already made.  As such, in its alternatives analysis, FERC summarily rejected the “no‐
action” alternative because “the no‐action alternative could not meet the purpose and 
need for the Project.” Sabine Pass EA at 3‐1.  This statement is incoherent, if FERC truly 
understood DOE/FE not to have made a decision.  DOE/FE is, after all, considering 
whether to allow gas exports.  Because that decision has not been made, it is wholly 
appropriate to select a “no‐action” alternative (including, for FERC, a decision not site a 
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facility whose exports have not been permitted).  The fact that FERC felt that it was not 
free to do so indicates that conditional approvals in fact tend to limit alternatives and 
steer the development decisionmaking process. 
 
To avoid this illegal effect, DOE/FE therefore may not approve the Oregon LNG export 
proposal, conditionally or not, until it has considered all alternatives to doing so through 
the NEPA and NGA processes. 
 

C. Oregon LNG’s Proposal Will Have Numerous Harmful Environmental Effects and Is 
Contrary to The Public Interest 

 
Oregon LNG’s proposal will harm the local environment surrounding the proposed 
terminal and pipeline expansion, it will induce environmentally harmful gas production, 
it will increase prices domestic consumers and industry pay for natural gas, and it will 
increase domestic coal consumption causing attendant harm to public health and the 
environment. Oregon LNG’s application does not address any of these economic and 
environmental costs. These environmental harms translate into economic damage.  If 
pollution sickens people, or restricts their travel, economic productivity will suffer – as it 
will, more directly, if clean air and water and adequate waste disposal capacity are not 
available.  Similarly, as landscapes are industrialized, tourism, agricultural, forestry, 
hunting and angling, and other place‐dependent industries will suffer.  Thus, DOE/FE 
must both consider these environmental impacts in and of themselves and monetize 
them to weigh them against other economic harms in the public interest analysis. 
 
On the other hand, Oregon LNG’s application overstates the economic benefit of its 
proposal by relying on a faulty economic model that has been extensively criticized by 
economists.  
 
We explain these deficiencies in the application below. In light of these costs and 
reduced benefits, if DOE/FE were to make a decision on the available record (rather 
than engaging in further study of these issues), DOE/FE would have to conclude that 
these impacts outweigh any possible benefit of the project.  

1. The Project Will Have Significant Adverse Impacts Not Discussed in Oregon 

LNG’s Application 

 
Oregon LNG’s proposal will impose significant environmental costs. The environmental 
costs fall into three categories: direct effects of the terminal and associated pipeline 
construction, indirect effects of the additional gas production the project will induce, 
and non‐localized effects resulting from increased domestic gas prices and resultant 
increases in coal consumption. As we explain below, each of these categories of effects 
must be considered in DOE/FE’s NEPA and NGA analyses, and each weighs against 
finding that the proposed project is consistent with the public interest. 
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a. Local Environmental Impacts 
 
The proposed project involves major infrastructure construction, including a new slip, 
liquefaction facilities, LNG storage tanks, associated terminal industrial equipment, 222 
miles of pipeline (86 miles in the Oregon Pipeline project and 136 miles in the 
Washington Expansion Project), and many new pipeline compressors. Construction and 
operation of these facilities will have significant impacts on air, water, landscapes, and 
wildlife. These impacts must be considered in both the NEPA analysis and in DOE/FE’s 
public interest determination. We offer preliminary comments on these impacts now, 
although these impacts cannot be fully identified until additional information is 
presented in the NEPA process (particularly for the Washington Expansion Project, 
which has only begun submitting draft resource reports to FERC).15  

i. Local Air Pollution 
 
Operation of the proposed terminal, pipeline, and other facilities will emit harmful 
carbon monoxide (CO), nitrogen oxides (NOx), volatile organic chemicals (VOC), 
greenhouse gases (GHGs), sulfur dioxides (SOx), particulate matter (PM10 and PM2.5), and 
hydrogen sulfide (H2S) pollution. At this stage, we discuss solely the emissions 
associated with operation of the project, but as Oregon LNG application acknowledges, 
construction of the project will result in significant emissions in addition to the 
quantities discussed below.16 
 
VOC and NOx 
The proposed Oregon LNG project will cause significant emissions of volatile organic 
chemicals (“VOCs”) and NOx, emitted directly from project facilities and indirectly from 
tanker and other ship traffic and operations. In total, Oregon LNG estimates emissions 
of 736.1 tons per year (“tpy”) of NOx emissions and 60.47 tpy of VOC.17  
 
These figures are an incomplete picture, because they do not include emissions from 
the Washington Expansion Project. The Washington Expansion Project includes 

                                                       
15 In particular, we note that at this stage, we use Oregon LNG’s own estimates on 
several issues, such as the volume of air pollutants emitted. Sierra Club and Riverkeeper 
reserve the right to challenge these estimates once additional information is available. 
16 Sierra Club and Riverkeeper expect to provide further comment on these emissions 
during the NEPA public comment period. 
17 The 736.1 tpy of NOx includes 76.1 tpy from terminal operations, 53.9 tpy from ship 
and dredging activity near the terminal site, 304 tpy from induced tanker transits 
Oregon exclusive economic zone (“EEZ”), and 306.1 tpy in the Alaska EEZ. See FERC Dkt. 
PF12‐18, Resource Report (“RR”) 9‐16 to 9‐19. For VOC, 35.8 tpy are emitted from 
terminal facilities,  
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installation of an additional 90,000 horsepower of compression.18 The documents 
submitted in connection with that project so far do not specify whether these 
compressors will be powered by electricity from the grid, natural gas, or some other 
power source. Because natural gas fired compressors have significant NOx and VOC 
emissions, total emissions resulting from the project could much higher than the 
above.19 Where electrical compressors are used, the EIS must consider the power 
source and power line route that will service the compressors.  
 
These emissions will harm the environment by increasing the formation of ground level 
ozone. VOCs and NOx contribute to the formation of ground‐level ozone (also referred 
to as smog). Smog pollution harms the respiratory system and has been linked to 
premature death, heart failure, chronic respiratory damage, and premature aging of the 
lungs.20 Smog may also exacerbate existing respiratory illnesses, such as asthma and 
emphysema, or cause chest pain, coughing, throat irritation and congestion. Children, 
the elderly, and people with existing respiratory conditions are the most at risk from 
ozone pollution.21  
 
Significant ozone pollution also damages plants and ecosystems.22 Ozone also 
contributes substantially to global climate change over the short term. According to a 
recent study by the United Nations Environment Program (UNEP), behind carbon 
dioxide and methane, ozone is now the third most significant contributor to human‐
caused climate change.23 

                                                       
18 FERC Dkt. PF12‐20 RR 1‐1, 1‐42 (Aug. 16, 2012). 
19 The proposal for the Oregon Pipeline proposes electrically driven compression, the 
environmentally preferable option with few direct NOx or VOC emissions. RR 1‐18, 9‐13. 
20 EPA, Proposed New Source Performance Standards and Amendments to the National 
Emissions Standards for Hazardous Air Pollutants for the Oil and Natural Gas Industry: 
Regulatory Impact Analysis, 4‐25 (July 2011), available at 
http://www.epa.gov/ttnecas1/regdata/RIAs/oilnaturalgasfinalria.pdf and attached as 
Exhibit 6. (hereinafter O&G NSPS RIA) Jerrett et al., Long‐Term Ozone Exposure and 
Mortality, New England Journal of Medicine (Mar. 12, 2009), available at 
http://www.nejm.org/doi/full/10.1056/NEJMoa0803894#t=articleTop, attached as 
Exhibit 7. 
21 See EPA, Ground‐Level Ozone, Health Effects, available at 
http://www.epa.gov/glo/health.html attached as Exhibit 8. EPA, Nitrogen Dioxide, 
Health, available at http://www.epa.gov/air/nitrogenoxides/health.html, attached as 
Exhibit 9.  
22 O&G NSPS RIA at 4‐26. 
23 Id. See also United Nations Environment Programme and World Meteorological 
Organization, (2011): Integrated Assessment of Black Carbon and Tropospheric Ozone: 
Summary for Decision Makers (hereinafter “UNEP Report,” available at http:// 
www.unep.org/dewa/Portals/67/pdf/Black_Carbon.pdf), at 7, attached as Exhibit 10. 
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CO 
Operation of the proposed terminal will directly emit 150.5 tpy of CO, with an additional 
197.18 tpy of marine vessel emissions.24 As with NOx and VOC, additional compressors 
installed as part of the Washington Expansion Project may raise this total. CO can cause 
harmful health effects by reducing oxygen delivery to the body's organs and tissues.25 
CO can be particularly harmful to persons with various types of heart disease, who 
already have a reduced capacity for pumping oxygenated blood to the heart. “For these 
people, short‐term CO exposure further affects their body’s already compromised ability 
to respond to the increased oxygen demands of exercise or exertion.”26 
 
GHGs 
Oregon LNG estimates that the terminal, pipeline, and associated facilities will directly 
emit over 2.6 million tpy of carbon dioxide equivalent in greenhouse gases (“CO2e”), 
with an additional 118,544.6 tpy emitted by marine vessel traffic.27 Cheniere estimates 
that the proposed terminal and associated compressor stations will directly emit nearly 
3.5 million tpy of carbon dioxide equivalent (CO2e) in greenhouse gases. RR 9‐20, 9‐23. 
These greenhouse gas emissions will increase global warming, harming both the local 
and global environments. 
 
The impacts of climate change caused by greenhouse gases include “increased air and 
ocean temperatures, changes in precipitation patterns, melting and thawing of global 
glaciers and ice, increasingly severe weather events, such as hurricanes of greater 
intensity and sea level rise.”28 A warming climate will also lead to loss of coastal land in 
densely populated areas, shrinking snowpack in Western states, increased wildfires, and 
reduced crop yields.29 More frequent heat waves as a result of global warming have 
already affected public health, leading to premature deaths. And threats to public 
health are only expected to increase as global warming intensifies. For example, a 
warming climate will lead to increased incidence of respiratory and infectious disease, 
greater air and water pollution, increased malnutrition, and greater casualties from fire, 
storms, and floods.30 Vulnerable populations—such as children, the elderly, and those 
with existing health problems—are the most at risk from these threats.  
 

                                                       
24 RR 9‐16 to 9‐18. 
25 http://www.epa.gov/air/carbonmonoxide/health.html, attached as Exhibit 11. 
26 Id. 
27 RR 9‐16 to 9‐19. 
28 76 Fed. Reg. at 52,791‐22 (citing U.S. EPA, 2011 U.S. GREENHOUSE GAS INVENTORY REPORT 

EXECUTIVE SUMMARY (2011), attached as Exhibit 12. 
29 Id. at 66,532–33. 
30 EPA, Climate Change, Health and Environmental Effects, available at 
http://epa.gov/climatechange/effects/health.html, attached as Exhibit 13. 
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Sulfur Dioxide 
The proposed terminal and compressor stations will directly emit an estimated 72 tpy of 
SO2, with an additional 80.88 tpy emitted by marine vessel traffic.31 Sulfur dioxide 
causes respiratory problems, including increased asthma symptoms. Short‐term 
exposure to sulfur dioxide has been linked to increased emergency room visits and 
hospital admissions. Sulfur dioxide reacts in the atmosphere to form particulate matter 
(PM), an air pollutant which causes a great deal of harm to human health.32 PM is 
discussed separately below. 
 
Particulate Matter 
The proposed terminal and compressor stations will directly emit an estimated 14.9 tpy 
of particulate matter, with an additional 51.2 tpy emitted by marine vessel traffic.33 PM 
consists of tiny particles of a range of sizes suspended in air. Small particles pose the 
greatest health risk. These small particles include “inhalable coarse particles,” which are 
smaller than 10 micrometers in diameter (PM10), and “fine particles” which are less than 
2.5 micrometers in diameter (PM2.5). PM10 is primarily formed from crushing, grinding or 
abrasion of surfaces. PM2.5 is primarily formed by incomplete combustion of fuels or 
through secondary formation in the atmosphere.34  
 
PM causes a wide variety of health and environmental impacts. PM has been linked to 
respiratory and cardiovascular problems, including coughing, painful breathing, 
aggravated asthma attacks, chronic bronchitis, decreased lung function, heart attacks, 
and premature death. Sensitive populations, include the elderly, children, and people 
with existing heart or lung problems, are most at risk from PM pollution.35 PM also 
reduces visibility,36 and may damage important cultural resources.37 Black carbon, a 
component of PM emitted by combustion sources such as flares and older diesel 
engines, also warms the climate and thus contributes to climate change.38  

                                                       
31 RR 9‐16 to 9‐19. 
32 EPA, Sulfur Dioxide, Health, available at 
http://www.epa.gov/air/sulfurdioxide/health.html, attached as Exhibit 14. 
33 RR 9‐16 to 9‐19. 
34 See EPA, Particulate Matter, Health, available at 
http://www.epa.gov/pm/health.html, attached as Exhibit 15; BLM, West Tavaputs 
Plateau Natural Gas Full Field Development Plan Final Environmental Impact Statement 
(“West Tavaputs FEIS”), at 3‐19 (July 2010), available at 
http://www.blm.gov/ut/st/en/fo/price/energy/Oil_Gas/wtp_final_eis.html. 
35 O&G NSPS RIA at 4‐19; EPA, Particulate Matter, Health 
36 EPA “Visibility – Basic Information” http://www.epa.gov/visibility/what.html, attached 
as Exhibit 16. 
37 See EPA, Particulate Matter, Health West Tavaputs EIS, at 3‐19; O&G NSPS RIA at 4‐24. 
38 UNEP Report at 6; IPCC (2007) at Section 2.4.4.3. 
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ii. Terminal and Pipeline Water Quality Impacts 
 
The proposed project will impact water quality in numerous ways, including stream 
crossings for the pipeline, water withdrawals during construction, stormwater runoff 
from terminal facilities, and discharge and suspension or re‐suspension of sediment in 
the Columbia River as a result of dredging and ship transits.  
 
Construction of the pipeline will require numerous stream crossings. Oregon LNG states 
that many of these crossings will be done with horizontal directional drilling. When 
successful, horizontal directional drilling has lower environmental impacts than other 
forms of stream crossing. Nonetheless, even where horizontal directional drilling 
succeeds without a “frack out” failure, and even where work in streams is conducted 
during periods of low seasonal flow, Oregon’s past experiences with construction in 
streams demonstrates work can lead to large unanticipated sediment discharge. 
Moreover, there is a substantial risk that horizontal directional drilling will fail at some 
crossings, with adverse environmental consequences. For example, as the National 
Marine Fisheries Service cautioned in a comment on the prior import proposal, “a frac‐
out from horizontal directional drilling will cause bentonite, a very fine clay, to be 
released into the water column that has the potential, if fish are present, to clog their 
gills, causing them to suffocate. Whether it is a toxic compound or not, the particle size 
of the clay is of concern for fish.”39  
 
Another vector for impacts to water quality is the proposal for hydrostatic testing of the 
pipeline. Construction of the terminal and Oregon Pipeline, including hydrostatic testing 
of the pipeline, will require 19.7 million gallons of water.40 For the Washington 
Extension Project, hydrostatic testing alone will require 40.9 million gallons of water.41 
We discuss the general problems of water withdrawals in part III.C.1.b.iii.3 below. In the 
context of hydrostatic testing, an additional issue is disposal of water after the testing 
has occurred. Because water is moved along the length of the pipeline in the course of 
this testing, the process has the potential cause inter‐basin transfer of non‐native 
species, and can spread pathogens such as P. lateralis, which causes disease in Port‐
Orford cedars. Discharge of the used water can also spread chemicals found inside the 
pipeline. 
 
Stormwater runoff from the terminal site will also adversely affect the water quality. 
Stormwater from the terminal site is likely to contain heavy metals, petroleum products 
and brake chemicals and compounds that are deleterious to fish and fish habitat. 
 

                                                       
39 FERC Dkt. PF07‐10, NMFS Comment at 11 (July 18, 2008), attached as Exhibit 17. 
40 RR 1‐22. 
41 WEP RR 1‐24 to 1‐25. 
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Finally, dredging, construction of in‐water facilities, and ship transits all have the 
potential to suspend or re‐suspend sediment in the Columbia River, adversely affecting 
water quality.  
 

iii. Geologic Hazards 
 
The proposed project faces numerous geologic hazards. For example, routing the 
Oregon pipeline through the Range poses a long‐term threat to slope stability. FERC's 
standard erosion control methods do not specify additional methods that may be 
needed based on local conditions and variations, particularly in the Coast Range where 
steep and potentially unstable slopes prevail and high, prolonged rainfall is inherent. For 
example, sidecast, tailings, or spoils on steep slopes will require additional special 
erosion control methods. 

iv. Wildlife 
 
Finally, the project will impact wildlife and species habitat in numerous ways. Clearing of 
timber along the pipeline right‐of‐way directly removes habitat, provides a conduit for 
the spread of wildfires, and provides a tempting route for off‐highway vehicle users, 
despite efforts to introduce barriers to such uses, and these vehicles have the potential 
to spread noxious weeds, insects, or diseases. Water intake, whether for ship 
operations, hydrostatic testing, or other uses, risks fish entrainment. Other impacts to 
water quality can degrade the value of this habitat. Noise from construction and 
compressor operations may harass and displace species. The project will impact wildlife 
and habitat in these and numerous other ways. As noted above, FERC has identified 42 
listed or candidate species as potentially occurring in the project area.42 

b. Induced Gas Production 
 
Further, and perhaps greater, environmental impacts will result from increased gas 
production. The EIA, essentially every other LNG export applicant, and other informed 
commenters all agree that LNG exports will induce additional production in the U.S. The 
Oregon LNG proposal is no exception: notwithstanding its stated plan to source gas for 
export from Canada, Oregon LNG concedes that the proposed project will induce 
additional production in the U.S. See Application at 3, 24. Moreover, available tools 
allow DOE to predict where this increased production will occur, although such localized 
predictions are not necessary for meaningful analysis of environmental impacts. NEPA 
and the NGA therefore require DOE/FE to consider the effects of this additional 
production. Although DOE/FE recently refused to consider induced production in the 
Sabine Pass proceeding, that order is not final, applies the wrong legal standard of 
foreseeability, and understates DOE’s own ability to predict induced drilling. 

                                                       
42 FERC Dkt. CP09‐6, Biological Assessment at 1‐8 (Nov. 3, 2010). 
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i. Oregon LNG’s Proposal Will Induce Additional U.S. Gas Production 
 
As Oregon LNG itself concedes, its export proposal will increase U.S. gas production, 
notwithstanding Oregon LNG’s stated plan to source gas for export from Canada. 
Application at 24 (“the demand induced by . . . exports will spur production” in the U.S.). 
Exports’ inducement of production is obvious in light of the interconnected nature of 
the North American gas market. As Oregon LNG explains, if gas produced in Canada is 
not exported, that gas will enter the U.S. market. Id. at 15. This increase of supply in the 
U.S. market would, in turn, lower gas prices and cause U.S. gas producers to produce 
less gas than they would otherwise. Id. Conversely, to the extent that Canadian gas is 
exported, U.S. gas prices will be higher, incentivizing domestic gas producers to increase 
production.43 
 
Although Oregon LNG does not estimate the amount by which its proposal would 
increase U.S. production, other studies suggest that production increases closely 
correspond with the volume of exported gas. For example, the Energy Information 
Administration, in a study of effects of U.S. exports commissioned by DOE/FE, estimated 
that the majority of exported gas would come from increased production, primarily 
from shale gas. EIA Export Study, 6, 11. Specifically, EIA predicts that “about 60 to 70 
percent” of the volume of LNG exported would be supplied by increases in domestic 
production, with the remainder supplied reductions in domestic consumption of current 
production, and that “about three quarters of this increased production is from shale 
sources.” Id. at 6. Simple application of these predictions to Oregon LNG’s request to 
export 1.3 bcf/d indicates that the proposal would result in at least  application 
estimates that the application would result in at least 0.78 bcf/day of increased 
production in North America, including 0.59 of shale gas production. 
 
Furthermore, EIA and DOE have more precise tools to estimate how U.S. production will 
change in response to Oregon LNG’s proposed exports, including the ability to predict 
how and when production will increase in individual gas plays. EIA’s core analysis tool is 
the National Energy Modeling System (“NEMS”). NEMS was used to produce the EIA 
exports study. NEMS models the economy’s energy use through a series of interlocking 

                                                       
43 The project may also export gas produced in the U.S., likely produced in the Rocky 
Mountain states, directly inducing further U.S. production. Although Oregon LNG states 
that they expect that market conditions will favor sourcing gas from Canada, the 
application explicitly notes that the pipeline infrastructure will provide the ability to 
export gas produced in the U.S., and the application offers no legal restriction on 
Oregon LNG’s ability to do so. As the EIA Export Study demonstrates, exports of gas 
produced in the US will increase US production. 
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modules that represent different energy sectors on geographic levels.44 Notably, the 
“Natural Gas Transmission and Distribution” module already models the relationship 
between U.S. and Canadian gas production, consumption, and trade, specifically 
projecting U.S. production, Canadian production, imports from Canada, etc. Id. at 59. 
For each region, the module links supply and demand annually, taking transmission 
costs into account, in order to project how demand will be met by the transmission 
system.45 Importantly, the Transmission Module is already designed to model LNG 
imports and exports, and contains an extensive modeling apparatus to do so on the 
basis of production in the U.S., Canada, and Mexico. See id. at 22‐32.  Right now, the 
Module focuses largely on LNG imports, which have been the status quo up to this 
point, but it also already links the Supply Module to the existing Alaskan export terminal 
to project exports from that site and their impacts on production. See id. at 30‐31. Thus, 
there is no technical barrier to such modeling going forward..  Indeed, EIA used this 
model for its export study, which forecast production and price impacts. 
 
Similarly, the “Oil and Gas Supply” module models individual regions and describes how 
production responds to demand across the country. Specifically, the Supply Module is 
built on detailed state‐by‐state reports of gas production curves across the country.46 As 
EIA explains, “production type curves have been used to estimate the technical 
production from known fields” as the basis for a sophisticated “play‐level model that 
projects the crude oil and natural gas supply from the lower 48.” Id.  at 2‐3. The module 
distinguishes coalbed methane, shale gas, and tight gas from other resources, allowing 
for specific predictions distinguishing unconventional gas supplies from conventional 
supplies.  Id. at 2‐7.  The module further projects the number of wells drilled each year, 
and their likely production – which are important figures for estimating environmental 
impacts. See id. at 2‐25 ‐2‐26. In short, the supply module  “includes a comprehensive 
assessment method for determining the relative economics of various prospects based 
on future financial considerations, the nature of the undiscovered and discovered 
resources, prevailing risk factors, and the available technologies. The model evaluates 
the economics of future exploration and development from the perspective of an 
operator making an investment decision.” Id.  Thus, for each play in the lower 48 states, 
the EIA is able to predict future production based on existing data.  Importantly, the EIA 
makes clear that “the model design provides the flexibility to evaluate alternative or 

                                                       
44 Energy Information Administration (“EIA”), The National Energy Modeling System: An 
Overview, 1‐2 (2009), attached as Exhibit 18, available at 
http://www.eia.gov/oiaf/aeo/overview/pdf/0581(2009).pdf 
45 EIA, Model Documentation: Natural Gas Transmission and Distribution Module of the 
National Energy Modeling System, 15‐16 (2012), attached as Exhibit 19, available at 
http://www.eia.gov/FTPROOT/modeldoc/m062(2011).pdf 
46 EIA, Documentation of the Oil and Gas Supply Module, 2‐2(2011), attached as Exhibit 
20, available at http://www.eia.gov/FTPROOT/modeldoc/m063(2011).pdf 
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new taxes, environmental, or other policy changes in a consistent and comprehensive 
manner.” Id. 
 
EIA is not alone in its ability to predict localized effects of LNG exports. A study and 
model developed by Deloitte Marketpoint claims the ability to make the sort of localized 
predictions that FERC claims are necessary to assessment of environmental impacts, and 
numerous other LNG export terminal proponents have relied on this study in 
applications to FERC and DOE.47 According to Deloitte, its “North American Gas Model” 
and “World Gas Model” allow it to predict how gas production, infrastructure 
construction, and storage will respond to changing demand conditions, including those 
resulting from LNG export: “The end result is that valuing storage investments, 
identifying maximally effectual storage field operation, positioning, optimizing cycle 
times, demand following modeling, pipeline sizing and location, and analyzing the 
impacts of LNG has become easier and generally more accurate.”48 
 
Finally, even if (contrary to all available evidence and Oregon LNG’s own admission) the 
proposed exports would not induce additional gas production in the U.S., the proposed 
exports would undoubtedly induce additional production in Canada, and DOE/FE would 
be required to consider the effect, if any, of that induced production on the 
environment in the U.S. See Border Power Plant Working Group v. Department of 
Energy, 260 F.Supp.2d 997 (S.D.Cal. 2003). 
 

ii. Induced Production Must Be Considered in the NEPA and NGA Analyses 
 
DOE/FE must consider the environmental effects of this induced production (both U.S. 
production and Canadian production potentially impacting the U.S.). As noted above, 
NEPA requires consideration of “indirect effects” of the proposed action, which include 
“growth inducing effects” and “reasonably foreseeable” effects “removed in distance” 
from the site of the proposed action. 40 C.F.R. § 1508.8(b).  For example, the Ninth 
Circuit recently held that, where the Surface Transportation Board was considering a 
proposal to expand a railway line which would enable increased coal production at 

                                                       
47 Deloitte Marketpoint, Made in America: The Economic Impact of LNG Exports from the 
United States (2011) (hereinafter “Deloitte Report”), available at 
http://www.deloitte.com/assets/Dcom‐UnitedStates/Local%20Assets/Documents/ 
Energy_us_er/us_er_MadeinAmerica_LNGPaper_122011.pdf and attached as Exhibit 
21. 
48 Deloitte, Natural Gas Models, available at: 
http://www.deloitte.com/view/en_US/us/Industries/power‐utilities/deloitte‐center‐for‐
energy‐solutions‐power‐utilities/marketpoint‐home/marketpoint‐data‐
models/b2964d1814549210VgnVCM200000bb42f00aRCRD.htm and attached as Exhibit 
22. 



27  

several mines, NEPA required the Board to consider the impacts of increased mining. 
Northern Plains Resource Council v. Surface Transportation Board, 668 F.3d 1067, 1081‐
82 (9th Cir. 2011). Similarly, in a prior DOE proceeding regarding an electricity 
transmission line, DOE was required to consider the effect this line would have on 
inducing upstream electricity generation, including the environmental effects thereof. 
Border Power Plant Working Group, 260 F.Supp.2d 997 (rejecting DOE’s decision to 
exclude these upstream impacts from analysis).49 Consideration of induced impacts was 
required even though the upstream electricity generation would occur in Mexico, 
outside the jurisdiction of DOE or any other U.S. agency. Thus, it is clear that induced 
production is the type of “growth inducing,” “induced changes in the pattern of land 
use,” or other indirect effect contemplated by 40 C.F.R. § 1508.8(b). EPA, in scoping 
comments it submitted regarding another LNG export proposal, has opined that in light 
of the regulatory definition indirect effects and the EIA Export Study’s prediction of 
induced production, “it is appropriate to consider available information about the 
extent to which drilling activity might be stimulated by the construction of an LNG 
export facility on the west coast, and any potential environmental effects associated 
with that drilling expansion.”50 
 
Induced drilling is also “reasonably foreseeable” so as to be amenable to NEPA analysis. 
Although DOE/FE recently “accept[ed] and adopt[ed] [FERC’s] determination that 
induced shale gas production is not a reasonably foreseeable effect [of LNG exports] for 
purposes of NEPA analysis” in another proceeding, that decision rests on factual and 
legal errors, and is currently being reviewed by DOE. Sabine Pass DOE/FE Order 2961‐A 
at 28, see also Order Granting Rehearing for Further Consideration, FE Docket 10‐111‐
LNG (Oct. 5, 2012).51 
 
The first flaw in DOE/FE’s Sabine Pass decision is that DOE/FE demanded an unlawfully 
high level of certain in predictions of future effects. DOE/FE stated that it is “unknown” 
if “any” new production will result from the proposed exports. Although this cannot be 
known with absolute certainty, certainty is not required. “An impact is ‘reasonably 
foreseeable’ if it is sufficiently likely to occur that a person of ordinary prudence would 

                                                       
49 Notably, Border Power Plant Working Group also involved a determination as to 
whether the project was in the public interest. The final EIS for the project (produced 
after remand from the court) is available at: http://energy.gov/nepa/downloads/eis‐
0365‐final‐environmental‐impact‐statement. Upstream air quality impacts are 
considered in pages 4‐43 to 4‐65 of this final EIS. 
50 EPA, Scoping Comments – The Jordan Cove Energy Project LP, FERC Dkt. Nos. PF12‐7 
and PF12‐17, at 14 (Oct. 29, 2012), attached as Exhibit 23. 
51 DOE is not bound by its prior decisions: it may reverse its position “with or without a 
change in circumstances” so long as it  provides “a reasoned analysis” for the change. 
Louisiana Pub. Serv. Comm'n v. FERC, 184 F.3d 892, 897 (D.C. Cir. 1999) (quoting Motor 
Vehicle Mfrs. Ass'n v. State Farm Mut. Auto. Ins. Co., 463 U.S. 29, 57 (1983)).  
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take it into account in reaching a decision.” City of Shoreacres v. Waterworth, 420 F.3d 
440, 453 (5th Cir. 2005).52 NEPA requires “[r]easonable forecasting and speculation,” 
and courts “must reject any attempt by agencies to shirk their responsibilities under 
NEPA by labeling any and all discussion of future environmental effects as ‘crystal ball 
inquiry.’” Scientists’ Inst. for Pub. Info., Inc. v. Atomic Energy Comm’n, 481 F.2d 1079, 
1092 (D.C. Cir. 1973). As explained above, every available source concludes that it is 
likely that the majority of exported gas will come from induced additional production. 
Thus, an aggregate production increase is unarguably “reasonably foreseeable.”  
 
DOE/FE’s second error in its final authorization in Sabine Pass was to adopt FERC’s 
conclusion that induced production was outside the scope of NEPA analysis because 
“while it may be the case that additional shale gas development will result from the 
Liquefaction Project, the amount, timing and location of such development activity is 
simply unknowable at this time.” 140 FERC ¶ 61,076, P9 (July 26, 2012). Such specific, 
localized predictions are not required for meaningful environmental analysis, but even if 
they were, DOE/FE has the resources to provide them. On the first point, analysis of the 
environmental impacts of induced gas production does not require knowledge of the 
precise sites where additional production will occur. Environmental costs (and the 
economic costs which accompany them) can be determined in aggregate.  The net 
increases in, for instance, air pollution associated with the number of wells that will be 
induced can be quantified based on EPA’s emissions inventories, for instance.  The net 
volumes of waste similarly can be derived from industry reports and state discharge 
figures.  And these impacts can be localized, at a minimum, by region. Indeed, for many 
of the environmental impacts, such as emissions of many air pollutants and water 
consumption, the impacts are likely to be experienced at the regional level, so there 
would be little value in localizing them further. Even for those impacts that are more 
closely tied to a specific location, such as habitat fragmentation, DOE/FE can and must 
acknowledge that the impact will occur, including an estimate of the severity of the 
impact averaged across potential locations. See Scientists' Inst. for Pub. Info., 481 F.2d 
1096‐97 (where there are reasonable estimates of the deployment of nuclear power 
plants, the amount of waste produced, and the land needed to store waste, NEPA 
required analysis of the impacts of such storage even though the agency could not 
predict where such storage would occur). 
 
Even if DOE/FE were to wrongfully conclude that NEPA would only require analysis of 
the impacts of induced drilling if it was possible to predict where that drilling would 
occur, DOE/FE has the tools to make precisely that prediction, as we explain in the 
previous section. To the extent that these predictions of local impact are not yet in the 

                                                       
52 In this proceeding, FERC endorses this formulation of “reasonable foreseeability.” 
FERC “Order Granting Section 3 Authorization” 139 FERC ¶ 61,039, FERC Docket CP11‐
72‐001 ¶ 95(April 16, 2012) (hereinafter “FERC April Order”). 
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record, NEPA regulations provide that DOE/FE “shall” obtain this information unless 
DOE/FE demonstrates that the costs of obtaining it are “exorbitant.” 40 C.F.R. §1502.22. 
 
Finally, insofar as Oregon LNG argues that the economic benefits to the Canadian 
economy of induced production in Canada should be considered, Application at 34, 
DOE/FE must also consider the environmental effects of such production: the scope of 
the environmental inquiry cannot be narrower than the scope of the economic inquiry. 
Northern Plains Resource Council, 668 F.3d 1067, Scientists’ Inst. for Pub. Info., 481 F.2d 
at 1092.  
 
In summary, all the available evidence indicates that Oregon LNG’s proposed exports 
will induce additional gas production in the U.S., and this increase can be reasonably 
foreseen so as to support informed NEPA analysis. NEPA therefore requires 
consideration of the environmental impacts of induced production. 

iii. Environmental Harm Resulting from Induced Production  
 
Natural gas production—from both conventional and unconventional sources—is a 
significant air pollution source, can disrupt ecosystems and watersheds, leads to 
industrialization of entire landscapes, and presents challenging waste disposal issues. 
EIA concluded that “On average, across all cases and export scenarios, the shares of the 
increase in total domestic production coming from shale gas, tight gas, [and] coalbed 
sources are 72 percent, 13 percent, [and] 8 percent,” respectively. EIA Export Study at 
11. Oregon LNG predicts that its gas will primarily come from British Columbia’s Horn 
River Basin, which is primarily shale gas. Application at 17. A Subcommittee of the DOE’s 
Secretary of Energy’s Advisory Board, recently highlighted “a real risk of serious 
environmental consequences” resulting from continued expansion of shale gas 
production. DOE, Secretary of Energy’s Advisory Board, Shale Gas Production 
Subcommittee Second 90‐Day Report (Nov. 18, 2011) at 10.53  Shale gas production (as 
well as coalbed and tight sands production) requires the controversial practice of 
hydraulic fracturing, or fracking. As we explain below, natural gas production in general, 
and fracking in particular, imposes a raft of environmental problems. Although some 
states and federal agencies are taking steps to limit these harms, these efforts are 
uncertain and, even if fully implemented, will not eliminate the environmental harms. 

1. Natural Gas Production is a Major Source of Air Pollution 
 
Below, we briefly describe some of the primary air pollution problems caused by the 
industry. These issues include direct emissions from production equipment and indirect 
emissions, caused by natural gas replacing cleaner energy sources. EPA has moved to 
correct some of these problems with new air regulations finalized this year, but as we 

                                                       
53 Attached as Exhibit 24.  The Board’s First 90‐Day Report is attached as Exhibit 25. 
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later discuss, these standards do not fully address the problem. FERC must therefore 
consider the air pollution impacts of increased natural gas production even if EPA’s rules 
are finalized. 
 
Air	Pollution	Problems	from	Natural	Gas	
 
Oil and gas operations emit methane (CH4), volatile organic compounds (VOCs), nitrogen 
oxides (NOx), sulfur dioxide (SO2), hydrogen sulfide (H2S), and particulate matter (PM10 
and PM2.5). Oil and natural gas operations also emit listed hazardous air pollutants 
(HAPs) in significant quantities, and so contribute to cancer risks and other acute public 
health problems. Pollutants are emitted during all stages of natural gas development, 
including (1) oil and natural gas production, (2) natural gas processing, (3) natural gas 
transmission, and (4) natural gas distribution.54 Within these development stages, the 
major sources of air pollution include wells, compressors, pipelines, pneumatic devices, 
dehydrators, storage tanks, pits and ponds, natural gas processing plants, and trucks 
and construction equipment. 
 
Figure 1: The Oil and Natural Gas Sector 

 
 
There is strong evidence that emissions from natural gas production are higher than 
have been commonly understood. In particular, a recent study by a consortium of 
researchers led by the National Ocean and Atmospheric Administration (NOAA) Earth 
System Research Laboratory recorded pollution concentrations near gas fields 
substantially greater than EPA estimates would have predicted. That research 

                                                       
54 EPA, Oil and Natural Gas Sector:  Standards of Performance for Crude Oil and Natural 
Gas Production, Transmission, and Distribution, Background Technical Support 
Document for the Proposed Rules (“TSD”) at 2‐4 (July 2011), attached as Exhibit 26.   
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monitored air quality around oil and gas fields.55 It observed high levels of methane, 
propane, benzene, and other volatile organic compounds, in the air around the fields. 
The researchers write that their “analysis suggests that the emissions of the species we 
measured” – that is the cancer‐causing, smog‐forming, and climate‐disrupting pollutants 
released from these operations – “are most likely underestimated in current 
inventories,” perhaps by as much as a factor of two.56 
 
These emissions have dire practical consequences. A second research team, led by the 
Colorado School of Public Health, measured benzene and other pollutants released from 
unconventional well completions.57 Elevated levels of these pollutants correspond to 
increased cancer risks for people living within half of a mile from a well58 – a very large 
population which will increase as drilling expands. 
 
We discuss the harmful effects of many of these pollutants in part III.C.1.a, above. 
Below, we detail the sources of emissions within the gas production industry and 
provide further information regarding the serious global, regional, and local impacts 
these exploration and production emissions entail: 
 
Methane: Methane is the dominant pollutant from the oil and gas sector. Emissions 
occur as result of intentional venting or unintentional leaks during drilling, production, 
processing, transmission and storage, and distribution. For example, methane is emitted 
when wells are completed and vented, as part of operation of pneumatic devices and 
compressors, and as a result of leaks (fugitive emissions) in pipelines, valves, and other 
equipment. EPA has identified natural gas systems as the “single largest contributor to 
United States anthropogenic methane emissions.”59 The industry is responsible for over 
40% of total U.S. methane emissions.60 Methane causes harm both because of its 
contributions to climate change and as an ozone precursor. 
 
Beginning with climate change, methane is a potent greenhouse gas that contributes 
substantially to global climate change. Methane has at least 25 times the global 
warming potential of carbon dioxide over a 100 year time frame and at least 72 times 

                                                       
55 G. Petron et al., Hydrocarbon emissions characterization in the Colorado Front Range: 
A pilot study, 117 J. of Geophysical Research 4304, DOI 10.1029/2011JD016360 (2012), 
attached as Exhibit 27. 
56 Id. at 4304. 
57 L. McKenzie et al., Human Health Risk Assessment of Air Emissions from Development 
of Unconventional Natural Gas Resources, Science of the Total Environment (In Press, 
Mar. 22, 2012), attached as Exhibit 14. 
58 Id. at 2. 
59 76 Fed. Reg. 52,738, 52,792 (Aug. 23, 2011) (EPA proposed air rules for oil and gas 
production sector), attached as Exhibit 28. 
60 Id. at 52,791–92. 
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the global warming potential of carbon dioxide over a 20‐year time frame.61 The oil and 
gas production industry’s methane emissions amount to 5% of all carbon dioxide 
equivalent (CO2e) emissions in the country.62 
 
Because of methane’s effects on climate, EPA has found that methane, along with five 
other well‐mixed greenhouse gases, endangers public health and welfare within the 
meaning of the Clean Air Act.63  
 
Methane also reacts in the atmosphere to form ozone.64 As we discuss elsewhere, 
ozone is a major public health threat, linked to a wide range of maladies. Ozone can also 
damage vegetation, agricultural productivity, and cultural resources. Ozone is also a 
significant greenhouse gas in its own right, meaning that methane is doubly damaging to 
climate – first in its own right, and then as an ozone precursor. 
 
Volatile Organic Compounds (VOCs) and NOx: The gas industry is a major source of the 
ozone precursors VOCs and NOx.

65 VOCs are emitted from well drilling and completions, 
compressors, pneumatic devices, storage tanks, processing plants, and fugitives from 
production and transmission.66 The primary sources of NOx are compressor engines, 
turbines, and other engines used in drilling and hydraulic fracturing.67 NOx is also 
produced when gas is flared or used for heating.68  

                                                       
61 IPCC 2007—The Physical Science Basis, Section 2.10.2, and IPCC 2007‐ Summary for 
Policymakers, attached as Exhibit 29.  We note that these global warming potential 
figures may be revised upward in the next IPCC report. A more recent study by Shindell 
et al. estimates methane’s 100‐year GWP at 33; this same source estimates methane’s 
20‐year GWP at 105. 
62 76 Fed. Reg. 52,738 at 52,791–92. 
63 EPA, Endangerment and Cause or Contribute Findings for Greenhouse Gases, 74 Fed. 
Reg. 66,496, 66,516  (Dec. 15, 2009) (“Endangerment Finding”), attached as Exhibit 30. 
64 76 Fed. Reg. at 52,791. 
65 See, e.g., EPA Fact Sheet at 3; Al Armendariz, Emissions from Natural Gas Production 
in the Barnett Shale Area and Opportunities for Cost‐Effective Improvements (Jan. 26, 
2009), available at http://www.edf.org/documents/9235_Barnett_Shale_Report.pdf 
(hereinafter “Barnett Shale Report”) at 24, attached as Exhibit 31. 
66 See, e.g., TSD at 4‐7, 5‐6, 6‐5, 7‐9, 8‐1; see also Barnett Shale Report at 24. 
67 See, e.g., TSD at 3‐6; See also Barnett Shale Report at 24. Air Quality Impact Analysis 
Technical Support Document for the Revised Draft Supplemental Environmental Impact 
Statement for the Pinedale Anticline Oil and Gas Exploration and Development Project 
at 11 (Table 2.1). 
68 TSD at 3‐6; Colorado Department of Public Health and Environment, Colorado 
Visibility and Regional Haze State Implementation Plan for the Twelve Mandatory Class I 
Federal Areas in Colorado, Appendix D at 1 (2011), available at 
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As a result of significant VOC and NOx emissions associated with oil and gas 
development, numerous areas of the country with heavy concentrations of drilling are 
now suffering from serious ozone problems. For example, the Dallas Fort Worth area in 
Texas is home to substantial oil and gas development. Within the Barnett shale region, 
as of September 2011, there were more than 15,306 gas wells and another 3,212 wells 
permitted.69 Of the nine counties surrounding the Dallas Fort Worth area that EPA has 
designated as “nonattainment” for ozone, five contain significant oil and gas 
development.70 A 2009 study found that summertime emissions of smog‐forming 
pollutants from these counties were roughly comparable to emissions from motor 
vehicles in those areas.71  
 
Oil and gas development has also brought serious ozone pollution problems to rural 
areas, such as western Wyoming.72 On March 12, 2009, the governor of Wyoming 
recommended that the state designate Wyoming’s Upper Green River Basin as an ozone 
nonattainment area.73 The Wyoming Department of Environmental Quality conducted 
an extended assessment of the ozone pollution problem and found that it was 
“primarily due to local emissions from oil and gas . . . development activities: drilling, 
production, storage, transport, and treating.”74 Last winter alone, the residents of 
Sublette County suffered thirteen days with ozone concentrations considered 
“unhealthy” under EPA’s current air‐quality index, including days when the ozone 
pollution levels exceeded the worst days of smog pollution in Los Angeles.75 Residents 

                                                                                                                                                                 
http://www.cdphe.state.co.us/ap/RegionalHaze/AppendixD/4‐
FactorHeaterTreaters07JAN2011FINAL.pdf, attached as Exhibit 32. 
69 Texas Railroad Commission history of Barnett Shale, attached as Exhibit 33. 
70 Barnett Shale Report at 1, 3.   
71 Id. at 1, 25‐26. 
72 Schnell, R.C, et al. (2009), “Rapid photochemical production of ozone at high 
concentrations in a rural site during winter,” Nature Geosci. 2 (120 – 122). DOI: 
10.1038/NGEO415, attached as Exhibit 34. 
73 See Letter from Wyoming Governor Dave Freudenthal to Carol Rushin, Acting Regional 
Administrator, USEPA Region 8, (Mar. 12, 2009) (“Wyoming 8‐Hour Ozone Designation 
Recommendations”), available at 
http://deq.state.wy.us/out/downloads/Rushin%20Ozone.pdf, attached as  
Exhibit 35; Wyoming Department of Environmental Quality, Technical Support 
Document I for Recommended 8‐hour Ozone Designation of the Upper Green River Basin 
(March 26, 2009) (“Wyoming Nonattainment Analysis”), at vi‐viii, 23‐26, 94‐05, available 
at http://deq.state.wy.us/out/downloads/Ozone%20TSD_final_rev%203‐30‐09_jl.pdf, 
attached as Exhibit 36. 
74 Wyoming Nonattainment Analysis at viii.   
75 EPA, Daily Ozone AQI Levels in 2011 for Sublette County, Wyoming, available at 
http://www.epa.gov/cgi‐bin/broker?msaorcountyName=countycode 
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have faced repeated warnings regarding elevated ozone levels and the resulting risks of 
going outside.76  
 
Ozone problems are mounting in other Rocky Mountain states as well. Northeastern 
Utah recorded unprecedented ozone levels in the Uintah Basin in 2010 and 2011. In the 
first three months of 2010—which was the first time that winter ozone was monitored 
in the region—air quality monitors measured more than 68 exceedances of the federal 
health standard. On three of these days, the levels were almost twice the federal 
standard.77 Between January and March 2011, there were 24 days where the National 
Ambient Air Quality Standard (NAAQS) for ozone were exceeded in the area. Again, 
ozone pollution levels climbed to nearly twice the federal standard.78 The Bureau of 
Land Management (BLM) has identified the multitude of oil and gas wells in the region 
as the primary cause of the ozone pollution.79 
 

                                                                                                                                                                 
&msaorcountyValue=56035&poll=44201&county=56035&msa=‐1&sy=2011&flag=Y 
&_debug=2&_service=data&_program=dataprog.trend_tile_dm.sas, attached as Exhibit 
37; see also Wendy Koch, Wyoming's Smog Exceeds Los Angeles' Due to Gas Drilling, 
USA Today, available at http://content.usatoday.com/communities/greenhouse/post/ 
2011/03/wyomings‐smog‐exceeds‐los‐angeles‐due‐to‐gas‐drilling/1, attached as Exhibit 
38. 
76 See, e.g., 2011 DEQ Ozone Advisories, Pinedale Online! (Mar. 17, 2011) (documenting 
ten ozone advisories in February and March 2011), available at 
http://www.pinedaleonline.com/news/2011/03/OzoneCalendar.htm, attached as 
Exhibit 39; Wyoming Department of Environmental Quality, Ozone Advisory for 
Monday, Feb. 28, Pinedale Online! (Feb. 27, 2011), available at 
http://www.pinedaleonline.com/news/2011/02/OzoneAdvisoryforMond.htm, attached 
as Exhibit 40. 
77 Scott Streater, Air Quality Concerns May Dictate Uintah Basin's Natural Gas Drilling 
Future, N.Y. TIMES, Oct. 1, 2010, available at http://www.nytimes.com/gwire/2010/10/ 
01/01greenwire‐air‐quality‐concerns‐may‐dictate‐uintah‐basins‐30342.html, attached 
as Exhibit 41. 
78 See EPA, AirExplorer, Query Concentrations (Ozone, Uintah County, 2011), available at 
http://www.epa.gov/cgi‐
bin/htmSQL/mxplorer/query_daily.hsql?msaorcountyName=countycode&msaorcounty
Value=49047&poll=44201&county=49047&site=‐1&msa=‐1&state=‐
1&sy=2011&flag=Y&query=download&_debug=2&_service=data&_program=dataprog.
query_daily3P_dm.sas, attached as Exhibit 42. 
79 BLM, GASCO Energy Inc. Uinta Basin Natural Gas Development Draft Environmental 
Impact Statement (“GASCO DEIS”), at 3‐13, available at 
http://www.blm.gov/ut/st/en/fo/vernal/planning/nepa_/gasco_energy_eis.html, 
attached as Exhibit 43. 
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Rampant oil and gas development in Colorado and New Mexico is also leading to high 
levels of VOCs and NOx. In 2008, the Colorado Department of Public Health and 
Environment concluded that the smog‐forming emissions from oil and gas operations 
exceed vehicle emissions for the entire state.80 Moreover, significant additional drilling 
has occurred since 2008. Colorado is now home to more than 46,000 wells.81 There is 
also significant development in the San Juan Basin in southeastern Colorado and 
northwestern New Mexico, with approximately 35,000 wells in the Basin. As a result of 
this development and several coal‐fired power plants in the vicinity, the Basin suffers 
from serious ozone pollution.82 This pollution is taking a toll on residents of San Juan 
County. The New Mexico Department of Public Health has documented increased 
emergency room visits associated with high ozone levels in the County.83  
 
VOC and NOx emissions from oil and gas development are also harming air quality in 
national parks and wilderness areas. Researchers have determined that numerous 
“Class I areas” – a designation reserved for national parks, wilderness areas, and other 
such lands84 – are likely to be impacted by increased ozone pollution as a result of oil 
and gas development in the Rocky Mountain region, including Mesa Verde National Park 
and Weminuche Wilderness Area in Colorado and San Pedro Parks Wilderness Area, 
Bandelier Wilderness Area, Pecos Wilderness Area, and Wheeler Peak Wilderness Area 
in New Mexico.85 These areas are all near concentrated oil and gas development in the 
San Juan Basin.86 
 

                                                       
80 Colo. Dept. of Public Health & Env’t, Air Pollution Control Division, Oil and Gas 
Emission Sources,  Presentation for the Air Quality Control Commission Retreat, at 3‐4 
(May 15, 2008), attached as Exhibit 44. 
81 Colorado Oil & Gas Conservation Commission, Colorado Weekly & Monthly Oil and 
Gas Statistics, at 12 (Nov. 7, 2011), available at http://cogcc.state.co.us/ (library—
statistics—weekly/monthly well activity), attached as Exhibit 45.   
82 See Four Corners Air Quality Task Force Report of Mitigation Options, at vii (Nov. 1, 
2007), available at http://www.nmenv.state.nm.us/aqb/4C/TaskForceReport.html, 
attached as Exhibit 46. 
83 Myers et al., The Association Between Ambient Air Quality Ozone Levels and Medical 
Visits for Asthma in San Juan County (Aug. 2007), available at 
http://www.nmenv.state.nm.us/aqb/4c/Documents/SanJuanAsthmaDocBW.pdf, 
attached as Exhibit 47.   
84 See 42 U.S.C. § 7472(a). 
85 Rodriguez et al., Regional Impacts of Oil and Gas Development on Ozone Formation in 
the Western United States, 59 Journal of the Air and Waste Management Association 
111 (Sept. 2009), available at 
http://www.wrapair.org/forums/amc/meetings/091111_Nox/Rodriguez_et_al_OandG_I
mpacts_JAWMA9_09.pdf, attached as Exhibit 48. 
86 Id. at 1112.   
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As oil and gas development moves into new areas, particularly as a result of the boom in 
development of shale resources, ozone problems are likely to follow. For example, 
regional air quality models predict that gas development in the Haynesville shale will 
increase ozone pollution in northeast Texas and northwest Louisiana and may lead to 
violations of ozone NAAQS.87 
 
Sulfur dioxide: Oil and gas production emits sulfur dioxide, primarily from natural gas 
processing plants.88 Sulfur dioxide is released as part of the sweetening process, which 
removes hydrogen sulfide from the gas.89 Sulfur dioxide is also created when gas 
containing hydrogen sulfide (discussed below) is combusted in boilers or heaters.90  
 
Hydrogen sulfide: Some natural gas contains hydrogen sulfide. When hydrogen sulfide 
levels are above a specific threshold, gas is classified as “sour gas.”91 According to EPA, 
there are 14 major areas in the U.S., found in 20 different states, where natural gas 
tends to be sour.92 All told, between 15 and 20% of the natural gas in the U.S. may 
contain hydrogen sulfide.93  
 
Given the large amount of drilling in areas with sour gas, EPA has concluded that the 
potential for hydrogen sulfide emissions from the oil and gas industry is “significant.”94 
Hydrogen sulfide may be emitted during all stages of development, including 
exploration, extraction, treatment and storage, transportation, and refining.95 For 
example, hydrogen sulfide is emitted as a result of leaks from processing systems and 
from wellheads in sour gas fields.96  

                                                       
87 See Kemball‐Cook et al., Ozone Impacts of Natural Gas development in the Haynesville 
Shale 44 Environ. Sci. Technol. 9357, 9362 (Nov. 18, 2010), attached as Exhibit 49.   
88 76 Fed. Reg. at 52,756. 
89 TSD 3‐3 to 3‐5.   
90 76 Fed. Reg. at 52,756.  
91 76 Fed. Reg. at 52,756.  Gas is considered “sour” if hydrogen sulfide concentration is 
greater than 0.25 grain per 100 standard cubic feet, along with the presence of carbon 
dioxide.  Id.   
92 EPA, Office of Air Quality Planning and Standards, Report to Congress on Hydrogen 
Sulfide Air Emissions Associated with the Extraction of Oil and Natural Gas (EPA‐453/R‐
93‐045), at ii (Oct. 1993) (hereinafter “EPA Hydrogen Sulfide Report”), attached as 
Exhibit 50.  
93 Lana Skrtic, Hydrogen Sulfide, Oil and Gas, and People’s Health (“Skrtic Report”), at 6 
(May 2006), available at 
http://www.earthworksaction.org/pubs/hydrogensulfide_oilgas_health.pdf, attached as 
Exhibit 51. 
94 EPA Hydrogen Sulfide Report at III‐35. 
95 Id. at ii. 
96 TSD at 2‐3. 
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Hydrogen sulfide emissions from the oil and gas industry are concerning because this 
pollutant may be harmful even at low concentrations.97 Hydrogen sulfide is an air 
pollutant with toxic properties that smells like rotten eggs and can lead to neurological 
impairment or death. Long‐term exposure to hydrogen sulfide is linked to respiratory 
infections, eye, nose, and throat irritation, breathlessness, nausea, dizziness, confusion, 
and headaches.98 Although hydrogen sulfide was originally included in the Clean Air 
Act's list of hazardous air pollutants, it was removed with industry support.99 
 
Although direct monitoring of hydrogen sulfide around oil and gas sources is limited, 
there is evidence that these emissions may be substantial, and have a serious impact on 
people’s health. For example, North Dakota reported 3,300 violations of an odor‐based 
hydrogen sulfide standard around drilling wells.100 People in northwest New Mexico and 
western Colorado living near gas wells have long complained of strong odors, including 
but not limited to hydrogen sulfide’s distinctive rotten egg smell. Residents have also 
experienced nose, throat and eye irritation, headaches, nose bleeds, and dizziness.101 An 
air sample taken by a community monitor at one family’s home in western Colorado in 
January 2011 contained levels of hydrogen sulfide concentrations 185 times higher than 
safe levels.102  
 
Particulate Matter (PM): The oil and gas industry is a major source of PM pollution. This 
pollution is generated by heavy equipment used to move and level earth during well pad 
and road construction. Vehicles also generate fugitive dust by traveling on access roads 
during drilling, completion, and production activities.103 Diesel engines used in drilling 

                                                       
97 See James Collins & David Lewis, Report to CARB, Hydrogen Sulfide: Evaluation of 
Current California Air Quality Standards with Respect to Protections of Children (Sept. 1, 
2000), available at http://oehha.ca.gov/air/pdf/oehhah2s.pdf, attached as Exhibit 52. 
98 EPA, Office of Air Quality Planning and Standards, Report to Congress on Hydrogen 
Sulfide Air Emissions Associated with the Extraction of Oil and Natural Gas (EPA‐453/R‐
93‐045), at ii (Oct. 1993) (hereinafter “EPA Hydrogen Sulfide Report”), attached as 
Exhibit 50. 
99 See Pub. L. 102‐187 (Dec. 4, 1991). We do not concede that this removal was 
appropriate.  Hydrogen sulfide meets section 112 of the Clean Air Act’s standards for 
listing as a hazardous air pollutant, and should be so regulated.  
100 EPA Hydrogen Sulfide Report at III‐35. 
101 See Global Community Monitor, Gassed!  Citizen Investigation of Toxic Air Pollution 
from Natural Gas Development, at 11‐14 (July 2011), attached as Exhibit 53. 
102 Id. at 21. 
103 See BLM, GASCO Energy Inc. Uinta Basin Natural Gas Development Project Draft 
Environmental Impact Statement, at App. J at 2 (Oct. 2010) (“GASCO DEIS”) 
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rigs and at compressor stations are also large sources of fine PM/diesel soot emissions. 
VOCs are also a precursor to formation of PM2.5.104  
 
PM emissions from the oil and gas industry are leading to significant pollution problems. 
For example, monitors in Uintah County and Duchesne County, Utah have repeatedly 
measured wintertime PM2.5 concentrations above federal standards.105 These elevated 
levels of PM2.5 have been linked to oil and gas activities in the Uinta Basin.106 West 
Tavaputs FEIS at 3‐20. Modeling also shows that road traffic associated with energy 
development is pushing PM10 levels very close to violating NAAQS standards.107  
 
EPA’s	Air	Rules	Will	Not	Fully	Address	These	Air	Pollution	Problems	
 
Although EPA’s recently finalized new source performance standards and standards for 
hazardous air pollutants108 do reduce some of these pollution problems, they will not 
solve them. The rules, first, do not even address some pollutants, including NOx, 
methane, and hydrogen sulfide, so any reductions of these pollutants occur only as co‐
benefits of the VOC reductions that the rules require.109 Second, the rules do not control 
emissions from most transmission infrastructure.110 Third, existing sources of air 
pollution are not controlled for any pollutant, meaning that increased use of existing 
infrastructure will produce emissions uncontrolled by the rules. Fourth, without full 
enforcement, the rules will not reduce emissions completely. Fifth, the rules will not 
address important emissions effects of LNG in particular, including LNG exports’ 
tendency to increase the use of coal power. Thus, though DOE/FE might work with EPA 
to fully understand the emissions levels likely after the rules are fully implemented, it 
may not rely upon the EPA rules to avoid weighing and disclosing these impacts. 
 

2. Gas Production Disrupts Landscapes and Habitats 
 
Increased oil and gas production will transform the landscape of regions overlying shale 
gas plays, bringing industrialization to previously rural landscapes and significantly 

                                                       
104 O&G NSPS RIA at 4‐18.   
105 GASCO DEIS at 3‐12. 
106 West Tavaputs FEIS, at 3‐20 (July 2010). 
107 See GASCO DEIS at 4‐27. 
108 See EPA, Oil and Natural Gas Sector: New Source Performance Standards and 
National Emission Standards for Hazardous Air Pollutants, Final Rule (Apr. 17, 2012), not 
yet published in the Federal Register, but available at 
http://www.epa.gov/airquality/oilandgas/actions.html. 
109 See id.128‐31. 
110 See, e.g., id. at 173, 177 
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affecting ecosystems, plants, and animals. These impacts are large and difficult to 
manage. 
 
Land use disturbance associated with gas development impacts plants and animals 
through direct habitat loss, where land is cleared for gas uses, and indirect habitat loss, 
where land adjacent to direct losses loses some of its important characteristics. 
 
Regarding direct losses, land is lost through development of well pads, roads, pipeline 
corridors, corridors for seismic testing, and other infrastructure. The Nature 
Conservancy (“TNC”) estimated that in Pennsylvania, “Well pads occupy 3.1 acres on 
average while the associated infrastructure (roads, water impoundments, pipelines) 
takes up an additional 5.7 acres, or a total of nearly 9 acres per well pad.” TNC, 
Pennsylvania Energy Impacts Assessment, Report 1: Marcellus Shale Natural Gas and 
Wind (2010) at 10, 111 see also id. at 18. New York’s Department of Environmental 
Conservation reached similar estimates. New York Department of Environmental 
Conservation’s Revised Draft Supplemental General Environmental Impact Statement on 
the Oil, Gas and Solution Mining Regulatory Program, 5‐5 (Sept. 2011) (hereinafter “NY 
RDSGEIS”).112 After initial drilling is completed the well pad is partially restored, but 1 to 
3 acres of the well pad will remain disturbed through the life of the wells, estimated to 
be 20 to 40 years. Id. at 6‐13. Associated infrastructure such as roads and corridors will 
likewise remain disturbed. Because these disturbances involve clearing and grading of 
the land, directly disturbed land is no longer suitable as habitat. Id. at 6‐68. 
 
Indirect losses occur on land that is not directly disturbed, but where habitat 
characteristics are affected by direct disturbances. “Adjacent lands can also be 
impacted, even if they are not directly cleared. This is most notable in forest settings 
where clearings fragment contiguous forest patches, create new edges, and change 
habitat conditions for sensitive wildlife and plant species that depend on “interior” 
forest conditions.” TNC, Pennsylvania Energy Impacts Assessment, Report 1: Marcellus 
Shale Natural Gas and Wind at 10. “Research has shown measureable impacts often 
extend at least 330 feet (100 meters) into forest adjacent to an edge.” NY RDSGEIS 6‐75. 
 
TNC’s study of the impacts of gas extraction in Pennsylvania is particularly telling. TNC 
mapped projected wells across the state, considering how the wells and their associated 
infrastructure, including roads and pipelines, interacted with the landscape. TNC’s 
conclusions make for grim reading. It concluded:  
 

 About 60,000 new Marcellus wells are projected by 2030 in Pennsylvania with a 
range of 6,000 to 15,000 well pads, depending on the number of wells per pad;  

 

                                                       
111 Attached as Exhibit 54. 
112 Available at http://www.dec.ny.gov/energy/75370.html 
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 Wells are likely to be developed in at least 30 counties, with the greatest number 
concentrated in 15 southwestern, north central, and northeastern counties;  

 

 Nearly two thirds of well pads are projected to be in forest areas, with forest 
clearing projected to range between 34,000 and 83,000 acres depending on the 
number of number of well pads that are developed. An additional range of 
80,000 to 200,000 acres of forest interior habitat impacts are projected due to 
new forest edges created by well pads and associated infrastructure (roads, 
water impoundments);  

 

 On a statewide basis, the projected forest clearing from well pad development 
would affect less than one percent of the state’s forests, but forest clearing and 
fragmentation could be much more pronounced in areas with intensive 
Marcellus development;  

 

 Approximately one third of Pennsylvania’s largest forest patches (>5,000 acres) 
are projected to have a range of between 1 and 17 well pads in the medium 
scenario;  

 

 Impacts on forest interior breeding bird habitats vary with the range and 
population densities of the species. The widely‐distributed scarlet tanager would 
see relatively modest impacts to its statewide population while black‐throated 
blue warblers, with a Pennsylvania range that largely overlaps with Marcellus 
development area, could see more significant population impacts;  

 

 Watersheds with healthy eastern brook trout populations substantially overlap 
with projected Marcellus development sites. The state’s watersheds ranked as 
“intact” by the Eastern Brook Trout Joint Venture are concentrated in north 
central Pennsylvania, where most of these small watersheds are projected to 
have between two and three dozen well pads;  

 

 Nearly a third of the species tracked by the Pennsylvania Natural Heritage 
Program are found in areas projected to have a high probability of Marcellus well 
development, with 132 considered to be globally rare or critically endangered or 
imperiled in Pennsylvania. Several of these species have all or most of their 
known populations in Pennsylvania in high probability Marcellus gas 
development areas.  

 

 Marcellus gas development is projected to be extensive across Pennsylvania’s 
4.5 million acres of public lands, including State Parks, State Forests, and State 
Game Lands. Just over 10 percent of these lands are legally protected from 
surface development.  
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TNC, Pennsylvania Energy Impacts Assessment, Report 1: Marcellus Shale Natural Gas 
and Wind (2010) at 29.113 Increased gas production will exacerbate these problems, 
which is bad news for the state’s lands and wildlife, and the hunting, angling, tourism, 
and forestry industries which depend upon them. Although TNC adds that impacts could 
be reduced with proper planning, id., more development makes mitigation more 
difficult. Indeed, the Pennsylvania Department of Conservation and Natural Resources 
recently concluded that “zero” remaining acres of the state forests are suitable for 
leasing with surface disturbing activities, or the forests will be significantly degraded. 
Penn. Dep’t of Conservation and Natural Resources, Impacts of Leasing Additional State 
Forest for Natural Gas Development (2011).114 These costs are not in the public interest. 
 
Presumably, the additional production Oregon LNG’s proposal will induce will occur 
primarily in the Rockies, rather than the Marcellus Shale. The TNC report nonetheless 
highlights the extreme changes the gas boom is bringing to affected landscapes, and it is 
likely that similar effects are being felt elsewhere. Oregon LNG’s proposal would add 
fuel to this fire. 
 
These effects will harm rural economies and decrease property values, as major gas 
infrastructure transforms and distorts the existing landscape. They will also harm 
endangered species in regions where production would increase in response to 
Cheniere’s exports. Harm to these species and their habitat is, too, against the profound 
public interest in species conservation, as expressed in the Endangered Species Act and 
similar statutes.  

3. Gas Production Poses Risks to Ground and Surface Water 
 
As noted above, most of the increased production that would result from Cheniere’s 
proposal will be from shale and other unconventional gas sources, and producing gas 
from these sources requires hydraulic fracturing, or fracking. See DOE, Shale Gas 
Production Subcommittee First 90‐Day Report at 8.115. Hydraulic fracturing involves 
injecting a base fluid (typically water),116 sand or other proppant, and various fracturing 
chemicals into the gas‐bearing formation at high pressures to fracture the rock and 
release additional gas. Each step of this process presents a risk to water resources. 
Withdrawal of the water may overtax the water source. Fracking itself may contaminate 
groundwater with either chemicals added to the fracturing fluid or with naturally 
occurring chemicals mobilized by fracking. After the well is fracked, some water will 

                                                       
113 See Exhibit 54. 
114 Attached as Exhibit 55. 
115 Attached as Exhibit 56. 
116 The majority of hydraulic fracturing operations are conducted with a water based 
fracturing fluid. Fracking may also be conducted with oil or synthetic‐oil based fluid, 
with foam, or with gas.  
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return to the surface, composed of both fracturing fluid and naturally occurring 
“formation” water. This water, together with drilling muds and drill cuttings, must be 
disposed of without further endangering water resources. 
 
Water	Withdrawals	
 
The first step is the procurement of water. The precise amount of water varies by the 
shale formation being fracked. To use one example formation, fracking a Marcellus 
Shale well requires between 4 and 5 million gallons of water. TNC, Pennsylvania Energy 
Impacts Assessment, Report 1: Marcellus Shale Natural Gas and Wind, 5.117 Fresh water 
constitutes 80% to 90% of the total water used a well even where operators recycle 
“flowback” water from the fracking of previous well for use in fracking the current one. 
New York Department of Environmental Conservation’s Revised Draft Supplemental 
General Environmental Impact Statement on the Oil, Gas and Solution Mining 
Regulatory Program, 6‐13 (Sept. 2011) (hereinafter “NY RDSGEIS”).118 
 
Water withdrawals can drastically impact aquatic ecosystems and human communities. 
Reductions in instream flow negatively affect aquatic species by changing flow depth 
and velocity, raising water temperature, changing oxygen content, and altering 
streambed morphology. Id. 6‐3 to 6‐4. Even when flow reductions are not themselves 
problematic, the intake structures can harm aquatic organisms. Id. at 6‐4. Where water 
is withdrawn from aquifers, rather than surface sources, withdrawal risks permanent 
depletion. This risk is even more prevalent with withdrawals for fracking than it is for 
other withdrawal, because fracking is a consumptive use. Fluid injected during the 
fracking process is (barring accident) deposited below freshwater aquifers and into 
sealed formations. Id. 6‐5; DOE Subcommittee First 90 day report at 19 (“in some 
regions and localities there are significant concerns about consumptive water use for 

                                                       
117 Accord New York Department of Environmental Conservation’s Revised Draft 
Supplemental General Environmental Impact Statement on the Oil, Gas and Solution 
Mining Regulatory Program, (September 2011) (“Between July 2008 and February 2011, 
average water usage for high‐volume hydraulic fracturing within the Susquehanna River 
Basin in Pennsylvania was 4.2 million gallons per well, based on data for 553 wells.”), 
available at http://www.dec.ny.gov/data/dmn/rdsgeisfull0911.pdf. Other estimates are 
that as much as 7.2 million gallons of frack fluid may be used in a 4000 foot well bore. 
NRDC, et al., Comment on NY RDSGEIS on the Oil, Gas and Solution Mining Regulatory 
Program (Jan. 11, 2012) (Attachment 2, Report of Tom Myers, at 10), attached as Exhibit 
57 (hereafter Comment on NY RDSGEIS). 
  Water needs in other geological formations vary. See Exhibit 25 at 19 (estimating 
that nationwide, fracking an individual well requires between 1 and 5 million gallons of 
water). 
118 Available at http://www.dec.ny.gov/energy/75370.html 
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shale gas development.”). Thus, the water withdrawn from the aquifer will be used in a 
way that provides no opportunity to percolate back down to the aquifer and recharge it. 
 
Fracturing	
 
Fracturing poses a serious risk of groundwater contamination. Contaminants include 
chemicals added to the fracturing fluid and naturally occurring chemicals that are 
mobilized from deeper formations to groundwater by the fracking process. 
Contamination may occur through several methods, including where the well casing fails 
or where the created fractures intersect an existing a poorly sealed well. Although 
information on groundwater contamination is incomplete, the available research 
indicates that contamination has already occurred on multiple occasions. 
 
One category of potential contaminants includes chemicals added to the drilling mud 
and fracturing fluid. The fluid used for slickwater fracturing is typically comprised of 
more than 98% fresh water and sand, with chemical additives comprising 2% or less of 
the fluid. NY RDSGEIS 5‐40. Chemicals are added as solvents, surfactants, friction 
reducers, gelling agents, bactericides, and for other purposes. Id. 5‐49. New York 
recently identified 322 unique ingredients used in fluid additives, recognizing that this 
constituted a partial list. Id. 5‐41. These chemicals include petroleum distillates; 
aromatic hydrocarbons; glycols; glycol ethers; alcohols and aldehydes; amides; amines; 
organic acids, salts, esters and related chemicals; microbicides; and others. Id. 5‐75 to 5‐
78. Many of these chemicals present health risks. Id. Of particular note is the use of 
diesel, which the DOE Subcommittee has singled out for its harmful effects and 
recommended be banned from use as a fracturing fluid additive. DOE Subcommittee 
First 90‐Day Report, 25. The minority staff of the House Committee on Energy and 
Commerce determined that despite diesel’s risks, between 2005 and 2009 “oil and gas 
service companies injected 32.2 million gallons of diesel fuel or hydraulic fracturing 
fluids containing diesel fuel in wells in 19 states.” Natural Resources Defense Council, 
Earthjustice, and Sierra Club, Comments [to EPA] on Permitting Guidance for Oil and Gas 
Hydraulic Fracturing Activities Using Diesel Fuels (June 29, 2011) at 3 (quoting Letter 
from Reps. Waxman, Markey, and DeGette to EPA Administrator Lisa Jackson (Jan. 31, 
2001) at 1) (hereafter Comment on Diesel Guidance).119 
 
Contamination may also result from chemicals naturally occurring in the formation. 
Flowback and produced water “may include brine, gases (e.g. methane, ethane), trace 
metals, naturally occurring radioactive elements (e.g. radium, uranium) and organic 
compounds.” DOE Subcommittee first 90 day report at 21; see also Comment on NY 
RDSGEIS (attachment 3, Report of Glen Miller, at 2). For example, mercury naturally 
occurring in the formation becomes mixed in with water‐based drilling muds, resulting 

                                                       
119 Attached as Exhibit 58. 
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in up to 5 pounds of mercury in the mud per well drilled in the Marcellus region. 
Comment on NY RDSGEIS (attachment 1, Report of Susan Harvey, at 92).  
 
There are several vectors by which these chemicals can reach groundwater supplies. 
Perhaps the most common or significant are inadequacies in the casing of the vertical 
well bore. DOE Subcommittee First 90 Day Report, 20. The well bore inevitably passes 
through geological strata containing groundwater, and therefore provides a conduit by 
which chemicals injected into the well or traveling from the target formation to the 
surface may reach groundwater. The well casing isolates the groundwater from 
intermediate strata and the target formation. This casing must be strong enough to 
withstand the pressures of the fracturing process‐‐the very purpose of which is to 
shatter rock. Multiple layers of steel casing must be used, each pressure tested before 
use, then centered within the well bore. Each layer of casing must be cemented, with 
careful testing to ensure the integrity of the cementing. Comment on Diesel Guidance, 
5‐9. 
 
Separate from casing failure, contamination may occur when the zone of fractured rock 
intersects an abandoned and poorly‐sealed well or natural conduit in the rock. 
Comment on NY RDSGEIS (Attachment 3, Report of Tom Myers, 12 ‐ 15). One recent 
study concluded, on the basis of geologic modeling, that frack fluid may migrate from 
the hydraulic fracture zone to freshwater aquifers in less than ten years.120 
 
Available empirical data indicates that fracking has resulting in groundwater 
contamination in at least five documented instances. One study “documented the 
higher concentration of methane originating in shale gas deposits . . . into wells 
surrounding a producing shale production site in northern Pennsylvania.” DOE 
Subcommittee first 90 day report at 20 (citing Stephen G. Osborn, Avner Vengosh, 
Nathaniel R. Warner, and Robert B. Jackson, Methane contamination of drinking water 
accompanying gas‐well drilling and hydraulic fracturing, Proceedings of the National 
Academy of Science, 108, 8172‐8176, (2011)). By looking at particular isotopes of 
methane, this study was able to determine that the methane originated in the shale 
deposit, rather than from a shallower source. Id. The DOE Subcommittee referred to this 
as “a recent, credible, peer‐reviewed study.” Id. Two other reports “have documented 
or suggested the movement of fracking fluid from the target formation to water wells 
linked to fracking in wells.” Comment on NY RDSGEIS (Attachment 2, Report of Tom 
Meyers, 13). “Thyne (2008)[121] had found bromide in wells 100s of feet above the 

                                                       
120 Tom Myers, Potential Contaminant Pathways from Hydraulically Fractured Shale to 
Aquifers, Ground Water (Apr. 17, 2012), attaches as Exhibit 59. 
121 Dr. Meyers relied on Thyne, G. 2008. Review of Phase II Hydrogeologic Study. 
Prepared for Garfield County, Colorado.     
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fracked zone.” Id. “The EPA (1987)[122] documented fracking fluid moving into a 416‐ 
foot deep water well in West Virginia; the gas well was less than 1000 feet horizontally 
from the water well, but the report does not indicate the gas‐bearing formation.” Id. 
 
More recently, EPA has investigated groundwater contamination in Pavillion, Wyoming 
and Dimock, Pennsylvania. In Pavillion, EPA’s draft report concludes that “when 
considered together with other lines of evidence, the data indicates likely impact to 
ground water that can be explained by hydraulic fracturing.” EPA, Draft Investigation of 
Ground Water Contamination near Pavillion, Wyoming (Dec. 2011), at xiii.123 EPA tested 
water from wells extending to various depths within the range of local groundwater. At 
the deeper tested wells, EPA discovered inorganics (potassium, chloride), synthetic 
organic (isopropanol, glycols, and tert‐butyl alcohol), and organics (BTEX, gasoline and 
diesel range organics) at levels higher than expected. Id. at xii. At shallower levels, EPA 
detected “high concentrations of benzene, xylenes, gasoline range organics, diesel range 
organics, and total purgeable hydrocarbons.” Id. at xi. EPA determined that surface pits 
previously used for storage of drilling wastes and produced/flowback waters were a 
likely source of contamination for the shallower waters, and that fracturing likely 
explained the deeper contamination. Id. at xi, xiii. Although this is a draft report in an 
ongoing investigation, an independent expert who reviewed the EPA Pavillon study at 
the request of Sierra Club and other environmental groups has supported EPA’s 
findings.124 it demonstrates a possibility of contamination that DOE must consider in its 
public interest evaluation. 
 
EPA is also investigating groundwater contamination in Dimock, Pennsylvania. EPA 
Region III, Action Memorandum ‐ Request for Funding for a Removal Action at the 
Dimock Residential Groundwater Site (Jan. 19, 2012).125 In Dimock, EPA has determined 
that “a number of home wells in the Dimock area contain hazardous substances, some 
of which are not naturally found in the environment.” Id. at 1. Specifically, wells are 
contaminated with arsenic, barium, bis(2(ethylhexyl)phthalate, glycol compounds, 
manganese, phenol, and sodium. Id. at 3‐4. Many of these chemicals are hazardous 

                                                       
122 Environmental Protection Agency. 1987. Report to Congress, Management of Wastes 
from the Exploration, Development, and Production of Crude Oil, Natural Gas, and 
Geothermal Energy, Volume 1 of 3, Oil and Gas. Washington, D.C., available at 
nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=20012D4P.txt, attached as Exhibit 60. 
123 Attached as Exhibit 61, available at 
http://www.epa.gov/region8/superfund/wy/pavillion/EPA_ReportOnPavillion_Dec‐8‐
2011.pdf 
124 Tom Myers, Review of DRAFT: Investigation of Ground Water Contamination near 
Pavillion Wyoming (April 30, 2012), attached as Exhibit 62 and available at 
http://docs.nrdc.org/energy/files/ene_12050101a.pdf. 
125 Attached as Exhibit 63, available at 
http://www.epaosc.org/sites/7555/files/Dimock%20Action%20Memo%2001‐19‐12.PDF 
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substances as defined under CERCLA section 101(14); see also 40 C.F.R. § 302.4. EPA’s 
determination is based on “Pennsylvania Department of Environmental Protection 
(PADEP) and Cabot Oil and Gas Corporation (Cabot) sampling information, consultation 
with an EPA toxicologist, the Agency for Toxic Substances and Disease Registry (ATSDR) 
Record of Activity (AROA), issued, 12/28/11, and [a] recent EPA well survey effort.” Id. 
The PADEP information provided reason to believe that drilling activities in the area led 
to contamination of these water supplies. Drilling in the area began in 2008, and was 
conducted using the hazardous substances that have since been discovered in well 
water. Id. at 1, 2. Shortly thereafter methane contamination was detected in private 
well water. Id. at 2. In addition, there were several surface spills in connection with the 
drilling operation. Id. at 1. After the contamination was detected, PADEP entered a 
consent decree with Cabot which required permanent restoration or replacement of the 
water supply. Id. at 2. Cabot has installed or is installing a “gas mitigation” system for 
the affected wells. Id., see also Agency for Toxic Substances and Disease Registry, Record 
of Activity/Technical Assist (Dec. 28, 2011) at 2 (hereafter ATSDR).126 
 
Pursuant to the consent decree, Cabot was providing replacement water to all 18 homes 
until November 30, 2011, at which point Cabot halted deliver with PADEP’s consent. 
ATSDR at 2. EPA has intervened because “EPA does not know what, if any, hazardous 
substances these ‘gas mitigation’ systems, originally designed to address methane, are 
removing.” EPA Action Memorandum at 2. EPA sampled water from 64 home wells.127, 
“EPA found hazardous substances, specifically arsenic, barium or manganese, all of 
which are also naturally occurring substances, in well water at five homes at levels that 
could present a health concern. In all cases the residents have now or will have their 
own treatment systems that can reduce concentrations of those hazardous substances 
to acceptable levels at the tap.”128 
 
Waste	Management	
 
Fracturing produces a variety of liquid and solid wastes that must be managed and 
disposed of. These include the drilling mud used to lubricate the drilling process, the 
drill cuttings removed from the well bore, the “flowback” of fracturing fluid that returns 
to the surface in the days after fracking, and produced water that is produced over the 
life of the well (a mixture of water naturally occurring in the shale formation and 
lingering fracturing fluid). These wastes contain the same contaminants described in the 

                                                       
126 Attached as Exhibit 64, available at 
http://www.epa.gov/aboutepa/states/dimock.pdf. 
127 EPA, EPA Completes Drinking Water Sampling in Dimock, Pa (July 25, 2012), attached 
as Exhibit 65, and available at 
http://yosemite.epa.gov/opa/admpress.nsf/0/1A6E49D193E1007585257A46005B61AD 
128 Id. 
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preceding section. They present environmental hazards with regard to their onsite 
management and with their eventual disposal.  
 
On site, drilling mud, drill cuttings, flowback and produced water are often stored in 
pits. Such open pits can have harmful air emissions, can leach into shallow groundwater 
water, and can fail and result in surface discharges. Many of these harms can be 
minimized by the use of seal tanks in a “closed loop” system. See, e.g., NY RDSGEIS at 1‐
12. Presently, only New Mexico mandates the use of closed loop waste management 
systems, and pits remain in use elsewhere. 
 
Flowback and produced water must ultimately be disposed of offsite. Some of these 
fluids may be recycled and used in further fracturing operations, but even where a fluid 
recycling program is used, recycling leaves concentrated contaminants that must be 
disposed of. The most common methods of disposal are disposal in underground 
injection wells or through water treatment facilities leading to eventual surface 
discharge.  
 
Underground injection wells present risks of groundwater contamination similar to 
those identified above for fracking itself. Gas production wastes are not categorized as 
hazardous under the Safe Drinking Water Act, 42 U.S.C. § 300f et seq., and may be 
disposed of in Class II injection wells. Class II wells are brine wells, and the standards and 
safeguards in place for these wells were not designed with the contaminants found in 
fracking wastes in mind. See also NRDC et al., Petition for Rulemaking Pursuant to 
Section 6974(a) of the Resource Conservation and Recovery Act Concerning the 
Regulation of Wastes Associated with the Exploration, Development, or Production of 
Crude Oil or Natural Gas or Geothermal Energy (Sept. 8, 2010).129 
 
Additionally, underground injection of fracking wastes appears to have induced 
earthquakes in several regions. Underground injection of fracking waste in Ohio has 
been correlated with earthquakes as high as 4.0 on the Richter scale. Columbia 
University, Lamont‐Doherty Earth Observatory, Ohio Quakes Probably Triggered by 
Waste Disposal Well, Say Seismologists (Jan. 6, 2012).130 Underground injection may 
cause earthquakes by causing movement on existing fault lines: “Once fluid enters a 
preexisting fault, it can pressurize the rocks enough to move; the more stress placed on 
the rock formation, the more powerful the earthquake.” Id. Underground injection is 
more likely than fracking to trigger large earthquakes via this mechanism, “because 
more fluid is usually being pumped underground at a site for longer periods.” Id. In light 
of the apparent induced seismicity, Ohio has put a moratorium on injection in the 
affected region. Id. Similar associations between earthquakes and injection have 

                                                       
129 Attached as Exhibit 66. 
130 Attached as Exhibit 67, available at http://www.ldeo.columbia.edu/news‐
events/seismologists‐link‐ohio‐earthquakes‐waste‐disposal‐wells 
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occurred in Arkansas, Texas, Oklahoma and the United Kingdom. Id., Alexis Flynn, Study 
Ties Fracking to Quakes in England, Wall Street Journal (Nov. 3, 2011).131 In light of these 
effects, Ohio and Arkansas have placed moratoriums on injection in the affected areas. 
Lamont‐Doherty Earth Observatory; Arkansas Oil and Gas Commission, Class II 
Commercial Disposal Well or Class II Disposal Well Moratorium (Aug. 2, 2011).132 The 
recently released abstract of a forthcoming United States Geological Survey study 
affirms the connection between disposal wells and earthquakes. Ellsworth, W. L., et al., 
Are Seismicity Rate Changes in the Midcontinent Natural or Manmade?, Seismological 
Society of America, (April 2012).133 
  
As an alternative to underground injection, flowback and produced water is also sent to 
water treatment facilities, leading to eventual surface discharge. This presents a 
separate set of environmental hazards, because these facilities (particularly publicly 
owned treatment works) are not designed to handle the nontraditional pollutants found 
in fracking wastes. For example: 
 

One serious problem with the proposed discharge 
(dilution) of fracture treatment wastewater via a municipal 
or privately owned treatment plant is the observed 
increases in trihalomethane (THM) concentrations in 
drinking water reported in the public media (Frazier and 
Murray, 2011), due to the presence of increased bromide 
concentrations. Bromide is more reactive than chloride in 
formation of trihalomethanes, and even though bromide 
concentrations are generally lower than chloride 
concentrations, the increased reactivity of bromide 
generates increased amounts of bromodichloromethane 
and dibromochloromethane (Chowdhury, et al., 2010). 
Continued violations of an 80microgram/L THM standard 
may ultimately require a drinking water treatment plant to 
convert from a standard and cost effective chlorination 
disinfection treatment to a more expensive chloramines 
process for water treatment. Although there are many 
factors affecting THM production in a specific water, 

                                                       
131 Attached as Exhibit 68, available at http://online.wsj.com/article/ 
SB10001424052970203804204577013771109580352.html 
132 Attached as Exhibit 69, available at 
http://www.aogc.state.ar.us/Hearing%20Orders/2011/July/180A‐2‐2011‐07.pdf 
133 This abstract is attached as Exhibit 70, and is available at 
http://www2.seismosoc.org/FMPro?‐db=Abstract_Submission_12&‐recid=224&‐
format=%2Fmeetings%2F2012%2Fabstracts%2Fsessionabstractdetail.html&‐
lay=MtgList&‐find 
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simple (and cheap) dilution of fracture treatment water in 
a stream can result in a more expensive treatment for 
disinfection of drinking water. This transfer of costs to the 
public should not be permitted. 

 
Comment on NY RDSGEIS (attachment 3, Report of Glen Miller, at 13). Similarly, 
municipal treatment works typically to not treat for radioactivity, whereas produced 
water can have high levels of naturally occurring radioactive materials. In one 
examination of three samples of produced water, radioactivity (measured as gross alpha 
radiation) were found ranging from 18,000 pCi / L to 123,000 pCi/L, whereas the safe 
drinking water standard is 15 pCi/L. Id. (Miller Report at 4).  

c. Other Nationwide and Global Impacts 

i. Price Increases 
 
The EIA Export Study predicts that LNG exports will significantly increase demand for 
natural gas and thereby raise domestic gas prices. EIA Export Study at 6. Higher gas 
prices will in turn hurt American consumers and limit or eliminate manufacturing and 
farming jobs, in addition to inflicting the environmental effects described above. Id.134  
Although Oregon LNG offers its own differing predictions, DOE/FE should adopt the 
estimates of its own sub‐agency. Even if DOE/FE were to accept Oregon LNG’s own, 
lower predictions of price impacts, however, DOE/FE would have to conclude that these 
impacts constituted a significant harm to the public interest. 
 
The EIA Export Study predicts striking price increases from a range of export scenarios. 
EIA considered several combinations of conditions of shale gas export rates and 
economic circumstances.  It considered a “low” export case of 6 bcf/d, phased in either 
quickly or slowly starting in 2015, and a “high” case of 12 bcf/d, again phased in quickly 
or slowly.  EIA Export Study at 1. These four export volumes and timelines were then 
evaluated in the contexts of four background scenarios: the EIA’s Annual Energy Outlook 
(“AEO”) 2011 reference case, cases where shale recoveries were 50% higher or lower 
than in the reference case, and a high economic growth reference case.  Id.  Models 
were run from 2015 (the year in which the first exports were presumed to begin) 
through 2035. EIA Export Study 1. EIA forecast effects of export on wellhead gas prices, 
on various gas consumers, and on residential electricity bills. EIA Export Study 6‐16. The 

                                                       
134 See also Democratic Staff, House Natural Resources Comm., Drill Here, Sell There, Pay 
More: The Painful Price of Exporting Natural Gas (2012) (“Drill Here, Sell There, Pay 
More”), attached as Exhibit 71; Industrial Energy Consumers of America, Response to 
Hamilton Project: “A Strategy for U.S. Natural Gas Exports” by Michael Levi (July 16, 
2012), available at http://www.ieca‐us.com/wp‐content/uploads/07.16.12_IECA‐
Response‐to‐Brookings.pdf and attached as Exhibit 72. 
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study summarizes its results for its four export scenarios on the reference economic 
case as follows: 
 
Figure 1:135  Natural Gas Wellhead Price Percentage Increases from the AEO 2011 
Baseline under Four Export Scenarios 

   
These figures likely understate the impact of aggregate exports, because the volume of 
proposed exports greatly exceeds EIA’s “high” export scenario, and because current 
estimates of total reserves are much lower than those used in the EIA Export Study. 
Beginning with export volumes, EIA’s “high” export cases of 12 bcf/d fall far short of the 
27.58 bcf/d of exports for which applications are presently pending before DOE/FE.136 
For perspective, note that 27.58 bcf/d is over 36% of current domestic gas production. 
EIA, Monthly Natural Gas Gross Production Report (November 2, 2012). 137 On the other 
end, EIA has drastically reduced its estimates of total gas supplies. The EIA production 
cases were derived from EIA’s 2011 Annual Energy Outlook, which assumed total 

                                                       
135 From the EIA Export Study, at 8. 
136 Applications Received by DOE/FE to Export Domestically Produced LNG 
from the Lower‐48 States (as of October 16, 2012), available at 
http://fossil.energy.gov/programs/gasregulation/reports/Long_Term_LNG_Export_10‐
16‐12.pdf and attached as Exhibit 73. 
137 Available at 
http://www.eia.gov/oil_gas/natural_gas/data_publications/eia914/eia914.html and 
attached as Exhibit 74. This report states that, for the month of August 2012, gross U.S. 
withdrawals (not limited to the lower 48) were 76.60 bcf/d. The highest monthly 
production in the past 12 months was 83.06 bcf/d in January 2012: the proposed 
exports amount to over 33% of this total. 
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domestic reserves of 827 tcf of natural gas. The more recent 2012 Annual Energy 
Outlook cuts the estimates of reserves by over 40%, to 482 tcf.138  
 
Oregon LNG offers separate (and lower) predictions of price impacts. Absent a strong 
showing that the EIA estimates are inferior to those prepared by Oregon LNG, it would 
be arbitrary and capricious for DOE/FE to use industry estimates instead of the 
estimates produced by the impartial federal agency DOE/FE specifically tasked with 
examining this particular issue. 5 U.S.C. § 706, Motor Vehicle Mfrs. Ass’n of the United 
States v. State Farm Mut. Auto. Ins. Co., 463 U.S. 29, 43 (1983). Oregon LNG has failed to 
make such a showing here. 
 
Oregon LNG’s estimates must also be excluded because they fail to account for the 
cumulative impacts of pending export proposal. The Navigant study Oregon LNG 
commissioned used three cases: the status quo, approval of Oregon LNG’s proposal but 
no other pending export proposals, and an “aggregate” LNG export scenario under 
which 6.8 bcf/d of LNG is exported. Application at 23. In light of the 27.58 bcf/d of 
proposed exports, DOE/FE cannot rest on these low export scenarios. Although Oregon 
LNG may contend that it is unlikely that all, or even many, of the proposed export 
projects will come to fruition or operate at full capacity, the possibility of that volume of 
exports is hardly so “remote and speculative” that it can be discounted. See New York v. 
NRC, 681 F.3d 471, 482 (D.C. Cir. 2012) (under NEPA, agency may only exclude analysis 
of an event and its consequences when the event “is so ‘remote and speculative’ as to 
reduce the effective probability of its occurrence to zero.”), San Luis Obispo Mothers for 
Peace v. Nuclear Regulatory Comm’n, 449 F.3d 1016, 1031 (9th Cir. 2006) (same). 
Therefore, DOE/FE must consider the cumulative impacts of all pending export 
proposals, and thus consider Oregon LNG’s application in light of other pending 
proposals. Consideration of the cumulative effects of the pending proposals is necessary 
because the public, after all, will not experience each proposed terminal as an individual 
project: It will experience them cumulatively, through the gas and electricity prices that 
they will raise and the environmental damage that they will cause.  To determine 
whether any one export proposal is consistent with the public interest, DOE/FE must 
consider whether a given proposal will harm the public in concert with (a) all proposals 
which have already been approved and (b) whether it will cause harm if all reasonably 
foreseeable proposals were approved.  If the answer to this second question is yes, 
DOE/FE must be able to justify why it is still in the public interest to approve the project 
before it.139 

                                                       
138 EIA 2012 Annual Energy Outlook at 9, 13, see also Exhibit 5. 
139 Although it would be unlawful to consider the price impacts of Jordan Cove’s 
proposed exports in isolation, such consideration would nonetheless reveal a significant 
impact. Jordan Cove itself predicts that the effects of its exports, if considered in 
isolation, would increase gas prices in the Pacific Northwest by 3.9% to 7.2%. 
Application at 15. As the EIA explains, this level of increase is detrimental to consumers, 
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All of EIA’s scenarios predict greater price increases than Oregon LNG does. The high 
export/low recovery scenarios predict that in the years leading up to 2020, wellhead 
prices will increase over 50%.140 Similarly, over the longer term, EIA’s low‐recovery high‐
export scenarios predict Henry Hub price increases of $1.46 (20%) to $2.33 (32%) by 
2025 and $0.94 (10%) to $1.59 (18%) by 2035.141 EIA predicts similar increases in 
wellhead prices for these periods.142 Even the low/slow exports reference case predicts 
predicts Henry Hub prices to increase by $0.60 per MMBtu, or over 9%, by 2035.143 
These predictions are all significantly higher than Oregon LNG’s predictions of 5.43% to 
4.96% increases in Henry Hub prices as a result of aggregate exports between 2017 and 
2045. Application at 23. 
 
Even if DOE/FE were to accept Oregon LNG’s projections, DOE/FE would have to 
conclude that these projections were significant and contrary to the public interest. 
Oregon LNG’s aggregate scenario predicts price increases of 5.71% to 8.49% at the 
nearby Sumas hub in 2017 and 2045, respectively, and 5.43% (2017) to 4.96% (2045) at 
the more distant Henry Hub. Application 25‐26. Although these price predictions are 
significantly lower than the EIA Export Study’s projections of hub price increases, Oregon 
LNG’s predictions are still significant enough to risk the economic impacts outlined in 
the EIA Export Study. 
 
EIA predicts that in light of these price increases, all consumers of natural gas—
residential, commercial, industrial, and electricity generating users—will decrease 
consumption. EIA Export Study at 11, 15.  Despite decreased consumption, each 
consumer type would pay a higher total gas bill. As EIA explains:  
 

On average, from 2015 to 2035, natural gas bills paid by 
end‐use consumers in the residential, commercial, and 
industrial sectors combined increase 3 to 9 percent over a 
comparable baseline case with no exports, depending on 
the export scenario and case, while increases in electricity 
bulls paid by end‐use customers range from 1 to 3 percent. 
In the rapid growth cases, the increase is notably greater 
in the early years relative to the later years.  The slower 

                                                                                                                                                                 
industry, and electricity generators. EIA Export Study at 6, 11, 15. Jordan Cove offers no 
argument as to why these increases are not contrary to the public interest. 
140 EIA Export Study Figure 4. 
141 EIA Export Study tables B3 and B4. 
142 Id. 
143 EIA Export Study at Table B4. For other export scenarios and reference cases, EIA’s 
estimates range from $0.40 to $1.59. Id. 
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export growth cases tend to show natural gas bills 
increasing more towards the end of the projection period. 

 
EIA Export Study at 6.  Industrial consumers would pay 6.4% to 14.6% more annually. Id. 
at 15. 
 
These percentage increases are very large in absolute terms.  In the low/slow scenario, 
gas and electricity bills increase by $9 billion per year, and this increase grows to $20 
billion per year in other scenarios.  EIA Export Study at 14. Industries particularly 
dependent on natural gas—such as farming, steel production, fertilizer manufacturing, 
and chemical manufacturing—will all be particularly impacted by these increases.144 
Increased costs to these industries will likely result job losses, or at least stymied job 
growth, offsetting job growth exports would create in the natural gas production 
industry. Id. 

ii. Changes in Domestic Power Production 
 
Oregon LNG’s export proposal will further increase air pollution by increasing the 
amount of coal used for domestic electricity production. The EIA Export Study predicts 
that exports, by causing natural gas prices to rise, will drive more electricity generation t 
coal than to renewable energy. EIA Export Study at 6 (The power sector will “primarily” 
respond by shifting to coal‐fired generation, and only secondarily to renewable sources), 
see also id. at 17 (“higher natural gas prices lead electric generators to burn more coal 
and less natural gas.”). Specifically, EIA predicts that 72 percent of the decrease in gas‐
fired electricity production will be replaced by coal‐fired production, with increased 
liquid fuel consumption, increased renewable generation, and decreases in total 
consumption making up the remainder (8, 9, and 11 percent, respectively). Id. at 18. 
 
The shift from gas‐ to coal‐fired electricity generation will increase emissions of both 
traditional air pollutants and greenhouse gases. Gas‐fired power plants generate less 
than a third of the nitrogen oxides and one percent of the sulfur oxides that coal‐fired 
plants generate.145 Thus, the EIA Export Study demonstrates that exports will harm the 
local environment by causing the opposite shift here. 
 
Coal‐fired plants also release roughly twice the carbon dioxide combustion emissions as 
gas‐fired plants, id., although as discussed in the following section, some of this 
combustion advantage is offset by the greenhouse gas emissions resulting from gas 

                                                       
144 Drill Here, Sell There, Pay More at 9‐13; Industrial Energy Consumers of America, 
Response to Hamilton Project: “A Strategy for U.S. Natural Gas Exports” by Michael Levi 
(July 16, 2012). 
145 EPA, Air Emissions, attached as Exhibit 75, available at 
http://www.epa.gov/cleanenergy/energy‐and‐you/affect/air‐emissions.html 



54  

production. Accordingly, the price increase and corresponding shift to coal‐fired power 
generation risks increasing greenhouse gas pollution. The EIA Export Study examined the 
effects of 6 or 12 bcf/d of exports, phased in slowly or quickly, together with various 
estimates for the extent of shale gas reserves and the pace of US economic 
development. EIA concluded that under every scenario exports would produce a 
significant increase in domestic greenhouse gas emissions, as illustrated by the table 
below.  
 
Table 1: Cumulative CO2 Emissions from 2015 to 2035 With Various Export Scenarios146 

 
The fact that gas exports will tend to favor coal as a fuel for domestic electrical 
generation has particularly important implications for national emissions control efforts.  
EPA has just released proposed carbon pollution standards for electricity generating 
units which set emissions levels based upon the performance of natural gas combined‐
cycle plants.  See77 Fed. Reg. 22,392 (Apr. 13, 2012).  EPA anticipates no notable 
compliance costs for the rule because it expects utilities to react to low gas prices, 
among other factors, by avoiding constructing expensive coal‐fired plants. See id. at 
22,430.  If LNG exports move forward, however, gas prices will increase, making it more 
difficult and expensive to capture combustion‐side carbon pollution reductions from 
fossil‐fuel fired power plants.  This interference with national efforts to control global 
warming, which endangers public health and welfare, see 74 Fed. Reg. 66,496 (Dec. 15, 
2009), is not in the public interest. 

                                                       
146 From the EIA Export Study at 19. 



55  

iii. Effects on Global Greenhouse Gas Emissions 
 
Several other export applicants have argued that LNG exports will benefit the 
environment by allowing importing countries to burn natural gas in place of coal, fuel 
oil, or other fuels with higher carbon intensities, and that LNG exports will thereby 
reduce global greenhouse gas emissions. This argument is wrong for two reasons.  
 
First, looking at importing countries’ response to exports, a recent study by the 
International Energy Agency predicts that international trade in LNG and other 
measures to increase global availability of natural gas will lead many countries to use 
natural gas in place of wind, solar, or other renewables, displacing these more 
environmentally beneficial energy sources instead of displacing other fossil fuels, and 
that these countries may also increases their overall energy consumption beyond the 
level that would occur with exports.147 In the United States alone, the IEA expects the 
gas boom to result in a 10% reduction in renewables relative to a baseline world without 
increased gas use and trade.148  The IEA goes on to conclude that high levels of gas 
production and trade will produce “only a small net shift” in global greenhouse gas 
emissions, with atmospheric CO2 levels stabilizing at over 650 ppm and global warming 
in excess of 3.5 degrees Celsius, “well above the widely accepted 2°C target.” Id. 
 
Second, even where importing countries do substitute gas for coal or fuel oil, the 
available evidence indicates that this substitution is likely to cause little, if any, 
reduction in global greenhouse gas emissions. On this issue, it is important to highlight 
the energy and environmental costs LNG incurs in beyond those incurred by domestic 
gas use. Liquefying natural gas is an energy intensive process. Additional energy is then 
consumed in the transportation of the gas, with attendant greenhouse gas emissions. 
Finally, the LNG must be regasified at the import terminal, often by being heated with 
the combustion of other gas. These operations drastically increase the lifecycle 
greenhouse gas emissions of LNG, adding between 24.7 and 27.5 tons of CO2e per 
MMBtu.149 

                                                       
147 International Energy Agency, Golden Rules for a Golden Age of Gas, Ch. 2 p. 91 
(2012), attached as Exhibit 76 and available at 
http://www.iea.org/publications/freepublications/publication/WEO2012_GoldenRulesR
eport.pdf 
148 Id. at 80. 
149 Paulina Jaramillo, W. Michael Griffin, H. Scott Matthews, Comparative Life‐Cycle Air 
Emissions of Coal, Domestic Natural Gas, LNG, and SNG for Electricity Generation, 41 
Environ. Sci. Technol. 6,290 (2007) (Jaramillo 2007). Available at 
http://www.ce.cmu.edu/~gdrg/readings/2007/09/13/Jaramillo_ComparativeLCACoalNG
.pdf, and attached as 
Exhibit 77. The supporting information for this article is available at 
http://pubs.acs.org/doi/suppl/10.1021/es063031o/suppl_file/ 
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Emissions from liquefaction, transportation and gasification mean that LNG is 
significantly worse than domestic natural gas in terms of greenhouse gas emissions. For 
perspective, natural gas combustion emits roughly 120 pounds of CO2e per MMBtu. See, 
e.g., Jaramillo Supporting Info at 9. Using the above conservative figures, the process of 
liquefying, transporting, and regasifying LNG accordingly emits 19% to 23% of the CO2e 
emitted by natural gas combustion itself—a substantial increase. Jaramillo 2007 
concluded that this increase could bring LNG’s lifecycle greenhouse gas emissions into 
parity with coal: 
 
Figure 2: Life‐Cycle Emissions of LNG, Natural Gas, and Coal in Electricity Generation150 
 

 
 
Moreover, Jaramillo’s analysis understates LNG’s lifecycle greenhouse gas emissions, 
because this analysis does not reflect recent studies that have raised estimates for 
emissions associated with natural gas production. The Jaramillo studies were conducted 
prior to shale gas boom. As noted in part III.C.1.b.iii.1 above, shale gas production’s 
methane emissions are drastically higher than those of conventional gas production. 
Moreover, in April 2011 (well after the Jaramillo studies were published), EPA released 
improved methodologies for estimating fugitive methane emissions from all natural gas 
systems (unconventional and otherwise), which lead to higher estimates. EPA, Inventory 

                                                                                                                                                                 
es063031osi20070516_042542.pdf, and attached as Exhibit 78 (“Jaramillo Supporting 
Information”). An earlier, related report with some additional information is Paulina 
Jaramillo, W. Michael Griffin, H. Scott Matthews, Comparative Life Cycle Carbon 
Emissions of LNG Versus Coal and Gas for Electricity Generation (2005), available at 
http://www.ce.cmu.edu/~gdrg/readings/2005/10/12/Jaramillo_LifeCycleCarbonEmissio
nsFromLNG.pdf, and attached as Exhibit 79. 
150 From Jaramillo 2007 at 6,295. “SNG,” in the figure, refers to synthetic natural gas 
made from coal.  
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of U.S. Greenhouse Gas Emissions And Sinks: 1990 – 2009, U.S. EPA, EPA 430‐R‐11‐
005.151  
 
These recent studies estimate that aggregate domestic natural gas production releases 
at least 44 pounds of CO2e per MMBtu. A report from the Worldwatch Institute and 
Deutsche Bank summarizes much of the recent work.152 Specifically, the Worldwatch 
Report synthesizes three other reports that used “bottom‐up” methodologies to 
estimate natural gas production emissions, prepared by Dr. Robert Howarth et al., of 
Cornell,153 Mohan Jiang et al. of Carnegie‐Mellon,154 and Timothy Skone of NETL.155 The 
Worldwatch Report separately derived a “top‐down” estimate, which produced a result 
similar to the NETL estimate. Worldwatch Report at 9. These various assessments are 
summarized in the following chart. 
 
/ / / 
 
/ / / 
 
/ / / 
 
/ / / 
 
/ / / 
 
/ / / 
 
/ / / 
 
/ / / 
   

                                                       
151 Attached as Exhibit 80. The executive summary to this document is Exhibit 81. 
152 Mark Fulton et al., Comparing Life‐Cycle Greenhouse Gas Emissions from Natural Gas 
and Coal (Aug. 25, 2011) (“Worldwatch Report”), attached as Exhibit 82. 
153 Robert W. Howarth et al., Methane and the greenhouse‐gas footprint of natural gas 
from shale formations, Climactic Change (Mar. 2011), attached as Exhibit 83. 
154 Mohan Jiang et al., Life cycle greenhouse gas emissions of Marcellus shale gas, 
Environ. Res. Letters 6 (Aug. 2011), attached as Exhibit 84. 
155 Timothy J. Skone, Life Cycle Greenhouse Gas Analysis of Natural Gas Extraction and 
Delivery in the United States, Presentation to Cornell (May 12, 2011), attached as Exhibit 
85. NETL has also put out a fuller version of this analysis. See also Timothy J. Skone, Life 
Cycle Greenhouse Gas Inventory of Natural Gas Extraction, Delivery and Electricity 
Production (Oct. 24, 2011), attached as Exhibit 86. 
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Figure 3: Comparison of Recent Life‐Cycle Assessments156 

 
 
As this figure demonstrates, although the 2011 studies differ, they all estimate 
production greenhouse gas emissions (combined methane and “upstream CO2”) in a 
similar range.  Synthesizing these studies, the Worldwatch Report estimated normalized 
life‐cycle GHG emissions from domestic natural gas production (i.e., excluding 
liquefaction, transport, and gasification of LNG) at approximately 20.1 kilograms, or over 
44 pounds, of CO2e/MMBtu.   Worldwatch Report at 15 Ex. 8.  Some studies estimate 
that production emissions are significantly higher. 
 
Jaramillo used production emission estimates that are much lower than those produced 
by the more recent studies, and using the recent and higher figures appears to erode 
what little climate advantage Jaramillo found LNG to have over coal. Jaramillo used 
estimates of 15.3 to 20.1 pounds CO2e/ MMBtu, i.e., estimates that were at least 24 
pounds lower than the 2011 studies’. Jaramillo Supporting Information at 8. Jamarillo 
estimated total life‐cycle emissions for LNG at 149.6 to 192.3 lbs CO2e/MMBtu. Id. 
Simply increasing these life‐cycle estimates by 24 lbs CO2e represents a 12% to 16% 

                                                       
156 Worldwatch Report at 3. 
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increase in total emissions. This increase substantially erodes any climate advantage 
LNG‐fired electricity generation may have over coal‐fired generation. 
 
Finally, any LNG exported from Oregon LNG will likely have life cycle emissions that are 
even higher than the above estimates. The above studies generally estimate gas 
production emissions in aggregate, mixing conventional gas extraction with 
unconventional sources such as shale gas. As noted above, the EIA Export Study predicts 
that extraction induced by exports will overwhelmingly be from shale gas sources, EIA 
Export Study at 11, and shale gas has higher production emissions than conventional 
sources.157  This fact highlights the need for a thorough study regarding the indirect and 
cumulative impacts of export prior to any DOE/FE authorization. Further study is 
similarly needed to combine the analysis of export on fuel switching domestically with 
life‐cycle emissions of LNG exports. Nonetheless, using even the more conservative 
estimates in the existing record, it is unlikely LNG export will reduce global greenhouse 
gas emissions. 

2. The Economic Benefits Oregon LNG Predicts are Uncertain and Overstated 

 
Oregon LNG claims that construction of the terminal and associated pipeline will deliver 
over $800 million in annual economic benefit during the construction period, followed 
by $100 million in annual benefit during operation of the project. Application at 5.  
 
These predictions, however, rest on a flawed analysis that overstates the number and 
quality of jobs created. Oregon LNG’s arguments relating to job creation and economic 
benefit all rest on predictions made using IMPLAN modeling software. See, e.g., 
Application at Appendix C page 11. To use IMPLAN or any other input‐output model, the 
user inputs a description of economic activity in a given set of economic sectors, and the 
model responds by tracing this spending through the economy. Specifically, the model 
uses accounting tables to track how the initial expenditure will flow through various 
industrial sectors and then uses local multipliers to estimate how this allocation will 
alter employment decisions. 
 
IMPLAN, like input‐output models generally, suffers from numerous significant 
limitations that lead it to drastically overestimates economic benefits. A recent study by 
Amanda Weinstein and Dr. Mark Partridge, of Ohio State University, explains why many 
of these limitations matter.  See Amanda Weinstein and Mark D. Partridge, The 
Economic Value of Shale Natural Gas in Ohio, OHIO STATE UNIVERSITY, Swank Program in 
Rural‐Urban Policy Summary and Report (December 2010) (“Ohio Study”).158 Further 

                                                       
157 EPA recently estimated methane emissions from a conventional well completion at 
only 0.80 tons, while completion of a hydraulically fractured well yielded 158.55 tons of 
methane. See O&G NSPS TSD at 4‐7 (Table 4‐2). 
158 Attached as Exhibit 87. 
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limitations are discussed by David Kay, The Economic Impacts of Marcellus Shale Gas 
Drilling: What Have We Learned?  What are the Limitations? (Apr. 2011).159   
 
First, input‐output models do not consider counterfactuals and foregone opportunities.  
They map the consequences of a particular expenditure, rather than asking how the 
economy might have grown had investors and regulators made different choices.  Nor 
do they consider how the particular choice at issue might displace other economic 
activity. The absence of a counter‐factual is at the core of the Ohio Study’s critique.  Id. 
at 11.  Specifically, input‐output models “do not include various displacement effects 
and do not reflect the true counterfactual of comparing what would have happened 
without” the activity in question. Id. (emphasis in original). Looking at the particular case 
of input‐output models of oil and natural gas drilling, the Ohio Study explains that these 
omitted factors include “higher local wages and land costs, which reduce employment 
that would have occurred elsewhere in the economy.  Likewise, the environmental 
effects may reduce activity in the tourism sector and other residents may not want to 
live near such degrading activity.” Id. (emphasis added). 
 
Second, input‐output studies may not reflect actual spending patterns, as the Ohio 
Study explains. Id. at 14‐15. For example, construction employees may choose to save 
their money (which may be prudent in light of the temporary nature of facility 
construction work) rather than to spend it.  Id. 
 
Third, input‐output models are static, providing a series of one‐year snapshots. Thus, 
input‐output models measure “job‐years” but not jobs held year to year. As the Ohio 
Study explains, “impact studies do not produce continuous employment numbers.  If an 
impact study says there are 200,000 jobs, this does not mean 200,000 workers are 
continuously employed on a permanent basis. . . . [W]hile the public is likely more 
interested in continuous ongoing employment effects, impact studies are producing 
total numbers of supported jobs that occur in a more piecemeal fashion.” Ohio Study at 
11. 
 
Fourth, input‐output models cannot determine how many jobs are created. The model 
identifies the number of jobs supported by the predicted spending. Id. Job support 
cannot be treated as job creation without consideration of a counterfactual, however, 
because absent a counterfactual, it is impossible to determine whether the job would 
have existed without the project under consideration. Id.  
 
Fifth, as a result of the above limitations, input models are not readily able to “evaluate 
economic circumstances in which the change in the economy has been or will be rapid 
and large,” or to deal with the complicated series of individual choices and community 
disruptions (including the displacement of existing economic activity) occasioned by the 

                                                       
159 Attached as Exhibit 88. 
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boom.  David Kay, The Economic Impacts of Marcellus Shale Gas Drilling: What Have We 
Learned?  What are the Limitations?, 5‐6, 22‐30 (Apr. 2011).160 Input output models 
struggle, particularly, to map these distributional effects, where some prosper while 
others suffer, and, more generally, is not designed to chart the long‐term effects of such 
major dislocations.  See id. at 22‐30. 
 
In summary, input‐output model result should be seen as estimates of solely the effects 
of increased expenditures on a particular project (here, gas exports and production), 
and limited and overly‐optimistic ones at that, rather than as a reliable comparison of 
how the economy would fare with and without gas exports. The NGA’s “public interest” 
test requires DOE/FE to determine whether the country would be better off with 
Oregon LNG’s proposal than without it. Input‐output ‐based analyses cannot answer this 
question, but these are the only analyses Oregon LNG offers. 

3. DOE/FE Cannot Rationally Approve Oregon LNG’s Export Plan On the Record 

Before It 

 
The NGA, and subsequent DOE delegation orders and regulations, charge DOE/FE with 
determining whether or not a gas export application is in the public interest.  See, e.g. 
15 U.S.C. § 717b(a).  DOE/FE must make this decision on the record before it.  This 
means that, regardless of DOE/FE’s decision to presume, initially, that an application 
should be granted, this presumption does not, and cannot, absolve DOE/FE of its duty to 
make its own determination.  Panhandle Producers and Royalty Owners Ass’n, 822 F.2d 
at 1110‐1111.  Simply put, “the agency must examine the relevant data and articulate a 
satisfactory explanation for its action including a rational connection between the facts 
found and the choice made.” Motor Vehicle Mfrs. Ass’n of the United States v. State 
Farm Mut. Auto. Ins. Co., 463 U.S. 29, 43 (1983) (emphasis supplied).  DOE/FE cannot 
rationally find for Oregon LNG on the record in this case. 
 
As we have demonstrated, record support for Oregon LNG’s claimed benefits is 
extraordinarily thin.  Oregon LNG has submitted input‐output model derived argument 
of economic benefit, but the underlying model does not show whether the economy 
would improve more without Oregon LNG proposal than it would without it. Oregon 
LNG further argues that export will not cause significant gas price increases, but this 
argument is contradicted by the EIA Export Study that DOE/FE itself commissioned.  
 
Sierra Club and Riverkeeper, on the other hand, have shown that the gas and electricity 
price increases associated with exports will add billions of dollars in costs to the 
consumers.  These costs will propagate through the economy, retarding growth.  We 
have also shown that the economic benefits, if any, associated with gas production 
increases may actually do long‐term damage to the U.S. economy by plunging large 

                                                       
160 See Exhibit 88. 
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regions of the country into a boom‐and‐bust extractive cycle.  Further, we have shown 
that gas extraction and export have major environmental (and, hence, additional 
economic) costs, which Oregon LNG has failed to even acknowledge. 
 
On this record, DOE/FE cannot approve export.  Were it do so, it would be violating 
basic norms of agency record rulemaking, as well as its own rules.  See, e.g., 5 U.S.C. § 
706; 10 C.F.R. § 590.404 (requiring DOE/FE to base its final opinion “solely on the official 
record of the proceeding” and to impose terms “as may be required by the public 
interest” after record review). 

D. If DOE/FE Does Move Forward, It Must Impose Rigorous Monitoring Conditions 
 
If DOE/FE nonetheless approves Oregon LNG’s application, it must recognize its 
continuing duty to protect the public interest, as it explained in its Sabine Pass decision.  
This duty is of crucial importance in the context of LNG export, where circumstances are 
rapidly changing.  DOE/FE therefore announced its intention to monitor environmental, 
economic, and other relevant considerations.  Sabine Pass at 31‐33.  Such a monitoring 
provision must be imposed here, as well, but must be significantly expanded. 
 
Specifically, although Sabine Pass announces an intention to monitor many different 
considerations, it most clearly states that the agency will act if there is a “reduction in 
the supply of natural gas needed to meet essential domestic needs.”  Id. at 32.  This 
consideration is undoubtedly of great importance, but it is not the only way in which 
changing circumstances could imperil the public interest. 
 
On the contrary, as we have demonstrated at length in these comments, there is strong 
evidence that the public interest will be impaired by gas exports.  These impairments 
include (1) regional and national economic dislocations and disruptions caused by 
natural gas extraction, including by the industry’s boom‐and‐bust cycle, (2) national 
increases in gas and electricity prices and resulting shifts to more polluting fuels, (3) and 
environmental impacts of many sorts.  Any one of these categories of interests could be 
impaired by gas export.  DOE/FE must therefore state that it will monitor each of these 
areas, providing specific monitoring terms and thresholds which will trigger agency 
actions of various types, ranging from further study through reductions in export 
volume or changes in timing to a revocation of DOE/FE’s approval.161 
 
If DOE/FE fails to include such provisions in any final approval, it will fail to fulfill its 
“continuing duty to protect the public interest,” id. at 31, and so violate the Natural Gas 
Act.  Because neither Oregon LNG nor DOE/FE have described or proposed such terms, 

                                                       
161 Providing a clear monitoring plan of this sort will also benefit Jordan Cove, which will 
be better able to determine when and how DOE/FE may act, improving the company’s 
ability to plan its actions and investments. 
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Sierra Club and Riverkeeper also protest this application to the extent that DOE/FE fails 
to develop adequate monitoring terms of the sort we have described. 

IV. Conclusion 
 
Sierra Club and Riverkeeper therefore move to intervene, offer the above comments, 
and protest Oregon LNG’s export proposal for the reasons described above.  Oregon 
LNG’s application is not consistent with the public interest and must be denied. 
 
 
Respectfully submitted, 
 

 
 
Nathan Matthews 
Sierra Club Environmental Law Program 
85 2nd St., Second Floor 
San Francisco, CA 94105 
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Via eFiling 
 
December 21, 2012 
 
Secretary Kimberly D. Bose 
Federal Energy Regulatory Commission 
888 First Street NE, Room 1A 
Washington, DC 20426 
 

Re:   Scoping Comments on the Oregon LNG Export Project and Northwest’s 
Washington Expansion Project, Docket No. PF12–18–000 and PF12–20–000  

 
Dear Secretary Bose, 
 
 The Center for Biological Diversity (“the Center”) thanks you for this opportunity to 
submit scoping comments on the upcoming Federal Energy Regulatory Commission (“FERC”) 
Environmental Impact Statement (“EIS”) for two proposed projects: the Oregon Liquefied 
Natural Gas Export (“LNG”) Project and Northwest’s Washington Expansion Project (Docket 
No. PF12–18–000 and PF12–20–000). 77 Fed. Reg. 59,603 (Sept. 28, 2012). We strongly 
oppose these projects due to their significant environmental impacts, although we agree with the 
agency’s decision to issue an EIS to evaluate these impacts. 
 
 We hereby incorporate by reference the comments submitted by Columbia Riverkeeper 
on these projects, dated December 21, 2012. As described in those comments, construction and 
operation of these projects will cause serious, irreparable harm to the environment, including 
increased air pollution including the substantial emission of greenhouse gases, water pollution 
and dredging impacts, and the alteration of terrestrial habitat. We would like to highlight two 
additional issues that we feel merit particular attention in the agency’s EIS – impacts to marine 
resources and impacts to migratory and other birds. 
 
The Oregon LNG Export Project  
 
 As the agency is aware, the Oregon LNG project was originally proposed in 2008 as an 
import receiving terminal, which will include the construction of a marine terminal with an LNG 
carrier berth and turning basin, various storage facilities, and a pipeline. The company is now 
proposing to add an export component to the same project, so the project can be operated 
bidirectionally. The new export component will include the construction of two liquefaction 
trains and more production and storage facilities at the same location in Warrenton, Oregon and a 
new 39-mile pipeline segment between Woodland, Washington and Warrenton. The projects’ 
new and primary purpose is to reexport Canadian natural gas to foreign markets and to distribute 
Canadian gas to Pacific Northwest markets. 2012 Oregon LNG Export Project Prefiling Review 
Draft Resource Report 1, at 1-3 (2012) (“2012 Oregon LNG Terminal Draft Report”). In the 
same EIS, FERC will also be considering the Washington Expansion Project (“WEP”), proposed 
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by Northwest, to expand the capacity of Northwest’s pipeline between Sumas and Woodland to 
provide natural gas to the proposed Oregon LNG facility. 
 

Although the agency’s EIS will ultimately cover both aspects of the project (the previous 
import component and the current export component), as well as the connected WEP, in a single 
EIS, FERC has issued scoping notices on the two components separately. We note that it is 
difficult to provide comments on the export component alone, as the import and export 
components involve the very same LNG facility, and thus obviously overlap. We therefore 
address both the export and import components in these comments. Similarly, Oregon LNG has 
now produced two entirely separate, lengthy NEPA Prefiling Review Drafts for the import and 
export components. Neither document fully evaluates the projects’ impacts, and the production 
of two separate documents obscures the cumulative impacts. FERC should require the company 
to submit a new Prefiling Review Draft that covers both projects in a single document. 

 
Marine Impacts of the Oregon LNG Project 
 
 The Center expresses substantial concern over the Oregon LNG project’s marine impacts, 
as this project will cause a substantial increase in shipping, which will increase the risk that 
marine mammals will be struck by ships, add to already significant underwater noise, increase air 
pollution, and create a new risk of LNG spill. The 2012 Export Terminal documents predict a 
substantial increase in shipping facilitated by the Terminal’s construction. The documents 
estimate that 125 vessels will arrive annually at the Export Terminal and will travel primarily to 
and from Asia along the North Pacific Great Circle Route, past the Aleutian Islands. 2012 
Oregon LNG Terminal Draft Report, at 1-12. These additional 250 trips will increase travel 
along this route by around 6 percent. Id. Further, the proponent’s 2008 Import Terminal 
documents estimated that the additional trips, calculated even before the project included an 
export component, could increase traffic along coastal California, Oregon, and Washington by 
over 4 percent. 2008 Oregon LNG Terminal and Oregon Pipeline Project Draft Resource Report 
1, at 1-26 (2008) (“2008 Oregon LNG Terminal Draft Report”).  

 
1. Ship Strikes 

 
 Ship strikes are a major cause of death for numerous marine species, including 
Endangered Species Act-listed whales and turtles. A 2003 report identified 292 confirmed or 
possible ship strikes between 1975 and 2002, finding fin and humpback whales are the species 
most commonly found struck.1 Sea turtles are also struck by ships. Most ship strikes to large 
whales result in death.2 In its most recent Stock Assessment Report, NMFS has also documented 
numerous vessel-related mortalities and serious injuries for humpback whales, fin whales, killer 
whales, and other species on the West Coast, including some off of Oregon and Washington.3 
However, the number of documented ship strikes grossly underestimates actual incident and 

                                                 
1 Jensen, A.S. and G.K. Silber. 2003. Large Whale Ship Strike Database. U.S. Department of Commerce, 
NOAA Technical Memorandum. NMFS-OPR-25, 37 pp. Available at: 
www.nmfs.noaa.gov/pr/pdfs/shipstrike/lwssdata.pdf.  
2 Id. 
3 Caretta, J.V. et al. 2001. U.S. Pacific Marine Mammal Stock Assessments: 2011. NOAA-TM-NMFS-
SWFSC-488. Available at: http://www.nmfs.noaa.gov/pr/pdfs/sars/po2011.pdf.  
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mortality numbers, as many of animals sink, are scavenged, or are otherwise never seen. Id. 
Recent studies have estimated that only 2 percent of cetaceans killed are ever recovered, and thus 
mortality estimates based on stranded animals may vastly underestimate actual mortality.4 Based 
on annual census records of Southern Resident killer whales, carcasses from confirmed deaths of 
known individuals are recovered only 6% of the time.5  
 

In a Technical Memo, revised in June 2012, the Oregon LNG proponents attempt to 
estimate the likelihood of ship strike from the project, and conclude, based on the number of 
documented ship strikes in the area, that the likelihood is relatively low, around 0.05 per year per 
species. See Oregon LNG: Estimate of Potential Whale Strikes, at 3 (June 2012). Because the 
number of documented ship strikes does not reflect the actual number of ship strikes, this 
estimate is unrealistically low and ultimately unhelpful. We encourage FERC to fully and 
adequately consider the increased risk of vessel strikes as a result of shipping associated with this 
project. We also encourage the agency to consider this project’s shipping impacts cumulatively 
with other upcoming shipping-related projects, including the Jordan Cove LNG export facility 
and coal exporting facilities along the coast. Further, shipping through the Aleutian Islands is 
expected to increase as the Arctic sea ice recedes from global warming. This adds to the risk of 
ship strikes, underwater noise, and greenhouse gas and other emissions from the ships. We 
encourage the agency to consider both the proposed impacts of this project in addition to the 
anticipated impacts of increased shipping through the North Pacific Great Circle Route.  

 
Further, the proponents note that LNG carriers typically travel at almost 20 knots at 

ocean speeds, and 10 to 12 knots once in the Columbia River. Id. Research has shown a direct 
correlation between vessel speed and ship strikes resulting in whale mortality, including “clear 
evidence of a sharp rise in mortality and serious injury rate with increasing vessel speed.”6 For 
example, studies have found that the vast majority of lethal and serious whale ship strikes 
involved vessels exceeding 14 knots, and no lethal or serious injuries occurred at speeds below 
10 knots. We encourage the agency to consider an alternative that requires ship speed limits on 
approach to the facility or other mitigation measures. 

 
 
 

                                                 
4 Williams, R. et al. 2011. Underestimating the damage: interpreting cetacean carcass recoveries in the 
context of the Deepwater Horizon/BP incident, Conservation Letters, Vol. 4, Issue 3, pp. 288-233 
(June/July 2011) DOI: 10.1111/j.1755-263X.2011.00168.x. 
5 Fisheries and Oceans Canada. 2008. Recovery strategy for the northern and southern resident killer 
whales (Orcinus orca) in Canada. Fisheries and Oceans Canada, Ottawa, Canada. Available at: 
www.cbc.ca/bc/news/bc-081009-killer-whale-recovery-strategy.pdf; see also Kraus, S.D. et al. 2005. 
North Atlantic right whales in crisis. Science 309:561-562. Available at: 
http://www.sciencemag.org/content/309/5734/561 (estimating that only approximately 17 percent of ship 
struck North Atlantic right whale are actually detected). 
6 Pace, R.M. and Silber, G.K. 2005. Abstract: Simple Analyses of ship and large whale collisions: Does 
speed kill? Sixteenth Biennial Conference on the Biology of Marine Mammals. San Diego, December 
2005; Laist, D.W., Knowlton, A.R., Mead, J.G., Collet, A.S. and Podesta, M. 2001. Collisions between 
ships and whales. Marine Mammal Science 17(1): 35-75; Vanderlaan, A.S.M. and Taggart, C.T. 2007. 
Vessel Collisions with Whales: The probability of lethal injury based on vessel speed. Marine Mammal 
Science 23(1): 144-156. 
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2. Underwater Noise 
 

Over the past 50 years, there has been a dramatic increase in ocean noise pollution from 
human sources including navy active sonar, seismic surveys used for research and oil and gas 
exploration, and commercial shipping. Vessel traffic is the largest source of noise pollution in the 
marine environment, and the intense, low frequency noise pollution generated by ships can travel 
great distances through the water.7 This low frequency propeller noise is also in the same lower-
frequency range used for communication by whales, dolphins, and other marine animals.8  

 
Numerous studies have documented the potential impacts of increasing ocean noise, 

which can mask communication and impede reproduction, feeding, navigation, and ultimately 
survival of marine animals.9 Further, a recent study documented that chronic stress in North 
Atlantic right whales is associated with exposure to low frequency noise from ship traffic, which 
can cause long-term reductions in fertility and decreased reproductive behavior, increased 
vulnerability to diseases, and permanent cognitive impairment.10 Reducing ship speed can reduce 
noise levels,11 and again, the agency should consider requiring some mitigation for these effects. 

 
3. Air Pollution 
 

Ocean-going ships emit substantial amounts of air pollutants, including sulphur dioxide 
(SOx), nitrogen dioxide (NOx), and particulate matter that can cause serious human health 
impacts like respiratory inflammation, worsening of existing respiratory diseases, and even 
premature death.12 Environmental impacts of these pollutants are also serious and include 
nitrogen nutrient loading, acidification, smog caused by NOx and other precursor gases, and 
changes in visibility.13 

 

                                                 
7 Hildebrand, J. 2005. Impacts of anthropogenic sound In: Marine Mammal Research Conservation 
Beyond Crisis. Edited by: J.E. Reynolds III, W.F. Perrin, R.R. Reeves, S. Montgomery and T.J. Ragen. 
Johns Hopkins University Press, Baltimore, Maryland, pp. 101-124. 
8 Id. 
9 See Final Report of the NOAA International Symposium: Shipping Noise and Marine Mammals: A 
Forum for Science, Management, and Technology. Arlington, VA. May 2004 (summarizing studies). 
Available at: www.nmfs.noaa.gov/pr/pdfs/acoustics/shipping_noise.pdf; Wright, A.J. 2008. International 
Workshop on Shipping Noise and Marine Mammals, Hamburg, Germany, 21st-24th April 2008. Okeanos 
- Foundation for the Sea, Auf der Marienhohe 15, D-64297 Darmstadt. 33+v p.  
10 Rolland, R.M. et al. 2012. Evidence that ship noise increases stress in right whales. Proceedings of the 
Royal Society B. Feb. 8, 2012; Rolland, R.M. et al. 2007. The inner whale: hormones, biotoxins and 
parasites. In: Kraus S.D. and R.M. Rolland, (eds.). The Urban Whale: North Atlantic Right Whales at the 
Crossroads. Harvard University Press, Cambridge, MA.   
11 Wright 2008; see also Southall, B. L. and A. Scholik-Schlomer. 2008. Final report of the NOAA 
International Conference: "Potential Application of Vessel-Quieting Technology on Large Commercial 
Vessels," 1-2 May, 2007, Silver Spring, MD, U.S.A. (noting the correlation between vessel speed and 
noise).  
12 See Proposal to Designate an Emission Control Area of Nitrogen Oxides, Sulphur Oxides and 
Particulate Matter, International Maritime Organization, Marine Environment Protection Committee, 
Submitted by the United States and Canada (Apr. 2009). 
13 Id. 
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Further, ships also emit substantial amounts of greenhouse gases. For example, in 2007 
alone, shipping resulted in carbon dioxide emissions of 1046 million metric tons per year in 
2007, almost three percent of global greenhouse gas emissions.14 A single container ship can 
emit more pollution than 2,000 diesel trucks. Ships also contribute as much as 30 percent of the 
world’s nitrogen oxide emissions, an estimated 27.8 million tons per year.15 Ships also emit 
black carbon, or soot, as they burn fossil fuels. Marine shipping was responsible for 3.6 percent 
of the United States’ black carbon emissions in 2002,16 and shipping is responsible for all black 
carbon released over the oceans.17 All of these pollutants contribute to the ongoing and 
increasing impacts of global climate change. Further, the absorption of carbon dioxide into the 
ocean causes ocean acidification, altering seawater chemistry and impacting species.  

 
FERC must calculate and consider all air emissions of the shipping associated with this 

project and evaluate the impacts this air pollution will have on human health and the 
environment, in addition to all other direct and indirect air emissions associated with this project. 

 
4. Spills 
 

Finally, FERC must fully evaluate the potential for and full effects of both minor and 
major spills from an LNG carrier or the facility itself. Commonly, LNG carriers can transport 
125,000 m3 to 145,000 m3 of LNG, and newly designed carriers may carry up to 265,000 m3 of 
LNG.18 If spilled, the LNG may volatilize and transport as a vapor cloud or spread as a liquid on 
the water’s surface.19 Further, the LNG may ignite, causing an additional safety concern. While a 
major spill may be unlikely, the impacts of such a spill could be substantial. FERC must fully 
evaluate the consequences of an LNG carrier spill over water, including impacts to marine 
mammals and shorebirds. 
 
Migratory Birds, including Impacts from Drilling in Canada 
 

FERC must fully consider the direct impacts of the project, and particularly the pipeline 
construction, on migratory and other birds under NEPA. 40 C.F.R. § 1508.8. The project may 

                                                 
14 Marine Environment Protection Committee, International Maritime Organization (IMO),  
Prevention of Air Pollution from Ships: Second IMO GHG Study 2009 (Apr. 9, 2009). Prepared by 
Øyvind Buhaug et al. 
15 Friends of the Earth International (FOEI). 2007a. Prevention of Air Pollution from Ships: Recent 
Findings on Global Warming Justifying the Need for Speedy Reductions of Greenhouse Gas Emissions 
from Shipping. Submitted to the Marine Environment Protection Committee, IMO (May 4, 2007).   
16 Battye, W. and K. Boyer. 2002. Methods for Improving Global Inventories of Black Carbon and 
Organic Carbon Particulates, Report No. 68-D-98-046. Prepared for U.S. EPA by EC/R Inc. Available at 
http://www.epa.gov/ttn/chief/conference/ei11/ghg/battye.pdf. 
17 Reddy, M. Shekar and O. Boucher. 2006. Climate impact of black carbon emitted from energy 
consumption in the world’s regions. Geophysical Research Letters 34: L11802.  
18 Luketa, A., et al. 2008. Breach and Safety Analysis of Spills Over Water from Large Liquefied Natural 
Gas Carriers. Sandia National Laboratories. Available at: http://www.energy.ca.gov/lng/documents/2008-
09-11_SANDIA_2008_Report.PDF.  
19 Hightower, M. et al. 2004. Guidance on Risk Analysis and Safety Implications of a Large Liquefied 
Natural Gas (LNG) Spill Over Water. Sandia National Laboratories. Available at: 
http://www.energy.ca.gov/lng/documents/2004-12_SANDIA-DOE_RISK_ANALYSIS.PDF.  



 6

take birds directly through collisions with vehicles, nest disturbances and habitat destruction, and 
other impacts, and indirectly through increases in predation opportunities and habitat 
disturbance. FERC must consider the impacts on migratory birds and other birds within the 
project area under NEPA. 

 
 Further, FERC must consider the impacts of gas drilling in Canada on birds and other 

wildlife. NEPA requires FERC to consider all direct, indirect, and cumulative impacts of its 
decision on this project. 40 C.F.R. § 1508.8. Indirect impacts include all effects that “are caused 
by the action and are . . . farther removed in distance, but are still reasonably foreseeable.” Id. 
The purpose of this project is to distribute Canadian natural gas, thus construction and operation 
of this facility will facilitate ongoing and additional natural gas production in Canada. 2012 
Oregon LNG Terminal Draft Report, at 1-3; see, e.g., Mid-States Coalition for Prog. v. Surface 
Transp. Bd., 345 F.3d 520 (8th Cir. 2003) (invalidating EIS evaluating rail line transporting coal 
because agency failed to consider the indirect effects of the project on the market for alternative 
sources of energy that had lesser air quality impacts). These indirect impacts must be fully 
evaluated in the agency’s EIS. 
 

Natural gas production can have substantial impacts on migratory birds. For example, 
FWS has documented that oil and gas waste pits present significant risks to wildlife. Pits can 
“entrap and kill migratory birds and other wildlife” as birds mistake waste pits for bodies of 
water and become covered with substances that may cause exposure and exhaustion.20 In 
addition, the New Mexico Department of Game and Fish has expressed concern about the 
hazards of hydrocarbon toxicity to wildlife including “acute and chronic ingestion or absorption 
toxicity, loss of thermal stability from oiling of fur or feathers, and reproductive failure due to 
absorption of chemicals from the maternal bird body through the shell of eggs.”21  

 
Further, migratory birds are fully protected under the Migratory Bird Protection Act 

(“MBTA”), which prohibits the “take” of migratory birds and their nests or eggs, except as 
permitted by regulation. 16 U.S.C. § 703(a). “Take” is defined by the MBTA as “pursue, hunt, 
shoot, capture, collect, [or] kill.” Id. § 715(n). The prohibition applies broadly to all taking done 
“at any time, by any means or in any manner.” Id. § 703(a). FERC must ensure that the projects’ 
construction, eventual operation, and the Canadian drilling that may be facilitated by the projects 
does not cause the unlawful take of migratory birds and must seek an appropriate MBTA permit 
if necessary.  

 
Conclusion 
 
 The Center opposes the Oregon LNG Project and Northwest’s Washington Expansion 
Project (Docket No. PF12–18–000 and PF12–20–000). We encourage the agency to fully comply 
with NEPA in issuing its EIS and consider all of the very serious direct, indirect, and cumulative 
impacts of these projects on the environment. 

                                                 
20 U.S. Fish & Wildlife Service, Region 6 Envtl. Contaminants Program, Reserve Pit Mgmt.: Risks to 
Migratory Birds (2009). 
21 Kirkpatrick, Lisa, Letter from Lisa Kirkpatrick, Conservation Services Division Dept of Fish and 
Game, to New Mexico Oil and Conservation Division, Environmental Bureau re OCD Rule "Pits and 
Below-Grade Tanks" NMAC 19.15.2.40; NMGF Project No. 11251 (Feb 2, 2007). 
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Sincerely, 
 

 
Sarah Uhlemann 
Senior Attorney 
Center for Biological Diversity 
2400 NW 80th Street 
Seattle, WA 98117 
Tel: (206) 327-2344 
Email: suhlemann@biologicaldiversity.org 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Columbia Riverkeeper  
724 Oak Street 

Hood River, OR 97031 
Phone: (541) 387-3030 

www.columbiariverkeeper.org 
 
 

 
July 29, 2011  

 
 
U.S. Army Corps of Engineers 
Attn: Danette Guy, Project Manager 
P.O. Box 3755 
Seattle, WA 98124-3755 
Danette.L.Guy@usace.army.mil 
 

Washington Department of Ecology 
Attn: SEA Program—Federal Permit 
Coordinator 
P.O. Box 47600 
Olympia, WA 98504-7600 
ecyrefedpermits@ecy.wa.gov 

 
Via U.S. Email 
 

RE: Public Comment on Longview Fibre Paper and Packaging, Inc.’s 
Clean Water Act §§ 404 and 401 Permit Application, NWS-2011-
00637 

 
To whom it may concern: 
 
 Columbia Riverkeeper (“Riverkeeper”) submits the following public comments 
on the Longview Fibre Paper and Packaging, Inc’s (“Longview Fibre”) Clean Water Act 
(“CWA”) §§ 404 and 401 permit application, NWS-2011-00637.  Longview Fibre 
proposes dredging up to 22,000 cubic yards (cy) of accreted sediment and disposing of 
the dredged material in the flow land of the Columbia River.  The proposed dredging 
activity will target a depth of -10 feet Columbia River Datum.  The purpose of these 
activities is to “restore adequate navigational depths for shipping vessels using Longview 
Fibre docking facilities.”   
 

Longview Fibre’s dredging activities join a long list of recent or proposed 
dredging and in-water maintenance and deepening projects on the Lower Columbia, 
including a series of projects within close proximity to Longview Fibre.  Based on the 
large-scale investment in recovering endangered and threatened species in the Lower 
Columbia River, as well as efforts to improve water quality for various beneficial uses, 
Riverkeeper urges the U.S. Army Corps of Engineers (“Corps”) and Washington 
Department of Ecology (“Ecology”) to carefully consider the direct, indirect, and 
cumulative impacts of the Port’s projects and other actions occurring in close proximity 
to Longview Fibre’s project.   

 
Columbia Riverkeeper is a 501(c)(3) non-profit corporation whose mission is to 

restore and protect the water quality of the Columbia River and all life connected to it, 
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from the headwaters to the Pacific Ocean.  Riverkeeper’s members and volunteers reside, 
work, and recreate in Oregon and Washington, including near and downstream of 
Longview Fibre.  Many of Riverkeeper’s members rely on the Columbia River for their 
livelihoods and/or enjoy using the Columbia River for recreational and spiritual purposes, 
including fishing, swimming, and hiking.  In addition to working on-the-ground with 
volunteers to monitor and restore the Columbia, Riverkeeper regularly comments on 
federal, state, and local permits that impact water quality and habitat.  Based on the influx 
of dredging applications near, upstream, and downstream of Longview Fibre, 
Riverkeeper requests that the Corps and Ecology carefully assess the cumulative impacts 
of Longview Fibre’s project with other actions in the Lower Columbia River. 
 
I. THE DIRECT, INDIRECT, AND CUMULATIVE IMPACTS OF LONGVIEW 

FIBRE’S DREDGING PROJECT, IN ADDITION TO PAST, PRESENT, AND 
REASONABLY FORESEEABLE ACTIONS, IS SIGNIFICANT AND 
WARRANTS AN EIS. 

Longview Fibre’s dredging proposal will not occur in a vacuum.  The Lower 
Columbia River is subjected to extensive and ongoing dredging activities.  See Ex. A, 
Columbia River Channel Improvement Project Adaptive Environmental Management 
Plan.  Pursuant to National Environmental Policy Act (“NEPA”), the Corps must evaluate 
the significance of Longview Fibre’s proposal by accounting for the cumulative impacts 
of past, present, and future dredging activities in the Lower Columbia River.   
 

Longview Fibre’s application joins a long list of similar maintenance dredge and 
deepening projects on the Columbia River.  Many of these projects are within close 
proximity to Longview Fibre.  These include, but are not limited to, the following 
projects: 

 
 Port of Longview Emergency Dredge and Disposal Project 

o RM 47 and 48 
o Proposal: To address channel shoaling, the emergency dredge 

project will remove 200,000 cy and 300,000 cy in the mainstem 
Columbia. 

o Permit issued July 2011 
 

 Weyerhaeuser, NWS-2011-00181: 
o RM 63.4-65.8 
o Proposal: The applicant proposes dredging up to 3.1 million cy of 

sediment over a ten year period, with up to 300,000 cy dredged 
annually. 

o Public comment period closed July 16, 2011 
 

 Port of Longview, NWP-2000-39: 
o RM 66 
o Proposal: The Port proposes a series of dredging events to maintain 

existing depths or deepen the Port’s currently operational berths.  
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This includes dredging activities at Berths 1, 2, 4, 5, 6, 7, 8, and 9.  
The Port also seeks authorization to conduct annual maintenance 
dredging to address sediment accumulation on an as-needed basis.  
The Joint Public Notice does not state the amount of sediment that 
the Port proposes to dredge.  As part of this application, the Port 
also proposes replacing dilapidated, untreated wooden fender piles.   

o Public comment period closed July 19, 2011.   
 

 Millennium Bulk Terminals Longview and Northwest Alloys  
o RM 62.9 – 63.5 
o Proposal: Conduct in- and over-water infrastructure work and 

maintenance dredging.  The project includes: (1) conducting 
maintenance dredging of approximately 31,300 cy; (2) replacing 
12 creosote-treated timber piles with steel pipe; (3) replacing one 
18.5-inch octagonal concrete pile with steel pipe; (4) replacing 50 
timber cross-braces or bracing members; (5) removing non-
functioning derrick loader including 22 14-inch timber piles and 
650 sf of over-water decking; and (6) conducting various above-
water structural and safety improvements. 

o JARPA submitted June 2011.  
 
In addition, the Port of Kalama (RM 75) and its tenants have recently obtained or 
submitted applications for dredging projects, such as the Kalama Export dredge project.  
The Corps and Ecology must evaluate the significance of Longview Fibre’s proposed 
dredging activities in conjunction with cumulative impacts from past, present, and 
reasonably foreseeable future actions in the Lower Columbia. 
 

In its April 2011 SEPA comments, the Washington Department of Fish and 
Wildlife (“WDFW”) expressed similar concerns about the cumulative impacts of multiple 
dredging and maintenance projects near the Port of Longview.  WDFW’s comments are 
attached as Exhibit F. 
 

Aquatic lands at the Longview Fibre site and adjacent sections of the Columbia 
River support industrial activities as well as fish runs, including Endangered Species Act 
(“ESA”) listed salmon and smelt. Specifically, Longview Fibre’s dredging project will 
take place near designated critical habitat, or other spawning, rearing and migration 
habitat, of numerous federally protected species, including multiple runs of salmon and 
steelhead, green sturgeon, and smelt.  See Ex. B, Mary Moser, et al., Do Green Sturgeon 
in Estuaries Segregate by Distinct Population Segment? (powerpoint) (acoustic studies of 
federally listed green sturgeon demonstrate species presence near the Port of Longview); 
Ex. C, Oregon Department of Fish and Wildlife and Washington Department of Fish and 
Wildlife 2010 Joint Staff Report Concerning Stock Status and Fisheries for Sturgeon and 
Smelt, (Dec. 7, 2009); Ex. D, Columbia River Channel Project, Final Supplemental 
Feasibility Report and Environmental Impact Statement, Exhibit K-2, Evaluation Report 
Smelt (Revised); Ex. E, Factors Contributing to the Decline of Chinook Salmon: An 
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Addendum to the 1996 West Coast Steelhead Factors for Decline Report, National 
Marine Fisheries Service, 9 – 10 (June 1998) (“Land and water-use practices, including . . 
. dredging. . . have, and will continue to substantially altered [sic] watershed functions 
and features necessary for productive use by anadromous salmonids.”).  The cumulative 
impacts of Longview Fibre’s proposed dredging, along with past, present, and reasonably 
foreseeable actions, cross the threshold of significance, requiring preparation of a full 
EIS.    
 

Last year, the National Marine Fishers Service (“NMFS”) listed the Southern 
Distinct Population Segment of eulachon (i.e., smelt) as threatened under the ESA.  75 
Fed. Reg. 13012 (Mar. 18, 2010).  Dredging is recognized as a major impact on ESA-
listed eulachon (i.e., smelt).  See Status Review Update for Eulachon in Washington, 
Oregon, and California, Prepared by the Eulachon Biological Review Team (Jan. 20, 
2010) (“Potential dredging impacts on eulachon consist of direct effects of entrainment of 
adults and eggs and potential for smother of eggs with sediment . . . Indirect effects may 
consist of alteration of freshwater spawning habitat and estuarine nursery habitat.”) 
(citations omitted).  According to NMFS, “[d]redging during eulachon spawning would 
be particularly detrimental, as eggs associated with benthic substrates are likely to be 
destroyed.”  Id. at 13019.  The Corps and Ecology must therefore address the direct, 
indirect, and cumulative impacts of the Longview Fibre’s project on eulachon. 

 
In addition to the direct impacts of dredging, the Corps and Ecology must 

consider the direct, indirect, and cumulative impacts of increased ship traffic that the Port 
projects will foster.  For example, the Corps and Ecology must consider the direct, 
indirect, and cumulative impacts of invasive species contained in ballast water that would 
be released in the lower Columbia River as the result of the proposed dredging activities.  
The Corps and Ecology must also consider the direct, indirect, and cumulative impacts of 
ballast water uptake and wake stranding on juvenile salmon and steelhead, eulachon and 
other ESA-listed species.1  These are potentially significant impacts that should be 
considered thoroughly in an EIS.   

 
In addition, the timing of Longview Fibre’s maintenance dredge project is critical 

to assess the project’s significance and impacts to ESA-listed fish.  The Joint Public 
Notice fails to describe when Longview Fibre intends dredge 22,000 cy of sediment.  
Without this information, it is entirely unclear how the dredging activities will impact 
fish and wildlife, including ESA-listed fish.   

 Dredging in the Columbia River is an action with significant environmental 
consequences in its own right that should be evaluated in an EIS, along with alternatives.  
We again ask that the Corps and Ecology conduct a complete environmental review that 

                                                 
1 For example, eulachon larvae are extremely small at 4-8mm in length (about the size of 
mosquito larvae).  They are poor swimmers, simply drifting downstream with the current 
and out to sea.  They would not be able to avoid being drawn into a ship’s ballast water. 
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considers a series of similar actions that impact water quality and habitat at and near 
Longview Fibre.   

 
II. CONCLUSION. 

Riverkeeper urges the Corps and Ecology to assess fully the environmental 
impact of Longview Fibre’s application, including the aggregate impacts of multiple 
projects which are spatially and temporally similar to the Port’s in-water actions.  Thank 
you in advance for considering Riverkeeper’s public comments on Longview Fibre’s 404 
and 401 joint permit application. 

 
 

Sincerely, 
 
/s/ Lauren Goldberg 
 
Lauren Goldberg 
Staff Attorney 
Columbia Riverkeeper 
 

 
cc without encl.: 
 
 Steve Gagnon, U.S. Army Corps of Engineers 

Mike Wojtowicz, Cowlitz County Building and Planning 
 Shannon Wills, Assistant Director, Fish Biologist, Cowlitz Tribe 
 Jeff Fisher, National Marine Fisheries Service 
 Steven West, Washington Department of Fish and Wildlife 
 Micah Russell, Columbia River Estuary Study Taskforce 
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City of Vancouver • P.O. Box 1995 • Vancouver, WA 98668-1995 
www.cityofvancouver.us 

September 30, 2013 

MBTL Coal Export Terminal EIS 
c/o ICF International 
710 Second Ave., Suite 550 
Seattle, W A 98104 

Elaine Placido, SEP A Responsible Official 
Cowlitz County Department ofBuilding and Planning 
207 4th Avenue North 
Kelso, W A 98626 

SUBJECT: SEPA SCOPING COMMENTS ON MILLENNIUM BULK TERMINALS 
LONGVIEW LLC COAL EXPORT TERMINAL (MILLENNIUM) 

Thank you for the opportunity to comment on the SEPA Scoping Notice for potential impacts of 
the proposed Millennium Coal Export Terminal upon the City of Vancouver and its citizens. 
Vancouver is uniquely situated at the intersection of major rail corridors which lead to points 
east and north and south. The BNSF rail lines run through the City of Vancouver East-West 
along the Columbia River and North-South west of the downtown. A significant amount of rail 
freight traffic travels through Vancouver city limits and most, if not all, of the coal trains headed 
to or from the Millennium facility will pass through Vancouver city limits. 

As reflected in the City Council's Resolution ofJuly 16, 2012 (attached), and in public testimony 
received at a Clark College forum on the project on December 12, 2012, the City of Vancouver 
has a number of concerns with the project in regard to potentially significant adverse impacts. 

Please include the following in your Scoping Notice, to be addressed in the Draft Environmental 
Impact Statement (DEIS): 

1. 	 Impacts from Coal Dust. Substantial uncertainty exists, including contradictory evidence, 
about the potential environmental effects from coal dust that may blow off or otherwise 
escape the coal cars. The EIS should study and conclusively determine what direct and 
cumulative impacts may occur to human health and natural systems such as wetlands, soil, 

Millennium Coal Export Terminal 
Scoping Comment Letter 
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http:www.cityofvancouver.us


vegetation and streams. How much coal dust is likely to blow off or shake out of the open 
coal cars, based on the latest scientific studies? Serious consideration should be given to 
requiring that all coal cars which access the Millennium Terminal be covered during 
transport in order to mitigate such impacts to a level of non-significance. 

2. 	 Blocked Crossings. Vancouver has as many as 18 private at-grade crossings and at least 8 
public at-grade crossings. Given the projected length of the trains (up to a mile and-a-half per 
train) and the projected number of trains per day (as many as 20) that will be moving through 
Vancouver, there will be substantial delays at at-grade vehicle crossings. Such delays will 
result in increased residential and commercial traffic congestion, lost productivity; increased 
tailpipe emissions from idling vehicles, etc. Direct and cumulative impacts from blocked 
crossings need to be studied in the EIS, and mitigated to a level ofnon-significance. 

3. 	 Delays to Emergency Responders. Some residential areas along the Columbia River could be 
entirely cut off from emergency responders due to the length of the trains and slow speeds of 
the trains in city limits, or from trains that are stopped waiting for other trains to move. 
Emergency responders may have no alternative but to access such areas by boat. How will 
blocked crossings impact the ability of the frre department to respond to a frre or medical 
emergency, or the police to respond to a crime in progress? Such direct and cumulative 
impacts should be studied in the EIS and mitigated to a level of non-significance, which 
should include ongoing funding for the operation and maintenance of the City's frre boat and 
associated staff. 

4. 	 Impacts from Surfactant. To what extent does the chemical surfactant that is sprayed on the 
coal to minimize airborne transport of dust break down over time and under different weather 
conditions (e.g. heat, cold, precipitation, etc.)? What are the chemical components in the 
surfactant, and when the surfactant breaks down and is transported into the air, what are the 
potential health hazards and impacts to water, soil and vegetation? Direct and cumulative 
impacts from airborne or deposited surfactant released from the coal cars should be studied in 
the EIS. Again, mitigating such potential impacts by requiring the coal cars to be covered 
should be considered in the EIS. 

5. 	 Train Hom Noise. As noted above, there are at least 26 at-grade crossings within Vancouver 
city limits, and many of these are unsignalized crossings. Impacts from train hom noise to 
nearby residents or employees from as many as 20 additional trains per day should be studied 
in the EIS, and mitigated to the extent possible. 

6. 	 Increase in Train Diesel Emissions. It has been reported that, due to the anticipated length of 
the trains (up to one and a half miles), additional engines to pull or push the cars will be 
required, which will significantly increase localized impacts from diesel emissions. If each 
train requires twice the number of engines to haul the coal cars than a typical freight train, 
then the impacts from diesel emissions would be comparable to 40 trains per day, instead of 
20. What are the potential adverse health impacts to nearby residents or employees from such 
an increase? What are the impacts to the local or regional air quality from such an increase? 
The amount of diesel emissions from the total number of engines needs to be quantified and 
the direct and cumulative health and air quality impacts should be studied in the EIS and 
mitigated to a level ofnon-significance. 
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7. 	 Cumulative Impacts from Other Coal Export Facilities. The proposed Millennium Export 
Terminal is one of several coal export facilities that are proposed in the States ofWashington 
and Oregon. Cumulative impacts that can be reasonably anticipated from all other proposed 
coal facilities, whether or not a permit application has been filed, should be studied in the 
EIS, and potentially significant impacts mitigated to a level ofnon-significance. 

Again, thank you for the opportunity to provide comments on the SEPA Scoping Notice for the 
Millennium facility. We look forward to commenting further once the Draft EIS is made 
available for public comment. 

Sincerely, 

~&4-
Chad Eiken, AICP, Director 
Community and Economic Development Department 
(360) 487-7882 
chad.eiken@cityofvancouver.us 

Mayor and City Council 

Eric Holmes, City Manager 

Barbara Ayers, Communications Manager 

Jan Bader, Program Manager 

Joe Molina, Fire Chief 

Chris Sutter, Acting Police Chief 

Ted Gathe, City Attorney 

Stephanie Rice, The Columbian 
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RESOLUTION NO. \Y-3}:}'6 

A RESOLUTION of the City Council of the City ofVancouver, Washington, expressing 

concern regarding the impact of increased coal transport rail traffic in Vancouver resulting from 

proposed coal export terminal projects in Whatcom County Washington, Cowlitz County 

Washington, Grays Harbor County Washington, Morrow County, Oregon, Coos CoWity, Oregon 

and Columbia County, Oregon and requesting that the agencies reviewing the Environmental 

Impact Statements (EIS) for said projects, including federal, state, and local agencies, include 

impacts, both direct and cumulative, along the train and Columbia River routes for freight 

moving to the proposed terminals in the EIS and that at least one of the EIS Scoping hearings 

and one of any other subsequent hearings related to the EIS for each coal export terminal project 

be held in Clark County. 

WHEREAS, the Burlington Northern Santa Fe (BNSF) track runs through and bisects the 

city of Vancouver running east/west; and 

WHEREAS, another BNSF line runs north/south through the City of Vancouver, uses a 

railroad bridge located in southwest Vancouver to cross the Col:umbia River to points in the State 

of Oregon, and the bridge and line are also used by Union Pacific trains; and 

WHEREAS, there are proposed coal export terminal projects in Whatcom County 

Washington (the Gateway Pacific Terminal Project, or GPT) and Cowlitz County Washington 

(Millennium Project) in addition to possible proposals for Grays Harbor County Washington as 

well as Morrow, Coos and Columbia counties in Oregon; and 

RESOLUTION- 1 




WHEREAS, the City of Vancouver supports projects that create jobs and provide a 

healthy economy locally and regionally and understands that many permanent and potentially 

thousands of temporary construction jobs are at stake with the coal terminal proposal, and 

WHEREAS, the City ofVancouver, in partnership with the Port of Vancouver, is 

investing millions of dollars in public funding to improve its waterfront area with the intention of 

attracting new jobs and improving rail capacity; and 

WHEREAS, the City of Vancouver supports the rail expansion project underway at the 

Port of Vancouver which will create additional capacity to move goods and freight; and 

WHEREAS, the proposals (except Morrow County), if completed, will result in 

significant new rail traffic through Vancouver, including at least twenty additional trains per day 

ofup to one and half miles long; and 

WHEREAS, the Morrow County proposal will result in additional barge traffic along the 

Columbia River near the City ofVancouver; and 

WHEREAS, this increased rail traffic will have impacts in Vancouver including but not 

limited to increased traffic congestion and delays to residents and commerce, increased tail pipe 

emissions from stopped and idling vehicles and increased diesel emissions; and 

WHEREAS, Vancouver has been made aware of potential impacts from coal dust and 

other particulates that may be blown from open rail cars and barges including air and soil 

pollution and health impacts but has no way to evaluate such potential impacts; and 

WHEREAS, Whatcom County, Washington Department of Ecology and the United 

States Corp of Engineers have entered into an MOU to jointly promulgate the required EIS and 

are currently scoping the EIS for the GTP project; and 

RESOLUTION - 2 




WHEREAS, Cowlitz County is evaluating an application and developing an EIS for the 

Millenniwn project and Washington Department of Ecology and the United States Corp of 

Engineers are also involved such evaluation; and 

WHEREAS, the nature and scope of the environmental review for the other coal export 

terminal proposals has yet to be determined; and 

WHEREAS, . said agencies should include the impacts of coal-based export facilities, 

including increased rail traffic and coal dust, in the scope of the EIS for each coal export terminal 

project, and public hearings at the various stages ofthe EIS process should be conducted in Clark 

County; and 

WHEREAS, the Federal National Environmental Policy Act (NEPA) and the Washington 

State Environmental Policy Act (SEP A) require the consideration in environmental review of 

both the direct and indirect impacts of the terminal proposals including off-site impacts along 

the rail lines used to deliver coal to the terminals; and 

WHEREAS, NEPA and SEPA require the consideration in environmental review of the 

cumulative impacts of all of the terminal proposals including those actually applied for and those 

that are reasonably foreseeable; and 

WHEREAS, substantial uncertainty exists, including contradictory evidence, about the 

environmental effects of coal dust potentially escaping from the trains, potential impacts on 

water quality resulting from coal barge traffic, and the number and size of trains using the tracks 

passing through the City ofVancouver; and 

WHEREAS, uncertainty regarding coal trains and barges passing through or near 

Vancouver should be clarified in NEPA and SEPA review; and 

WHEREAS, the City of Vancouver wishes to become a Party of Record regarding all of 

the coal terminal projects proposed in the states of Oregon and Washington. 

RESOLUTION - 3 



NOW THEREFORE BE IT RESOLVED BY THE CITY COUNCIL OF 

VANCOUVER: 

Section 1. We urge all local reviewing Washington and Oregon agencies, the Washington 

State Department of Ecology, reviewing Oregon State Agencies, and the United States Army 

Corps of Engineers to include impacts of the proposed coal export facilities on Vancouver, 

including but not limited to increased traffic congestion and delays to residents and commerce, 

increased tail pipe emissions from stopped and idling vehicles, increased diesel emissions and 

potential impacts from coal dust and other particulates that may be blown from open rail cars and 

barges in the scoping of the EIS for both the GPT project and the Millennium project and all coal 

export terminal projects reasonably foreseeable in the states ofWashington and Oregon. 

Section 2. We urge all local reviewing Washington and Oregon agencies, the Washington 

State Department of Ecology, reviewing Oregon State Agencies, and the United States Army 

Corps of Engineers to conduct an analysis of the cumulative impacts of the GPT and Millennium 

project and all coal export terminal projects reasonably foreseeable in the states of Washington 

and Oregon through a SEPA and NEPA environmental impact statement process. 

Section 3. We urge all local reviewing Washington and Oregon agencies, the Washington 

State Department of Ecology. reviewing Oregon State Agencies, and the United States Army 

Corps of Engineers to conduct at least one EIS scoping hearing for each coal export terminal 

project and at least one of any subsequent hearings related to the EIS for all coal export terminal 

projects proposed in the states of Washington and Oregon at a location in Clark County. 

Section 3. We request that the City of Vancouver be made a Party of Record for all coal 

export terminal projects proposed in the states ofWashington and Oregon. 

Section 4. That this Resolution shall take effect and be in full force upon passage and 

signatures hereon. 

RESOLUTION- 4 



ADOPTED at regular session of the Council of the City of Vancouver, this lu±b 
day of__....lo,s-..J.~J,ji,l.alAa..~:~r------'' 2012. 

ATTEST: 

R~ 
By: Carrie Lewellen, Deputy City Clerk 

APPROVED AS TO FORM: 

RESOLUTION- 5 




COLUMBIA RIVER INTER-TRIBAL FISH COMMISSION 
700 NE Multnomah Street, Suite 1200 (503) 238-0667 

F ( 503) 23 5-4228 Portland, Oregon 97232 www.critfc.org 

November 1'8, 2013 

VIA Email and U.S. Post 

Millennium Bulk Terminals- Longview EIS 
c/o ICF International 
710 Second Avenue, Suite 550 
Seattle, W A 98104 
comments@millenniumbu1keiswa.gov 

RE: Millennium Bulk Terminals LLC, Longview Shipping Facility Project- Scoping Comments 

To Whom It May Concern: 

The Columbia River Inter-Tribal Fish Commission (CRITFC) appreciates this opportunity to comment 
on the scoping process for the state and federal environmental impact statements (SEP A and NEP A, 
respectively) being conducted by the State of Washington and the U.S. Corps of Engineers. We submit 
these comments in support of and as a companion for the comments and concerns of our member tribes, 
the Confederated Tribes and Bands of the Y akama Nation, the Confederated Tribes of the Umatilla 
Indian Reservation, the Nez Perce Tribe and the Confederated Tribes of the Warm Springs Reservation. 
Any comments filed by these tribes are hereby incorporated by reference. 

CRITFC was formed 1977 to ensure a unified voice in our member tribes' management oftheir fishery 
resources, and as managers, to protect reserved treaty rights through the exercise of the inherent 
sovereign powers of tribes. CRITFC functions to protect, promote, and enhance the Columbia River 
Basin's anadromous fish resources consistent with the treaty-secured interests of its member tribes by 
formulating a broad, general fisheries program, and providing technical and legal support. The tribes 
recognize that to protect their fisheries, managers must take a holistic approach to recovering the fish 
and the ecosystems upon which those fish depend. Therefore, proposals for new developments must be 
examined and analyzed with the best scientific information available to determine whether the project
and the synergistic effect stemming from that project - does not place too much burden on the aquatic 
resources of the Basin. 

General Site Concerns 

The Port of Longview is located within the Columbia River estuary, a valuable functioning ecosystem 
that has been identified by scientists and resource managers as a vital link in the lifecyle of most 
anadromous fish in the Basin. All anadromous species, including those listed under the Endangered 
Species Act, pass through or rear, in the estuary. The fact that habitat around the Port is already 
degraded makes it imperative that any new development cause as little injury as possible. The particular 

Putting fish back in the rivers andprotecting the watersheds where fish live 

mailto:comments@millenniumbu1keiswa.gov
http:www.critfc.org
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site on which Millennium Bulk is planning to build is especially polluted, so planners need to take extra 
caution. On all the factors below, the State and the Corps should carefully analyze the potential effects 
and examine the best available science. 

• 	 Destruction of Wetlands. The proposal will include destruction of wetland habitat in order to 
build out the docks. The estuary is habitat-deficient for many aquatic species, so further loss of 
wetlands is a significant concern. 

• 	 Dock Construction. Docks have been shown to cause disparate impacts to the system depending 
on their location and size. Docks provide in-water refugia for aquatic predators as well as resting 
spots for birds that feed on outmigrating salmonid smolts. Construction of the docks diminish 
rearing habitat and create water quality concerns. 

• 	 Nighttime lighting. The proposal indicates that the project will be operated on a twenty-four hour 
basis. Other projects that operate at night with bright lights have been shown to benefit predators 
to the detriment of salmonids and other aquatic species. 

• 	 Fugitive coal dust from the site. Fugitive coal dust is a challenge at every point in the "coal 
lifecycle", i.e., from extraction to use. The Port of Longview is subject to frequent high winds 
from the west and south. During certain wind patterns fugitive coal dust will impact the river 
regardless of the amount of surfactant and water that is applied to the coal mounds. Coal dust has 
been shown to contain toxic properties that pollute the air and may cause toxic water conditions. 

• 	 Polluted Stormwater Runoff. As the piles ofcoal are wetted to reduce fugitive coal dust, runoff 
from the coal, which may contain mercury, arsenic, lead and other pollutants, will either pollute 
the river or pollute the soil and be entrained into the alluvial groundwater paths. This issue must 
be examined and any opportunities to devise means to avoid these sources of pollution should be 
examined. 

• 	 Dredging for Construction and Operations and Maintenance. Dredging is projected to be a 
continual need for dock operation and will contribute long-term impacts to river flow and 
degrade benthic health. Repeated actions such as this will result in cumulative effects. 

• 	 Dredge Spoils. The site upon which this project is proposed is highly contaminated from past 
practices of tenants. All dredge spoils should be carefully analyzed for potential contaminants 
before being placed back in the riverine system, and if contaminants are found, they should be 
properly disposed. General concerns with dredge spoil placement should also be analyzed, 
including the creation or expansion of avian predator habitat. 

• 	 Increase in Large-sized Ship Traffic. The ships of the Panamax category, proposed for this 
project, will be massive for the Columbia River. Ships of this size and draft are unique for this 
area. Studies have shown that large ships cause huge disturbances in the system, including 
causing wake stranding of outmigrating smolts, bank erosion and disturbance of nearshore 
habitats. Adding this project to the river will increase ship traffic dramatically and will have 
significant negative effects on listed salmonids. 



Millennium Bulk Terminals 
November 18, 2013 Page 3 of8 

Cumulatively these activities; dock building, dredging, wetland removal and fill and excess ship traffic, 
can wreak havoc on the estuarine ecosystem. As more is learned about the high value of estuarine 
habitat, a greater understanding is being gained of the hydrodynamic impacts ofvarious developments 
within the estuary. At a minimum, the analysis needs to determine a baseline bathymetry value and 
conduct a hydrodynamic modeling study of the effects of all these activities on the estuary, including 
effects on water flow, velocity, and sediment transport. The study should include various water quality 
parameters, including temperature. 

Transportation 

This project is nothing without transporting coal to and from the site. And the opposite is also true, coal 
shipments to and from Longview will not occur without this Project. Without trains, ships and 
potentially, barges, no coal would be transferred to or stored at the Port of Longview. The effects of coal 
transportation will directly - and disproportionately - affect tribal people along the river. 

Currently, rail traffic on both sides of the Columbia River is at high volume. During fishing season, 
tribal fishers are faced with extremely dangerous conditions as they cross rail tracks, usually without the 
benefit of an overpass or lighted crossing signal, in order to reach their usual and accustomed fishing 
sites along the river bank. This proposal will increase this traffic by an order ofmagnitude and will 
further exacerbate this situation. Neither Millennium Bulk nor Burlington Northern, which owns the rail 
lines, has planned to pay for crossing improvements to decrease the danger. In fact, neither entity is 
required to do so. 

Two to three coal trains travel the Gorge area daily. Tribal fishers have reported fugitive coal dust 
emitting from the open cars and have noted coal dust in all areas around the train tracks. Fugitive coal is 
dust is already a concern for tribal fishers; it is a concern for their lung health and for the health of their 
river and fish. Studies need to be conducted to learn about the interaction of coal and water and its 
bioaccumulative capacity of associated toxics with regards to fish, both anadromous and native. 

Tribal fishers are very concerned about the potential for expansion of the rail along the river. As you are 
aware, there are multiple similar projects proposed for the area, including a handful of oil export 
terminals, which will burden the rail capacity as it currently exists. BNSF has claimed more than once 
that it wants to expand capacity. At many points along the Columbia River Gorge, there is no land 
available between the mountains, highway, train tracks and the river to allow for rail expansion. Where 
there is physical space that might allow for expansion, known issues associated with rail expansion 
would include: 

• 	 Construction and operating impacts on access to and use of Treaty Fishing Access Sites 
developed pursuant to P .L. 100-581. Seventeen are located on the Washington side of the 
Columbia River between Bonneville and McNary dams. Fifteen are accessed by grade level 
crossings. 

• 	 Construction and operating impacts on access to and use of In-Lieu Fishing sites developed 
pursuant to P .L. 79-14. Residents at these sites complain of coal dust emissions from current coal 
shipments. 
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• 	 Impacts to Columbia River ecosystem functions associated with construction impacts, fill and 
railroad operations associated with an expanded footprint. 

• 	 Impacts to tribal cultural resources along the Columbia River, including impacts to tribal cultural 
properties, associated with land disturbing activities, restrictions on access, and other changes to 
properties affecting the Columbia River shoreline. 

• 	 Impacts to the scenic values of the Columbia River Gorge. 

These impacts would be unacceptable to the tribes. 

Finally, there has been some speculation that the proponent company, Ambre Energy, which is also 
proposing a smaller coal export project at the Port of Morrow, Oregon, would resort to using barges to 
move coal to Longview for this project. The tribes are on record with their concern about expanding the 
number of barges on the river from that which are currently active. Barges can put tribal fishers in 
dangerous conditions, particularly when tribal members are fishing with drift nets. Barges can also clip 
gill nets and destroy them. The tribes call upon the Corps of Engineers to revisit their navigation 
decisions and update their NEPA analysis with respect to Columbia River navigation, including these 
proposals - with expanded navigation - as part of the analysis. 

In summary, the State of Washington and the Corps ofEngineers should analyze the role transportation 
plays in this project and the risks and dangers posed by that transport as well as consider the multiplying 
effects of other similar (oil and coal) projects operating within the same region using the same 
transportation resources. These risks include (but are not limited to): 

• 	 An increase of large Panamax ships in the estuary that could damage fragile habitat and strand 
aquatic species; 

• 	 A substantial increase in current train traffic, impeding economic activity along the river and 
increasing train-strike danger to tribal members accessing their treaty-supported fishing sites; 

• 	 More trains increase other risks, including derailments and crashes, which, if occurred, could 
devastate tribal fisheries and create serious dangers to tribal fishers along the river; 

• 	 Expansion of rail in the Gorge and along the river that could include filling the river, and will 
likely impede or displace access to treaty fishing; 

• 	 Increase in fugitive coal dust that will pollute the river banks, the water and create great human 
health concerns; and 

• 	 A potential increase of riverine barge traffic, which will impede tribal fishing and create greater 
dangers. 
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Climate Change 

Climate change is expected to significantly alter the ecology and economy of the Pacific Northwest 
during the 21st century. The CRITFC tribes are among the most climate-sensitive communities 
http://www.critfc.org/fish-and-watersheds/climate-change/climate-change-strategies/, since their culture 
and economies are deeply connected to tribal First Foods; foremost among them water and salmon. 

Increased insect outbreaks, wildfires and changing species composition in forest and upland areas will 
pose challenges for adequate ecosystem health. Declining springtime snowpack will also lead to reduced 
summer streamflows, which will strain water supplies and require alterations in hydropower operations. 
Coldwater fisheries such as salmon, Pacific lamprey and sturgeon will experience additional stresses as 
water temperatures rise and summer streamflows decline. 

Salmon and lamprey are particularly susceptible to these changes in water quantity and quality not only 
because they rely on freshwater rivers and streams as spawning and rearing habitat and as migration 
corridors but also because their survival is already imperiled by an accumulation of other detrimental 
synergistic factors. 

The resulting alteration of salmon migration patterns, degradation of salmon spawning and rearing 
grounds, and the increase of predators and aquatic contaminants, if not addressed, could lead to salmon, 
lamprey and other fish extinctions. 

The proposed project will significantly add to the burdens already placed on the climate through extra 
diesel consumption at the outset and then later, additional C02 from coal burning emissions in Asia. 
These inputs may increase ocean acidification, which will directly affect anadromous fish, specifically 
those that return to the Columbia River. It has been demonstrated that proper ocean conditions result in 
healthier adult returns to the river. 

The burning of coal also results in more mercury in the atmosphere that travels on the prevailing winds 
to deposit in the rivers and soils of the Pacific Northwest. Recently, tissue of native fish in various 
locations in the Basin have been found to contain high levels of methylated mercury, which is dangerous 
to children, elderly and pregnant women. Increasing source inputs of mercury is not the direction that we 
want to go. Will the ultimate consumers of this coal burn it in facilities that would operate in 
facilities in accordance to standards similiar to the U.S. EPA's Mercury and Air Toxics Standards 
(MATS)? What mercury standards are in effect where this coal will be burned? 

Scope of Analysis 

CRITFC is pleased that the State of Washington is conducting an appropriately balanced analysis that 
will include a broad review of all direct, indirect and cumulative effects, including climate effects. 
Unfortunately, however, the U.S. Corps of Engineers has failed to interpret and implement its 
obligations under NEP A correctly- to comprehensively examine the effects of a proposal on the human 
environment. Even the CEQ has included greenhouse gas emissions, among other broad issues, in its 
implementing regulations for NEP A. The issues that are pointed out in this letter logically stem from the 
proposals and are, at a minimum, reasonably foreseeable to occur. For example, but for train transport 
(and potentially, barge transport) there would not be a project proposed for the Port of Longview. This 
project cannot be reviewed in a narrow vacuum under any interpretation or construction of the NEP A 
statute- as well as current case law- in the way that the Corps is attempting to do. In addition, the 

http://www.critfc.org/fish-and-watersheds/climate-change/climate-change-strategies
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Corps is abdicating its trust responsibility to the tribes of the Basin by not considering how this project 
will reasonably and foreseeably directly, indirectly and cumulatively effect tribal treaty fishing. 

Throughout the last century the river people have seen development projects come and go. Many 
developments remained but very few of these benefited tribal people; most have wreaked havoc on the 
ecosystem and brought tribal fisheries to the brink of extinction. This is the lens in which the river 
people view new developments that propose to destroy more aquatic habitat with little, or no, benefit to 
those who rely on the river for sustenance. In this light, it is important that the State of Washington and 
the Corps of Engineers take their respective responsibilities seriously and carefully evaluate all the 
impacts, broad and narrow, that could disrupt the fragile balance of the river and the region. 

We appreciate this opportunity to provide scoping comments for this process. If you have any questions, 
please contact CRITFC staff, Julie Carter, at 503-238-0667. 

Babtist Paul Lumley 
Executive Director 

Enclosure 
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Columbia River Inter-Tribal Fish Commission 

Resolution 


Coal Export Proposals 

COMMISSION RESOLUTION NO. 13-01 

WHEREAS, the Columbia River Inter-Tribal Fish Commission was formed by the Nez Perce, 
Umatilla, Warm Springs, and Yakama tribes to provide a joint effort to protect, promote, and 
enhance the Indian treaty fishery on the Columbia River; and 

WHEREAS, the Constitution and By-Laws of the Columbia River Inter-Tribal Fish Commission 
recognize that fisheries are a valuable resource, and that to protect the fisheries requires holistic 
management of both the fish and the ecosystems upon which those fish depend; and 

WHEREAS, the Columbia River Inter-Tribal Fish Commission's Energy· Vision of 2003 
contemplates taking energy demand "off the backs of salmon and the environment that supports 
them" as the primary goal of the region's energy policy; and 

WHEREAS, there are numerous proposals for the export of coal in volumes over 100 million 
tons annually to be shipped adjacent to, in proximity to, or on the surface of the Columbia River 
to destinations in Oregon and Washington, including the ports of Morrow, Vancouver, Longview, 
and Cherry Point; and 

WHEREAS, any of the proposed projects would pose significant risks to tribal rights and 
resources, including: 

Intrusion on and displacement of treaty-reserved traditional fishing, hunting and 
gathering sites; 

• 	 Degradation and destruction of cultural and religious sites; 
• 	 Harmful effects to human health related to fugitive coal dust and mercury poisoning; 
• 	 Further degradation of water quality and fish habitat; 
• 	 Filling of shorelines, wetlands, and streams during expansion or reconstruction of rail 

lines along the Columbia River; 
• 	 Potential for adding more mercu1:-y deposits in the region via weather patterns due to 

increased coal emissions in Asia. 

NOW THEREFORE BE IT RESOLVED that the Commission opposes any project that would 
substantially degrade treaty fishery resources and the ecosystems upon which those resources 
depend; and 



BE IT FURTHER RESOLVED that the Commission calls upon state, county, and federal 
agencies with regulatory permitting authorities to conduct comprehensive evaluations of the 
broad range of effects from all proposed coal export projects in the Columbia River Basin; 

AND BE IT FINALLY RESOLVED that said Resolution has not been modified, amended, or 
repealed and is still in full force and effect. 

CERTIFICATION 

The foregoing Resolution was adopted at a Regular 
Commission Meeting ofthe Columbia River Inter-Tribal 
Fish Commission held on the 25th day of July, 2013, at 
which a quorum was present. The vote for the 
Resolution was~ for and _Q_ opposed. 

JOel:ffett 
Commission Chair 

Attest 

G 
ission Secretary 

CRITFC Resolution 13-01 



November 18, 2013 

Millennium Bulk Tenninals EIS 
c/o ICF INTERNATIONAL 
710 Second Avenue, Suite 550 
Seattle, W A 98104 

Re: Scoping Comments on the Millenium Bulk Terminals-Longview, LLC SEPAINEPA EIS 

Dear Sir or Madam: 

Thank you for providing the opportunity to participate in the scoping process and comment 
on your Environmental Impact Statement (EIS). Millennium Bulk Terminals-Longview, LLC 
(MBTL) is proposing to construct and operate a marine terminal for export of coal in Cowlitz 
County, Washington. The Cowlitz County Department ofBuilding and Planning, the U.S. 
Army Corps ofEngineers, and the Washington State Department ofEcology entered into a 
memorandum ofunderstanding (MOU) to work cooperatively as Co-Lead Agencies for the 
completion of a combined NEPA/S EPA Environmental Impact Statement (EIS ), which is 
required for this project. It is our understanding that the MBTL proposal is for a facility that 
would ultimately have the capacity to handle 44 million metric tons of coal annually. 

These comments are provided on behalf of the National Marine Fisheries Service (NMFS). 
The NMFS is responsible for stewardship of the Nation' s living marine resources and their 
habitats within the United States ' Exclusive Economic Zone. Our mandates and authorities are 
derived from numerous statutes, most significantly the Magnuson-Stevens Fishery Conservation 
and Management Act (MSA), the Endangered Species Act (ESA), and the Marine Mammal 
Protection Act (MMPA). The NMFS will also consult with tribes affected by this project as 
part ofour federal treaty trust responsibilities. Under the ESA, the NMFS will consult with the 
Army Corps of Engineers, State of Washington Department ofEcology, and Cowlitz County 
(collectively referred to as the Co-Lead Agencies) for the species and critical habitats identified 
in Table 1. In addition, the NMFS will conduct an Essential Fish Habitat (EFH) consultation 
with the Co-Lead Agencies for 46 groundfish, four coastal pelagic species, and three Pacific 
salmon species (Table 2). The NMFS will also assist the Co-Lead Agencies in acquiring an 
Incidental Take Authorization through the MMPA for marine mammal species that frequent 
the lower Columbia River and marine waters within the EEZ that could be affected by shipping 
traffic associated with the project. Several of the marine mammal species that may be found 
within the EEZ in coordination with the shipping lane are also listed as endangered under the 
ESA (southern resident DPS of the killer whale, and the humpback, blue, fin, sei, and sperm 
whales) and effects of shipping-associated vessel strikes will also be considered in consultation. 



Table L Federal Register notices for final rules that list threatened and endangered species, 
designate CHs, or apply protective regulations to listed species considered in this consultation. 

Species IESU or DPS Listin& Status Last Reaffirmed Critical Habitat Protective Re&nlations 

Chinook salmon (Oncorhynch1rs rsha•~-;,-.·tsclza) 

Lower Columbia River T; 08/15/11; 76 FR 50448 09/02/05; 70 FR 52630 06//28/05; 70 FR 37160 

Upper Willamette River T; 08/15/11; 76 FR 50448 09/02/05; 70 FR 52630 061128/05; 70 FR 37160 

Upper Columbia River spring-run E; 08/15/11; 76 FR 50448 09/02/05; 70 FR 52630 ESA section 9 applies 

Snake River spring/summer run T; 08 15' 11 ; 76 FR 50448 10 '25, 99; 64 FR 57399 06 '28105; 70 FR 37160 

Snake River fall -run T; 08 15/11; 76 FR 50448 12 '28i93; 58 FR 68543 06/28/05; 70 FR 37160 

Chum salmon (0. keta) 

Columbia River T; 08/15/11; 76 FR 50448 09/02/05; 70 FR 52630 06/28/05; 70 FR 37160 

Coho salmon (0. kismch) 

Lower Columbia River 
T; 08/15 11; 76 FR 50448 Proposed 1 14 2013: 06 28105; 70 FR 37160 

78FR2726 

Sockeye salmon (0. nerka) 

Snake River E; 08/15/11; 76 FR 50448 12128/93; 58 FR 68543 ESA section 9 applies 

Steelhead (0. mykiss) 

Lower Columbia River T; 08 15 11; 76 FR 50448 09102105: 70 FR 52630 06/28/05; 70 FR 37160 

Upper Willamette River T; 08/15 '11; 76 FR 50448 09/02/05; 70 FR 52630 06/28/05; 70 FR 37160 

Middle Columbia River T; 08/15/11; 76 FR 50448 09102105; 70 FR 52630 06128105; 70 FR 37160 

Upper Columbia River T; 08 15 '11; 76 FR 50448 09102105; 70 FR 52630 02101t06; 71 FR 5178 

Snake River Basin T; 08/15/11; 76 FR 50448 09/02/05; 70 FR 52630 06128/05; 70 FR 37160 

North American Green Sturgeon (Acipenser medirostris) 

Southern DPS T; 04/07/06; 71 FR 17757 10/09/09; 74 FR 52300 06/02/10; 74 FR 30714 

Pacific enlachon (Thaleicllthys pacifictrs) 

Southern DPS T; 03 18 10; 75 FR 13012 10/20 '11; 76 FR 65324 Not applicable 

Leatherback sea turtle (Dermochelys coriaceo) 

06/02/1970 01/05/2010 

NA 
35 FR 8491 75 FR 319 Under Development 

Endangered Proposed Revision 



--

Table 2. Species of fishes found in area potentially affected by project actions with designated 
EFH. 

~-,.-----· ·- ---
Groundfish redstripe rockfish Dover sole 

Microstomuspaci ficusSpecies S proriger 
English sole spiny dogfish rosethom rockfish 

Parophrys vetul us~ualus acanthias S. helvomaculatus 
flathead sole big skate rosy rockfish 

Raj a binocul ata S. rosaceus Hippoglossoides elassodon 
petrale sole rougheye rockfish California skate 

Eopsetta jordaniRai a i nornata S. al euti anus 
rex sole Longnose skate sharpchin rockfish 

Raja rhina S zacentrus Gl~oc-~alus zachi rus 
ratfish splitnose rockfish rock sole 

Lepidopsetta bilineataHvdrol agus coli iei S. diploproa 
sand sole Pacific cod striptail rockfish 

Gadus macrocephalus S. saxicola Psettichthysmelanostictus 
Pacific whiting (hake) tiger rockfish starry flounder 
Merlucciusproductus PIati chthys stellatus IS. nigrocinctus 

arrowtooth flounder black rockfish vermilion rockfish 
S?bastes melanops S miniatus Atheresthes storrias 

bocaccio yelloweye rockf"!Sh 
S paucispinis S. ruberri rrus 

brown rockfish yellowtail rockfiSh Coastal Pelagic 
S. auriculatus SpeciesS flavidus 

canary rockf"!Sh shortspine thorny head anchovy 
S. pinniger Sfbastolobus alas:anus Engraul is mordax 

China rockfiSh cabezon Pacific sardine 
S. nebul osus S;orpaenichthys marrroratus S:irdinops sagax I 

copper rockfish lingcod Pacific mackerel 
S. caurinus Ophiodon elongatus S;omber j aponicus 

darkblotch rockfiSh kelp greenling market squid 
S crameri Hexagrarrmos decagranrnus L oligo opalescens 

Greenstriped rockfish sable fish Pacific Salmon 
S. el onqatus Anoplopoma firrbria Species 

Pacific ocean perch Pacific sanddab Chinook salmon 
S. alutus Citharichthys sordidus Oncorhychus tshawyt~ha 

quillback rockfish butter sole coho salmon 
S. maliger lsopsetta isolepis 0. kisutch 

redbandedrockf!Sh curlfin sole Puget Sound pink salmon 
S. babcocki PI a~ronichthys decurrens 0. gorbu~ha 

The ESA requires NMFS to evaluate the potential of all construction and future operation of the 
proposed terminal, as well as all interrelated and interdependent actions which are reasonably 
certain to occur including effects from transportation ofproducts. The NMFS will also evaluate 
indirect and cumulative effects that potentially affect the species listed above from activities that 
are reasonably certain to occur. 

To meet the requirements of the ESA, MSA, and MMPA, the COE intends to conduct 
interagency consultations with NMFS regarding all species listed above. For a complete 
evaluation, NMFS requires adequate information on relevant changes to the environmental 



baseline which could have potential effects to protected species and their habitat The EIS and 
biological assessment should include an accurate and thorough description of the environmental 
baseline, a complete description of all parts of the action, and details on how those actions affect 
the existing environmental baseline. The environmental baseline describes the condition ofthe 
environment prior to construction and future operation of the project1. It is our understanding 
that :MBTL is gathering physical and biological baseline data and information of the project 
site where pier construction will take place, as well as the interrelated rail line and storage 
areas needed for the operation. The proposed project is reasonably certain to create additional 
activities that will impact the environment further than the project location in Longview and 
these should also be considered. 

The pier and associated facilities at Longview are being built to facilitate shipment of a bulk 
commodity overseas. The pier facilitates the larger action, which is the transportation of the 
product from the source to their customers overseas. The construction and operation of the pier 
and facilities at MBIL depends on the transportation of these products. Therefore, the effects 
from transportation of the products are considered interrelated actions and require analysis under 
section 7 of the ESA. Transportation of the products includes vessel and rail traffic. The NlVIFS 
therefore requests information on rail-line and shipping transportation corridors including routes 
and number of crossings from the pier to the edge of the EEZ. The effects of increased vessel 
traffic include vessel strikes with marine mammals and sea turtles, prop wash, vessel noise to 
marine organisms, and vessel wakes. Vessel wakes have been demonstrated to cause take in the 
lower Columbia River by stranding fish, and may potentially alter aquatic and riparian vegetation 
growth and/or cause shoreline erosion. In addition, construction of the facility will generate 
potentially harmful underwater noise from pile driving, alterations to the benthic community 
from dredging, and alterations to water quality. 

The construction and operation of the new facilities will increase rail traffic throughout the 
western United States as coal is transported to the facility. The rail line routes along which 
coal will be transported parallel major portions of the Columbia River where numerous ESA
listed salmonids live, and they also cross numerous tributaries that support specific spawning 
populations of salmon, steelhead and eulachon essential to the recovery of Columbia River 
stocks. The JARPA submitted for the project provides no information on product delivery 
operations to the Longview site. Thus, please include information on the train routes and the 
anticipated number ofcrossings per day. Studies have also demonstrated that tons of fugitive 
coal dust may be released during intermodal transfer and transport. In recognition of this 
potential effect, please include proposed conservation measures to reduce wind drift and analyses 
that support these estimates. 

The Nlv1FS recognizes climate change as a threat to the health ofour oceans and our marine 
living resources. The transportation of coal also facilitates its e consumption, which increases 
carbon emissions that contribute to changes in weather patterns, warmer waters, and ocean 
acidification; all ofwhich have measurable effects on protected species and their habitat. In 

1 The legal defmition (non-plain language def"mition) of the "environmental baseline" includes the past and present 
impacts of all Federal, state, or private actions and other human activities in the action area, the anticipated impacts 
of all proposed Federal projects in the action area that have already undergone formal or early section 7 consultation, 
and the impact of state or private actions which are contemporaneous with the consultation in process (50 CFR 
402.02). 



order to fully understand the effects of the project to marine species and habitats, please provide 
an estimate of the carbon output ofburning the maximum capacity ofcoal shipped overseas. As 
coal may contain associated metal and metalloid contaminants, the burning of coal and fugitive 
coal dust can liberate metals to the atmosphere that ultimately conveys to waters that support 
protected species and their habitats. An analysis of the expected chemical composition of the 
coal source(s) to be conveyed to the Longview facility is therefore also requested. 

The NMFS recognizes adverse environmental impacts to fish and wildlife species and their 
supportive habitats may be unavoidable from permitted project actions and that these impacts 
must be considered in the SEPA/NEPA process. NMFS also recognizes that the proposed 
project will have environmental effects beyond the footprint of facilities being built and their 
operational platforms. Through the NEPA process, MBTL should propose alternatives that 
reduce adverse environmental effects, considering the range of the impacts of the action, 
including but not limited to fugitive coal dust, vessel strikes to marine mammals, and vessel 
wake stranding, and incorporating transportation analyses from the commodity source to the 
EEZ in the transportation corridor. Considering the extent of the action and the potential for 
fish bearing aquatic habitat to become the sink of fugitive dust, the applicant should establish 
baseline conditions and monitor relevant conditions to determine ifminimization methods 
to reduce drift are working effectively. If drift suppression is not meeting performance 
expectations, the applicant should have a contingency plan to either fix errors or stop shipment of 
the product until the issues are resolved. 

The NMFS will continue to work with you throughout the EIS process, and consultations 
through the vruious laws and regulations under our purview. Ifyou have any questions 
or comments regarding this letter or NMFS ' involvement with this subject, please contact 
Dr. JeffFisher, Lower Columbia/Washington Coast Branch Chief of the NOAA-NMFS 
Oregon-Washington Coastal Area Office at (360) 534-9342, or by electronic mail at 
j eff.fisher@noaa.gov. 

Sincerely, 

q_SSlSt<mt Reatona1 Admitustrator 
Oregon Washington Coastal Area 
)JOAA. Fishcrie:. \Yest Coast Region 
U.S Departlll€flt of Comrerce 

cc: comments@rnillenniumbulkeiswa.gov 

mailto:comments@rnillenniumbulkeiswa.gov
mailto:eff.fisher@noaa.gov


DERARTMENT OF 
AR€ HAEOLOGY & Allyson Brooks Ph.D .. Director 

HISTORIC PRESERVATION State Historic Preservation Officer 


November 18,2013 

Ms. MBTL Coal Export Terminal 
MBTL Coal Export Terminal EIS 

Clo ICF International 
710 Second Ave., Suite 550 
Seattle, WA 98104 

In future correspondence please refer to: 
Log: 1l0413-50-CW 
Property: Cowlitz County Revised SEP A Determination of Significance & Request for Comments on 
Scope ofEIS for Millennium Bulk Terminals Longview LLC Coal Export Terminal Revised 
Re: Cultural Resources 

Weare contacting you regarding the EIS scoping for the proposed Millennium Bulk Export 
Terminal Project, Longview, Cowlitz County, Washington. 

We request that archaeological and historic resources be clearly identified and addressed in the 
proposed Environment Impact Statement. The scope of this project is quite large and there have 
previously been no thorough surveys of the project area or sufficient cultural resources survey 
efforts to identify the presence of archaeological and/or cultural resources. The Millennium Bulk 
Terminal project area has a high probability for containing cultural resources as depicted by the 
Statewide Predictive Model (see Figure 1). The Coffin Hills Site 45CW3 is approximately 2,700 
feet from the proposed bulk terminal (Figure 2). Over 3,000 Native American burials were 
identified at this site in 1948. Although anecdotally these burials were removed, no information 
exists that corroborates this story. No precise information exists on the dimensions ofthe 45CW3 
and it is possible that it may extend into the terminal project area. The proposed dredging is 
troubling from our standpoint based on the proximity of 45CW3 in conjunction with the 
historically fluctuating water levels. 

We understand that the scope ofthe proposed EIS identifies the study area to include only the 
actual terminal facility itself and associated areas within the river to be dredged. We disagree 
with this approach. There are clearly identifiable and reasonable foreseeable effects ofthe 
Millennium Bulk Export Terminal Project that indicate a greatly expanded geographic scope 
which would include rail routes and seaward carriers. 

state of Washington • Department of Archaeology & Historic Preservation 
P.O. Box 48343 • Olympia, Washington 98504-8343 • (360) 586-3065 

www.dahp.wa.gov 

http:www.dahp.wa.gov


A reasonably foreseeable effect that requires an expanded geographic scope includes effects 
from the increased rail traffic, and coal cars that are proposed along the rail routes in Washington 
State. The scope ofthis project, and the associated train traffic, pose unique issues when 
developing the necessary cultural resource studies. 

The geographic scope must include a consideration of the potential impact of the rail portion of 
the undertaking upon National Register listed or eligible historic districts, Main Street program 
communities, and those jurisdictions with local historic preservation programs (i.e. Certified 
Local Governments). 

Local preservation programs may have locally designated historic properties along the routes and 
the potential socioeconomic impacts to these resources should be part of the analysis. Therefore, 
the EIS must include all communities bisected or traversed by the rail routes in Washington. 
Please see the attached Figure that documents the location ofHistoric Districts, Main Street 
Program Communities, and Certified Local Governments. 

Panamax and Cape-sized dry bulk carriers along the Washington Coast and entering the 
Columbia River are clearly a reasonable and foreseeable effect of the Project that should create a 
seaward boundary of the EIS. The increased vessel traffic, associated wakes, waves, and 
shoreline erosion of these vessels and the increased risk of accidents, oil spills and damage all 
need to be considered. 

Further considerations that should be within the EIS include construction of additional track right 
ofway and spurs, direct and indirect effects of train traffic including vibration to historic 
structures, noise and traffic upon historic districts, and the impact to archaeological and historic 
properties due to derailments. Please see Figure that documents the location of archaeological 
sites and districts along the rail routes from Spokane to Longview. 

Other considerations are the potential impacts from the Rail Safety Improvement Act of2008. 
This Act mandates the requirement for Positive Train Control Technology (PTC) for high 
volume freight traffic with toxic hazardous materials. The needed infrastructure along the rail 
lines is a reasonably foreseeable effect of this project and should be included in the EIS. There 
will also be substantial coordination with federal agencies who oversee changes and upgrades to 
the rail lines. Will there be a lead federal agency for this undertaking or will all agencies 
conduct separate Section 106 consultations for this project? 

2 



These comments are based on the infonnation available at the time of this review and on the 
behalf of the State Historic Preservation Officer. Should additional infonnation become 
available, our assessment may be revised. Thank you for the opportunity to comment and a copy 
of these comments should be included in subsequent environmental documents. 

Sincerely, 

Gretchen Kaehler 
Assistant State Archaeologist 
(360) 586-3088 
gretchen.kaehler@dahp. wa. gOY 

cc. 	 dAVe Burlingame, Cultural Resources, Cowlitz Tribe 
Richard Bellon, General Manager, Chehalis Tribe 
Chris Jenkins, Regulatory Branch, Seattle District, Corps ofEngineers 
A11yson Brooks, SHPO, DAHP 
Rob Whitlam, State Archaeologist, DAHP 
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Acomment letter regarding the proposal to expand coal shipments through theAc 
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6. 	 [f the letter is longer than one page, include letter reference and brief 
description of content on this page. 

7. 	 Sign Where Applicable: 

• 	 OrigInator arne ()~~ 
Program ?t~~ 

• '{;Dtrector c~ -, JJ----..--==-=-"== 

• 	 Admin Dir_ ___ _ _ 

PleasePlease returnreturn thisthis correspondence to:to:cortespondence 

a II 11. 
:::..:..:::V "f/,-, Extension )t (!i'!lL'~Originator_ A&'hfi3prog*.(.,-=--_ '-, I.d.:3 Program NNR'e?o{l. - E ('0 E' $out-tLgLlLorrg ^tor 

This FormForm ToTo BeBe FiledFiled InIn TheThe Administrative Director's OfficeOfficeThis 	 Adminisrrative Director's 





REFERENCE:REFERENCE: 

TRIBECOEURCOEUR D'ALENED'ALENE TRIBE 

PLUMMER. 
. 

850850 AA STREETSTREET 
P.O.P.O. BOXBOX 408408 

PLUMMER, IDAHOIDAHO 8385183851 
(208)(208) 686-1800686-1800 • FaxFax (208)(208) 686-1182686-1182 

DanetteDanette GuyGuy 
U,S, ArmyArmy CorpsCorps ofof Engineers,Engineers, SeattleSeattle DistrictDistrict 

RegulatoryRegulatory BranchBranch 
SouthwestSouthwest WashingtonWashington FieldField OfficeOffice 

21082108 GrandGrand BoulevardBoulevard 

Vancouver,Vancouver, WAWA 9866198661 

U.S. 

MikeMike WojtowiczWojtowicz 
CowlitzCowlitz CountyCounty DepartmentDepartment ofof BuildingBuilding andand PlanningPlanning 
207207 4th AvenueAvenue NorthNorth4s 
Kelso,Kelso, WAWA 9862698625 

DianeDiane ButoracButorac 

DepartmentDepartment ofof Ecology, SouthwestSouthwest RegionalRegional OfficeOfficeEcologr, 
P,O, Box 47775P.O.Box47775 
Olympia,Olympia, WAWA 985040ctober 31, 2013985O4october 37,2013 

MillenniumMillennium BulkBulk Terminals-LongviewTerminals-Longview EIS,EIS, c/oc/o ICFICF InternationalInternational 

710710 SecondSecond Avenue,Avenue, SuiteSuite 550550 

Seattle,Seattle, WAWA 9810498104 

NovemberNovember 8,20138, 2013 

RE: CoeurCoeur d'Alened'Alene Tribe'sTribe's CommentsComments onon MillenniumMillennium BulkBulk TerminalsTerminals (MBTL)(MBTL)RE: 

Longview,Longview, LLC'sLLC's coalcoal exportexport terminalterminal atat Longview,Longview, inin Cowlitz County,County, WashingtonWashington 
ProposalProposal 

Cowliu 

"Parties":DearDear CollectiveCollective "Parties": 

(ATNIJ,TheThe CoeurCoeur d'Alened'Alene TribeTribe standsstands withwith thethe AffiliatedAffiliated TribesTribes ofof NorthwestNorthwest IndiansIndians eATNI), TheThe 
ConfederatedConfederated TribesTribes andand BandsBands of the YakamaYakama Nation,Nation, TheThe UpperUpper ColumbiaColumbia UnitedUnited Tribes,Tribes,ofthe 
TheThe NorthernNorthern CheyenneCheyenne Tribe,Tribe, TheThe NezNez PercePerce Tribe, TheThe ConfederatedConfederated TribesTribes of the 
UmatillaUmatilla IndianIndian Reservation,Reservation, TheThe LummiLummi Nation,Nation, thethe NationalNational CongressCongress ofof AmericanAmerican 

Tribe, ofthe 
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Indians,Indians, TheThe ColumbiaColumbia RiverRiver Inter-TribalInter-Tribal FishFish CommissionCommission andand othersothers andand isis unequivocallyunequivocally 

opposedopposed toto thethe proposedproposed MillenniumMillennium BulkBulk TerminalsTerminals (MBTL) Longview,Longview, LLC'sLLC's coalcoal exportexport[MBTL) 
terminalterminal atat Longview,Longview, inin CowlitzCowlitz County,County, Washington.Washington. 

TheThe CoeurCoeur d'Alene TribeTribe (Tribe) residesresides onon thethe CoeurCoeur d'Alened'Alene ReservationReservation inin thethe panhandlepanhandled'Alene fTribe) 
of Northern Idaho.Idaho. TheThe CoeurCoeur d'Alened'Alene ReservationReservation coverscovers approximatelyapproximately 345,000345,000 acresacres andandofNorthern 
spansspans thethe richrich farmingfarming countrycountry of the PalousePalouse toto thethe westernwestern edgeedge of the NorthernNorthern RockyRockyofthe ofthe 
Mountains. TheThe ReservationReservation encompassesencompasses thethe beautifulbeautiful CoeurCoeur d'Alened'Alene andand St.St. JoeJoe RiversRiversMountains. 

andand thethe lowerlower half of Coeur d'Alened'Alene LakeLake itself. TheThe ReservationReservation isis homehome toto aa vastvast numbernumber ofof 

nativenative floraflora andand faunafauna speciesspecies thatthat existexist andand thrivethrive inin thethe abundantabundant habitathabitat typestypes foundfound 
halfofCoeur itself. 

throughoutthroughout thethe Reservation. TheThe Tribe'sTribe's aboriginalaboriginal territoryterritory extendsextends northnorth toto encompassencompassReservation. 

thethe entiretyentirety ofof PendPend OreilleOreille LakeLake andand easteast toto thethe amazingamazing mixedmixed coniferconifer woodlandswoodlands of the 

ClarkClark ForkFork RiverRiver andand thethe BitterrootBitterroot RangeRange andand asas farfar southsouth asas thethe ClearwaterClearwater mountainsmountains ofof 
ofthe 

northnorth centralcentral Idaho.ldaho . 

TheThe CoeurCoeur d'Alened'Alene TribeTribe isis aa sovereignsovereign nationnation andand thethe sovereigntysovereignty ofof IndianIndian TribesTribes isis 

inherentinherent andand hashas existedexisted sincesince timetime immemorial.immemorial. TribesTribes werewere herehere manymany thousandsthousands ofof yearsyears 

beforebefore therethere waswas aa UnitedUnited StatesStates oror eveneven anan Idaho, WashingtonWashington oror Oregon.Oregon. TheThe sovereigntysovereignty 

ofof IndianIndian TribesTribes isis recognizedrecognized inin thethe ConstitutionConstitution ofof thethe UnitedUnited StatesStates andand TribesTribes havehave equalequal 

legallegal andand constitutionalconstitutional statusstatus inin theirtheir dealingsdealings withwith thethe U.S.U.S. federalfederal government.government. 

ldaho, 

AsAs such,such, IndianIndian Tribes areare consideredconsidered collectivecollective owners,owners, co-tenantsco-tenants of the publicpublic commonscommons 

andand areare requiredrequired inin concertconcert withwith thethe federalfederal governmentgovernment toto looklook afterafter andand upholduphold thethe 
Tribes ofthe 

publicpublic trust.1 TheThe CoeurCoeur d'Alened'Alene TribeTribe waswas entrustedentrusted byby thethe CreatorCreator toto bebe thethe caretakercaretaker ofoftrust.l 
thethe Tribe'sTribe's ReservationReservation andand aboriginalaboriginal territoryterritory of over 55 millionmillion acres. NativeNative peoplespeoples areare 

consideredconsidered "stakeholders""stakeholders" inin thethe debatedebate overover thethe fatefate ofof publicpublic lands;lands; indeedindeed itit isis aa factfact thatthat 

thesethese federalfederal "public"public lands"lands" areare thethe samesame landslands thatthat werewere appropriatedappropriated fromfrom NativeNative peoplepeople 

ofover acres. 

byby militarymilitary forceforce duringduring thethe "Indian Wars"Wars" ofof thethe nineteenthnineteenth centuryZ TheThe publicpublic trusttrust 

obligationobligation representsrepresents thethe encompassingencompassing obligationobligation ofof thethe governmentgovernment toto governmentgovernment 

relationshiprelationship thatthat thethe TribesTribes enteredentered intointo withwith thethe federalfederal governmentgovernment whenwhen theythey originallyoriginally 

"lndian century.2 

cededceded theirtheir landslands intointo thethe publicpublic trusttrust andand werewere relegatedrelegated toto designateddesignated reservationreservation lands. 3lands.3 

TheThe trusttrust frameworkframework isis aa promisepromise byby thethe federalfederal governmentgovernment thatthat thethe vastvast acresacres of cededofceded 

landslands wouldwould alwaysalways bebe protectedprotected andand itit isis thethe principalprincipal of the publicpublic trusttrust thatthat thethe federalfederalofthe 

1' MaryMary Christina Wood,Wood,Christina Natures Trust: Environmental Law for a NewNew EcologicalEcologicdl Age(CambridgeAge(Cambridge University PressPressNaturcs Trust: Environmentol Low Ior o University 
2013)2013) 
2 RebeccaRebecca T. Tsosie, ConflictConflict betweenbetween thethe Public Trust and thethe Indian TrustTrust Doctrines: Federal PublicPublic LandLand PolicyPolicy and2 

T. Tsosie, PublicTrust ond tndian Doctrines: Federol dnd 
NativeNative Indians, 39 Tulsa L.L. Rev. 271 (2003)lndions,39 fulsa Rev.271(2003) 
3 MaryMary Christina Wood, Indian LandLand and thethe Promise ofofnative Sovereignty: TheThe TrustTrust Doctrine Revisited, 1994 Utah3 

Christina Wood, tndian ond Promise notive Sovereignty: Doctrine Revisited, 1gg4 utoh 
L.L. Rev. 1471, 1504.Rev. 7477, 75U. 
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governmentgovernment isis requiredrequired toto maintainmaintain thesethese resourcesresources inin perpetuityperpetuity forfor thethe publicpublic use.use. 

Further,Further, thethe trusttrust equatesequates toto aa legallegal obligationobligation thatthat wherewhere aa projectproject harmsharms IndianIndian andand oror 
publicpublic landslands thethe federalfederal governmentgovernment mustmust protectprotect thesethese lands.lands. ThisThis moralmoral andand contractualcontractual 

obligationobligation isis supportedsupported byby indisputableindisputable legallegal andand constitutionalconstitutional authority.4authority.a 

TheThe CoeurCoeur d'Alened'Alene TribeTribe isis exercisingexercising itsits TribalTribal co-managementco-management authority/ co-tenant/co

trusteetrustee rightsrights andand maintainsmaintains thatthat thethe proposedproposed coalcoal exportexport terminalsterminals inin Longview,Longview, 

BellinghamBellingham andand BelleviewBelleview WashingtonWashington wouldwould bebe aa violationviolation ofof thethe publicpublic trusttrust andand 

constituteconstitute thethe unwiseunwise stewardshipstewardship ofof commoncommon resources.resources. TheThe proposalsproposals toto dramaticallydramatically 
increaseincrease thethe numbernumber ofof coalcoal trainstrains (currently(currently 2-62-6 trainstrains perper dayday toto 1818 plus)plus) runningrunning 

throughthrough thethe Tribe'sTribe's aboriginalaboriginal territoryterritory willwill leadlead toto damagesdamages fromfrom coalcoal dustdust andand potentialpotential 

traintrain derailmentsderailments withwith thethe consequentialconsequential illill effectseffects onon humanhuman health,health, asas wellwell asas 

authority/co-tenant/co

contaminationcontamination of the natural,natural, environmentalenvironmental andand culturalcultural resourcesresources of the CoeurCoeur d'Alened'Aleneofthe ofthe 
TribeTribe andand thethe peoplepeople of the inlandinland Northwest.Northwest. TheThe CoeurCoeur d'Alened'Alene TribeTribe retainsretains rightsrights onon 

federalfederal landslands withinwithin thethe Tribe'sTribe's aboriginalaboriginal territory.territory. 
ofthe 

TheThe CoeurCoeur d'Alened'Alene TribeTribe hashas witnessedwitnessed thethe devastationdevastation ofof thethe legacylegacy ofof miningmining impactsimpacts onon 
thethe CoeurCoeur d'Alened'Alene BasinBasin fromfrom irresponsibleirresponsible miningmining activitiesactivities forfor overover aa century.century. HistoricHistoric 
miningmining activitiesactivities havehave leftleft areaarea ecosystemsecosystems tatteredtattered andand nativenative wildlifewildlife populationspopulations 
poisonedpoisoned andand inin decline.decline. InIn anan efforteffort toto restorerestore thesethese criticalcritical ecosystemsecosystems andand wildlifewildlife 
populationspopulations thethe TribeTribe isis heavilyheavily involvedinvolved inin thethe Basin-wideBasin-wide clean-upclean-up ofof historichistoric miningmining 
relatedrelated contamination.contamination. TheThe Tribe,Tribe, asas co-Trusteeco-Trustee toto naturalnatural resources,resources, isis alsoalso atat thethe 
forefrontforefront of developing aa basinbasin widewide RestorationRestoration PlanPlan toto restorerestore thosethose naturalnatural resourcesresources 

thatthat werewere foundfound injuredinjured duedue toto thethe releaserelease ofof miningmining relatedrelated heavyheavy metals.metals. AsAs thethe originaloriginal 
ofdeveloping 

stewardsstewards of Coeur d'Alened'Alene LakeLake thethe TribeTribe understandsunderstands andand realizesrealizes thatthat anyany moremore 

contaminationcontamination toto areaarea ecosystemsecosystems fromfrom thethe mining,mining, transporttransport andand potentialpotential coalcoal traintrain 

derailmentderailment andand spillspill ofof coalcoal wouldwould imperilimperil nativenative ecosystemsecosystems andand wildlifewildlife potentiallypotentially 

beyondbeyond humanhuman kind'skind's abilityability toto restore,restore, replace,replace, oror rehabilitate.rehabilitate. 

ofCoeur 

Indeed,Indeed, accordingaccording toto TheThe InternationalInternational UnionUnion forfor ConservationConservation of Nature (IUCN),(IUCN), moremore thanthanofNature 
(38%o) ofallaa thirdthird (38%) of all speciesspecies onon thethe planetplanet currentlycurrently faceface possiblepossible extinction,extinction, naturalnatural 

ecosystemsecosystems havehave declineddeclined byby 33% andand one-thirdone-third of the planet'splanet's naturalnatural resourcesresources havehave3370 ofthe 
beenbeen consumed.consumed. TheThe TribeTribe understandsunderstands thethe imminentimminent threatthreat toto thethe veryvery webweb of life thatthat hashasoflife 
sustainedsustained thethe CoeurCoeur d'Alened'Alene peoplepeople forfor thousandsthousands of years isis atat riskrisk andand thethe bestbest wayway toto 
preventprevent possiblepossible ecologicalecological collapsecollapse isis toto preventprevent thethe increaseincrease inin coalcoal shipmentsshipments throughthrough 

thethe Tribe'sTribe's aboriginalaboriginal territory.territory. 

ofyears 

4Documenfs'Documents ofofUn ited States Indian PolicyPolicy 7 (Francis PaulPaul Prucha ed., 2d2d ed.,ed., U.U. Neb.Neb. Press 1990)1990)Llnited States lndian Z [Francis Prucha ed., Press 
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In LeadLead Industries AssociationAssociation vv EnvironmentalEnvironmental ProtectionProtection Agency,Agency, thethe courtcourt heldheld that 'Man's 

abilityability toto alteralter thethe environmentenvironment oftenoften farfar outstripsoutstrips hishis abilityability toto foreseeforesee withwith anyany degreedegree ofof 

certaintycertainty whatwhat untowarduntoward effectseffects thesethese changeschanges maymay bring.'sbring.'s Accordingly,Accordingly, whenwhen anan activityactivity 

ln lndustries that'Man's 

raisesraises threatsthreats of harm toto humanhuman healthhealth oror thethe environment,environment, precautionaryprecautionary measuresmeasures 

shouldshould bebe takentaken eveneven ifif somesome causecause andand effecteffect relationshipsrelationships areare notnot fullyfully establishedestablished 

scientifically.scientifically. 

ofharm 

lfsaid proposal(s)If said proposal (s) isis toto bebe considered,considered, thethe CoeurCoeur d'Alened'Alene TribeTribe callscalls forfor aa regionalregional 
(PEIS)ProgrammaticProgrammatic EnvironmentalEnvironmental ImpactImpact StatementStatement (PElS) pursuantpursuant toto thethe NationalNational 

EnvironmentalEnvironmental PolicyPolicy ActAct (NEPA)(NEPA) forfor allall ofof thethe proposedproposed exportexport terminalterminal applicationsapplications inin 

Longview,Longview, BellinghamBellingham andand BelleviewBelleview Washington. Stand-alone,Stand-alone, disconnecteddisconnected studiesstudies atat 

eacheach sitesite areare notnot acceptable.acceptable. 
Washington. 

AA PElS isis aa comprehensivecomprehensive reviewreview ofof aa seriesseries of projects withwith impactsimpacts thatthat areare significantlysignificantlyPEIS ofprojects 
geographically,interrelated;interrelated; programmatically,programmatically, geographically, oror environmentally.environmentally. NEPANEPA requiresrequires 

agenciesagencies toto useuse thisthis comprehensivecomprehensive methodmethod toto reviewreview independentindependent actionsactions thatthat havehave 
"cumulative""cumulative" oror "similar""similar" impactsimpacts onon anan interrelatedinterrelated environment.6 WeWe urgeurge youryour agencyagency toto 

carefullycarefully reviewreview whatwhat thethe lawlaw mandatesmandates regardingregarding thethe comprehensivecomprehensive analysesanalyses requiredrequired 
environment.6 

forfor regional,regional, multifacetedmultifaceted plansplans of development involvinginvolving severalseveral projects.projects. ForFor example,example, ininofdevelopment 
KleppeKleppe vv SierraSierra Club thethe courtcourt heldheld thatthat "when"when severalseveral proposalsproposals forfor coalcoal relatedrelated actionsactions 

thatthat willwill havehave cumulativecumulative oror synergisticsynergistic environmentalenvironmental impactimpact uponupon aa regionregion areare pendingpending 
CIub 

concurrentlyconcurrently beforebefore anan agency, theirtheir environmentalenvironmental consequencesconsequences mustmust bebe consideredconsideredagenry, 
together"?together".T 

InIn addition, federalfederal statutesstatutes andand executiveexecutive ordersorders recognizerecognize TribalTribal interestsinterests inin protectingprotecting 

culturalcultural resourcesresources andand requirerequire consultationconsultation withwith NativeNative nationsnations andand considerationconsideration ofof 
addition, 

NativeNative culturalcultural interestsinterests asas partpart of the agencyagency processprocess toto undertakeundertake actionsactions onon federalfederalofthe 
lands.s TheseThese statutesstatutes andand ordersorders shouldshould bebe consultedconsulted byby federalfederal agenciesagencies concernedconcerned aboutabout 

thethe permissiblepermissible scopescope ofof variousvarious landland managementmanagement activities.activities. 
lands.s 

AsAs aa leadlead federalfederal agency,agency, thethe U.S.U.S. ArmyArmy CorpsCorps ofof EngineersEngineers (Corps)(Corps) isis chargedcharged withwith utilizingutilizing 

itsits "special"special competency" toto makemake anan informedinformed decisiondecision onon whetherwhether thethe applicationsapplications forfor coalcoalcompetency'' 
terminals inin Longview,Longview, BellinghamBellingham andand BoardmanBoardman WAWA areare partpart ofof aa regionalregional planplan thatthat isis 

sufficientlysufficiently programmatically,programmatically, geographically,geographically, andand environmentallyenvironmentally interrelatedinterrelated toto warrantwarrant 
terminals 

aa PElS. Presently,Presently, youryour agencyagency isis reviewingreviewing thethe permitspermits forfor thethe threethree proposedproposed coalcoal exportexport 

terminalsterminals mentionedmentioned aboveabove andand thethe CoeurCoeur d'Alened'Alene TribeTribe believesbelieves thatthat thesethese multiplemultiple coalcoal 
PEIS. 

5 See LeadLead Industries Association v.v. EPAEPA 647647 F. 2d 11301130 (D.C. Cir. 1980)1980)s 
see tndustries Association F.2d (D.C. Cir. 

6 See 4040 Code ofof FederalFederal RegulationsRegulations (C.F.R.) § 1508.256 
see code (C.F.R.) S 1508.25 

7 SeeSee KleppeKleppe v. Sierra Club 427427 USUS 390 19761976 
8
8 Francis PaulPaul Prucha, AmericanAmerican Indian PolicyPolicy inin the FormativeFormative Years : TheThe Indian TradeTrade and Intercourse Acts, 1790

7 
v. Sierro ctub 39o 

Francis Ptucha, lndion the Years: tndian ond lntercourse Acts, Ugo
at (U. Press1834,1834, at 22 (U . NebNeb Press 1962)1962) 
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terminalsterminals representrepresent anan undeniablyundeniably interrelatedinterrelated planplan toto transformtransform areasareas ofof thethe PacificPacific 

NorthwestNorthwest intointo aa globalglobal hubhub forfor coalcoal export.export. 

TheThe specificspecific scopescope of analysis andand prescribedprescribed contentscontents ofof aa regionalregional PElS shouldshould bebe 

determineddetermined throughthrough aa fullfull scopingscoping processprocess thatthat includesincludes publicpublic hearingshearings aroundaround thethe region.region. 

TheThe TribeTribe wouldwould likelike toto furtherfurther emphasizeemphasize thethe federalfederal government'sgovernment's dutyduty underunder ExecutiveExecutive 

ofanalysis PEIS 

OrderOrder 1317513175 toto respectrespect thethe "government"government toto government"government" relationship9 itit hashas withwith IndianIndian 

nationsnations andand activelyactively consultconsult withwith thethe PacificPacific NorthwestNorthwest TribesTribes includingincluding thethe CoeurCoeur d'Alened'Alene 

Tribe.Tribe. TheThe TribeTribe furtherfurther requiresrequires directdirect mailingsmailings and/orand/or emailingsemailings throughoutthroughout thethe entireentire 

decisiondecision makingmaking processprocess notnot onlyonly atat thethe federalfederal levellevel butbut alsoalso atat locallocal (Cowlitz(Cowlitz County)County) andand 

statestate (Washington(Washington StateState DepartmentDepartment ofof Ecology)Ecology) levels.levels. 

relationshipe 

TheThe CoeurCoeur d'Alene TribeTribe wouldwould likelike thethe agenciesagencies toto analyze,analyze, examineexamine alternativesalternatives andand 
proposepropose mitigationmitigation forfor thethe projects'projects' negativenegative impactsimpacts onon thethe followingfollowing areasareas withwith specificspecific 

considerationconsideration givengiven (but(but notnot limited)limited) toto thethe effectseffects coalcoal mining,mining, transport,transport, shippingshipping andand 

burningburning wouldwould havehave onon communitiescommunities andand thethe environmentenvironment fromfrom 1)1) minemine toto rail,rail, 2)2) railrail toto 
port,port, 3)3) portport toto plantplant andand fromfrom 4)4) plantplant toto thethe greatergreater environment.environment. SpecificallySpecifically thethe TribeTribe 

expectsexpects impactsimpacts analysis,analysis, alternativesalternatives andand proposedproposed mitigationmitigation activitiesactivities duringduring thesethese fourfour 

stagesstages atat eacheach proposedproposed coalcoal exportexport terminalterminal toto includeinclude (but(but notnot bebe limitedlimited to):to): 

d'Alene 

EnvironmentalEnvironmental IusticeIustice 
•r HowHow willwill ACOE,_CowlitzACOE,_Cowlitz CountyCounty DepartmentDepartment ofof BuildingBuilding andand PlanningPlanning andand thethe 

WashingtonWashington StateState DepartmentDepartment ofof EcologyEcology ensureensure thatthat areaarea TribesTribes andand otherother minorityminority 
groupsgroups areare notnot disproportionatelydisproportionately impactedimpacted byby thethe coalcoal shippingshipping terminal(s),terminal(s), 

mining,mining, transporttransport andand shippingshipping ofof PowderPowder RiverRiver BasinBasin coal?coal? 

HumanHuman Health:Health: 
•. WhatWhat effectseffects willwill coalcoal dustdust andand dieseldiesel fumesfumes fromfrom trains,trains, bargesbarges andand oceanocean goinggoing 

vesselsvessels havehave onon humanhuman health?health? 

•a AfterAfter coalcoal isis burnedburned whatwhat effectseffects willwill mercurymercury emissionsemissions havehave onon HumanHuman Health?Health? 

•a WillWill coalcoal dustdust impactimpact thethe foodfood chainchain andand harmharm animalsanimals (with(with specialspecial focusfocus onon fishfish 

species),species), includingincluding humanshumans thatthat eateat thesethese animals?animals? 

TribalTribal accessaccess toto sacredsacred andand religiousreligious sitessites 
•. HowHow willwill AmericanAmerican Indian religiousreligious freedomsfreedoms bebe ensuredensured asas wellwell asas impactedimpacted byby thethelndian 

proposedproposed coalcoal shippingshipping terminals?terminals? 

• 6565 Fed. Reg. 6724967249 9Nov 6, 2000)'g Fed. Reg. gNov 6, 2OOO) 
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EconomicEconomic AnalysisAnalysis 
•o 	WhoWho specificallyspecifically benefitsbenefits fromfrom coalcoal shipmentsshipments financially?financially? 

•. 	 WillWill thethe PacificPacific NorthwestNorthwest StatesStates seesee any directdirect taxtaxanv revenuerevenue fromfrom thesethese coalcoal 

companies?companies? 

•o DoesDoes itit makemake sensesense fromfrom aa nationalnational securitysecurity perspectiveperspective toto shipship AmericanAmerican coalcoal 

stocksstocks outout of the countrycountry asas opposedopposed toto reservingreserving thisthis commoditycommodity forfor possiblepossible useuse inin 

thethe U.S.?U.S.? 

•o DoesDoes itit makemake sensesense toto provideprovide unimprovedunimproved andand rawraw energy resourcesresources extremelyextremelyenerry 
inexpensivelyinexpensively toto anan AsianAsian market?market? 

•o WithWith thethe knownknown andand documenteddocumented drasticdrastic fluctuationsfluctuations of global coalcoal pricesprices doesdoes ititofglobal 
makemake sensesense toto investinvest inin anan unstableunstable resourceresource likelike coal?coal? 

ofthe 

•. Historically,Historically, railroadsrailroads havehave beenbeen accordedaccorded extraordinaryextraordinary rightsrights inin thethe formform ofof 

"eminent"eminent domain"domain" lawslaws andand protectionsprotections (i.e.(i.e. exemptexempt fromfrom payingpaying moremore thanthan 10%10% ofof 

thethe costscosts relatedrelated toto safetysafety andand thethe mitigationmitigation of adverse effectseffects duedue toto railrail usage).10usage).10 

HowHow willwill eminenteminent domaindomain lawslaws affectaffect coalcoal companiescompanies usingusing publicpublic railwayrailway systemssystems 

andand willwill companiescompanies suchsuch as,as, MillenniumMillennium BulkBulk TerminalsTerminals (MBTL),(MBTL), SSASSA MarineMarine (a(a 

CarrixCarrix Company)Company) andand PeabodyPeabody EnergyEnergy bebe givengiven protectionsprotections historicallyhistorically accordedaccorded toto 

railways?railways? 

•o 	WillWill taxpayerstaxpayers seesee anyany ofof thethe financialfinancial burdensburdens asas aa resultresult ofof necessarynecessary increasedincreased 

railwayrailway infrastructureinfrastructure upgradesupgrades andand oror remediationremediation activitiesactivities thatthat wouldwould resultresult 

fromfrom aa coalcoal traintrain spill/derailment?spill/derailment? 

ofadverse 

•r IsIs sellingselling coalcoal toto AsiaAsia cheaplycheaply thethe bestbest wayway toto provideprovide incentiveincentive toto furtherfurther developdevelop 

"clean"clean coal"coal" oror willwill sellingselling anan inexpensiveinexpensive energyenergy resourceresource thatthat cancan bebe utilizedutilized withwith 

existingexisting technologiestechnologies simplysimply perpetuateperpetuate thethe consumptionconsumption of coal asas wewe knowknow itit andand 

reducereduce thethe incentiveincentive toto pursuepursue cleanclean energies?energies? 

•o HowHow willwill mining,mining, transpor!transport, shippingshipping andand burningburning PowderPowder RiverRiver BasinBasin coalcoal effecteffect 

AmericanAmerican taxpayers,taxpayers, propertyproperty values,values, tourism,tourism, qualityquality ofof lifelife andand locallocal 

ofcoal 

manufacturersmanufacturers fromfrom minemine toto port?Dort? 

GlobalGlobal EnvironmentalEnvironmental Impacts;Impacts: 
•. CoalCoal isis thethe singlesingle largestlargest sourcesource ofof C02C02 emissions.emissions. HowHow willwill thethe mining,mining, transport,transport 

warmingshippingshipping andand burningburning ofof PowderPowder RiverRiver coalcoal stocksstocks effecteffect globalglobal warming, acidacid rain,rain, 

mercurymercury emissions,emissions, globalglobal oceanocean acidificationacidification && globalglobal biodiversity?biodiversity? 

•o TheThe introductionintroduction ofof invasiveinvasive marinemarine speciesspecies intointo newnew environmentsenvironments byby ships' ballastships'ballast 
ofthewaterwater hashas beenbeen identifiedidentified byby thethe UnitedUnited NationsNations asas oneone of the fourfour greatestgreatest threatsthreats toto 

thethe world'sworld's oceans.ll How will invasiveinvasive speciesspecies broughtbrought fromfrom NorthNorth AmericaAmerica toto AsiaAsiaoceans.11 Howwill 
andand vise-versavise-versa inin cargo vesselvessel ballastballast tankstanks bebe dealtdealt with?with?careo 

10'" SeeSee httpwww.coaltrainfacts.orgJdocs/Cornell-Univ-Law-school.pdfhttpwww.coaltrainfacts.org/docs/cornell-Univ-Law-School.pdf 
" httpwww.maritimenorway.nolmaritimenorway/vedlegg/OptiMarin_Allweiler20100719.pdf11 SeeSee httpwww.maritimenorway.no/maritimenorway/vedlegg/OptiMarin_Allweiler20100719.pdf 
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•o 	WhatWhat affectsaffects willwill increasedincreased marinemarine traffictraffic havehave onon importantimportant marinemarine habitatshabitats suchsuch asas 

thosethose ofof mixedmixed microalgae (critical(critical forfor salmonsalmon andand herring),herring), kelp, eelgrasseelgrass beds,beds,microalgae 	 kelp, 

shorelineshoreline habitats, wetlands,wetlands, andand saltsalt marshes?habitats, 	 marshes? 

AirAir QualityQuality (both beforebefore andand afterafter burning);fboth 	 burning): 
•o WhatWhat effectseffects willwill coalcoal dustdust andand dieseldiesel fumesfumes (from(from trains,trains, bargesbarges andand oceanocean goinggoing 

quality?tankers)tankers) havehave onon locallocal (from(from minemine toto port)port) andand globalglobal airair quality? 


WhatWhat effectseffects toto globalglobal airair qualityquality willwill occuroccur afterafter coalcoal isis burnedburned inin unregulatedunregulated coalcoal 


firedfired powerpower plantsplants inin Asia?Asia? 


Fisheries;Fisheries: 
•r 	WhatWhat effectseffects willwill coalcoal dustdust havehave onon locallocal (mine(mine toto port)port) fisheries?fisheries? 

•r WhatWhat effectseffects wouldwould aa coalcoal spillspill enen routeroute fromfrom MontanaMontana toto portport inin WashingtonWashington havehave 
onon PacificPacific NorthwestNorthwest fisheries?fisheries? 

•o WhatWhat effectseffects willwill thethe burningburning ofof coalcoal andand thethe increasedincreased acidificationacidification ofof globalglobal waterswaters 
havehave onon fisheries?fisheries? 

•. 	 HowHow willwill coalcoal exportexport facilitiesfacilities effecteffect andand mitigatemitigate forfor thethe increasedincreased lossloss ofof ColumbiaColumbia 
RiverRiver Estuary floodplainfloodplain lands?lands? 


HowHow willwill shorelineshoreline andand near-shorenear-shore habitatshabitats bebe protected?protected? 

Estuary 

•. HowHow willwill increasedincreased vesselvessel traffictraffic inin thethe ColumbiaColumbia affectaffect alreadyalreadv threatenedthreatened andand 
endangeredendangered species?species? 

HowHow willwill thethe increaseincrease inin waterwater withdrawalwithdrawal fromfrom thethe ColumbiaColumbia RiverRiver BasinBasin (a(a single,•. 	 single, 
modernmodern cargocargo vesselvessel cancan carrycarry anywhereanywhere fromfrom 6-106-10 millionmillion gallonsgallons ofof water inin itsitswater 
ballastballast tank)12, whichwhich salmon,salmon, smeltsmelt andand otherother aquaticaquatic speciesspecies relyrely upon,upon, bebetankJ12, 

addressed?addressed? 

•e WhatWhat kind/typekind/type ofof emergencyemergency environmentalenvironmental clean-upclean-up proceduresprocedures areare inin placeplace toto 
dealdeal withwith thethe effectseffects ofof aa coalcoal spillspill enen routeroute intointo areaarea waterways?waterways? 

•. HowHow willwill coalcoal dust,dust, coalcoal spillsspills andand increasedincreased global warmingwarming fromfrom thethe mining,global mining
 
transport, shipping ofcoal fisheries?
transport, shipping andand burningburning of coal effecteffect TribalTribal andand globalglobal fisheries? 

SurfaceSurface andand Groundwater;Groundwater: 
• 	 HowHow willwill thethe mining, transport,transport, shippingshipping andand burningburning of coal fromfrom thethe PowderPowder RiverRiver 

areaarea ofof MontanaMontana effecteffect surfacesurface andand groundwatergroundwater throughoutthroughout thethe entireentire routeroute fromfrom 
thethe PowderPowder RiverRiver BasinBasin toto Washington?Washington? 

mining 	 ofcoal 

• 	 processHowHow willwill thethe process ofof stripstrip miningmining thatthat isis usedused toto extractextract PowderPowder RiverRiver coalcoal affectaffect 
areaarea aquifers?aquifers? 

• HowHow willwill potentialpotential contaminationcontamination ofof railrail corridorcorridor andand beyondbeyond railrail right-of-waysright-of-ways 
fromfrom polycyclicpolycyclic aromaticaromatic hydrocarbonshydrocarbons andand otherother toxicstoxics bebe dealtdealt with?with? 

12 See http ://water.epa.gov/type/oceb/ habitat/invasive_species_factsheet.cfm" See http://water.epa.gov/type/oceb/habitat/invasive_species_factsheet.cfm 
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NoiseNoise && VibrationVibration 
•. WillWill thethe vibrationvibration andand noisenoise fromfrom trainstrains andand coalcoal terminalterminal operationsoperations causecause groundground 

settling,settling, damagedamage buildingsbuildings andand oror disruptdisrupt households,households, businesses,businesses, schoolsschools andand 

wildlife?wildlife? 

Transportation;Transportation: 
•e HowHow willwill thethe coalcoal trainstrains affectaffect locallocal traffictraffic fromfrom minemine toto portport especiallyespecially inin largelarge enen 

routeroute citiescities likelike SpokaneSpokane WA,WA, MissoulaMissoula andand BillingsBillings MT?MT? 

•. ItIt hashas beenbeen determineddetermined thatthat coalcoal dustdust posesposes aa seriousserious threatthreat toto thethe stabilitystability ofof thethe 
railwayrailway tracktrack structure.structure. HowHow willwill tracktrack stabilitystability andand thethe increasedincreased probabilityprobability of a 

coalcoal traintrain derailmentderailment bebe dealtdealt with?with? 
ofa 

Emergency serviceservice access;Emersencv access: 

•e HowHow willwill thethe increasedincreased coalcoal traintrain traffictraffic (from(from minemine toto port)port) affectaffect thethe abilityability ofof 

emergencyemergency responseresponse crewscrews toto carrycarry outout theirtheir dutiesduties andand reachreach sitessites andand individualsindividuals 

speedily?speedily? 

TheThe CoeurCoeur d'Alened'Alene TribeTribe believesbelieves thatthat thethe CorpsCorps hashas aa fundamentalfundamental responsibilityresponsibility toto 

considerconsider all thethe impactsimpacts withwith thethe utmostutmost attentionattention saidsaid coalcoal terminalsterminals wouldwould havehave onon thethe 

PacificPacific NorthwestNorthwest asas thethe NorthwestNorthwest isis interconnectedinterconnected throughthrough thethe families,families, tribes,tribes, 

resourcesresources andand waterwayswaterways thatthat thesethese coalcoal terminalsterminals andand railwayrailway routesroutes wouldwould traverse.traverse. 

a/l 

InIn closing, thethe TribeTribe isis confidentconfident thatthat aa careful,careful, informed,informed, considerateconsiderate examinationexamination of the 

regionalregional impactsimpacts thesethese proposedproposed coalcoal exportexport terminalsterminals wouldwould havehave willwill illuminateilluminate thethe fullfull 

costscosts ofof exportingexporting coalcoal throughthrough thethe NorthwestNorthwest andand itit willwill bebe determineddetermined thatthat thethe truetrue costscosts 

closing ofthe 

farfar outweigh thethe anticipatedanticipated economiceconomic benefitsbenefits toto aa fewfew individuals.individuals.ouweigh 

Sincerely,Sincerely, 

0t{Atl"-l-.-.-,^.~~~~ 
ChiefChief j .J. AllanAllan 

ChairmanChairman 

CjA: aaaaCfA: 
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Cowlitz Indian Tribe 


November 18,2013 

Col. Bruce A. Estok 
Seattle District Commander 
US Anny Corps ofEngineers 
PO Box 3755 
Seattle, WA 98124-3755 

Subject: Scoping Comments for Millennium Bulk Terminals - Longview, LLC (MBTL) Project 
NEP AlSEP A Environmental Impact Statement 

Dear Colonel Estok, 

I am writing on behalf ofthe Cowlitz Indian Tribe in regards to the proposed coal export 
facility by MBTL located in Longview, W A. We appreciate that the US Army Corps of 
Engineers(USACE), the Washington State Department of Ecology (WADOE), and Cowlitz 
County (through the Cowlitz County Building and Planning Department (CCBP» are conducting 
an Environmental Impact Statement (EIS) on this proposal. We believe that this proposal could 
lead to significant impacts to the region and beyond. 

The public scoping process for this EIS began August 16, 2013 and will close November 18, 
20l3. Appropriate to the Cowlitz Indian Tribe's federally-recognized status, we ask for 
continued meaningful government -to-government consultation in regards to this issue. Our 
comments and project review of the proposed Millennium Bulk Terminals - Longview (MBTL) 
provided through formal consultation do not constitute public comment, and are not limited to 
the term of the public comment period. We have scheduled a follow up consultation meeting 
with you for December 18, 2013 and intend to follow up with the Washington State Department 
ofEcology and Cowlitz County as the EIS process moves forward. We plan to follow up with 
additional information and questions throughout the development ofthe Draft EIS. 

The proposed MBTL location is within the aboriginal lands ofthe Cowlitz Indian Tribe. It is 
located in an area that carries significant cultural values to us based on thousands ofyears of 
continuous occupancy and resource gathering. This proposal would have an impact that would 
further diminish the culture of the Cowlitz Indian Tribe. 

There are several specific points we would like to make regarding the development ofthe Draft 
EIS ofthe MBTL proposal: 

The Cowlitz Indian Tribe expects that the action agencies (USACE, WADOE, and CCBP) 
present a compelling case for the need and purpose associated with this proposal. We would like 
to understand further as to why there is a need for the agency(s) to take action on the proposal. 
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We expect that there are a robust number ofreasonable alternatives developed that is clearly 
responsive to the purpose and need for action. We also expect that the alternatives are carefully 
analyzed and include both potential short term and long-term impacts that the alternatives would 
likely create. We expect that the alternatives development take into accouut the appropriate 
geographic scale ofpotential impacts of the proposed project that will need to be further 
analyzed and mitigated. 

The Cowlitz Indian Tribe expects that the alternatives developed are analyzed thoroughly in 
respect to the affected environment and the potential environmental consequences. We expect 
that the environmental consequences of impacts include direct, indirect, cumulative, and induced 
impacts in the biological, physical, social, economic, cultural, and aesthetic environments. We 
expect the most thorough development of scientific analysis be conducted as to eliminate the 
need to describe having any lack of information or the need to draw assumptions associated to 
the proposed MBTL. We also expect that there is a clear and logical cost-benefit analysis 
conducted in connection to all the alternatives and associated environment. We expect that any 
and all analyses and studies be conducted by qualified individuals oftheir respective disciplines 
and to include other appropriate agencies. 

The Cowlitz Indian Tribe believes the proposed MBTL would likely lead to significant impacts 
to culturally relevant resources to the Tribe and its members. the Cowlitz Indian Tribe supports 
resolutions of the Affiliated Tribes ofNW Indians (ATNI resolution # 13-47 and # 12-53) which 
opposes the transport and export of fossil fuels in the Pacific Northwest and the resolution 
calling on the US White House Couucil on Environmental Quality to do a comprehensive impact 
analysis of all proposed coal transport facilities in the Northwest and beyond. We have also taken 
an official policy stance of opposing the proposed MBTL. We have and continue to invest 
heavily in restoring past damages to our environment due to the human developments within the 
Columbia Basin. The United States Government have invested and continues to invest with tax 
payer dollars to restore the environmental damages that human developments have caused for 
over a century within the Columbia Basin. The proposed project is likely to harm our current 
efforts of restoration of culturally significant species and place burdens on future restoration 
efforts. 

Some of the impacts of a developed MBTL include: 

1. Further loss of Columbia River Estuary floodplain lands, 
2. Increased vessel traffic in the Columbia bringing concerns toward increased mortality of 

already endangered or threatened species, etc, 

3. Increase in invasive species brought here from international shipping, 
4. Decrease in air quality due to transport and movement ofmillions of tons of Coal within the 

Columbia Basin, 

5. Increase in water withdrawal from the Columbia River Basin ofwhich salmon and other 

aquatic species rely upon, 

6. Decrease in the quality of life and cultural values for the Cowlitz People. 
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The Cowlitz Indian Tribe believes proposed MBTL will put a strain on existing capacity of 
established businesses in the region and inhibit future business capacity and growth for more 
environmentally appropriate business enterprises. The ultimate fate oftransported coal shows a 
likelihood ofreducing the air quality and increasing acidification ofthe waters within and 
surrounding the Pacific Northwest through oversees coal fired facilities. The Cowlitz Indian 
Tribe believes that no amount ofmonetary or other mitigation measures will be able to offset or 
eliminate the environmental impacts that the proposed MBTL would create. 

We expect that the concerns listed are included in the development and analysis of the EIS as we 
move forward. We will likely continue with follow up concerns and issues as the process moves 
forward. 

A copy ofthis letter is being provided to WADOE and CCBP. These comments are being 
provided to these other agencies to be part of the record for the State and Local governments. We 
expect that our comments will not be listed as part ofthe public record but handled as an affected 
tribal government and to be treated with sensitivity as we move forward. Taylor Aalvik, our 
Natural Resources Department Director, will be our contact in regards to follow up activities 
associated with this proposal. He can be contacted at: taalvik@cowlitz.org or 360-575-3306. 

Sincerely Yours, 

William Iyall ~r 
Chainnan, Cowlitz Indian Tribe 

Cc: 	 Maia D. Bellon, Director W A Department ofEcology 
Elaine Placido, Director Cowlitz County Building and Planning 
Dannette L. Guy, USACE BiologistlProject Manager 
Dian Butorac, W ADOE regional planner 
George Raiter, Cowlitz County Special Projects Manager 
Lori Morris, Tribal Liaison USACE Seattle District 
Tom Laurie, WA DOE Tribal Relations 

Cowlitz Indian Tribe - PO Box 2547, Longview WA, 98632 - 360.577.8140 
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TRIBAL EXECUTIVE COMMITTEE 
P.O. BOX 305 • LAPWAI, IDAHO 83540 • (208) 843-2253 

November 18,2013 

By Electronic and Regular Mail 

Millennium Bulk Terminals - Longview EIS 
c/o ICF International 
710 Second Avenue, Suite 550 
Seattle, WA 98104 

Re: Nez Perce Tribe s coping comments on tht: U.S. Army Corps of Engineers, Washington 
State Department 0f Ecology (''Ecology"), and Cowlitz County intent to prepare an 
Envirqnmentallmpact Statements on the proposed Millennium Bulk Terminals-Longview 
Shipping Facility Project 

Dear Responsible Officials: 

The Nez Perce Tribe (Tribe) aQPreciates the opportunity to provide scoping_ comments on the US 
Army Corps ofEngineers (Corps), Waslllngton State Department of Ecology s (Ecology) and 
Cowlitz Couuty s intent to prepare Environmental Impact Statements under the National 
Environmental Policy Act (NEPA) and tate Environmental Policy Act (SEPA) for the proposed 
Millennium Bulk Terminals -Longview Shipping Facility Project. These comments incorporate 
by .referehce Columbia River fntert:ribal Fish Commissions November 18,2013 scoping 
comments. 

I. Project Description 

According to Department of Ecology's website and the materials available on it, Millennium 
Bulk Terminals LLC, (MBTL) and it members Ambre Energy North America, Inc. and Arch 
Coal, Inc., are proposing the construction, operation and maintenance of a coal export terminal 
near Longview, Washington adjacent to the Columbia River. The proposed coal expo.rt terminal 
would cover approximately 100 acres of the 416-acre site and would c0nsist of rail unloading 
storage, reclaiming and loading ships with coal. MBTL proposes to develop the coal export 
terminal in two separate stages. MTBT would construct two docks requiring 64 7 steel piles, one 
shiploader, two stockpile pads, one tandem rotary dumper, five rail lines, associated facilities and 
infrastructure in the first stage. Stage two facilities would consist of one additional shiploader on 
Dock 3, two stockpile pads, and there rail lines to complete the build out of the coal export 
terminal. The completed coal export terminal would consist of two docks, two shiploaders four 
stockpile pads, one tandem rotary dumper, eight rail lines, and associated facilities conveyors 
and equipment. 
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Dredging will be required to provide berthing access from the navigation channel and to provide 
an adequate turning basin in the vicinity of the docks. MBTL is requesting authorization to 
dredge and dispose of up to 385,000 cubic yards from within the project footprint. MBTL also 
seeks authorization to the extent required to perform routine maintenance dredging consistent 
with the proposed project dredge prism dimensions. Dredging and disposal may occur over one 
or two construction seasons. Because the site will continue to be subject to river sediment 
deposition, future maintenance dredging is anticipated on a 1 to 2 year basis to maintain adequate 
berthing and navigation depths for the facility. 

The facility would be designed for 24-hour operation, seven days per week. During Stage 1 
operations, approximately one vessel per day would be loaded. At maximum throughput, 
approximately two vessels per day would be loaded, totaling approximately 1 ,460 vessel transits 
through the lower Columbia River annually. Prior to or during loading, vessels would discharge 
ballast water. It is expected that vessels calling at the site would have exchanged or treated 
ballast water prior to discharge in accordance with state and federal regulations. Vessels would 
not typically withdraw ballast water from the Columbia River. The planned total capacity of the 
facility would be 44 million metric tons of coal annually. 

II. General Comments 

a. The Treaty of 1855 

Since time immemorial the Nez Perce Tribe has used and occupied the lands and waters of north
central Idaho, southwest Washington, northeast Oregon, and portions of western Montana for 
subsistence, ceremonial, commercial and religious purposes. In Article 3 of the 1855 Treaty 
with the United States, the Nez Perce Tribe reserved, and the United States secured, the right to 
take fish and at all usual and accustomed fishing places, and to hunt, gather and pasture on open 
and unclaimed lands. Treaty of June 9, 1855, with the Nez Perce Tribe, 12 Stat. 957 (1859). 
The waters within the Tribe's aboriginal territory continue to be used by the Nez Perce. Tribal 
members exercise their treaty-reserved rights, as well as observe ceremonial, cultural and 
religious practices within the Columbia River Basin. Resident and anadromous species that rear, 
hold and migrate through the project area are subject to the Tribe's treaty-reserved fishing rights. 

The Tribe's explicit treaty-reserved right to take fish at all usual and accustomed places includes, 
but is not limited to, a legally protected property interest in accessing all of its usual and 
accustomed places; and a legally protectable property interest in taking 50% of the fish that are 
destined to reach all of the Tribe's usual and accustomed places. In a sub-proceeding ofUnited 
States v. Oregon, 302 F. Supp. 899 (D. Or. 1969, a treaty fishing rights case that has been under 
the court's continuing jurisdiction for over thirty years, Judge Belloni further clarified the Tribe's 
treaty-reserved fishing right: 

By "destined to reach the tribes' usual and accustomed grounds and stations," I 
am referring to that portion of the spring run which would, in the normal course of 
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events, instinctively migrate to these places except for prior interception by non
treaty harvesters or other artificial factors. 

Sohappy et al. v. State of Oregon (Civil No. 68-409, May 8, 1974) at 3. Treaty tribes, such as 
the Nez Perce Tribe, are also recognized as managers of their treaty- reserved resources. U.S. v. 
Washington, 384 F. Supp. 312, 339-40, 403 (W.D. Wash. 1974). Protecting rivers and flows for 
native resident and anadromous fish and wildlife populations is critically important to the Nez 
Perce Tribe. Resident and anadromous fish stocks that originate above, or rear and hold, within 
or adjacent to the proposed project are may be affected by the presence and operation of the 
project. Anadromous fish, including salmon, Pacific lamprey and steelhead as well as resident 
fish such as sturgeon have deep and lasting cultural and religious significance to the Tribe. 

b. The Nez Perce Tribe's involvement in other coal proposals on the Columbia River 

The Tribe has been actively engaged in monitoring the development of other coal proposals on 
the Columbia River. ln 2012 the Tribe submitted comments to the Corps regarding the proposed 
coal off-loading facility at the Port of Morrow. The Tribe has requested that the Corps perform a 
full EIS for the proposal, and has expressed significant concerns regarding the project's impacts 
to treaty fishing, as well as the project's impacts on the environment. The Tribe has also 
provided testimony to the State of Oregon requesting that it acknowledge the project's impacts 
on treaty-reserved rights, and asked ODEQ to require a Clean Water Act 401 certification to 
consider all impacts of the entire project. Moreover, the Affiliated Tribes ofNorthwest Indians, 
of which the Tribe is a member, has requested a full environmental review and government-to
government consultation with affected tribes concerning proposed coal terminals on the 
Columbia. 

c. NEPA 

NEP A "declares a broad national commitment to protecting and promoting environmental 
quality." Robertson v. Methow Valley Citizens Council, 490 U.S. 332, 348 (1989); see 42 
U.S. C. § 4331. "To insure this commitment is infused into the ongoing programs and actions of 
the Federal Government, the act also establishes some important 'action-forcing' procedures." 
Robertson, 490 U.S. at 348 (citing115 Cong. Rec. 40416 (remarks of Sen. 
Jackson)). NEPA directs that, to the fullest extent possible, all federal agencies must prepare an 
EIS whenever they propose "major federal actions significantly affecting the quality of the 
environment." Id.; 42 U.S.C. § 4332(C). NEPA's disclosure goals are two-fold: (1) to ensure 
that the agency has carefully and fully contemplated the environmental effects of its action, and 
(2) "to ensure that the public has sufficient information to challenge the agency." Robertson, 
490 U.S. at 349; Idaho Sporting Congress v. Thomas, 137 F.3d 1146, 1151 (9th Cir. 1998). By 
focusing the agency on the environmental consequences of its proposed action, NEP A "ensures 
that important effects will not be overlooked or underestimated only to be discovered after 
resources have been committed or the die otherwise cast." Robertson, 490 U.S. at 349. 

Through the NEPA process, a federal agency must "take[] a 'hard look' at the potential 
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environmental consequences of the proposed action." Oregon Natural Res. Council v. Bureau of 
Land Management, 470 F.3d 818, 820 (9th Cir. 2006) (internal quotations omitted). NEPA's 
regulations require that an EIS include a discussion of direct, indirect, and cumulative 
environmental impacts of the proposed action. Direct impacts are "caused by the action and 
occur at the same time and place." 40 C.F.R. § 1508.8(a). Indirect impacts are "caused by the 
action and are later in time or farther removed in distance, but are still reasonably foreseeable." 
Id. at § 1508.8(b ). Indirect effects may include growth inducing effects and other effects related 
to induced changes in the pattern of land use, population density or growth rate, and related 
effects on air and water and other natural systems, including ecosystems. Id. Cumulative 
impacts result when the "incremental impact of the action [is] added to other past, present, and 
reasonably foreseeable future actions" undertaken by any person or agency. Id. at§ 1508.7. 

d. SEPA 

The Washington State Environmental Policy Act, like its federal counterpart NEP A, was enacted 
to ensure that "" ... environmental amenities and values will be given appropriate consideration in 
decision making along with economic and technical considerations ... " RCW 43.21C.030(2)(a) 
and (2)(b ). To implement this purpose, the SEP A Rules direct agencies to "Identify and evaluate 
probable impacts, alternatives and mitigation measures, emphasizing important environmental 
impacts and alternatives (including cumulative, short-term, long-term, direct and indirect 
impacts). WAC 197-11-030(2)(b) and (g). Also like NEPA, the agencies must consider this 
information before committing to a particular course of action. WAC 197-11-055(2)( c). 

III. Specific Comments 

In determining the scope of the EISs, the Tribe requests that the Corps, State of Washington and 
Cowlitz County not only evaluate the impacts of construction and operation near the terminal, 
but also fully evaluate the direct, indirect and cumulative impacts of coal trains on a larger 
geographic scale. The Tribe therefore requests that the following issues be included in the EIS 
analyses. 

a. Impacts to Tribal treaty rights 

The Tribe is concerned that this project will negatively affect tribal treaty rights. The Tribe 
reserves treaty-fishing rights at all usual and accustomed fishing places, including those places 
along the Columbia and Snake Rivers and their tributaries that depend on fish that rear, hold and 
migrate through the lower Columbia River. As noted above, the project contemplates significant 
channel and maintenance dredging and will result in the destruction of wetlands. The lower 
Columbia provides crucial habitat for treaty-protected resources such as salmon, steelhead, 
lamprey and resident fish. There are several ESA-listed fish in the project corridor including 
Lower Columbia River Chinook Salmon ESU, Upper Willamette River Chinook Salmon ESU, 
Snake River Fall Chinook ESU, Columbia River chum salmon ESU, middle Columbia River 
steelhead DPS, and lower Columbia River steelhead DPS. These species are of critical 
importance to subsistence and culture of the Tribe. In addition, lamprey, although currently are 
not a listed species but are culturally significant to the Tribe, are also located in the project 
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corridor. These aquatic resources that rear, hold and migrate through the lower Columbia stand 
to be significantly affected by the project. A full evaluation ofthe impacts of the project on 
these treaty resources, therefore, must be performed as part of the EIS. 

The application contemplates a significant increase in vessel and rail traffic. The analysis must 
include a thorough evaluation of the impacts of increased vessel traffic on anadromous and 
resident fish. This analysis should include impacts to aquatic resources caused by ballast intake 
and wake strandings, as well as threats posed by increased turbidity, noise, lighting, and impacts 
during operations like coal dust and other toxics. In addition, the increased rail traffic may affect 
Tribal member access to usual and accustomed fishing places and other traditional use areas as 
well as interfere with Tribal member use of those places through increased noise disturbances, 
coal dust, and diesel pollution. For all these reasons the Tribe believes that the increase in vessel 
and train has the potential to interfere with tribal treaty fisheries. 

b. Impacts to Tribal member health 

Given the large amount of coal that is contemplated to be transported by rail from the Powder 
River Basin and exported by vessel through the lower Columbia River to Asia, the Tribe is 
concerned about the project's potential impacts to Tribal member health. Coal dust and diesel 
emissions are known to cause respiratory disease, particularly affecting sensitive populations 
such as children and the elderly. In addition, the coal dust that settles on the water can have 
adverse environmental consequences to the river corridor. Coal dust can affect natural biological 
processes and can potentially affect fish and other biota that reside in the rivers. 

c. Impacts to Tribal cultural resources 

The action agencies need to evaluate the project's impacts on Tribal cultural resources, including 
historic properties under the National Historic Preservation Act. Section 106 of the NHPA 
requires the agency official to "determine and document the area of potential effect in 
consultation with the appropriate State Historic Preservation Officers and Tribal Historic 
Preservation Officers." 36 C.P.R. 800.4(a). The area of potential effect is defined as "the 
geographic area or areas within which an undertaking may directly or indirectly cause alterations 
in the character or use of historic properties, if any such properties exist. The area of potential 
effects is influenced by the scale and nature of an undertaking and may be different for different 
kinds of effects caused by the undertaking." 36 C.P.R. 800.16(d). 

As stated above, the geographic scope of the evaluation should be sufficiently broad to evaluate 
direct or indirect alterations to the character and use of historic properties. Therefore, the NHP A 
analysis should include transport of coal by rail to the facility as well as through the lower 
Columbia to Asia. This analysis should include, but not be limited to, evaluating the impacts of 
air pollutants and other toxics on historic properties. 
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d. Range of Alternatives 

Agencies are to "rigorously explore and objectively evaluate all reasonable alternatives," and to 
explain why any alternatives were eliminated. 40 C.F.R. §1502.14(a). The regulations further 
state that agencies are to consider "reasonable alternatives not within the jurisdiction of the lead 
agency" and the no-action alternative. Id. at§ 1502.14(d). 

The agencies need to take a meaningful look at the no-action alternative. The Tribe also requests 
that the agencies consider an alternative or alternatives that identify alternate locations for the 
facility that are not on the Lower Columbia River and which do not require significant alteration 
of aquatic habitat that may be harmful to treaty-protected resources. 

e. Environmental Justice 

A Presidential memorandum accompanying Executive Order 12898 cites the NEPA process as 
an opportunity for agencies to address the environmental injustice of disproportionate impacts. 

The CEQ also published guidance for environmental justice analyses to determine any 
disproportionately high and adverse human health or environmental effects to low-income, 
minority, and tribal populations. One of these principles is to "recognize the interrelated 
cultural, social, occupational, historical, or economic factors that may amplify the natural and 
physical environmental effects of the proposed action." 

Currently, the Nez Perce Tribe harvests significantly less fish than traditional salmon harvest 
levels. The decimation of salmon runs and disappearance of other traditional foods have 
seriously affected the Tribal economy. Today, Tribal members face a high poverty and 
unemployment rates. The EISs need to include an environmental justice discussion of 
disproportionate impacts of the project on the Tribe or its members. Any impacts on salmon, 
steelhead, lamprey or other trust resources, will have a disproportionate impact on the Tribe due 
to their reliance on fish and the importance of fish to Tribal culture, spirituality and economy. 
Tribal members consume a substantially higher rate of fish than the non-Tribal communities. 

f. Socioeconomics 

The evaluation needs to include an economic analysis of the impact of the project on the Nez 
Perce Tribal economy and the health and welfare of its people. The analysis should fully address 
social and economic factors unique to the Tribe and its treaty rights and resources, which extend 
throughout the Columbia and Snake basins. This analysis should include the Tribe's efforts to 
restore fish runs in the Columbia River that rear in and migrate through the project area, and the 
economic benefits that will flow to the non-Tribal public from the re-establishment of healthy 
and harvestable fish runs in the area. 

IV. Conclusion 

Thank you again for the opportunity to review the proposed project. The Tribe anticipates 
consulting formally and through staff-to-staff interactions with the Corps throughout the 
development of this proposal. The Tribe also extends an invitation to the Department ofEcology 
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and Cowlitz County to coritact the Tribe with any questions or to request a meeting between our 
staff or with the Nez Perce Tribal Executive Committee. Please contact Michael Lopez, Staff 
Attorney, Nez Perce Tribe Office of Legal Counsel, at (208) 843-7355 for assistance. 

Sincerely, 

-~ ;_ sc:;
-
~--::> 
~ 

Silas C; Whitman 
Chairman 



 

 
 
 

 

 
 

  
 
 

 

 

  

 
   

      
 

 

  

  

     

  

     

    

  

      

      

 

      

  

  

   

     

   

     

 

  

     

NISQUALLY INDIAN TRIBE 
Department of Natural Resources 

12501 Yelm Highway SE 
Olympia, Washington 98513 

360.438.8687 (main) 
360.438.8742 (fax) 

www.nisqually-nsn.gov 

November 18, 2013 

Millennium Bulk Terminals-Longview EIS, c/o ICF International 
710 Second Avenue, Suite 550  
Seattle, Washington  98104 

RE: 	 Comments of Scoping Notice  
Proposed Millennium Bulk Terminals Longview EIS 

Dear Joint Agencies: 

On behalf of the Nisqually Indian Tribe, I am providing comments on the appropriate scope of 

the Environmental Impact Statement to be prepared for the proposed Millennium Bulk Terminals 

Longview. This letter is limited to the scope of the EIS, not on the appropriateness of the 

proposed coal export facility itself. 

Impact of Fisheries Habitat and the Nisqually Tribe’s Treaty Rights 

The Nisqually Indian Tribe, because of its treaty with the United States, codified by federal law 

and sustained by multiple federal court decisions, has the right to harvest fish and shellfish in its 

usual and accustomed and the right to hunt and gather on open and unclaimed lands. The 

Nisqually Tribe has strong cultural ties to both the Chehalis and Cowlitz Tribes and historically 

fished for smelt on the Cowlitz River. The Nisqually Tribe hunted a vast swath of Western 

Washington because of close relations with the Chehalis, Cowlitz, and Yakama Tribes, the 

perimeter of the area includes west to Grays Harbor, south to Longview, west along the 

Columbia River to Celilo Falls, north along the eastern edge of modern day Mountain Rainer 

National Park to Auburn, WA and then south along Puget Sound to Twana territory. 

It is our understanding that, when fully operational, the proposed facility will result in 

substantially increased train traffic along the BNSF railroad mainline running west along the 

Columbia River, across the Cowlitz River before reaching the proposed terminal. Our traditional 

hunting and gathering areas are located directly adjacent to this route of travel. The EIS should: 

http:www.nisqually-nsn.gov
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1. Thoroughly document the possible and likely amount of increased train traffic on this southern 

route along the Columbia and Cowlitz Rivers, and more broadly upon the entire route of travel. 

Infrequently, BNSF has experienced derailment and spills along its routes. The EIS should 

evaluate the increased incidence risk associated with increased train traffic. 

2. Thoroughly evaluate the risk of accident associated with the increase of train traffic and the 

possible direct impacts of such accidents. As part of the analysis of accident risk the EIS also 

should identify the age and current condition of the BNSF mainline, since we know that it was 

constructed approximately 100 years ago. 

The risks we immediately identify are railroad accidents that spill coal and other materials, 

including hazardous materials, into water areas and game habitat, train accidents, train traffic 

shutdowns on the track, and the resulting loss of fish and game habitat, and culturally important 

plant species. 

3. Thoroughly evaluate the risk of environmental and habitat damage, both short term and long 

term, that might result from the accidents described. In particular we would like to know more 

about the impact of substantial amounts of coal being dumped down river on the Cowlitz and the 

impact on up river fisheries including smelt, as well as the impact this may have on the lower 

Columbia River and the estuary. Our Nisqually River salmon returns are directly and 

inextricably linked to the success of salmon runs on the Columbia and therefore dependent on 

the quality and quantity of habitat in that basin. 

Also, when evaluating habitat risk, the Nisqually Tribe is concerned about the entire line of 

travel along the Columbia River and Cowlitz River and the construction of a substantial export 

facility at Longview. We request that all associated impacts with this project be evaluated for its 

impacts on habitat, human health, traffic, and our treaty rights. 

Mitigation 

Once the possible and likely risks and impacts are evaluated, the agencies should address 

possible mitigation of the associated risks, including whether or not the risks and impacts can be 

adequately mitigated or must simply be avoided. The Nisqually Indian Tribe expects that it will 

be involved in these mitigation discussions. 

In particular the Tribe requests that the agencies evaluate as possible mitigation the relocation of 

the route of travel away from Western Washington. 

N I S Q U A L L Y I N D I A N T R I B E P a g e | 2 



         

 

 
 

 
 

 

    

       

     

        

 

     

 

     

   

  

    

  

      

    

    

   

    

 

     

  

 

 

 

  

Scoping Letter – MBTL EIS 
November, 2013 
Page 3 

Cultural Resources 

The agencies need to acknowledge that the Nisqually Indian Tribe, and other Tribes along the 

route of travel, may have valuable cultural resources at risk from increased train traffic and 

associate construction. These resources may be archaeological sites located or potentially located 

in the line of travel and construction, or cultural activities that may be negatively impacted by the 

increased train traffic. 

As an element of federal law, the Army Corps of Engineers must conduct Section 106 

consultation with affected Tribes, including the Nisqually Tribe, either as part of the EIS process 

or separately. That consultation should be initiated as soon as practical after the magnitude of 

possible and likely impacts are described in the EIS. 

Global Issues 

We understand that the coal proposed for shipment from the Millennium Bulk Terminal 

Longview will be exported and, ultimately, burned for electricity generation. While increased 

airborne carbon dioxide associated with coal generation may not be an immediate threat to the 

treaty rights and cultural resources of the Nisqually Tribe, we believe that it is a long-term threat 

that must be evaluated thoroughly as part of the EIS process. We are currently experiencing the 

impacts of climate change on our treaty reserved and protected resources and this EIS should 

explore whether this action will continue that trend and if so propose mitigation to the Tribe to 

offset that loss. 

Please do not hesitate to contact me if the Nisqually Tribe can be of any further assistance in the 

scoping of the EIS for the proposed project. 

Sincerely, 

David A. Troutt 

Natural Resources Director 
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Upper Columbia United Tribes 
25 W. Main, Suite 434 

Spokane, WA 99201 

Phone: 509.838.1057 
Fax: 509.209.2421 

Coeur d'Alene Colville Kalis pel Kootenai Spokane 

November 14, 2013 

Millennium Bulk Terminals-Longview EIS Washington Department of Ecology 
cfo ICF International c/o Diane Butorac 
701 Second Ave., Suite 550 PO Box 47775 
Seattle, WA 98104 Olympia, WA 98504 

U.S. Army Corp of Engineers Cowlitz County Building and Planning 

c/o Danette Guy . c/o Elaine Placido 
2108 Grand Blvd. 207 41

h Ave . N. 

Vancouver, WA 98661 Ke lso, WA 98626 

U.S. Army Co rps of Engineers, Washington Department of Ecology, and Cowlitz County: 

The Upper Columbia United Tribes {UCUT) provides a common voice for our region through the 

collabo ration of f ive major area tribes, the Coeu r d'Alene Tribe, the Ka lispel Tribe of Indians, the 

Kootena i Tribe of Idaho, t he Spokane Tribe of Ind ians and the Confederated Tribes of the Colville 

Reservation . UCUT was formed to ensu re a healthy future for the traditional territorial lands of ou r 

ancestors and takes a proactive and collaborat ive approach to promoting Indian culture, fish, water, 

wi ldlife and habitat. 

With this mission in mind the UCUT would like t o sha re some of ou r reasons for opposing the proposed 

Millennium Bulk Te rminal coal t ransport fac ility located in Longview, WA. 

The major concern our member t ribes have is in rega rds t o the impacts to human health, fi shery 

resources, ai r quality and water qual ity in the Columbia Basin. Coal dust is notoriously difficult to 

cont rol. BNSF estimates that each uncovered car loses between 500 pounds and a ton of coal dust en 

route. The route between the Powder River in Wyoming and Longview, Washington is 1174 miles. The 

estimated number of tra ins expected to pass t hrough Eastern Washington is sixty per day. Of which, 

thirty would be full and thirty empty. Therefore based on BNSF's own estimates of t he 500 pounds per 

trip, there would be an average of nearly 1600 pounds of dust lost per mile per day. With what we know 

about the human health impacts of the coal dust and the various chemicals the dust conta ins as we ll as 

the known adverse effects on the development and survival of f ish, the Upper Columbia United Tribes 

believe this proposal wi ll serious ly harm our members. In add ition, we expect the Depa rtment of 

Ecology will conduct a thorough evaluation of the human health and environmental impacts to the 

UCUT's area of influence . 



Impacts from the coal export terminals will likely lead to: 

-A decrease in regional air quality, the city of Spokane has as many poor air quality days as the city of 

Seattle each year and is only a fraction of the size. The huge increase in both coal dust and diesel 

particulates would severely impact our region's air quality. 

-According to UW scientists 15% to 20% ofthe Mercury being deposited on Washington State originates 

from Asian fossil fuel burning. This is why lakes in "pristine" watersheds harbor fish with high Hg levels. 

The citizens of this state are living with the environmental and human health impacts from Asian coal 

burning now, we don't need to add to the problem. 

-A decrease in water quality in the Columbia River and its tributaries. There is an abundance of 

information which points to a continued decline in our region's water quality and an increase in listings 

of fish consumption advisories. A project of this scale which will disperse additional toxins into the 

environment in which this coal is transported through is likely to severely impact an already 

contaminated system. 

- Impacts to the fisheries that are essential to our tribes. It is well known that chemicals in the coal and 
coal dust including PAHs are harmful to fish development and survival. We now know that these adverse 
effects result from 1000-time lower levels of PAHs than were previously thought to be of concern. Based 
on a study from NOAA fisheries scientists, after low dose exposures to PAHs the salmon fry that did 
survive had unusually high numbers of spinal deformities and skin lesions. When a cohort of seemingly 
healthy pink salmon fry that were exposed were selected and released they returned two years later in 
much lower numbers than the control group. 

-Increase in invasive species in the Columbia River Basin brought here from international shipping. 

-Coal burned in China will return to the West Coast as air pollution and the increased release in Carbon 
Dioxide will lead to increases in climate change. 

-Coal burned in China is also one of the leading causes of Pacific Ocean Acidification which is already 
seriously impacting tribes and fisheries in the North West. 

The UCUT also supports other Northwest tribes in their opposition efforts; a resolution that passed the 
Affiliated Tribes of Northwest Indians (ATNI resolution# 13-47) which opposes the transport and export 
of fossil fuels in the Pacific Northwest and (ATNI resolution #12-53) calling for a regional review of all six 
NW coal export proposals. Please refer to the attachments which include the two ATNI resolutions and a 
map of the UCUT area of influence. 

Chairman Matt Wynne 



2012 Annual Convention 
Pendleton, Oregon 

RESOLUTION #12 - 53 

"CALLING FOR FULL, TRANSPARENT ENVIRONMENTAL REVIEW OF 

THE PORT OF MORROW PROPOSAL, CONSULTATIONS, AND 

REGIONAL REVIEW OF ALL SIX NW COAL EXPORT PROPOSALS" 

PREAMBLE 

We, the members of the Affiliated Tribes of Northwest Indians of the United States, 
invoking the divine blessing of the Creator upon our effotis and purposes, in order to preserve 
for ourselves and our descendants rights secured under Indian Treaties, Executive Orders, and 
benefits to which we are entitled under the laws and constitution of the United States and several 
states, to enlighten the public toward a better understanding of the Indian people, to preserve 
Indian cultural values, and otherwise to promote the welfare of the Indian people, do hereby 
establish and submit the following resolution: 

WHEREAS, the Affiliated Tribes ofN01ihwest Indians (ATNI) are representatives of 
and advocates for national, regional, and specific tribal concerns; and 

WHEREAS, A TNI is a regional organization comprised of American Indians/ Alaska 
Natives and tribes in the states of Washington, Idaho, Oregon, Montana, Nevada, Northern 
California, and Alaska; and 

WHEREAS, the health, safety, welfare, education, economic and employment 
opportunity, and preservation of cultural and natural resources are primary goals and objectives 
of the ATNI; and 

WHEREAS, since time immemorial, our economy, culture, religion and way of life have 
centered around our fishing, hunting and gathering resources, and the lands and waters on which 
they depend, and we have been, and remain, careful and conscientious stewards over them to 
ensure their continued health and well-being; and 



AFFILIATED TRIBES OF NORTHWEST INDIANS 	 RESOLUTION #12 ·53 

WHEREAS, the tribes ofA TN! are sovereign and our people depend on the natural 
resources ofthis region; and 

WHEREAS, the tribes of A TN! have an obligation to protect our First Foods and our 
most precious resource, water; and 

WHEREAS, there are sweeping proposals for Powder River Basin coal to be shipped by 
rail and/or barge to West Coast pOiis: Cherry Point, Washington; Longview, Washington; Grays 
Harbor, Washington; Port of Morrow, Oregon; St. Helens, Oregon; and Coos Bay, Oregon; and 

WHEREAS, the coal will then be shipped through our waters to Asia where it will then 
be burned in coal-fired power plants, emitting mercury and other toxins that return through the 
atmosphere to our homes; and 

WHEREAS, the estimated coal expoti volumes from the proposed West Coast potis are 
unprecedented at over ISO million tons per year; and 

WHEREAS, Northwest tribes have strong concerns about the impact of these proposals 
on tribal rights and resources, including but not limited to the following: 

Intrusions into traditional fishing, hunting and gathering sites; 


Destruction of our cultural and religious areas; 


Degradation of human health, related to fugitive coal dust and mercury poisoning; 


Interference with tribal business enterprises and opportunities, causing a loss ofjobs, 

preventing jobs growth, and reducing tribal income, related to increased coal-train traffic; 


• 	 Declining water quality and loss of salmon and lamprey habitat from barging and 
shipping operations; 


Increases in emergency response times, interference with school functions, and fiscal 

impacts on other public services due to delays at train crossings; 


Filling of shore! ines, wetlands, and streams, during expansion or reconstruction of rail 
lines along the Columbia River, the Salish Sea, and their tributaries; 

Climate change, sea level rise, and ocean acidification fi·om coal-fired power plants; and 

Overall degradation of our natural resources and culture 

; and 

WHEREAS, N01ihwest tribes require transparency and ongoing consultation to ensure 
that the permitting and Environmental Impact Statements (EIS) for all of the proposed coal potis 
are consistent, in light of the fact that all of our waterways are connected to one another; and 

WHEREAS, that A TNJ hereby declares that a mere Environmental Assessment for the 
Poti of Morrow facility, instead of an EIS, is completely unacceptable, based on a number of 
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AFI<'ILIATED TRIBES OF NORTHWEST INDIANS RESOLUTION #12- 53 

deficiencies, including but not limited to the lack of Government-to-Government consultation 
required with all affected tribes in the region; now 

THEREFORE BE IT RESOLVED, that ATNI hereby calls upon the White House 
Council on Environmental Quality to require immediate preparation of a comprehensive 
Environmental Impact Statement for the Port of Morrow proposed coal export facility; and 

BE IT FURTHER RESOLVED, that A TN! hereby calls upon the White House Council 
on Environmental Quality to direct the U.S. Army Corps ofEngineers (USACE) to develop a 
comprehensive EIS at the USACE Northwestern Division level, on the cumulative effects of all 
six currently proposed coal export proposals, and any future proposals, together, including 
analysis of the cumulative impacts ofthe proposals throughout the entire region and 
internationally, including their direct and indirect impacts on tribal cultural resources, treaty 
rights and interests (see attached letter); and 

BE IT FURTHER RESOLVED, that ATNI hereby concludes that a separate EIS is also 
necessary for each of the coal export facilities individually; and 

BE IT FINALLY RESOLVED, that ATNI hereby insists that the White House Council 
on Environmental Quality mandate all federal and state agencies to commence immediate 
Government-to-Government consultations with all tribes in the region, as our First Foods and 
resources, treaty rights and human health are directly impacted by the coal industry in the 
Northwest. 

CERTIFICATION 

The foregoing resolution was adopted at the 2012 Annual Convention ofthe Affiliated 
Tribes ofNorthwest Indians, held at Wildhorse Resort and Casino, Pendleton, Oregon on 
September 24-27, 2012 with a quorum present. 

>ow,sh,! Norma Jean Louie, Secretary 
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2013 Mid-Year Convention 
Airway Heights, Washington 

RESOLUTION #13 - 47 

"OPPOSE THE PROPOSALS FOR THE TRANSPORTATION AND EXPORT OF 

FOSSIL FUELS IN THE PACIFIC NORTHWEST" 

PREAMBLE 

We the members of the Affiliated Tribes of Northwest Indians of the United States, invoking 
the divine blessing of the Creator upon our efforts and purposes, in order to preserve for ourselves 
and our descendants rights secm·ed under Indian Treaties, Executive Orders, and benefits to which 
we are entitled under the Jaws and Constitution of the United States and several states, to enlighten 
the public toward a better understanding of the Indian people, to preserve Indian cultural values, and 
otherwise to promote the welfare of the Indian people, do hereby establish and submit the following 
resolution: 

WHEREAS, the Affiliated Tribes ofNot1hwest Indians (ATNI) are representatives of and 
advocates for national, regional, and specific tribal concerns; and 

WHEREAS, ATNI is a regional organization comprised of American Indians/Alaska 
Natives and tribes in the states of\Vashington, Idaho, Oregon, Montana, Nevada, Northern 
California, and Alaska; and 

WHEREAS, the health, safety, welfare, education, economic and employment oppot1unity, 
and preservation of cultural and natural resources are primary goals and objectives of the ATNI; and 

WHEREAS, since time immemorial, our economy, culture, religion and way of life has 
centered around our fishing, hunting and gathering resources, and the lands and waters on which 
they depend, and we have been, and remain, careful and conscientious stewards over them to ensure 
their continued health and well-being; and 



AFFILIATED TRIBES OF NORTHWEST INDIANS RESOLUTION #13- 47 

WHEREAS, the tribes of ATNI depend on the natural resources of this region to sustain our 
way of life, rights to fish, hunt and gather, our economies, human health and fulfill our sacred 
obligation to protect our First Foods and our most precious natural resource, water; and 

WHEREAS, the tribes of ATNI have previously adopted Resolution No. 12-53, in 
September 2012, recognizing the potent ill! impacts of coal export terminal proposals that have come 
to the Northwest and the action directed to the Army Corp of Engineers to conduct a full regional 
Environmental Impact Statement (EJS) to address the significant cumulative impacts of these 
proposals; and 

WHEREAS, the Northwest is facing the advancement of more fossil fuel exports, including 
numerous oil-rail proposals in Oregon and Washington, which would bring 500,000 barrels of oil a 
day via rail line to and across Northwest waterways as well as expansion of pipeline capacity from 
Alberta to British Columbia and Washington State; and 

WHEREAS, based on review of proposals at these sites these past twelve months, the tribes 
of A TN! believe these energy transportation and expott proposals will diminish our salmon habitat, 
our fishing, hunting and gathering rights, our treaty, indigenous, and inherent rights and resources, 
our life way, and will destroy sacred places of the Pacific Northwest tribes; and 

WHEREAS, the tribes of ATNl respect and honor our Sacred Places just as we do our 
natural resources, including the Lummi Sacred Site known as Xwe 'Chi 'eX en where our ancestors 
are at rest, and the sacred traditional reef net sites at Cherry Point, Washington; and therefore call 
upon agencies to fulfill their statutory and legal responsibility to fully comply with Section 106 of 
the Historic Preservation Act; and 

WHEREAS, the Northwest Tribes' ancestral industry of fisheries relies on sustainable 
resources that will face detrimental impacts fi·om the transportation and export of nonrenewable 
fossil fuel resources; now 

THEREFORE BE IT RESOLVED, that A TNI is in opposition ofthe transportation and 
expo1t of fossil energy in the Northwest based on infringement and endangerment upon indigenous, 
inherent, and treaty-protected resources, impacts on human health, economies, sacred places and 
our traditional way of life; and 

BE IT FURTHER RESOLVED, the tribes of A1Nl support a strategy to document the 
impacts of these fossil fuel energy transport and export proposals, which includes baseline studies 
of science from a local approach, impacts to the economies, as well as legal and policy initiatives. 
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Al'l''ILIATED TRIBES OF NORTHWFJ>T INDIANS RESOWTION #13- 47 

CERTIFICATION 

The foregoing resolution was adopted at the 20 l3 Mid-Year Convention of the Aftlliated 
Tribes ofNorthwest Indians, held at the Not1hern Quest Resort and Casino, Airway Heights, 
Washin ton on May 13-May 16,2013 with a quorum present. 

2013 MID-YEAR CONVENTION PAGE3 



.' . 

Pend Oreille River 



46411 Timine WayConfederated Tribes ojthe 
Pendleton, OR 97801Umatilla Indian Reservation 

Department of Natural Resources www.ctuir.org ericquaempts@ctuir.org
Administration Phone 541-276-3165 Fax: 541-276-3095 

November 18,2013 

Millennium Bulk Terminals-Longview EIS 
c/o ICF International 
710 Second Avenue, Suite 550 
Seattle, W A 98104 

Subject: 	 Scoping Comments on Proposed Millennium Bulk Terminals Longview Shipping 
Facility 

Delivered Electronically to: comments@millenniumbulkeiswa.gov 

To Whom It May Concern: 

The Confederated Tribes of the Umatilla Indian Reservation (CTUIR) Department of Natural 
Resources (DNR) appreciates the opportunity to comment on the proposed Millennium Bulk 
Terminals Longview Shipping Facility Project (Project). The CTUIR DNR is concerned that the 
Project may impact tribal treaty fisheries, traditional use areas, and the habitats and cultural 
resources necessary to support and sustain them. We have additional concerns regarding the 
cumulative impacts of the Project and others proposed in the region. 

The Environmental Impact Statement (EIS) should include adequate information to make an 
informed judgment as to the impacts to tribal Treaty Rights, traditional use areas and the near
and long-term health and sustainability of tribal First Foods. The EIS should also address how 
the federal government would be fulfilling it Trust Responsibility to the CTUIR and other Indian 
Tribes if a federal agency was to ultimately authorize this Project. 

The U.S. Army Corps of Engineers (Corps), the Washington Department of Ecology (WDOE) 
and Whatcom County have begun an environmental review for a similar coal export terminal 
(Gateway Pacific) in Whatcom County. WDOE and the County have indicated their intent to 
examine all of the impacts of that project, including indirect effects such as increased rail traffic, 
vessel traffic, additional mining, and greenhouse gas emissions of coal combustion. This 
comprehensive approach should be followed in the case of the Millennium facility as well. 

Impacts from the Project will be felt far and wide. Rail impacts (traffic, emissions, and 
derailment risks) will extend from the Powder River Basin to the Project site. Ocean transport 
will cause increased emissions, collision risks, and near-shore effects from Longview, through 
the Columbia River estuary, and across the sea. Greenhouse gas emissions will rise from the 
eventual combustion of the mined and transported coal, resulting in increasing temperatures, 
ocean acidification and mercury deposition in the Northwest. The Millennium facility will add 
to environmental burdens that will result if the many other coal and oil transport projects in the 
region come to fruition. It should not be analyzed in isolation, but in conjunction with the other 
proposed projects. 

Treaty June 9, 1855 - Cayuse, Umatilla and Walla Walla Tribes 

mailto:comments@millenniumbulkeiswa.gov
mailto:ericquaempts@ctuir.org
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CTUIR DNR Letter to ICF International 

Re: Millennium Bulk Terminals-Longview: Scoping Comments 

November 18, 2013 
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Fish and Fishing Site Impacts 

The CTUIR has a treaty-secured "right of taking fish ... at all ... usual and accustomed 
stations" along the Columbia River and its tributaries. In order for this right to have any 
meaning, there must be fish to take, they must be healthy and sustainable, and access must be 
available. The Project will potentially negatively impact these sites and the fish that migrate past 
them. The additional trains may also adversely affect the ability of tribal members to access 
treaty reserved fishing sites along the Columbia River and other tributaries due to the increased 
danger at crossings. The EIS should assess these potential impacts. Fish are but one of the many 
tribal First Foods, and they all should be considered when weighing the effects of the Project. 

Cultural Resources 

Rail transit and operations associated with the Project will affect traditional cultural properties 
governed by the National Historic Preservation Act. The transit corridor will pass through or 
otherwise affect tribal trust lands and traditional use areas. Information pertaining to changes in 
rail usage is necessary to assess the effects the proposed undertaking will have on those 
properties. 

Air Quality 

Air quality may deteriorate as a result of the Project, from additional diesel emissions, coal dust, 
and the burning ofthe coal itself. Mercury deposition should be specifically examined; the 
CTUIR is particularly concerned about the alarming evidence of toxic contaminants in fish, 
water and across the landscape where we commonly obtain our First Foods. 

Government-to Government Consultation 

These are just a few of the CTUIR's many concerns; there are many more that cannot be fully 
detailed here. We request consultation on a government-to-government basis with the Corps on 
this Project. The EIS should include and incorporate adequate information for us and the region 
to make an informed decision regarding the merits and drawbacks of this and all the other 
projects that will have similar significant effects. Please contact Audie Huber, our Inter
Governmental Affairs Manager, at audiehuber@ctuir.org or (541) 429-7228. 

Sincerely, 

~fA1ttw~ 
w(Eric Quaempts 
V Director, Department of Natural Resources 

Treaty June 9, 1855 - Cayuse, Umatilla and Walla Walla Tribes 
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November 18,2013 

Washington Dep81iment of Ecology 
c/o Diane Butorac 
P.O. Box 47775 
Olympia, W A 98504 

U.S. Army Corps of Engineers 
c/o Danette Guy 
2108 Grand Boulev81'd 
Vancouver, WA 98661 

Cowlitz County Building and Platming 
c/o Elaine Placido 
207 4th Ave. N. 
Kelso, W A 98626 

Re: Docket number 2013-19738: Comments on 

scope ofEIS for Millennium Bulk Tetminals 

Longview LLC Coal Export Tetminal 


To Whom It May Concern: 

The Confederated Tribes of the W 81m Springs Reservation is possessed oftreaty reserved rights 

pursuant to the Treaty With the Tribes of Middle Oregon that was signed by those tribes and the 

United States on June 25, 1855. Therein the tribes reserved the right to fish at all usual and 

accustomed stations. That treaty is the basis for our co-m81lagement authority in the entire John 

Day Basin, the Deschutes Basin, the Hood River Basin, and the Willow Creek Basin extending 

from the west bank to the middle of the ch81mel. This co-management authority extends 



northward to the middle of the channel of the Columbia River between the mouth of Willow 

Creek and the Cascade Rapids. 

Based upon the preceding cited rights and interests, the Confederated Tribes of the Warm 

Springs have substantial concerns regarding the submitted pe1mit application. The 

environmental impact statement should include a consideration of unacceptable impacts to 

fisheries and fishing sites; adverse impacts to air and water quality; contribution to the adverse 

affects of climate change and the cumulative impacts throughout Oregon and Washington. 

Fisheries 

Coal negatively impacts fisheries resources. There are deleterious affects of increased ship 

traffic on migrating anadromous adult and juveniles. There will be an affect to tribal fishing 

sites that our fisherman use. Coal pollutants discharged into the Columbia River will negatively 

affect resident and anadromous fish. Mercury, emitted into the atmosphere from facilities that 

burn fossil fuel, travels thousands of miles before returning to Earth through rain, snow and dry 

depositions, ends up in the fish that tribal members consume. 

Air and Water quality 

Currently, coal dust is a problem in the Gorge, and would be exacerbated with an increase of 

coal traffic. Burlington Northern estimates that each car of coal loses 500 pounds of dust each 

trip, with each I OO-car train potentially losing 50,000 pounds. Off-loading coal and coal pile 

storage at the terminal will result in dust spillage that would directly affect the river around the 

docks. 



Coal dust cont-ains arsenic and polycyclic aromatic hydrocarbons (PAHs), a lmown carcinogen. 

High levels ofboth contaminants have been found in the soil around coal piles, and arsenic can 

leach into water. A recent report signed by doctors in Washington noted that airborne coal dust 

has been associated with bronchitis, emphysema, and asthma. 

Climate Change 

Coal will be burned in northeastern Asia. Such power plants emit mercury, which travels the jet 

stream to the N Olthwest. Generating electricity through the burning of fossil fuels, in particular 

carbon-heavy coal, has a greater impact on the atmosphere than any other single human activity. 

Cultural Resources 

There is, along with a concern with the environmental laws and values, a concern for cultural 

values that fall under the cultural laws. Inasmuch as cultural and environmental (natural) values 

are intermingled, tribal members have always lived their lives such that the environmental 

elements have shaped their cultural and traditional beliefs. This Terminal project provides 

numerous concerns as the water in which fish are harvested, for subsistence, ceremonial or 

commercial purposes may be impacted negatively by the coal dust. Though the applicant assures 

reviewers that this is not the case, it is actually an unknown. The soils that the water will be in 

contact with grow cultural foods and fibers for traditional basket weaving, or Tules used in 

ceremonies. This unceltainty of the impacts is a concern to the membership as it may affect their 

livelihood, their traditions, and the passing on oflmowledge to tribal youth. This uncertainty 

portends that there is likely an impact on our way oflife. 



Cumulative Impacts 

The shipment of coal through the NOlihwest will have broad and pervasive impacts. These 

div")rse and vast cumulative impacts will lead to serious, irreversible consequences on the water 

quality, air quality, and other treasured values throughout the region. NEPA was intended, to 

"foster and promote the improvement of environmental quality to meet the conservation, social, 

economic, health, and other requirements and goals of the Nation." 

Conclusion 

Accordingly, the Confederated Tribes of the Warm Springs Reservation requests that the 

responsible agencies undertake, within the context of the preparation of an environmental impact 

statement, the consideration of the impacts of the shipment of coal through Oregon and 

Washington, including, but not limited to, impacts to the air and water quality, climate change, 

fisheries resources, public health and safety, cultural traditions, and ecosystems 

Sincerely, 

I ~5~~£eli A. "Bobby" Bmnoe 

General Manager 

Branch ofNatural Resources 

Confederated Tribes ofWmm Springs 



Confederated Tribes and Bands Established by the 
of the Yakama Nation Treaty of June 9, 1855 

November 18,2013 

Lieutenant General Thomas P. Bostick Brigadier General JohnS. Kern 
Commanding General and Chief of Engineers Commander 
Headquarters Northwestern Division 
U.S. Army Corps of Engineers U.S. Army Corps of Engineers 
441 G Street NW P.O. Box 2870 
Washington, DC 20314-1000 Portland, OR 97208-2870 

Colonel Bruce Estok Maia Bellon 
Commander Director 
Seattle District Washington State Dept. of Ecology 
U.S. Army Corps of Engineers P.O. Box 47600 
P.O. Box 3755 Olympia, WA 98504-7600 
Seattle, WA 98124-3755 

Re: 	 Comments on the Scope of the NEPA & SEPA EISs for the 
Proposed Millennium Bulk Terminal at the Port of Longview 

Dear Federal and State Officials: 

On behalf of the Yakama Nation, I submit for the record the following information and positions 
regarding the scope ofenvironmental analysis required for the proposed Millennium Bulk Terminal 
at the Port ofLongview, in addition to the coal industry's proposed regional plans for our lands and 
waters.1 TheYakama Nation is a federally recognized sovereign Nation created by the Treaty of 
1855 with the United States (12 Stat. 951 ). The Treaty reserves for tribal members certain rights and 
resources that are necessary to maintain our customary way of life. Among these reserved rights is 
the right to fish at all Usual and Accustomed places, including the Columbia River. The proposed 
coal loading facility, dock, increased coal train traffic, and Panamax ships associated with this project 
would create direct adverse impacts - far beyond any de minimis threshold - to Treaty rights, 
including, among other things, Treaty-reserved salmon, steelhead, lamprey, and other resources 
critically important to the Yakama Nation and its People. 

First and foremost, because of the significant and irreparable direct and indirect impacts that the 
proposed Millennium Bulk Terminal would have on the Y akama People and our Treaty-reserved 
rights and resources, the Yakama Nation requests that the U.S. Army Corps ofEngineers (Corps), 
Washington State Department of Ecology (Ecology), and Cowlitz County each deny Millennium's 

1 The Yakama Nation expressly reserves its right to supplement or amend these comments and add to the 
record to whatever extent permissible under applicable laws and regulations. 

Post Office Box 15 1, Fort Road, Toppenish, WA 98948 (509) 865-5 121 



applications to construct and operate a bulk terminal for coal export in Longview, Washington. The 
Millennium Bulk Terminal proposal would permanently violate the Yakama Nation's Treaty rights to 
fish, hunt and gather traditional foods. It will also potentially result in irreparable harm to the 
Yakama Nation' s cultural resources. 

Yakama Nation' s Treaty rights in the Columbia River area have been recognized recently in federal 
court; notably through an injunction imposed to prohibit the shipment of Hawaiian garbage through 
Yakama ceded lands. In Confederated Tribes and Bands ofthe Yakama Nation v. United States 
Department ofAgriculture, a case concerning the federal agencies ' failure to adequately address the 
Yakama Nation's concerns in permitting a plan to ship garbage from Hawaii through Yakama ceded 
lands, Judge Shea held that the Yakama Nation was likely to "prevail on [its] NEPA claims that the 
EA and FONSI failed to adequately analyze the environmental impacts of shipment and receipt of 
Hawaiian garbage to the Roosevelt Landfill, which is located on lands ceded by the Yakama 
Nation, wherein tribal members enjoy 'in common' usufructuary rights ... Further [the Court 
found that] there are serious questions about whether Defendants adequately consulted with the 
Yakama Nation as required by the Yakama Treaty of 1855 and federal Indian trust common law. "2 

The situation before the permitting agencies is analogous to the 20 I 0 Hawaiian garbage case. There, 
federal agencies did not seriously analyze Treaty-protected rights that would be impacted along the 
route proposed to transport Hawaiian garbage. 

To be clear, Yakama Nation will not negotiate nor agree to so-called mitigation for any violations or 
actions resulting in the diminishment or destruction of its Treaty-reserved rights and Treaty-protected 
resources. Put simply, there is no mitigation adequate to compensate my Tribe and its People for the 
continued degradation ofour sacred places, the incremental but constantly worsening damages to our 
natural n::soun.:es that sustain our culture, and the threats to the livelihoods and cultural practices of 
many Y a kamas. 

As we previously requested (letter dated October 28, 2013), Yakama Nation expressly requests 
government-to-government consultation with the U.S. Army Corps of Engineers on all aspects of the 
proposed coal export projects, including the Millennium Bulk Terminal. 

Y AKAMA NATION CONTINUES TO ASK FOR A COMPREHENSIVE, REGION-WIDE 
ENVIRONMENTAL ANALYSIS OF ALL COAL EXPORT PROPOSALS 

If your agencies do not deny the coal export permit applications outright, Yakama Nation again 
reiterates its request that a comprehensive, region-wide environmental impact statement (EIS) be 
completed by the Federal government. In our review of the three proposals3 for coal-related actions 
pending before the Army Corps ofEngineers - including the one that these comments are focused 
upon - it is self-evident that these proposals "will have cumulative or synergistic environmental 
impact[s] upon a region," and therefore "their environmental consequences must be considered 
together.' '"' In turn, we submit that under long-standing Supreme Court precedent concerning the 
interplay between coal-related proposals and Federal agencies ' environmental obligations under 

2 Confederated Tribes and Bands ofthe Yakama Nation v. United States Department ofAgriculture, 
20 10 WL 3434091 (E.D. Wash. 20 10)(emphasis added). 

3 Coyote Island Terminal at Port of Morrow, OR; Gateway Pacific Terminal at Cherry Point, WA; 

Millennium Bulk Terminal at Port ofLongview, WA 

4 Kleppe v. Sierra Club, eta!., 427 U.S. 390, 410, 96 S.Ct. 2718 (1976). 
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federal law, "[ o ]nly through comprehensive consideration ofpending proposals can the [permitting] 
agency evaluate different courses of action."5 

In any event, because of the significant impacts this particular proposal will have, federal law 
requires agency consideration of the "cumulative impacts" resulting from the proposed project. 
Federal regulations define cumulative impacts as: 

the impact on the environment which results from the incremental impact of the 
action when added to other past, present, and reasonably foreseeable future actions 
regardless of what agency (Federal or non-Federal) or person undertakes such other 
actions. Cumulative impacts can result from individually minor but collectively 
significant actions taking place over a period oftime.6 

Therefore, even if the agency determines that a comprehensive region-wide EIS is not required in 
this instance, the cumulative impacts of the Millennium Bulk Terminal proposal in addition to all 
other coal-related projects in the region, plus all separate current, past, and reasonably foreseeable 
future environmentally taxing uses of the area- and in particular, the Columbia River and adjoining 
lands - all should be considered as the permitting agencies execute their respective duties to analyze 
cumulative impacts with respect to the Millennium Bulk Terminal project under federal and other 
applicable laws.7 

Given the fragile and already damaged ecosystem immediately surrounding the proposed site of the 
Millennium Bulk Terminal and the entire region, as well as the long history of Treaty violations from 
energy development in the region that permanently and irreparably have harmed my People, it is 
imperative for the permitting agencies to analyze all impacts from the coal's origins in the Powder 
River Basin or otherwise, through our Ceded and Usual and Accustomed Use Areas, to burning the 
coal in Asia. Failure to complete such critical analyses is an unacceptable derogation of your 
responsibilities at the expense of our people, the environment, and our economy. 

COMMENTS ON THE SCOPE OF THE MILLENIUM BULK TERMINAL EIS 

As you are aware, the proposed Millennium Bulk Terminal would be located on a now defunct 
aluminum production facility that is currently undergoing a remedial investigation under Washington 
State's Model Toxics Control Act (MTCA). The state cannot short-cut cleanup of the current 
contamination onsite to accommodate a new use. Some of the contaminants at the proposed 
Millennium Bulk Terminal site include fluoride, cyanide, metals, and PCBs, which have all been 
shown to be toxic to aquatic receptors. The EIS should include a full description of the extent of the 
contamination and how a coal port can be constructed without impeding the implementation of a 
remedy that is fully protective ofYakama Nation's resources. It seems impossible that a proper EIS 
can be completed if the nature ofthe contamination is still being characterized and the method of 
cleanup, including cleanup levels, has not been determined. Yakama Nation expects that the post
remedy conditions of the site will be fully resolved and disclosed in the environmental review of the 

5Jd. 
6 40 C.F.R. § 1508.7. 
7 Lands Council v. Powell, 395 F.3d 101 9, 1027 (91h Cir. 2005); see also Mountaineers v. United States 
Forest Service, 445 F.Supp.2d 1235, 1247 (W.D. Wash. 2006)(fmding that cumulative impacts analyses 
are required even in federal agencies ' preparations ofEAs). 
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Millennium Bulk Terminal proposal. 

With that, Yakama Nation recommends that the scope of the Millennium Bulk Terminal EISs to be 
completed under the National Environmental Policy Act (NEPA) and the State Environmental Policy 
Act (SEPA) include evaluations ofall potential impacts to our cultural and Treaty-reserved 
resources, our environment, public health and safety, and to our economies. We also request that 
these cumulative impacts be studied on a region-wide level, from the coal's origins in the Powder 
River Basin, through our homelands, to the final destination, including the impacts to our region 
from the intended use of the coal at its fmal destination. From our initial assessment and 
understanding, the potential impacts associated with transporting and burning the coal would result in 
direct and indirect damages to our People, natural and cultural resources, economies, and our ability 
to exercise our Treaty-reserved rights. 

We commend the Washington State Department of Ecology on its decision to identify and analyze 
the full range of impacts associated with the Cherry Point coal-related proposal, including 
transportation-related impacts through the state, climate change effects, etc. We not only urge, we 
request the permitting agencies here to follow this same leadership and responsible governance, to 
the extent Millennium's permits are not denied outright. The U.S. Army Corps of Engineers cannot 
ignore nor defer its Trust and legal responsibilities to analyze all project impacts, including direct and 
cumulative impacts under NEP A, the National Historic Preservation Act (NHP A), and other 
applicable federal laws. By delegating its responsibilities to the State, as the Corps seems to be 
choosing to do with the Gateway Pacific Project at Cherry Point, the Federal government is failing to 
uphold its Trust responsibilities to the Yakama Nation. It is the Federal government's responsibility 
to ensure that the Yakama Nation' s Treaty rights, resources and People are protected, as guaranteed 
under the Treaty of 1855. 

Accordingly, Yakama Nation requests that the Millennium Bulk Terminal EISs prepared by the U.S. 
Army Corps of Engineers under NEPA and Washington State Department of Ecology under SEPA 
include, in addition to the general scope of issues described above, shall include, but not be limited to 
an analysis of impacts to and a discussion of geology and soils; vegetation, fish and, wildlife; water 
quality, runoff/absorption; air quality, climate, and climate change; energy and natural resources; 
environmental health, noise, risk of frre or explosion, releases of potential releases of toxic or 
hazardous materials; land and shoreline use; economic, population, housing, and employment; 
historic and cultural resources; aesthetics; transportation, including vehicular, waterborne, and rail 
traffic; and public services and utilities. Specific examples include, but are not limited to: 

• 	 A safety analysis of the potential impacts at current and projected levels of rail traffic to tribal 
fishers, their customers, and tribal members on and near the Y akama Reservation and especially 
through the Columbia River Gorge. Tribal members are exposed to train-strike risk when 
crossing rails to access homes, fishing sites, and markets for the sale of harvested fish. A sad 
history of train-related fatalities at current levels of rail traffic naturally suggests that elevated 
levels of rail traffic in the Columbia Basin, particularly through the Columbia Gorge, will 
increase mortalities to tribal members attempting to exercise Treaty reserved fishing and food 
gathering rights at usual and accustomed places. The probability of train-strike fatalities, 
injuries, and property damage can be quantified based on these tragic statistics, and the EIS 
should analyze the expected additional mortalities to tribal members and others that would be 
caused by the projected increase in rail traffic associated with this proposal. Similarly, tribal 
members and others would be exposed to increased health and safety risks created by the empty 
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coal trains transiting the Yakama Reservation and other rail lines in central Washington on the 
return trip to the Powder River Basin. 

• 	 An assessment of track capacity and traffic control measures necessary to handle the projected 16 
additional unit trains that would deliver coal to the Millennium Bulk terminal. This should 
include an assessment of vehicle traffic delays and economic costs to communities bisected by 
rail lines. 

• 	 An analysis of the likelihood and frequency of coal train derailments, shipping spills, and fire and 
explosion probabilities, and the impacts that such incidents would have on the terrestrial and 
aquatic environments. This risk analysis can and needs to be quantified. Coal train derailments 
are common and their impacts are real. The EISs shall also include a discussion of how such 
incidents would be handled, who would respond, and which parties and/or agencies would be 
responsible for clean-up. 

• 	 An analysis of the emissions from rail and ship traffic, terminal operations, and combustion by 
the end users. This emissions analysis needs to include types, quantities and effects to human 
health and the environment. Specific examples include how these emissions would exacerbate 
the currently compromised air quality in the Columbia River Gorge (from local and Asian 
sources), toxicity levels in our rivers and fish, as well as climate change and ocean acidification. 

• 	 An analysis of the amounts and effects of the fugitive coal dust that would be deposited upon our 
lands and waters at the terminal and during transport through the Columbia Basin and across the 
Northern Pacific Ocean. We have observed and it has been documented that current coal trains 
are already depositing coal dust on our lands and into our waters in the region. Further, fugitive 
dust onsite poses direct threats to the aquatic environment. Stormwater management and fugitive 
dust suppression methodologies need to be discussed. These cumulative impacts need to be 
quantified and discussed in relation to Clean Water Act requirements, among other applicable 
laws, regulations, and Treaty rights. 

• 	 An analysis of impacts to all cultural resources, including Traditional Cultural Properties. As 
with the scope of analysis under NEPA and SEPA, Yakama Nation expects that the Area of 
Potential Effect (APE) for the Millennium Bulk Terminal shall include the entire transportation 
route, including impacts from the coal's origins through our Usual and Accustom areas and our 
Ceded Lands to its fmal destination in Asia. There are over 10,000 historic properties 
documented along the entire route, and many more that are yet to be identified. We expect that 
the APE will not be limited to the Millennium Bulk Terminal site, but will also include the 
proposed Port of Morrow and Cherry Point coal export terminal sites, in addition to the entire 
route from Montana to Asia. Yakama Nation expects that all impacts to cultural and 
archaeological resources will also be analyzed under the NHPA and any other laws applicable to 
archaeological and cultural resources. 

• 	 An analysis of all impacts to aquatic and terrestrial species and habitat along the transportation 
route, at the proposed site of the Millennium Bulk Terminal, and adjacent to the shipping channel 
westward of the terminal. The proposed Millennium Bulk Terminal is located adjacent to the 
Lower Columbia River. This section of river is designated as Critical Habitat for Endangered 
Species Act (ESA)-listed salmon and steelhead populations and is so designated because every 
single salmon originating above this point migrates through this section of river as a juvenile and 
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as a returning adult. The construction and operation of this facility poses threats to populations of 
salmon, steelhead and other aquatic species of cultural importance such as the Pacific Lamprey. 
Further, the operation ofPanamax-class ships is certain to increase the incidence ofwake
stranding juvenile salmonids and lamprey in the lower Columbia adjacent to the shipping 
channel. The EIS should assess the potential magnitude ofadditional wake stranding mortality 
associated with the project proposal. 

Thank you for your time and consideration. Yakama Nation stands prepared to help provide any 
information you may need in developing your respective EISs. To arrange our government-to
government meeting between the Corps and Yakama Nation, please contact Philip Rigdon, Deputy 
Director ofYakama Nation Department ofNatural Resources at (509) 865-5121 extension 4655. 

Sincerely, 

,f.~is~ 
Yakama Nation Tribal Council 

CC: 	 Honorable Governor Jay Inslee, Washington State 

Honorable Governor John Kitzhaber, Oregon State 

Paul Cloutier, U.S. Army Corps of Engineers 

Dennis McLerran, U.S. Environmental Protection Agency 

Will Stelle, National Marine fisheries Service 

Robyn Thorson, U.S. Fish & Wildlife Service 

Daniel Elliot III, Surface Transportation Board 

Nancy Sutley, Council on Environmental Quality 

Commissioner Peter Goldmark, Washington State Department ofNatural Resources 

Diane Butorac, Washington State Department of Ecology 

Paul Lumley, Columbia River Inter-Tribal Fish Commission 
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PREFACE 

This report is submitted by Johan Rene van Dorp (GW) and Jason R.W. Merrick (VCU). The content 
of the report describes the 2010 Vessel Traffic Risk Assessment (VTRA). To distinguish the study 
described herein from the previous 2005 VTRA study conducted 2006-2008 it will be labeled the 
2010 VTRA or VTRA 2010. The starting point for the 2010 VTRA analysis is the updated 2005 VTRA 
model with 2010 VTOSS data, as agreed upon in the scope of work between GWU and the PSP. The 
update of VTRA Maritime Transportation System (MTS) simulation model from using 2005 Vessel 
Traffic Operational Support System (VTOSS) data to using 2010 VTOSS data was separately funded 
by the Makah Tribal Council.  

Both this Puget Sound Partnership (PSP) and the Makah effort utilize the extensive technical work 
already completed by the George Washington (GW) University and Virginia Commonwealth 
University (VCU) under previously funded maritime risk assessment (MRA) projects.  Specifically, 
the Prince William Sound Risk Assessment (1996), The Washington State Ferry Risk Assessment 
(1998), The San Francisco Bay Exposure Assessment (2004) and the 2005 Vessel Traffic Risk 
Assessment (VTRA). GW/VCU’s VTRA analysis tool evaluates the duration that vessels travel 
through the VTRA study area by vessel type (referred to as exposure hereafter) and the potential 
accident frequency and oil losses from a pre-defined class of focus vessels. The inclusion of a time 
on the water element in the evaluation of exposure sets the GW/VCU methodology apart from count 
based approaches that focus on, for example, number of annual/monthly vessel transits, visits or 
calls. The GW/VCU VTRA analysis methodology has been well documented and peer-reviewed in 
the academic literature and continuously improved over the course of these MRA projects. A 
reference list is provided at the end of this document. 

The VTRA study area includes: (1) portions of the Washington outer coast, (2) the Strait of Juan de 
Fuca and (3) the approaches to and passages through the San Juan Islands, Puget Sound and Haro-
Strait/Boundary Pass. The VTRA area is divided in 15 separate waterway locations outlined on the 
cover of this report. This study has been funded wholly or in part by the United States 
Environmental Protection Agency (EPA) through their National Estuary Program, via a grant 
agreement (#2013-028) with the PSP. 

From the outset of this project the support from the United States Coast Guard (USCG) District 13, 
including Sector Puget Sound, and the Puget Sound Harbor Safety Committee (PSHSC) have been 
unwavering. In particular, Mark Ashley’s (USCG), John Veentjer’s (Chair of the PSHSC), Del 
Mackenzie’s (Puget Sound Pilots) and Norm Davis’ (Department of Ecology) support have been 
instrumental in providing the necessary data for both the Makah funded VTRA update and the PSP 
funded VTRA 2010.  The PSHSC unselfishly extended their hospitality to allow GW/VCU to present 
their progress over the course of this project during their meetings every two months starting in 
October 2012. The PSHSC provided GW/VCU a public platform to obtain feedback from and access 
to the maritime community during the VTRA update and the 2010 VTRA. A PSHSC steering 
committee served as an advisory group during both studies. 
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1. INTRODUCTION 
Washington State shares the Salish Sea with the province of British Columbia.  A large 
number of ships and barges operate in these shared waters, placing the area at risk for 
major and catastrophic oil spills.  While citizens in the region enjoy a relatively safe marine 
transportation system compared to most other port states in the world, the potential for 
catastrophic spills continues to be a huge concern for the region’s environment, economy 
and quality of life, and the impact of a major spill would likely be devastating on the long-
term restoration and protection of Puget Sound. 

The purpose of the 2010 VTRA is to inform the State of Washington and the United States 
Coast Guard on what potential actions should be taken to mitigate any increase in oil spill 
risk from large commercial vessel oil spills in the northern Puget Sound and the Strait of 
Juan de Fuca areas.  The VTRA study area includes: (1) portions of the Washington outer 
coast, (2) the Strait of Juan de Fuca and (3) the approaches to and passages through the San 
Juan Islands, Puget Sound and Haro-Strait/Boundary Pass. The VTRA study area is divided 
in 15 separate waterway locations outlined on the cover of this report and is expected to 
experience significant changes in deep draft vessel traffic during the next decade. The 2010 
VTRA is also intended to inform federal agencies, tribes, local governments, industry and 
non-profit groups in Washington State and British Columbia on potential risk management 
options and facilitate their input into achieving consensus risk management decisions 
regarding vessel operations in the study area 

The development of the 2010 VTRA followed the collaborative analysis approach [1] 
involving coordination with a Puget Sound Advisory group/steering committee of 
stakeholders selected early on in the VTRA 2010: 

“In collaborative analysis, the groups involved in a policy debate work together to assemble 
and direct a joint research team, which then studies the technical aspects of the policy issue in 
question. Representative from all the participating groups are given the ability to monitor 
and adjust the research throughout its evolution. Collaborative analysis aims to overcome 
suspicions of distorted communication giving each group in the debate the means to assure 
that other groups are not manipulating the analysis. The ultimate goal is to generate a single 
body of knowledge that will be accepted by all the groups in the debate as a valid basis for 
policy negotiations and agreements. – George J. Busenberg, 1999.” 

In this study, the Puget Sound Advisory group/steering committee chose to model only the 
traffic level impacts of planned expansion and construction projects that were in advanced 
stages of a permitting process. Each planned project forms a What-If scenario and What-If 
vessels are added to a maritime simulation of the 2010 Base Case year. Four What-If 
scenarios were modeled in the study: 
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• The Gateway bulk carrier terminal 
• The Trans-Mountain pipeline expansion 
• The combination of proposed changes at Delta Port  
• All three of above scenarios operating at the same time 

The steering committee determined that the following numbers of What-If vessels would 
be added to the 2010 Base Case simulation in each scenario: 

• The Gateway bulk carrier terminal 
o 487 bulk carriers (318 Panama class and 169 Cape Max class) 

• The Trans-Mountain pipeline expansion 
o 348 crude oil tankers (each 100,000 DWT) 

• The combination of proposed changes at Delta Port  
o 348 bulk carriers and 67 container vessels 

• All three of above scenarios operating at the same time 

Moreover, the steering committee recommended that bunkering operations supporting 
these potential expansion projects be represented as well in the 2010 VTRA. 

The VTRA 2010 utilizes the extensive technical work already completed by the George 
Washington (GW) University and Virginia Commonwealth University (VCU) under 
previously funded maritime risk assessment (MRA) projects.  Specifically, the Prince 
William Sound Risk Assessment (1996), The Washington State Ferry Risk Assessment 
(1998), The San Francisco Bay Exposure Assessment (2004) and the 2005 VTRA. 
GW/VCU’s VTRA analysis tool evaluates the duration that vessels travel through the VTRA 
study area by vessel type (referred to as exposure hereafter) and the accident frequency 
and oil losses from a pre-defined class of focus vessels. The inclusion of a time on the water 
element in the evaluation of exposure sets the GW/VCU methodology apart from count 
based approaches that focus on, for example, number of annual/monthly vessel transits, 
visits or calls. The GW/VCU VTRA analysis methodology has been well documented and 
peer-reviewed in the academic literature and continuously improved over the course of 
these MRA projects. A reference list is provided at the end of this document. 

A summary of the 2005 VTRA methodology is provided in Section 2 with references to 
peer-reviewed publications and technical report dispersed throughout this summary. 
Needless to say, to more closely approximate the present-day patterns in traffic for What-If 
scenario analysis representing potential traffic expansions, it would be desirable for the 
GW/VCU VTRA 2005 analysis model to be updated with the most recent VTOSS dataset. 
The 2010 year is the last full year of traffic data recorded for VTOSS. The items below 
summarize the improvements made to 2005 VTRA methodology while updating the 
GW/VCU VTRA analysis model using the VTOSS 2010 efforts over the course of both the 
Makah and PSP funded efforts: 
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1. The total focus vessel class in the VTRA 2010 accounts for approximately 25% of the total 
traffic picture, whereas the VTRA 2005 only accounted for 1% of the total traffic. The VTRA 
2005 only considered BP Cherry point tankers, ATB’s and ITB’s within the focus vessel 
class1. As per the PSP SOW this focus vessel class was expanded to include all tankers, ATB’s 
and ITB’s, bulk carrier, container vessels and oil barges. Over the course of the VTRA 2010, 
also “Chemical Carriers” and “Other Cargo” were added to the VTRA 2010 focus vessel class. 
The chemical carrier class is about as large as the ATB one. The "Other Cargo" class is 
combined about as large as the container focus vessel class. The inclusion of both "chemical 
carrier" and "other cargo" to the focus vessel class provides for an even more 
comprehensive analysis.  

2. Individual vessel routes segments are used in the VTRA 2010, rather than using 
representative routes that were used back in the VTRA 2005 to create a much more 
accurate traffic picture. 

3. VTOSS 2010 data, which serves as the basis for the VTRA 2010, was validated against AIS 
2010 data. This was not possible for the VTRA 2005 since at that time no AIS data was 
available. To accommodate this validation we: 

a. Introduced the notion of a vessel master type (Cargo-FV and Tank-FV) necessitated 
by vessel type misclassifications observed both in the VTOSS 2005 and VTOSS 2010 
datasets.  

b. Added crossing line counting to the VTRA model to duplicate exactly the AIS 2010 
crossing line count procedure. 

4. Calculated speeds are used in VTRA 2010 model as opposed to sampled speeds in the VTRA 
2005 to more accurately reflect exposure times of focus vessel classes. 

5. In terms of potential oil outflow analysis we are considering overall oil loss, cargo oil loss 
and fuel oil loss and we are providing separate analyses for each. This is a change from the 
former “persistent oil” and “non-persistent oil” classification used in the VTRA 2005 and 
mentioned in the PSP SOW. However, the oil loss, cargo oil loss and fuel oil loss 
classification is more meaningful given the focus vessel class expansion. 

6. Analysis capability was created to not only include more vessel types to the focus vessel 
class, but also allow for separation of the analysis by each focus vessel type, as well as the 
Tank-FV and Cargo-FV master type. Allowing for separation of analysis by focus vessel type 
may prove useful during the risk management phases. 

7. The notion of What-If focus vessels was introduced to model the added traffic to the 2010 
base year to represent the potential addition of Gateway, the Trans Mountain and Delta-
Port expansions. This allows for a separation of added system risk into What-If focus vessel 
risk and risk added to the Base Case focus vessel class (as a result of adding What-If focus 
vessels).  

8. A bunkering model was added to the VTRA 2010 model. Inclusion of a bunkering model to 
support these What-If focus vessels is an important part of the What-If analysis. The 
bunkering model addition to the VTRA model for What-If scenarios was not foreseen during 

                                                        
1 During the 2005 VTRA, focus vessels were referred to as Vessels Of Interest (VOI’s) 
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the initial SOW negotiations and was not included in 2005 VTRA. Analysis capability was 
created to allow for separation of What-If risk into "bunkering risk" and "Other What-If FV" 
risk. 

9. The comprehensiveness of the analysis makes synthesis into an overall system view that 
highlights important aspects of analysis results more challenging. A great deal of time was 
spent to develop an analysis presentation format to arrive more easily at such a systems 
view of risk. Most importantly, these synthesized presentation and analysis results will 
allow stakeholders (hopefully) to still see "the forest through the trees". It is important for 
stakeholders to have this overall systems view prior to devising risk management 
suggestions. 

10. Progress presentations and detailed scenario result presentations are available in electronic 
portable document format (pdf) from a VTRA 2010 project web-page: 

http://www.seas.gwu.edu/~dorpjr/tab4/publications_VTRA_Update.html 

 

In Section 3, we describe the updating of the 2005 VTRA model to the 2010 VTRA in more 
detail. In Section 4, the validation of GW/VCU model crossing line counts using AIS 2010 
crossing line counts is described. Section 5 describes VTRA 2010 focus vessel traffic 
movement and the movement of oil volume that these focus vessels carry. The information 
described in Section 5 serves as the starting point for the base case VTRA 2010 potential 
accident frequency and oil outflow analysis described in Section 6. The modeling of What-If 
scenario’s and the changes in potential accident frequency and potential oil outflow from 
the VTRA 2010 Base Case is presented in Section 7. In Section 8, similar analysis results are 
presented for a variety of risk management scenario, whereas Section 9 describes the 
construction of two bench mark scenarios to compare the What-If and risk management 
scenario’s against. The comparison of What-If, risk management and bench mark scenario’s 
is presented in Section 10. We close the report with conclusions and recommendations in 
Section 11.  
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2. SUMMARY OF 2005 VTRA MODEL METHODOLOGY 

Is it safer for a river gambling boat in New Orleans to be underway than to be dockside? 
Should wind restrictions for outbound tankers at Hinchinbrook Entrance in the Prince 
William Sound Alaska be lowered from 40 knots to 35 knots? Is investment in additional 
life craft on board Washington State Ferries in Seattle warranted or should the 
International Safety Management (ISM) code be implemented fleet wide? Can enhanced 
ferry service in San Francisco Bay and surrounding waters alleviate traffic congestion on 
roadways in a safe manner? Do potential traffic increases made possible through the 
addition of a pier terminal at a refinery located north of the San Juan Islands in Washington 
State increase or reduce oil transportation risk?  

The risk management questions above were raised in a series of projects over a time frame 
spanning more than 10 years and were addressed using a single risk management analysis 
methodology developed over the course of these projects by a consortium of universities. 
This methodology centers around stakeholder involvement and dynamic maritime risk 
simulations of a Maritime Transportation Systems (MTS) that also integrate 
incident/accident data collection, expert judgment elicitation and consequence models [2]-
[3]. Our model represents the chain of events that could potentially lead to an oil spill (see 
Figure 1).  

 
Figure 1.A causal chain of events inter-connected by causal pathways. Risk management questions attempt to 
block these causal pathways. 
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It has been peer reviewed by the National Research Council [4], top experts in the field of 
expert elicitation design and analysis, and has been continuously improved over time since 
its initial development in 1996. The model has previously been used in the Prince William 
Sound Risk Assessment ([5]-[8]), the Washington State Ferries Risk Assessment[9], and the 
Exposure Assessment of the San Francisco Bay ferries [10]. The model was most recently 
used during the 2005 VTRA [11] - [13]. Prior to updating with 2010 VTOSS data, data use 
and model assumptions of the VTRA model have been peer-reviewed [2] - [13]. 

Our analysis approach of involving stakeholders has been referred to in [1]as the 
collaborative analysis approach: 

“In collaborative analysis, the groups involved in a policy debate work together to assemble 
and direct a joint research team, which then studies the technical aspects of the policy issue in 
question. Representative from all the participating groups are given the ability to monitor 
and adjust the research throughout its evolution. Collaborative analysis aims to overcome 
suspicions of distorted communication giving each group in the debate the means to assure 
that other groups are not manipulating the analysis. The ultimate goal is to generate a single 
body of knowledge that will be accepted by all the groups in the debate as a valid basis for 
policy negotiations and agreements. – George J. Busenberg, 1999.” 

The following is a brief description of this modeling approach. The updating of the 2005 
VTRA model using 2010 VTOSS data shall occur in the same collaborative manner by 
making progress presentations to the Puget Sound Harbor Safety Committee. 

Situations (see Figure 1): 

Accidents can only occur when vessels are transiting through the system. Our maritime 
simulation model attempts to re-create the operation of vessels and the environment for 
one calendar year within the geographic scope of the study through maritime simulation/ 
replication. The traffic modeled re-plays the movement of VTS participating vessels (using 
2005 VTOSS data) and simulates the movement of smaller fishing vessels, whale watchers, 
and organized regatta events over a set of representative routes using representative 
vessel speeds. Representative vessel routes were constructed by vessel type using the 2005 
VTOSS data set. Figure 2provides a graphic of the 158 representative routes constructed 
for Oil Tankers.Vessels speeds are sampled from representative speed distribution by 
vessel type estimated using the West Strait of Juan de Fuca 2005 VTOSS data. Figure 3 plots 
example representative speed distributions for oil tankers, container vessels, bulk carrier 
and navy vessels used in the 2005 VTRA study.  From Figure 3 one observes that the speed 
profile for oil tankers and bulk carriers is quite similar, whereas container vessels typically 
travel at higher speeds. The speed profile for navy vessels indicates a lot of variation in  
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Figure 2.Graphic of 158 representative routes for oil tankers used in VTRA 2005 MTS simulation model. 

 

 
Figure 3.Example representative speed distribution for oil tankers (A), container vessel (B), bulk carriers (C) and 
navy vessels (D) estimated from VTOSS 2005 data. Step functions indicate the empirical probability distribution 
functions (pdf), whereas the solid lines are fitted Generalized Trapezoidal Distributions (GTD)[18]. 
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their speeds compared to the other vessel types in Figure 3. For each vessel type a 
representative speed distribution was fitted from vessel West Strait of Juan de Fuca speeds 
observed in the VTOSS 2005 data. A vessel’s sample speed is assumed constant throughout 
its transit, but subject to location speed changes trumped by traffic rules speed changes 
according to study area traffic rules implemented in the 2005 VTRA model. Location speed 
multipliers were estimated by comparing average speeds by vessel type for locations East 
Strait of Juan de Fuca, Haro-Strait/Boundary Pass, Rosario Strait, Georgia Strait, Guemes 
Channel, Saddelbag. Puget Sound North, and Puget Sound South to the average West Strait 
of Juan de Fuca speeds. 

The environmental factors modeled include wind, fog, and current. They are replayed 
hourly using publicly available data sources, such as e.g. the National Climatic Data Center. 
(See, also [11], AppendixC). The update of the 2005 VTRA also includes updating to 2010 
current tables. Other environmental conditions from the 2005 VTRA model are retained as 
well as traffic modeled therein not calling into VTS centers. Specifically, tribal and 
commercial fisheries, scheduled and USCG permitted regatta events and whale watching 
movements from the 2005 VTRA model are retained. 

Every minute over a simulation calendar year, the 2005 VTRA model counts situations of 
moving vessels in which there is the potential for an accident to occur if things start to go 
wrong (see, e.g., [2]). The traffic conditions and environmental conditions are recorded in 
these situations and stored in a database representing a one year analysis scenario (for 
example the base case and various What-If traffic scenarios). 

Incidents (see Figure 1): 

Incidents are the events that immediately precede the accident. The types modeled include, 
propulsion losses, total steering losses, loss of navigational aids, and human errors. An 
exhaustive analysis of all possible sources of study area relevant accident, near miss, 
incident, and unusual event data was performed (see, e.g. [11], Appendices A and B). 

Accidents (see Figure 1): 

The accident types included in this study are collisions between two vessels, groundings 
(both powered and drift), and allisions that involving the FV’s. The simulation counts the 
situations in which accidents could occur, while recording all the variables that could affect 
the chance that an accident will occur; these include the proximity of other vessels, the 
types of the vessels, the location of the situation and its wind, visibility and current. We 
know how often accidents do occur from our analysis of incident and accident data, but 
there is not enough data to say how each of these variables affect the chances of an 
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accident; accidents are rare2! The VTRA model is calibrated to historically observed, but 
geographically restricted accident and incident data (see [11], Appendix E). As such, the 
annual accident and incident rates generated by the VTRA model for the base case scenario 
coincide with geographically restricted historically observed accident and incident rates.  

To determine how accident situations differ in terms of relative accident likelihood, we 
must turn to the experts due to this lack of data. We ask experts to assess the differences in 
risk of two similar situations that they have extensive experience of (See Figure 4 for an 
example question). In each question we change only one factor and through a series of 
questions we build our accident probability model, incorporating the data where we can. 
Our expert judgment elicitation procedure is described in detail in [2], [14]. The experts 
involved include typically tanker masters, tug masters, pilots, Coast Guard VTS operators, 
and ferry masters. A full description of the process, experts and series of questionnaires 
conducted during the 2005 VTRA is provided in [11], Appendix E. No additional expert 
judgment elicitation is conducted forthe update of the 2005 VTRA Model using 2010 VTOSS 
data. 

Oil Spill (see Figure 1): 

An oil outflow model [3]for collision and grounding accidents explicitly links input 
variables such as hull design (single or double, see Figure 5), displacement and speed, 
striking vessel displacement and speed, and the interaction angle of both vessels to output 
variables (see Figure 6): longitudinal and transversal damage extents of the tanker. 
Overlaying these damage extents on a vessel's design (see Figure 6) yields an oil outflow 
volume totaling the capacity of damaged tank compartments. A similar model was 
developed for grounding accidents during the 2005 VTRA. A total of 80,000 simulation 
accident scenarios described in the National Research Council SR259 report [15]published 
in 2001 served as the joint data set of input and output variables used in this "linking" 
process. The oil outflow model was designed keeping computational efficiency in mind to 
allow for its integration with a maritime transportation system (MTS) simulation. A full 
description of the oil outflow model developed during the 2005 VTRA including its 
parameters and their estimation is provided in [11], Appendix D. 

Format of Scenario Analysis Results and Comparisons (See Figure 7) 

A potential risk mitigation scenario to be analyzed with the VTRA update is whether from a 
vessel risk perspective it makes sense to allow for bulk carriers docking at the Gateway 

                                                        
2 Over the course of our various studies typically less than ten accidents were observed in a time frame of ten 
years or more to calibrate the VTRA model.  
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Figure 4.Example question during 2005 VTRA of a paired comparison questionnaire of situations for tanker 
collision accident attribute parameter assessment given all incidents. 

facility being considered to travel north through Haro-Strait Boundary Passes as opposed 
to only using a northerly route through Rosario Strait. The 2005 VTRA only modeled a 
northerly route for Gateway vessels through Rosario Strait. 2005 VTRA model output 
allows for a visual assessment of the effectiveness of a risk mitigation scenario by 
comparing its geographic profile of vessel risk to that of other vessel traffic risk mitigations 
scenarios to a baseline geographic profile of vessel traffic risk (see Figure 7 for an example 
of such a geographic profile of vessel risk). An advantage of the geographical profile display 
format in Figure 7 is that it allows for a direct visual assessment of the distribution of the 
analysis results and thus provides for an understanding of system risk. For example, we 
immediately observe from Figure 7larger risk levels in the areas of Rosario Strait, Haro-
Strait Boundary Pass, Guemes Channel and at route convergence locations at Buoy J and 
Port Angeles.  A visual comparison of a baseline scenario generated geographic profile and  
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Figure 5. Single hull and double hull 150.000 DWT tanker designs used in 2005 VTRA taken from the National 
Research Council SR259 report [15]. 

 

 
Figure 6.A schematic of a striking ship-struck ship probability model used in the 2005 VTRA. 
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Figure 7.An example of a geographic profile of oil spill risk (generated during the 2005 VTRA). 

 

that of a What-If and risk mitigation scenario allows for a visual assessment of potential 
increases and decreases in risk and their location. The percentages in the top left corners of 
the red rectangles and blue border of the study area in Figure 7 allow for a more 
quantitative evaluation of system risk and its changes from a baseline scenario to What-If 
and risk mitigation scenario analysis results. The fact that in Figure 7 the percentage in the 
top left of the blue border equals 100% implies that this is a baseline geographic profile. 
For a more detailed explain of geographic risk profile interpretation see [12]. 

Sensitivity and Uncertainty of Analysis Results 

More data is being made available electronically over time allowing for an even more 
accurate representation of the movement of vessel traffic and modeling of the accident 
scenarios within an MTS simulation. As a result, the movement of traffic within the MTS 
simulation more resembles a replication of how vessels actually moved rather than 
simulating them. An example being that every vessel in the MTS simulation arrives and 
departs as per the VTOSS 2010 data while retaining its route segments and vessel 
characteristics, such as e.g. its own vessel name. No doubt, this added level of detail reduces 
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model uncertainty to a great extent. The evaluation of model uncertainty is not accounted 
for in traditional sensitivity/uncertainty analysis approaches.  

With the increased availability of this electronic data, however, the time to prepare it in an 
electronic format that can serve as input to an MTS simulation increases as well. Despite 
these advances, one should always bear in mind that any model is an abstraction of reality 
in which simplifying assumptions are often necessitated to maintain computational 
efficiency. The increase of computational complexity to reduce model uncertainty within 
the 2005 VTRA methodology, does unfortunately not allow for the application of traditional 
sensitivity/uncertainty analysis of output analysis results. We are pushing computational 
boundaries of existing computation platforms that the 2005 VTRA model runs on.  As a 
result, we find that solely relative comparisons across accident types, across oil outflow 
categories and across risk intervention scenarios are particularly enlightening and 
informative and we concentrate less on the absolute values of the results in our analysis 
comparisons. 

That being said, uncertainty of output analysis results for the 2005 VTRA methodology has 
been studied and funded by the National Science Foundation for smaller analysis context 
instances (See,[16],[17]). In these studies it was concluded that ranking of 
scenarios/alternatives are robust within our analysis methodology with respect to changes 
in vessel traffic. 
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3. UPDATING THE 2005 VTRA GW/VCU MODEL USING VTOSS 2010 DATA 

By updating the 2005 VTRA model to a 2010 base year, it will more closely approximate 
the present-day patterns in traffic when using the GW/VCU VTRA analysis model to inform, 
for example, the State of Washington and the United States Coast Guard on what potential 
actions should be taken to mitigate increases in oil spill risk from large commercial vessel 
oil spills in the northern Puget Sound and the Strait of Juan de Fuca areas. The data source 
for modeling Vessel Traffic Service (VTS) responding traffic in the 2005 VTRA model was 
VTOSS 2005 data. Figure 8 displays the VTOSS coverage area including the Seattle, Tofino 
and Victoria VTS that service this area covering both US and Canadian waterways. An 
advantage of the VTOSS data is that it provides a single US -Canadian cross boundary data 
source for the three VTS providers. However, this too provides for one of the challenges 
when modeling vessel traffic as recording across these three VTS providers in the VTOSS 
data set is not consistent. For example, a vessel travelling through these three VTS areas on 
a single transit is assigned three separate trip ID’s, one for each VTS. 

 

 
Figure 8.Coverage area of the Vessel Traffic Operational Support System (VTOSS). 

To deal with thisparticulardata issue, a modeling decision was made during the 2005 VTRA 
to resort to the construction of representative vessel routes by vessel type. In total,1756 
representative vessel routes, depicted in Figure 9, were constructed to model all VTS 
responding traffic (both US and Canadian). Of that, a relative large number of 158 
representative routes, depicted in Figure 3, were constructed to model the movement of oil 
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Figure 9. In total 1756 representative vessel route were constructed from 2005 VTOSS data during the 2005 
VTRA to model the movement of VTS responding traffic in the GW/VCU MTS simulation model. 

 

Figure 10. Tornado diagram displaying the cumulative percentage of time a vessel of a certain type is moving 
with the study area in the 2005 VTRA model over the course of one simulation year. 
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tankers (≈ 2% of all traffic, see Figure 10). For example, only 22 representative routes were 
utilized to model container traffic (≈ 2% of all traffic, see Figure 10) and 47 to model bulk 
carrier traffic (≈ 7% of all traffic, see Figure 10). The specific routes for container vessels 
and bulk carrier in the 2005 VTRA are depicted in Figure 11. A relative large number of 
representative routes was selected in modeling oil tanker traffic during the 2005 VTRA 
since oil tankers were part of the FV group in that study, whereas container vessels and 
bulk carriers were considered IV’s, not FV’s. 

 

 
Figure 11. In total 22 (47) representative vessel route were constructed from 2005 VTOSS data during the 2005 
VTRA to model the movement of container vessel (bulk carrier) traffic in the GW/VCU MTS simulation model. 

To allow for inclusion of container vessel and bulk carriers in the focus vessel group for 
further analyses with the GW/VCU VTRA model, it would appear that a higher number of 
routes for these vessel types would be desirable. To that end, a modeling decision was 
made in updating the 2005 VTRA model to 2010 VTOSS data to attempt to retain a vessel’s 
individual route throughout its transit rather than resorting to representative routes by 
vessel type. In that manner, FV group selection is not affected by a route modeling 
approach. 

Algorithmic cleaning of VTOSS 2010 data 

The VTOSS 2010 data consists of a set of waypoints of vessels along with identifying 
information about the vessel and the VTS center that collected the data point. Since 2005, 
VTOSS also added a trip identification number that indicates a set of waypoints for a 
particular vessel transiting through one VTS center’s area. However, each VTS center 
assigns a different trip identification number to a vessel as it transits through the system 
leaving route segments and not complete routes. In addition, frequent alternative spellings 
of vessel names were observed. Once the vessel names were disambiguated, as many route 
segments as possible were connected algorithmically to make complete routes of vessels 
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transiting the system.Figure 12’s shows the result of algorithmically connecting route 
segments and depicts the remaining modeling challenges alluded to previously.  Needless 
to say, remaining errors are apparent in the Figure 12. 

 

 
Figure 12. Route plots of the VTOSS 2010 data after algorithmically joining route segments. 

 

Multiple VTOSS data phenomena cause the errors observed in Figure 12. Firstly, the time of 
collection of each waypoint is recorded in the VTOSS data and is used to sort the waypoints 
in order to form a route. The time is recorded using a 24 hour clock, but points occurring in 
the hour after midnight are frequently recorded as 12:xx instead of 00:xx. This causes the 
points recorded as 12:xx to be a mixture of the vessel’s location after midnight and after 
midday, causing the route to zigzag back and forth as shown inFigure 13.Another problem 
was caused by pieces of a route not being recorded by VTOSS, leaving non-contiguous 
pieces of a route connected by a straight line. In yet other cases, the same VTS center can 
assign a new identification number half way through a vessel’s transit through their waters. 
Also simple errors were observed in identifying the location of the vessel as shown 
inFigure 14. 

Additional algorithms were developed to remove a large proportion of the data 
inaccuracies depicted in Figure 12, Figure 13 and Figure 14. These algorithms were also 
designed to reduce the size of the VTOSS dataset by removing intermediate points when a 
vessel was in fact movingin a straight line. Once developed, these algorithms took one 
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month to run on the approximately 50GBs of VTOSS 2010 data on a MacBrook Pro with a 
2.7 Ghz Intel Core i7, 16 GB of 1600 Mhz DDR3 RAM, and 768GB SSD hard drive. 

 

 
Figure 13.A route affected by the time problem after midnight in the VTOSS 2010 data. 

 
Figure 14.A route affected by problems identifying the correct location of the vessel. 

Manual cleaning of VTOSS 2010 data 

Unfortunately, as shown in Figure 15’sleft panel not all data inaccuracies can be resolved 
mathematically and removed algorithmically. Despite algorithmically cleaning the VTOSS 
2010 data to construct contiguous routes for a single transit, some route segmentation 
remains.  Algorithmic cleaning of oil tanker routes resulted in 2,345 route segments for oil 
tankers (see left panel of Figure 15). Observe from of Figure 15’s left panel that following 
algorithmic cleaning only,  oil tanker routes segments still display errors as a result of 
electronic transmission problems when recording a vessel transit in the VTOSS data. To 
further correct for those errors these 2345 route segments were manually cleaned 
resulting in 2328 route segments for oil tankers depicted in Figure 15’s right panel using 
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the VTOSS 2010 dataset. Recall that during the VTRA 2005 analysis a total of 1756 
representative routes were constructed for all vessel types.  

Comparing Figure 15’s right panel with Figure 2 one observes a larger dispersion of oil 
tanker routes in of Figure 15 than in Figure 2. The same observation can be made when 
comparing the algorithmically and manually cleaned routes for container vessels and bulk 
carriers in Figure 16 using VTOSS 2010 data, with the representative routes depicted in 
Figure 11 for these vessel types in the 2005 VTRA. In total, following algorithmic cleaning 
only of VTOSS 2010 data to construct route segments by vessel type, 79,500 route 
segments remained. Needless to say, it would simply be too time consuming to subject all 
these route segments to a manual cleaning process. Instead, it is suggested to manually 
clean routes, as demonstrated in Figure 15 for oil tankers and for those vessel types that 
are selected to be in a FV group. In anticipation of inclusion of container vessels and bulk 
carriers in a FV group for scenario analyses their routes were manually cleaned as depicted 
in Figure 16. 

Figure 17’s left panel plots a route density for oil tankers generated using only the 
algorithmically cleaned routes displayed in Figure 15’s left panel. Figure 17’s right panel 
plots a route density for oil tankers using the both algorithmically and manually cleaned 
routes depicted in Figure 15’s right panel. In Figure 17’s left panel 99.6% of the tankers 
movements have a waterway location (see Figure 17) assigned, whereas in its right panel 
100% of tanker movements have a location assigned. In plotting this density, vessel 
movements that have no assigned waterway location are not plotted. Figure 18 plots a 
graphic of the fifteen waterway location definitions to be used in the updated GW/VCU MTS 
model.  

The locations ATBA (2), Islands Trust (10), San Juan Inlands (11), Saragota Skagit (12) and 
Tacoma were added as separate locations in the updated VTRA model. The location ATBA 
(2) was assigned an equivalency of the WSFJ (3) location for the purposes of accident 
probability model, whereas the other added locations were assigned an equivalency with 
the Guemes Channel location. The expansion of the number of waterway locations to 
accommodate an analysis for a larger class of focus vessels also required an expansion of 
the shoreline definition. The updated and expanded shoreline definition used in the VTRA 
2010 model is depicted in Figure 19. Both the Department of Ecology and Puget Sound 
Pilots provided feedback on the shoreline definition in Figure 19 which plays an 
instrumental role in the analysis of grounding frequencies.  
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Figure 15. Left panel: 2,345 route segments after algorithmic cleaning of oil tanker routes. Right panel: 2328 
route segments following manual cleaning of tankers routes following algorithmic cleaning. 

 

Figure 16. Left panel: 3,453 route segments after algorithmic and manual cleaning of container vessel routes. 
Right panel: 6265 route segments following algorithmic and manual cleaning of bulk carrier routes. 

 

Figure 17.Left panel: Oil density tanker geographic profile generated using left panel routes in Figure 15. Right 
panel: Oil density tanker geographic profile generated using right panel routes in Figure 15. 
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Figure 18. Location definitions used for the update of the GW/VCU MTS simulation from VTOSS 2005 to VTOSS 
2010 data. 

 
Figure 19. Expanded and revised shore line definition in VTRA 2010 model 
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Vessel master type definition 

Table 1 shows a sample list of vessel names in the VTOSS 2010 data for which different 
vessel types are assigned. The number of route segments for each alternative vessel type is 
provided in the second columns. An examination of Table 1reveals different vessel types 
that are commonly assigned to the same vessel name.  

Some of the entries in Table 1 will indeed refer to different vessels that share the same 
name. In that case the different vessel types may be correctly assigned to the same vessel 
name. One suggestion to differentiate between vessels sharing the same name is to use 
Lloyd’s identification numbers or other vessel identification numbers. Unfortunately, these 
identification numbers are not consistently entered across the three VTS centers Seattle, 
Tofino and Victoria providing the data for the VTOSS datasets. Thus, complete 
disambiguation of vessel names to vessel types is not possible. 

Further examination of Table 1 also reveals vessel names that are assigned similar vessel 
types. Frequent groups of vessel types assigned to the same vessel names are: 

1. Tanker and chemical carrier. 
2. Ferry, non-local ferry, and passenger vessel. 
3. Passenger vessel and yacht. 
4. Container, bulk carrier, deck ship cargo, other special cargo, ro-ro cargo ship, ro-ro cargo 

container ship, vehicle carrier. 
5. Research ship and other specific service vessel. 

These similar classifications may also have been used differently across the three different 
VTS centers included in VTOSS 2010 dataset. To allow for this similar misclassification of 
vessel types, the vessel master type definition in Table 2 is introduced for the 26 vessel 
types in the VTOSS data sets. Observe from Table 2 that the vessel types in the first entry in 
the list above are counted as tankers, the second and third entries as passenger vessels, the 
fourth entry as cargo vessels, and the fifth entry as service vessels. This allows for 
meaningful comparisons between the VTOSS 2005 dataset and VTOSS 2010 dataset that 
are not affected by these similar vessel type misclassifications. 

Misclassification of vessel types described above was also observed in the VTOSS 2005 
data. However, about twice the number of route segments was involved as compared to the 
VTOSS 2010 dataset. Moreover in the VTOSS 2005 set misclassification across the vessel 
master type definitions in Table 2 were observed as well. For example, Table 3 shows a 
sample in the VTOSS 2005 dataset of cargo vessels that were sometimes classified as 
passenger vessels. Observe that in Table 3 that 50 transits (or route segments) were 
classified as passenger vessels when they should have been classified as cargo vessels. 
Moreover, in the VTOSS 2005 dataset route segments of vessels classified as passenger 
vessels were observed that did not have route segments classified as cargo vessels, but 
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turned out to be cargo vessels when researched further. This problem was not apparent in 
the VTOSS 2010 data. 

Table 1. A sample list of vessel names that are designated as different vessel types in VTOSS 2010 

 
Table 2. Master vessel type definition for the 26 VTOSS vessel type classification used in the GW/VCU MTS 
simulation model. 

 
 

Vessel Name # Route Segments Vessel Type Vessel Name # Route Segments Vessel Type

ABAKAN 3 BULK CARRIER ALEXANDRIA BRIDGE 1 BULK CARRIER

ABAKAN 2 OTHER SPECIAL CARGO ALEXANDRIA BRIDGE 2 CONTAINER SHIP

ADMIRAL PETE 22 FERRY (NONLOCAL) ALIOTH LEADER 1 OTHER SPECIAL CARGO

ADMIRAL PETE 3 PASSENGER SHIP ALIOTH LEADER 2 VEHICLE CARRIER

ADRIA ACE 1 OTHER SPECIAL CARGO ALJALAA 3 CHEMICAL CARRIER

ADRIA ACE 2 VEHICLE CARRIER ALJALAA 1 OIL TANKER

ADVENTURE 3 FISHING VESSEL ALPINE PENELOPE 4 CHEMICAL CARRIER

ADVENTURE 1 YACHT ALPINE PENELOPE 15 OIL TANKER

AEGEAN LEADER 4 OTHER SPECIAL CARGO ALUMINATOR 14 FISHING VESSEL

AEGEAN LEADER 4 VEHICLE CARRIER ALUMINATOR 2 TUG TOW BARGE

AFFINITY 5 CHEMICAL CARRIER AMBA BHAVANEE 3 CHEMICAL CARRIER

AFFINITY 2 OIL TANKER AMBA BHAVANEE 3 OIL TANKER

AKEMI 3 FISH(ING) FACTORY AMERICAN BEAUTY 3 FISH(ING) FACTORY

AKEMI 1 FISHING VESSEL AMERICAN BEAUTY 1 FISHING VESSEL

ALASKAN LEGEND 43 OIL TANKER AMERICAN HIGHWAY 1 OTHER SPECIAL CARGO

ALASKAN LEGEND 1 YACHT AMERICAN HIGHWAY 1 VEHICLE CARRIER

ALEUTIAN BEAUTY 2 FISH(ING) FACTORY AMERICAN NO. 1 4 FISH(ING) FACTORY

ALEUTIAN BEAUTY 1 FISHING VESSEL AMERICAN NO. 1 1 FISHING VESSEL

ALEUTIAN LADY 1 FISH(ING) FACTORY AMETHYST ACE 3 OTHER SPECIAL CARGO

ALEUTIAN LADY 1 FISHING VESSEL AMETHYST ACE 1 VEHICLE CARRIER

ALEX GORDON 5 SUPPLY (OFFSHORE) AMY USEN 1 FISH(ING) FACTORY

ALEX GORDON 4 TUG TOW BARGE AMY USEN 6 FISHING VESSEL

ALEXANDRIA BRIDGE 1 BULK CARRIER ANDES 1 CHEMICAL CARRIER

ALEXANDRIA BRIDGE 2 CONTAINER SHIP ANDES 1 OIL TANKER

# VESSEL TYPE MASTER TYPE # VESSEL TYPE Master Type

1 BULKCARRIER Cargo 14 PASSENGERSHIP Passenger
2 CHEMICALCARRIER Tanker 15 REFRIGERATEDCARGO Cargo
3 CONTAINERSHIP Cargo 16 RESEARCHSHIP Service
4 DECKSHIPCARGO Cargo 17 ROROCARGOSHIP Cargo
5 FERRY Passenger 18 ROROCARGOCONTSHIP Cargo
6 FERRYNONLOCAL Passenger 19 SUPPLYOFFSHORE Service
7 FISHINGFACTORY Fishing 20 TUGTOWBARGE Tugtow
8 FISHINGVESSEL Fishing 21 UNKNOWN Service
9 LIQGASCARRIER Tanker 22 USCOASTGUARD Service
10 NAVYVESSEL Cargo 23 VEHICLECARRIER Cargo
11 OILTANKER Tanker 24 YACHT Passenger
12 OTHERSPECIALCARGO Cargo 25 ATB Tanker
13 OTHERSPECIFICSERV Service 26 ITB Tanker
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Table 3.Cargo vessels that were classified as passenger vessels in the VTOSS 2005 dataset 

 

 

Comparing representative routes approach to the route segment approach 

The fifth column in Table 4 provides by vessel master type the percentage of time that a 
waterway location is assigned to a vessel movement for the GW/VCU MTS simulation 
model using VTOSS 2005 data. Similarly, the fifth column in Table 5  provides by vessel 
master type the percentage of time that a waterway location is assigned to a vessel 
movement for the updated GW/VCU MTS simulation model using VTOSS 2010 data. Recall 
Table 2 provides the vessel master type definition used in the generation of Table 4 and 
Table 5 for the 26 vessel types in the VTOSS data sets. These percentages (in Table 4 and 
Table 5) are evaluated by dividing the number of minutes per year a vessel is moving 
within the MTS simulation with a waterway location assigned by the total number of 
minutes a vessel is moving (see the third and fourth columns in Table 4 and Table 5).  
 

Table 4. Route and density data for 6 vessel master types generated using the GW/VCU MTS simulation model 
with 2005 VTOSS data and location definitions in Figure 18. 

 
 

Vessel Name Cargo Transits Passenger Transits Vessel Name Cargo Transits Passenger Transits

BRIGHT STATE 15 3 MIDNIGHT SUN 8 3

BRIGHT STREAM 16 7 MORNING MELODY 3 2

CAPE HORN 7 5 NORTH STAR 4 4

DONG FANG GAO SU 2 2 REINA ROSA 3 3

GREAT LAND 3 4 SKAUBRYN 17 6

IGARKA 3 3 SKAUGRAN 18 2

IVORY ARROW 4 2 UNITED SPIRIT 5 4

Total 50 26 Total 58 24

Vessel Master 
Type

# Represent. 
Routes

# Minutes per 
Year

# Minutes per 
year No Location

% Time Location 
Assigned

% of Traffic
Average # 

Vessels

Cargo 106 5344799 6821 99.9% 13.7% 10.2

Tanker 164 1313096 444 100.0% 3.4% 2.5

TugTow 1185 7272609 17925 99.8% 18.7% 13.8

Service 5 1039769 942 99.9% 2.7% 2.0

Passenger 164 9701338 54771 99.4% 25.0% 18.5

Fishing 132 14201790 64223 99.5% 36.5% 27.0

Total 1756 38873401 145126 99.6% 100.0% 74.0
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Table 5. Route and density data for 6 vessel master types generated using the updated GW/VCU MTS simulation 
model with 2010 VTOSS data and location definitions in Figure 18. 

 
 

The second column in Table 4 and Table 5 provides the number of route segments and 
representative routes used in the GW/VCI MTS simulation model using VTOSS 2005 and 
VTOSS 2010 data respectively.  Although a slightly higher accuracy is observed in the fifth 
column in Table 4 (2005) compared to the fifth column in Table 5 (2010), a definite 
improvement in vessel route dispersion is observed by going from Figure 11 (2005) to 
Figure 16 (2010) for container vessels and bulk carriers.  Thus by retaining a vessel’s 
individual route using the VTOSS 2010 data, vessel movements in the updated GW/VCU 
MTS simulation are more representative than the former GW/VCU MTS model using the 
2005 VTOSS dataset. 

The percentage of total moving traffic by vessel master type, depicted in the sixth columns 
in Table 4 and Table 5, are evaluated by dividing the number of minutes in the third 
columns by the total sum of the third column. The average number of moving vessels by 
master type at any arbitrary point in time is evaluated by dividing the minutes in the third 
column in Table 4 and Table 5 by the total number of minutes in a calendar year. Thus in 
Table 4 (2005) the GW/VCU MTS model evaluated an average of 74.0 moving vessels in the 
system at any arbitrary point in time, whereas in Table 5 (2010) an average of 76.7 vessels 
was evaluated.  

To illustrate the fluctuation in the number of vessels moving in the study area over a 
calendar year, however, Figure 20 plots the time series (every 15 minutes) of the number 
of vessels excluding ferries, yachts and fishing vessels for the GW/VCU MTS simulation 
model using VTOSS 2005 and VTOSS 2010 data. Figure 21 on the other hand plots this time 
series comparison for ferries, yachts and fishing vessels. 

Both Figure 20 and Figure 21 serve as a reminder that “the world is not average” and that 
vessel risk, of which number of vessels moving in the system is a driver, is not a constant 
but a dynamic quantity that changes over time. The larger goal of vessel risk management 

Vessel Master 
Type

# Represent. 
Routes

# Minutes per 
Year

# Minutes per 
year No Location

% Time Location 
Assigned

% of Traffic
Average # 

Vessels

Cargo 14640 7468850 51583 99.3% 18.5% 14.2

Tanker 3340 1287457 2838 99.8% 3.2% 2.4

TugTow 40704 7927747 171967 97.8% 19.7% 15.1

Service 2458 614972 6730 98.9% 1.5% 1.2

Passenger 14521 9090031 40756 99.6% 22.6% 17.3

Fishing 3837 13920520 68899 99.5% 34.5% 26.5

Total 79500 40309577 342773 99.1% 100.0% 76.7Draft
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is to reduce the overall average risk level while managing the variation of the time series of 
risk by avoiding “high” risk spikes. 

Moving from Sampled Speeds to Calculated Speeds 

As discussed in Section 2, the 2005 simulation sampled speeds from the distribution of all 
vessel speeds of a given type of vessel in the 2005 VTOSS database. So a given container 
vessel may actually transit at the speed of another container vessel in the database.  The 
vessel also transited along a representative route for all vessels of that type traveling 
between its departure and destination points. In the 2010 simulation, the vessel travels 
along its own route and we have the time start time and the end time for that transit in the 
2010 VTOSS database. Figure x shows one such route for the Westwood Rainier cargo 
vessel 

 

 
Figure 20.Left panel: Time series of counts of all vessels excluding ferries, yachts and fishing vessels in the system 
for the GW/VCU MTS simulation model using the VTOSS 2010 dataset; Right panel: Same using the VTOSS 2005 
dataset. 

 
Figure 21. Left panel: Time series of counts of all ferries, yachts and fishing vessels in the system for the GW/VCU 
MTS simulation model using the VTOSS 2010 dataset; Right panel:  Same using the VTOSS 2005 dataset. 
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Figure 22. A route followed by the Westwood Rainier cargo vessel and its calculated average speed. 

In the simulation, we can calculate the length of the route, so we can calculate the average 
speed of the vessel on that transit. The Westwood Rainier started its transit at 8:58 pm on 
January 1st, 2010 and ended its transit the next morning at 8:09 am. The transit took 11 
hours and 11 minutes and was calculated (after the route cleaning discussed above) to be 
157.26 nautical miles. This means the vessel average 14.06 knots over the transit. The 
Westwood Rainier has a maximum speed of 16.1 knots and an average speed of 14.1 knots 
(according to www.marinetraffic.com), so this calculation appears quite accurate.  

One must consider, however, that the vessel would have slowed around the pilot station 
and as it approached dock, so it would not have moved at this average speed throughout 
the transit. It also had moderately strong currents in the direction it traveled throughout 
the transit, so it would have made more than 14.1 knots over land for other parts of the 
transit. Thus, we must start the simulated transit at a higher speed and then reduce the 
speed based on the location of the vessel and the traffic rules (one-way zones, pilot station, 
approaching dock, etc.). For each transit, we calculated a speed accuracy factor by taking 
the simulated length of the transit using the average speed as the starting point and divided 
by the length of the transit in the 2010 VTOSS database. We calculated speed calibration 
multipliers for each vessel type to ensure that the speed accuracy factor was as close to 1 as 
possible. 

Figure 23 shows the overall distribution of the speed accuracy factor for all vessels once 
the speed calibration multipliers were used for the initial speed of the vessel. The mean is 
1.0003 with a 95% confidence interval of [0.9995,1.0012]. It is not possible to achieve a 
value of 1 as each change to the speed calibration factors can change the dynamics of the 
system, but the calculations are accurate on average to four decimal places. This does not 
mean that every transit is accurate to four decimal places. However, only 10% had a speed 
accuracy factor below 0.9 and only 10% had a speed accuracy factor over 1.1. Speeds that 
were clearly inaccurate based on the VTOSS data were sampled from the original speed 

Start Time: 
1/1/2010 

8:58:00 PM 

End Time: 
1/2/2010 

8:09:00 AM 

Route Length: 
157.26 nm 

Average Speed: 
14.06 knots Draft
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distributions. Thus, we could accurately model the actual speed for a given transit and only 
sample general vessel type speeds for a few transits. 

 

 
Figure 23. The distribution of the speed accuracy factor for all transits.. 

 

Extending VTRA 2005 incident and accident probability models 

During the VTRA 2005 accident probability models given the occurrence of an incident 
were developed separately for tankers and ATB’s. To accommodate the expansion of the 
focus vessel class to include also bulk carriers, container vessels, chemical carriers and oil 
barges, the tanker accident probability models shall be utilized for the container, bulk 
carrier and chemical carriers, whereas the ATB models shall be utilized for the barges.  

In the VTRA 2005 annualized historical incident data was collected for the tankers and 
ATB’s that visit the cherry point terminal and were carefully vetted incident by incident. 
The VTRA 2005 simulation model incident rates were calibrated to the annualized 
statistics and converted to an incident rate per unit time on the water, taking advantage of 
the VTRA 2005’s model capability of distinguishing short routes from long ones while 
taking into account vessel speeds as well.  

While incident data was collected for freighters as a vessel class during the VTRA 2005, it 
was not broken down by container, bulk carrier or any of the other 5 cargo vessel types 
and were not as carefully vetted as the incident date for tankers and ATB’s. Hence, to 
accommodate the expansion to a larges focus vessel class we shall assume that the incident 
rates by unit time of the water for tanker apply also to the container, bulk carrier and other 
cargo vessel classes, whereas we shall apply the incident rates for ATB’s to the oil barge 
class. Figure 24 visualizes the effect of these assumptions on the annualized incident rates  

Draft



FINAL REPORT: VTRA 2010 2013 
 

39 Prepared for Puget Sound Partnership - 9/18/2013 

 

 
Figure 24.  A: Incident rate per moving hour by focus vessel; B: Moving hours in VTRA 2010 model by focus vessel; 
C: Potential number incidents per year by focus vessel  
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by vessel class taking into account the amount of travel time of each vessel class in the 
VTRA 2010 model. Figure 24A displays the incident rates by moving hour and 
demonstrates that bulk carrier, container, other cargo  and chemical carriers are assigned 
the same incident rates as tankers, whereas oil barges are assigned the same incident rate 
per moving hour as the ATB;s.  Combining these rates per moving hour with the amount of 
moving hours per year (Figure 24A) in the VTRA 2010 model, results in the average 
number of incidents per year as depicted in Figure 24C. Observe from Figure 24C that the 
bulk carrier class has the largest potential number of incidents per year in the VTRA 2010 
model which is primarily driven by the fact that the largest portion of the focus vessel 
traffic in the VTRA study area are in fact bulk carriers.   

Oil carrying assumptions for focus vessels 

Of the tank focus vessels, tankers and chemical carriers are identified in the vessel type 
record in VTOSS. ATBs and ITBs are not specifically identified, but there are a limited 
number of them, so they can be identified by name. However, oil barges are only listed a 
tug tow barge in VTOSS. The records for tugs sometimes indicate the barge type as bulk 
cargo, derrick, light, log barge, petroleum, or wood chip. However, a blank record can either 
mean there is no barge or that the data was not recorded by the VTS. To identify oil barges, 
we collected the list of all tug names that were listed as towing a petroleum barge at some 
point in 2010. These names were then provided to the Puget Sound Pilots who indicated 
whether they were exclusively used for petroleum based on their extensive knowledge of 
vessels in the study area. They were also asked to identify other tugs that were exclusively 
used for petroleum. In this manner, we could use the non-blank VTOSS records to identify 
the tug’s barge and use the Puget Sound Pilot’s information to identify oil barges with blank 
records.  

The culmination of the oil barge movement modeling effort is depicted in Figure 25. Please 
observe from Figure 25 that oil barge movement modeling in the VTRA 2010 model 
accounts for about 54.5% of the movements of all tankers, chemical carriers and oil barges 
combined. The predominant movement of oil barges is a north south movement between 
the Cherry point, Ferndale and Anacortes refineries and the southern Puget Sound. 
However, quite a significant number of oil barges travel north and south to Canada. A lesser 
density is observed entering/leaving the Strait of Juan de Fuca. 

Unfortunately, no information is collected within the VTOSS 2010 data set regarding the 
volume of cargo oil or type of cargo oil on board a particular tank vessel. While vessel 
traffic density movement is a driver of accident frequency analysis, the oil that vessel carry 
is a driver for oil outflow analysis. To represent oil movement within the VTRA 2010 model 
we have had to therefore rely on set of overarching assumptions regarding the amount and 
type of oil moved through the study area by vessels. These assumptions were made based  

Draft



FINAL REPORT: VTRA 2010 2013 
 

41 Prepared for Puget Sound Partnership - 9/18/2013 

 

 
Figure 25. Traffic density of tugs towing/pushing oil barges in the VTRA 2010 model. 

on interactions with the PGHSC committee and other stakeholders over the course of the 
study and are listed below. 

List of oil carrying assumptions in VTRA 2010 model: 

1. Tankers are classified as crude or product carriers by name 
2. Chemical carriers transport product. 
3. Oil barges are assumed to transport product. 
4. Focus vessels fuel tanks are 50% full 
5. US bound crude tankers are assumed fully laden as they arrive in study area and drop of 

equal amounts at their stops and leave empty. 
6. Canadian bound crude tankers are assumed empty as they arrive and fully laden as they 

depart. 
7. Product tankers and ATB’s are assumed fully laden asthey depart study area, empty as they 

arrive. 
8. Chemical carriers are assumed fully laden as they arrive in the study area, empty when they 

leave the study area 
9. When ATB’s go back and forth between two destinations within the study area they are 

assumed 50% full 
10. Oil barges are assumed fully laden as they travel through study area. 
11. Tank focus vessels not covered by 1-10 are assumed fully laden. 

 

+
100.0% of Case P Total

54.5% of TANK FV  Density

OIL BARGE – 54.5% of TANK FV

100% - OILBARGEDraft
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Combined with a validated picture of vessel traffic and data recorded in the VTOSS 2010 
dataset regarding vessel size in terms of dead-weight tonnage, we hope the set of 
assumptions adds realism to the movement of oil throughout the VTRA study area. Such 
realism is important when comparing a base case scenario to another What-If traffic 
scenario in terms of oil spill transportation risk. The effect of these assumptions are 
summarized in separate geographic density profiles of product, crude and fuel movements 
which serve as a starting point of the VTRA 2010 potential oil loss analyses. 
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4. VALIDATION OF 2010 VTOSS AND AIS 2010 CROSSING LINE DATA 

AIS data is collected on a regular basis by the MXPS. Amongst other reports the Marine 
Exchange AIS system is able to produce crossing line count reports by cargo, tanker and 
passenger vessel at a line drawn on a nautical map. At our request, the MXPS produced 
these reports for three counting lines depicted in Figure 26 for the year 2010. Panel A, 
provides an overview look of the three counting lines, whereas Panels B, C and D provide a 
close-up view of these three counting line separately. For the West Strait of Juan de Fuca 
line the crossing line count data separates eastbound and westbound traffic, whereas for 
the Georgia Strait and Puget Sound crossing lines count data is separated in north and 
southbound traffic as depicted in Panels B,C and D in Figure 26. Unfortunately, no AIS data 
is available for the year 2005 for the geographic area in Figure 26A. 

 

 
Figure 26. A: Overview of three AIS crossing definitions; B: Close-up view of crossing line at the West Strait of Juan 
de Fuca Entrance; C: Close-up view of crossing line at the George Strait entrance; D: Close-up view of the crossing 
line at the Puget Sound entrance. 

B

DC

A

Draft



FINAL REPORT: VTRA 2010 2013 
 

44 Prepared for Puget Sound Partnership - 9/18/2013 

 

Crossing line analysis of AIS 2010 data. 

Table 6 provides the AIS 2010 crossing line counts for the three crossing lines depicted in 
Figure 26. From Table 4 one observe that per this data source it appears more traffic 
traveled north bound at the Georgia Strait Entrance (100%) than south bound (85%).  For 
the West Strait of Juan de Fuca and Puget Sound crossing lines one observe a much more 
even distribution with about the same amount of traffic travelling in both directions. 
Moreover, a larger amount of traffic crosses the WSFJ crossing line (8217 – 150%), 
followed by the Puget Sound crossing line (5639 – 103%) and Georgia Strait crossing line 
(5471 – 100%). Hence, approximately 50% more traffic crosses the WSJF crossing line than 
the Georgia Strait crossing line, whereas only 3% more crosses the Puget Sound crossing 
line.  
Table 6. AIS 2010 Crossing line counts by vessel types: cargo, tanker and passenger vessel. A: West Strait of Juan 
de Fuca crossing Line counts; B: Georgia Strait crossing Line counts; C: Puget Sound crossing line counts. 

 
 

Matching VTOSS 2010 Vessel Types to AIS 2010 Vessel Types. 

The AIS crossing line counting feature depicted in Figure 26 was programmed into the 
GW/VCU MTS simulation model to mimic the same counting procedure for each of the 26 

Ship Type East Bound West Bound Grand Total

Cargo 3216 3157 6373

Tanker 694 685 1379

Passenger 244 221 465

Grand Total 4154 - 100% 4063 - 98% 8217

Ship Type North Bound South Bound Grand Total

Cargo 2278 2133 4411

Tanker 267 266 533

Passenger 414 113 527

Grand Total 2959 - 100% 2512 - 85% 5471

Ship Type North Bound South Bound Grand Total

Cargo 1754 1766 3520

Tanker 95 95 190

Passenger 958 971 1929

Grand Total 2807 - 100% 2832 - 101% 5639

A: WSJF CROSSING LINE

B: GEORGIA STRAITE CROSSING LINE

C: PUGET SOUND CROSSING LINE
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different vessel type classifications listed in Table 2. Table 7provides the crossing counts by 
vessel type and Table 8by vessel master type as defined in Table 2using the VTOSS 2010 
dataset. 

Table 7. GW/VCU MTS Crossing line counts using VTOSS 2010 data by 26 different vessel type classifications. 

 
 

Table 8.GW/VCU VTRA model crossing line counts using VTOSS 2010 data by vessel master type. 

 
Observe from the last row in Table 8 that contrary to Table 6 the same flow is observed 
going north bound and south bound at the Georgia Strait crossing line. In contrast for the 
AIS data in Table 6 85% is travelling southbound . Similarly, one observes that at the WSJF 
and Puget Sound crossing lines about the same amount of traffic flows in both directions.  

VESSEL TYPE Master Type TOT WSJF W-E TOT WSJF E-W TOT G_STR N-S TOT G_STR S-N TOT PS N-S TOT PS S-N

BULKCARRIER Cargo 1446 1493 1034 1023 300 309
CHEMICALCARRIER Tanker 152 155 142 127 18 18

CONTAINERSHIP Cargo 1045 1047 440 547 1004 994
DECKSHIPCARGO Cargo 2 26 2 17 10 35

FERRY Passenger 0 0 0 0 572 572
FERRYNONLOCAL Passenger 1 5 1 3 423 450
FISHINGFACTORY Fishing 83 117 20 51 108 133
FISHINGVESSEL Fishing 3368 3330 227 220 320 329
LIQGASCARRIER Tanker 2 4 0 0 0 0

NAVYVESSEL Cargo 49 101 215 239 136 153
OILTANKER Tanker 406 415 33 86 83 76

OTHERSPECIALCARGO Cargo 251 253 334 166 102 4
OTHERSPECIFICSERV Service 7 26 1 9 7 18

PASSENGERSHIP Passenger 241 62 56 40 164 43
REFRIGERATEDCARGO Cargo 0 5 0 22 15 27

RESEARCHSHIP Service 35 51 1 6 42 45
ROROCARGOSHIP Cargo 5 72 0 10 9 79

ROROCARGOCONTSHIP Cargo 147 47 0 14 118 46
SUPPLYOFFSHORE Service 0 5 0 2 33 27

TUGTOWBARGE Tugtow 333 319 1201 1052 1631 1696
UNKNOWN Service 0 0 0 0 0 0

USCOASTGUARD Service 35 49 48 41 72 43
VEHICLECARRIER Cargo 197 97 5 119 103 130

YACHT Passenger 29 37 45 21 71 82
ATB Tanker 58 74 45 48 34 35
ITB Tanker 0 0 0 0 0 0

Total 7892 7790 3850 3863 5375 5344

Master Type TOT WSJF W-E TOT WSJF E-W TOT G_STR N-S TOT G_STR S-N TOT PS N-S TOT PS S-N

Cargo 3142 3141 2060 2158 1797 1777

Tanker 618 648 222 261 135 129

TugTow 333 319 1206 1053 1631 1696

Service 77 131 49 57 154 133

Passenger 271 104 97 60 1230 1147

Fishing 3451 3447 249 272 428 462

Total 7892 - 100% 7790 - 99% 3883 - 100% 3861 - 99% 5375 - 100% 5344 - 99%
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Comparing VTOSS 2010 crossing line counts to AIS 2010 crossing line counts. 

Observe from Table 7and Table 2that the master type category “tanker” includes: chemical 
carrier, oil tanker, atb and itb. This is consistent with the “tanker” category definition used 
in the generation of the AIS crossing count data in Table 6. The VTOSS classification 
“Navyvessel” was given a master type “cargo” classification also for consistency between 
the VTOSS 2010 master crossing line and AIS 2010 crossing line counts. For the remainder 
of the 26 vessel types in Table 7, its vessel master type was assigned based on the vessel 
type classification in Table 7andTable 2. 

In Figure 27, Figure 28 and Figure 29 a comparison is provided between the VTOSS 2010 
GW/VCU MTS crossing line counts and AIS 2010 crossing line in Table 6 and Table 8 for 
cargo, tanker and passenger vessels. The “tug-tow“ master type crossing line counts in 
Table 8are not included in the AIS 2010 crossing line counts. The “fishing” VTOSS 2010 
master type counts in Table 8 includes the “Fishingvessel” counts from Table 7 that result 
from fishing vessel tribal and commercial fishing openers that are modeled in the GW/VCU 
MTS simulation model, but are not recorded in the VTOSS 2010 data, nor the AIS 2010 data. 
Final, no service vessel classification is provided in the AIS 2010 crossing line counts. 
Hence, only the comparison provided for the three crossing lines in Figure 26 for the vessel 
types: cargo, tanker and passenger.  

From Figure 27 one observes that the crossing line counts for these three vessel types 
agree between the two datasets AIS 2010 and VTOSS 2010 both in the east and west bound 
directions. Overall, one observe a general agreement for the cargo and tanker vessel types 
in Figure 28 and Figure 29, except for the cargo category travelling northbound in the 
Georgia Strait where a higher number of crossing counts are reported for the AIS 2010 
data. Certainly, some discrepancies are observed for the passenger vessel classification for 
both the Georgia Strait and Puget Sound crossing lines. We attributed those discrepancies 
to vessel type misclassification in the VTOSS 2010 dataset. For example, at times the same 
oil tanker travelling is both classified as a cargo vessel and as a tanker across the three 
different VTS systems recorded in the VTOSS 2010 dataset. Similar misclassifications are 
observed for the passenger vessel category. Overall, however, especially when 
concentrating on the cargo and tanker classifications, there is more agreement between the 
AIS 2010 and VTOSS 2010 crossing line counts in Figure 27, Figure 28 and Figure 29 than 
there is disagreement, leading to the conclusion that these two dataset reconcile well. 
Hence, the validation of VTOSS 2010 crossing line counts in the GW/VCU MTS simulation 
model by AIS 2010 crossing line counts. 
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Figure 27. Comparison of AIS 2010 and VTOSS 2010 crossing line counts for cargo, tanker and passenger vessels 
for the West Strait of Juan de Fuca crossing line depicted in Figure 26B. 

 

 
Figure 28. Comparison of AIS 2010 and VTOSS 2010 crossing line counts for cargo, tanker and passenger vessels 
for the Georgia Strait crossing line depicted in Figure 26C. 

 

 
Figure 29. Comparison of AIS 2010 and VTOSS 2010 crossing line counts for cargo, tanker and passenger vessels 
for the Puget Sound crossing line depicted in Figure 26D. 
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5. TRAFFIC PATTERNS AND OIL MOVEMENTS IN VTRA 2010 BASE CASE 

Running a simulated year 2010 using the methods discussed in Sections 2 and 3, we obtain 
a comprehensive picture of vessel traffic in the study area. We classify vessel traffic in the 
VTRA 2010 as focus vessel traffic and non-focus vessel traffic. For focus vessel traffic 
potential collision and grounding accident frequencies and oil losses shall be evaluated in 
the remainder of this report. Focus vessel traffic consists of the vessel types: Oil Tankers, 
ATB’s, Chemical Carriers, Bulk Carriers, Container Vessels and a class Other Cargo, 
capturing other larger cargo vessels. The non-focus vessel traffic is an important modeling 
aspect of the VTRA 2010 model to evaluate focus vessel collision risk since focus vesselscan 
potentially collide with non-focus vessels3. In fact, 75.2% of the total traffic modeled in the 
2010 VTRA model is non-focus vessel traffic; the remainder 24.8% is focus vessel traffic. 
Figure 30 summarizes the focus vessel classification of vessel types in the VTRA 2010 
model. 

 

 
Figure 30. Focus Vessel Classification of VTRA 2010 vessel types. 

 

Figure 31 displays a geographic profile of non-focus vessel traffic, which predominantly 
consists of fishing vessels (31.0%), Tug-barge traffic4 (17.2%) and ferry traffic (15.7%). 
The remaining 11.2% comprises of yachts, navy vessels, passenger ships and service 
vessels. In the sections to come, we shall provide separate geographic profile analyses for  

                                                        
3 Of course focus vessel can also potential collide with other focus-vessel. 
4 This 17.2% does not include oil barge traffic which is consider a focus vessel class 
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Figure 31. The traffic density for all non-focus vessels. 

 
Figure 32. The traffic density for all focus vessels. 

 

+

Non-Focus Vessel Traffic Density

2010 NON FV – 75.2% of 2010 Total

31.0% - FISHINGVESSEL
13.6% - FERRY
05.1% - BULKCARGOBARGE
04.5% - UNLADENBARGE
03.0% - YACHT
03.0% - NAVYVESSEL
02.5% - TUGNOTOW
02.1% - FERRYNONLOCAL
02.1% - PASSENGERSHIP
01.6% - WOODCHIPBARGE

01.6% - LOG_BARGE
01.3% - TUGTOWBARGE
01.1% - USCOASTGUARD
00.8% - FISHINGFACTORY
00.6% - RESEARCHSHIP
00.5% - OTHERSPECIFICSERV
00.4% - CONTAINERBARGE
00.2% - CHEMICALBARGE
00.1% - SUPPLYOFFSHORE
00.0% - DERRICKBARGE

CASE P – ALL FV TRAFFIC DENSITY

16.3% - CARGO Focus Vessel
08.5% - TANK Focus Vessel
00.0% - WHAT-IF Focus Vessel

+

P: Focus Vessel Traffic Density

24.8% of 2010 Case P 
Total Traffic Density
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the focus-vessel class (24.8% of total traffic) of which its traffic density is depicted in 
Figure 32.  

In sections to come, traffic movements representing time of focus vessels on the water are 
summarized in terms of cargo focus vessel (bulk carrier, container and other cargo) density 
profiles and tank focus vessel (oil barge, oil tanker, chemical carrier and atb) density 
profiles. The oil (crude, product and fuel) that cargo and tank focus vessels transport are 
summarized in oil movement density geographic profiles. For contrast purposes focus-
vessel density profiles shall be presented using their own color legend rather than the color 
legend used in Figure 31 and Figure 32. 

Focus Vessel Time of Exposure 

Let us first examine the time each type of focus vessel spends in the system; 65.7% of the 
focus vessel total time of exposure is cargo focus vessels, with the remaining 34.3% being 
tank focus vessels. Of the cargo focus vessels total time of exposure, 49.6% is bulk cargo, 
30.8% is container vessels, and 19.6% is other cargo vessels. Of the tank focus vessels total 
time of exposure, 56.3% is oil barges, 25.7% tankers, 10.3% chemical carriers, and 7.7% 
articulated tug barges. To find the contribution of oil barges, for example, to the focus 
vessel total time of exposure, we consider that 34.3% of the focus vessel total is tank focus 
vessels and 56.3% of the tank focus vessel total time of exposure is oil barges, so 34.3% 
multiplied by 56.3% gives 19.3% of the focus vessel total time of exposure. Figure 33 
shows the contribution of each focus vessel type to the total focus vessel time of exposure 
calculated in this manner. 

Oil Time of Exposure 

Thus far, we have examined the focus vessel time of exposure, where we count the amount 
of time that vessels move through study area by grid cell. Rather than focusing on vessels it 
is also instructive to examine the amount of time a unit of oil (measured in either barrels or 
cubic meters) is moving through the study area. This includes cargo (product and crude) oil 
and fuel oil that focus vessels transport; so all focus vessels contribute to the total oil time 
of exposure; 39.4% of the total oil time of exposure is product, 36.9% is crude, and 23.7% is 
fuel. Figure 34 shows the total oil time of exposure broken down by vessel type. Tankers 
comprise almost half of the total oil time exposure at 48.1%.  Oil barges comprise about a 
fifth at 20.6%. However, the vessel type with the next largest contribution is container 
vessels, which carry only fuel oil, at 8.9% and not chemical carriers. This is of course a 
result of the fact more container vessels travel through the VTRA study area than chemical 
carriers. In fact, overall fuel oil from cargo focus vessels comprises 19.7% of the total oil 
time exposure. 
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Figure 33. Comparison of the total vessel time of exposure by focus vessel classification 

 

 
Figure 34. Comparison of the total oil time of exposure by focus vessel classification 
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Traffic Densities Profiles 

Figure 33 shows that bulk carriers spend the most time transiting the study area at 32.5% 
of the total, followed by container vessels at 20.2%, and oil barges at 19.3%. Oil tankers 
comprise 8.8% of the total. While these aggregate statistics are useful, we are also 
interested in where these vessels spend time in the VTRA study area. Figure 35 and Figure 
36 show the cargo focus vessel and tank focus vessel traffic densities respectively.  

Comparing Figure 35 and Figure 36 is quite instructive. Apparently, cargo focus vessels 
transit the Straits of Juan de Fuca and then Haro Strait, Boundary Pass, and Georgia Strait 
going north and the Puget Sound going south. Meanwhile, the traffic density for tank focus 
vessels is most significant in Rosario Strait and Puget Sound (and near the pilot station in 
Port Angeles). Thus, cargo and tank focus vessels mostly transit different areas of the 
system, except for the Puget Sound where they converge.  

Oil Movement Density 

Again it is instructive to view the geographic spread of the oil movement exposure, called 
the oil movement density. Figure 37, Figure 38, Figure 39 shows the oil movement 
densities for product, crude, and fuel oil respectively. Figure 40 shows the total oil 
movement density. Figure 38 shows that crude oil moves predominantly from Buoy J to the 
Cherry Point, Ferndale, and Anacortes refineries. Figure 39 shows that fuel oil moves 
predominantly in the areas where cargo focus vessels transit in Figure 35. Product oil 
moves throughout the system in Figure 37. Thus, Figure 40 shows the oil moves on all 
major traffic lanes in the study area. The highest density areas are on the approaches to 
refineries and near the pilot station. 
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Figure 35. The traffic density for cargo focus vessels. 

 
Figure 36. The traffic density for tank focus vessels. 
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Figure 37. The product oil movement density for all focus vessels. 

 
Figure 38. The crude oil movement density for all focus vessels. 
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Figure 39. The fuel oil movement density for all focus vessels. 

 
Figure 40. The total oil movement density for all focus vessels. 
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6. ACCIDENT FREQUENCY AND OIL OUTFLOW RESULTS FOR VTRA 2010 BASE 
CASE 

Figure 1 shows the accident causal chain, with the situations in which an accident can 
occur, the incident that causes the accident, the accident itself, and the consequences of the 
accident. We call the situations in which an accident could occur an accident exposure. For 
each accident exposure, the incident and accident probability models are used to calculate 
the POTENTIAL accident frequency. This is not a prediction of an accident, but shows a 
relative propensity that an accident could occur in one accident exposure versus another or 
the relative propensity for one type of accident versus another. The accident exposure and 
the POTENTIAL accident frequency are then combined with the oil outflow model to 
calculate the POTENTIAL oil outflow.  

Overall Accident and Oil Outflow Results 

Figure 41 shows the accident exposure (A), the POTENTIAL accident frequency (B), the 
POTENTIAL accident cargo oil loss (C), and the POTENTIAL accident fuel oil loss (D) for 
each accident type. Figure 41A shows that more power grounding accident exposures are 
counted in the 2010 simulation than other accident types, with drift grounding accident 
exposures next as the vessel drifts assure after losing power, and collision accident 
exposures next as two vessels must interact to be counted. Allisions have the lowest 
exposure as they only occur as the vessel is near to the dock.  

All exposures do not have the same potential for an accident, however. Figure 41B shows 
that collisions have a higher POTENTIAL accident frequency than either grounding even 
though the collision accident exposure is lower. The accident probability varies from 
accident exposure to accident exposure based on the specifics of the situation in which it 
occurs, but on average the collision exposures have a higher potential to result in an 
accident than the grounding exposures. Powered groundings have the next highest 
potential. In fact, collisions and powered groundings together comprise 79.7% of the 
POTENTIAL accident frequency. 

Again, not all accidents have the same potential for oil outflow. While collisions have a 
higher POTENTIAL accident frequency, powered groundings have the highest POTENTIAL 
accident cargo oil loss (Figure 41C) and the highest POTENTIAL accident fuel oil loss 
(Figure 41D).  
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 Figure 41. Accident exposure (A), accident frequency (B), cargo oil loss (C),  and fuel oil loss (D) contributions by 
accident type.. 

Accident and Oil Outflow Results by Focus Vessel Type 

Figure 42 breaks down the POTENTIAL accident frequencies by the type of focus vessels 
that has the initiating incident. This is the first figure to have an accidents-per-year scale. 
However, this is again not a prediction of a number of accidents each year, but a relative 
propensity for each accident type involving each focus vessel type. The highest potential is 
for collisions involving oil barges, with as much collision potential as tankers, chemical 
carriers, and cargo vessels combined. Powered grounding potential is more spread across 
oil barges and cargo vessels.  

Figure 43 breaks down the POTENTIAL oil loss by the type of focus vessels that has the 
initiating incident. This figure has a cubic-meters-per-year scale. Again this is not a 
prediction of an amount of oil outflow each year, but a relative propensity for oil outflow 
for each accident type involving each focus vessel type. Clearly, tankers have the highest 
potential as they carry the highest volume of cargo. However, container vessel powered 
groundings have the next most contribution as they carry the most fuel oil. Oil barges do  
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Figure 42. The potential accident frequency by accident type and focus vessel type. 

 
Figure 43. The potential oil loss by accident type and focus vessel type. 
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not have the same contribution to POTENTIAL oil loss as they do to POTENTIAL accident 
frequency, as they do not carry as much cargo or fuel oil. 

Geographic Profiles of Accident and Oil Outflow Results 

Figure 44 through Figure 49 show the same progression of accident exposure, POTENTIAL 
accident frequency, and POTENTIAL oil loss, but as geographic profiles. Figure 44, Figure 
45 and Figure 46 show the geographic profiles of collision exposure, POTENTIAL collision 
frequency, and POTENTIAL collision oil loss respectively. Figure 47, Figure 48 and Figure 
49 show the geographic profiles of grounding exposure, POTENTIAL grounding frequency, 
and POTENTIAL grounding oil loss respectively.   

These figures demonstrate the importance of thinking about all phases of the accident 
event chain depicted in Figure 1. Figure 44 shows that there is exposure to collisions in the 
Straits of Juan de Fuca, while Figure 45 shows that exposure does not lead to as much 
POTENTIAL collision frequency as other areas with exposure. In fact, the POTENTIAL 
collision frequency appears in Haro Strait/Boundary Pass, Rosario Strait, and the Puget 
Sound. Comparing these figures to Figure 46, we can see that while the area around the 
Pilot Station does not have a relatively high POTENTIAL collision frequency it does have a 
concentration of POTENTIAL collision oil loss due to the size of the vessels involved. 
Rosario Strait, Guemes Channel, and Haro Strait all have concentrations of POTENTIAL 
collision oil loss. In fact, the inner red box contains 67% of the POTENTIAL collision 
frequency and 53% of the POTENTIAL collision oil loss. Similarly, the outer red box 
contains 83% of the POTENTIAL collision frequency and 70% of the POTENTIAL collision 
oil loss. In Rosario Strait and Guemes Channel, the vessels involved are oil tankers (with 
larger oil cargos) and ferries and other vessels that are large enough to penetrate the hull, 
but are not restricted by the one-way zone.  

A similar effect is seen in Figure 47 through Figure 49. Again there is exposure to 
grounding along the shore of the Straits of Juan de Fuca, but there is not much POTENTIAL 
grounding frequency as the time to shore is relatively long in this area. The relatively more 
significant POTENTIAL grounding frequency and POTENTIAL grounding oil loss are in the 
red boxes. The inner red box contains 41% of the POTENTIAL collision frequency and 58% 
of the POENTIAL collision oil loss. Similarly, the outer red box contains 79% of the 
POTENTIAL collision frequency and 61% of the POTENTIAL collision oil loss. 
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Figure 44. The geographic profile of the collision exposure. 

 
Figure 45. The geographic profile of the POTENTIAL collision frequency. 
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Figure 46. The geographic profile of the POTENTIAL collision oil outflow. 

 
Figure 47. The geographic profile of the grounding exposure. 
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Figure 48. The geographic profile of the POTENTIAL grounding frequency. 

 
Figure 49. The geographic profile of the POTENTIAL grounding oil outflow. 
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7. WHAT-IF SCENARIOS 

This study does not attempt to predict the future of vessel traffic in the study area. Such 
predictions are often made based on observable trends in the traffic levels or projections of 
potential economic changes and their possible impacts on traffic levels. As we have seen in 
the last decade, predicting global economic changes is difficult and unpredictable economic 
changes can lead to unforeseen changes in traffic levels and reversals in previously 
observed trends. This means predictions can prove to be inaccurate, particularly in the 
medium to long term. 

Modeling the What-If Scenarios 

In this study, the Steering Committee chose to model only the traffic level impacts of 
planned expansion and construction projects that were in the permitting process. Each 
planned project forms a What-If scenario and What-If vessels are added to the simulation 
of the 2010 Base Case year. Four What-If scenarios were modeled in the study: 

• The Gateway bulk carrier terminal 
• The Trans-Mountain pipeline expansion 
• The combination of proposed changes at Delta Port  
• All three of above scenarios operating at the same time 

The steering committee determined that the following numbers of What-If vessels would 
be added to the 2010 Base Case simulation in each scenario: 

• The Gateway bulk carrier terminal 
o 487 bulk carriers (318 Panama class and 169 Cape Max class) 

• The Trans-Mountain pipeline expansion 
o 348 crude oil tankers (each 100,000 DWT) 

• The combination of proposed changes at Delta Port  
o 348 bulk carriers and 67 container vessels 

• All three of above scenarios operating at the same time 

The next step in modeling the What-If scenarios is to determine the routes that the vessels 
will take in the simulation. Routes were chosen from the VTOSS 2010 data for vessels 
actually transited the system to each location. The only change to an actual route that was 
made was for the Gateway routes as the coal terminal is not yet in operations, so routes 
that went close to the planned terminal were chosen and modified to the correct location. 
Figures Figure 50, Figure 51, and Figure 52 show the What-If vessel routes for the Gateway 
case, the Trans-Mountain Pipeline Expansion case, and the Delta Port case respectively.  

Adding this number of additional vessels will also lead to additional bunkering operations 
in the study area. The steering committee determined that 47% of Gateway vessels would 
bunker on the inbound transit and as a first analysis the bunkering would take place at the  
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Figure 50. The routes used for the What-If vessels in the Gateway case. 

 
Figure 51. The routes used for the What-If vessels in the Trans-Mountain Pipeline Expansion case. 

 
Figure 52. The routes used for the What-If vessels in the Delta Port case. 

Draft



FINAL REPORT: VTRA 2010 2013 
 

65 Prepared for Puget Sound Partnership - 9/18/2013 

 

Vendovi anchorage. The bunkering tug would transit from Seattle to Vendovi anchorage 
laden and then return to Seattle. The steering committee decided that bunkering for the 
Trans-Mountain pipeline expansion scenario and the combination of proposed changes at 
Delta Port would take place out of the study area, but would require additional bunkering 
supply transits, 34 for the Delta Port bulk carriers, 6 for the Delta Port container vessels, 
and 21 for the Trans-Mountain pipeline expansion oil tankers. As a first analysis, the 
bunkering supply transits are modeled as transiting from the Cherry Point area and out of 
the study area to the north. Figure 53 shows the bunkering tug routes used for the what-of 
scenarios. 

 
Figure 53. The tug routes used for additional bunkering in the What-If scenarios. 

The final decision concerning modeling What-If scenarios is the arrival patterns. While 
knowing the count of the number of vessels of each type calling at a given dock or port is 
informative, to simulate the vessels over time one must know the time between one such 
vessel arriving in the system and the next. The variability in these inter-arrival times 
changes from destination to destination and from vessel type to vessel type. The variability 
in inter-arrival times for each of the projects in the What-If scenarios will not be known 
until the projects have been underway for a period of time. In modeling, if the specifics of a 
situation are unknown and there is no data upon which to base modeling decisions, the 
simplest assumption is preferable. In this case, the simplest assumption is to assume that 
the inter-arrival times are all equal and that the vessels arrive at a constant rate. This 
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assumption can be changed in later analysis, but it is a reasonable approach to start 
modeling the What-If scenarios.  

Summary of What-If Scenarios Results 

Adding What-If vessels to the 2010 Base Case can have multiple effects. First, it directly 
increases the vessel exposure time and the oil exposure time. This means the What-If vessel 
will add to the collision and grounding exposure. With additional exposure the What-If 
vessels can have a triggering incident and so add to the POTENTIAL collision and 
grounding frequencies. Second, while the What-If vessel interacts with another vessel, the 
other vessel also may have a triggering incident and so there is another source of increase 
in the POTENTIAL collision and grounding frequencies. This source of increase is attributed 
to the vessel having the triggering incident, but would not be there without adding the 
What-If vessel to the simulation. Third, the What-If vessel passes through the one-way zone 
at Rosario Strait and the exclusion zone at Boundary Pass, which can cause delays or slow 
down other vessels that are part of the original 2010 Base Case. This changes the 2010 
Base Case vessel’s transit through the system and can either increase or decrease their 
exposure and hence collision and grounding POTENTIAL. As an example, Figure 54 shows 
two screenshots that occurred within a simulated hour of one another in a What-If 
simulation. The figure shows one northbound (left) and one southbound (right) tanker 
interacting with a fleet of fishing vessels returning to port at the end of the day. If the 
tankers transits had occurred two hours earlier (as occurred in the Base Case 2010 
simulation) then the interactions would not have occurred. These interactions occurred 
because of a change in the timing of tankers and lead to an increased exposure and so an 
increased POTENTIAL for collision that is not caused directly by a What-If vessel. Thus, 
there are direct and indirect effects of adding What-If vessels to the 2010 Base Case 
simulation.  

Figure 55 shows three graphs. Each shows the percentage change in a given simulation 
output from the 2010 Base Case results. The change is shown for each What-If scenario and 
for completeness the 2010 Base Case is shown as a 0% change from itself. The change is 
shown as a bar graph, but the actual percentage change is also shown in text. The top graph 
in Figure 55 shows the change in vessel time exposure, the middle graph shows the change 
in POTENTIAL collision frequency, and the bottom graph shows the change in POTENTIAL 
grounding frequency. One can observe in Figure 55 that the changes in both POTENTIAL 
collision frequency and POTENTIAL grounding frequency are driven by the changes in 
exposure time. The changes in POTENTIAL collision frequency are larger than the changes 
in POTENTIAL grounding frequency.  
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Figure 54. An indirect effect of a What-If scenario – the change in timing of the tanker transits causes two tankers 
to interact with a fishing fleet returning to port at the end of the day. 

Figure 56 shows a similar set of graphs as Figure 57, but this time showing the changes in 
fuel oil time exposure in the top graph, POTENTIAL collision fuel oil loss in the middle 
graph, and POTENTIAL grounding fuel oil loss in the bottom graph. The exposure changes 
for fuel oil are not exactly the same as vessel time exposure changes in value (as different 
vessel types carry different amounts of fuel), the overall pattern across the What-If 
scenarios, however, is the same and the ensuing changes in POTENTIAL collision and 
grounding fuel loss display a similar pattern.  

Figure 57 shows a similar set of graphs as Figure 55 and Figure 56, but this time showing 
the changes in cargo oil time exposure in the top graph, POTENTIAL collision cargo oil loss 
in the middle graph, and POTENTIAL grounding cargo oil loss in the bottom graph. The 
patterns in exposure changes shown in Figure 57 are not the same as in Figure 55 and 
Figure 56 as the bulk carriers and container vessels in Gateway and Delta Port What-If 
scenarios do not carry cargo oil. Thus, the Trans Mountain Pipeline Expansion project leads 
to the greatest increases in cargo oil time exposure. This leads to the higher increases in 
POTENTIAL collision cargo oil loss and POTENTIAL grounding cargo oil loss. However, 
there is another interesting result as the change in POTENTIAL collision cargo oil loss for 
the Gateway scenario is not proportional to the change in cargo oil time exposure.  The 
additional What-If bulk carriers in the Gateway scenario do not carry cargo oil. There is 
only a modest increase in POTENTIAL collision frequency for the Gateway scenario in 
Figure 55, so this result must be cause by a change in the mix of vessels interacting with  
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Figure 55. An overview comparison of the changes from the 2010 base case for each What-If scenario in terms of 
vessel time of exposure, POTENTIAL collision frequency, and POTENTIAL grounding frequency. 
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Figure 56. An overview comparison of the changes from the 2010 base case for each What-If scenario in terms of 
fuel oil movement exposure, POTENTIAL collision fuel oil loss, and POTENTIAL grounding fuel oil loss. 

 

 

Draft



FINAL REPORT: VTRA 2010 2013 
 

70 Prepared for Puget Sound Partnership - 9/18/2013 

 

 
Figure 57. An overview comparison of the changes from the 2010 base case for each What-If scenario in terms of 
cargo oil movement exposure, POTENTIAL collision cargo oil loss, and POTENTIAL grounding cargo oil loss. 
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Base Case tank vessels that do carry cargo oil. One would expect that this result is driven by 
increased interactions between Base Case tank vessels and Gateway bulk carriers. 
However, the result is not so simple. There is a change in mix of interactions in the Gateway 
What-f Scenario with multiple types of vessels around the Rosario Strait one-way zone, 
including other oil tankers, ferries, fishing vessel and barges etc. This is the indirect effect 
discussed at the beginning of this section where the What-If vessel pass through the one-
way zone at Rosario Strait, cause delays or slow down of other vessels that are part of the 
original 2010 Base Case, and leads to a change in the mix interacting with tank vessels. This 
is an interesting result and could not be found without building a detailed simulation model 
of the system to capture such indirect effects.  

Gateway Terminal geographic profile results 

Figure 58 to Figure 61 each show the geographic profile for the Gateway What-If scenario 
results for POTENTIAL collision frequency, POTENTIAL collision oil loss, POTENTIAL 
grounding frequency, and POTENTIAL grounding oil loss. Respectively. The locations of 
major changes from the 2010 Base Case results to the Gateway What-If scenario results are 
circled in black. One can observe that the major changes in terms of POTENTIAL collision 
frequency, POTENTIAL collision oil loss, and POTENTIAL grounding frequency are 
concentrated around Rosario Strait. Recall from the previous section that the changes in 
POTENTIAL collision and grounding frequency are proportional to the changes in vessel 
exposure from the additional What-If bulk carriers. However, the change in POTENTIAL 
collision oil loss is an indirect effect of the What-If vessels using Rosario Strait and causing 
more interactions of tank vessels with other vessels large enough to penetrate the hull.  

Trans Mountain Pipeline geographic profile results 

Figure 62 to Figure 65 show the geographic profile for the Trans-Mountain Pipeline 
Expansion What-If scenario results for POTENTIAL collision frequency, POTENTIAL 
collision oil loss, POTENTIAL grounding frequency, and POTENTIAL grounding oil loss. The 
locations of major changes from the 2010 Base Case results to the Trans-Mountain Pipeline 
Expansion What-If scenario results are circled in black. Neither the POTENTIAL collision 
frequency nor the POTENTIAL grounding frequency has as large a change as the 
POTENTIAL collision oil loss or the POTENTIAL grounding oil loss. There as not as many 
tankers added in this case as there are bulk carriers in the Gateway What-If scenario and 
apparently they do not cause as much increase in POTENTIAL accident frequency. 
However, their impact on POTENTIAL oil loss is more significant due to their cargo oil. The 
main increase is in Haro Strait and Boundary Pass, although there is an increase in 
POTENTIAL collision oil loss at the entrance to the Straits of Juan de Fuca. 
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Figure 58. The geographic profiles of POTENTIAL collision frequency for the Gateway What-If scenario. 

 

Figure 59. The geographic profiles of POTENTIAL collision oil loss for the Gateway What-If scenario. 
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Figure 60. The geographic profiles of POTENTIAL grounding frequency for the Gateway What-If scenario. 

 
Figure 61. The geographic profiles of POTENTIAL grounding oil loss for the Gateway What-If scenario. 
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Figure 62. The geographic profiles of POTENTIAL collision frequency for the Trans-Mountain Pipeline Expansion 
What-If scenario. 

 
Figure 63. The geographic profiles of POTENTIAL collision oil loss fort the Trans-Mountain Pipeline Expansion 
What-If scenario. 
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Figure 64. The geographic profiles of POTENTIAL grounding frequency for the Trans-Mountain Pipeline 
Expansion What-If scenario. 

 
Figure 65. The geographic profiles of POTENTIAL grounding oil loss for the Trans-Mountain Pipeline Expansion 
What-If scenario. 
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Figure 66. The geographic profiles of POTENTIAL collision frequency for the Delta Port What-If scenario. 

 
Figure 67. The geographic profiles of POTENTIAL collision oil loss for the Delta Port What-If scenario. 
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Figure 68. The geographic profiles of POTENTIAL grounding frequency for the Delta Port What-If scenario. 

 
Figure 69. The geographic profiles of POTENTIAL grounding oil loss for the Delta Port What-If scenario. 
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Delta Port geographic profile results 

Figure 66 to Figure 69 show the geographic profile for the Delta Port What-If scenario 
results for POTENTIAL collision frequency, POTENTIAL collision oil loss, POTENTIAL 
grounding frequency, and POTENTIAL grounding oil loss. The major changes from the 2010 
Base Case results to the Trans-Mountain Pipeline Expansion What-If scenario results are 
smaller than other cases. The number of added in the Delta Port What-If scenario and the 
study area affected are similar to the Trans-Mountain Pipeline What-If scenario. The effects 
on POTENTIAL accident frequency are, therefore, similar. However, the containers and 
bulk carriers added do not cargo oil, so the impact on POTENTIAL oil loss is less. There is in 
fact a very small reduction in the POTENTIAL cargo oil loss. This seems anomalous as 
adding vessels to the 2010 Base Case decreases this measure. This effect is caused by a 
small change in the mix of vessels interacting with tank vessels. 

Geographic profile results from adding all three What-If Scenarios 

Figure 70 to Figure 73 show the geographic profile for the combinedWhat-If scenario 
results for POTENTIAL collision frequency, POTENTIAL collision oil loss, POTENTIAL 
grounding frequency, and POTENTIAL grounding oil loss. The major changes from the 2010 
Base Case results to the combinedWhat-If scenario results are circled in black. The changes 
in POTENTIAL collision frequency are caused by vessels from all three What-If scenarios 
that have been combined. The changes in POTENTIAL collision oil loss are located where 
major changes from the Gateway What-If scenario and the Trans-Mountain Pipeline 
Expansion What-If scenario are located. The changes in POTENTIAL grounding frequency 
are again the located where major changes from the Gateway What-If scenario and the 
Trans-Mountain Pipeline Expansion What-If scenario are located. However, the changes in 
POTENTIAL grounding oil loss are only located where the major change for the Trans-
Mountain Pipeline Expansion What-If scenario is located. 

An interesting consideration is whether the changes caused by the combined What-If 
scenario is just the sum of the changes caused by each of the three separate What-If 
scenarios or whether there is an interaction between the scenarios. The changes in the 
POTENTIAL collision frequency from the three separate What-If scenarios add up to 13.3% 
+ 8.9%  + 9.5% = 33.7%. The change from the combined What-If scenario is only 20.6%. 
Thus the dynamics of the system are changed in a way that reduces collision risk.  

The changes in the POTENTIAL collision oil lossfrom the three separate What-If scenarios 
add up to 33.8% + 39.4% - 0.4% = 72.8%. The change from the combined What-If scenario 
is 89%. Thus the mix of vessels from the three cases involved in interactions with tank 
vessels must lead to more oil spill. A plausible cause for this effect is the combination of  
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Figure 70. The geographic profiles of POTENTIAL collision frequency for the CombinedWhat-If scenario. 

 
Figure 71. The geographic profiles of POTENTIAL collision oil loss for the CombinedWhat-If scenario. 

Draft



FINAL REPORT: VTRA 2010 2013 
 

80 Prepared for Puget Sound Partnership - 9/18/2013 

 

 
Figure 72. The geographic profiles of POTENTIAL grounding frequency for the CombinedWhat-If scenario. 

 
Figure 73. The geographic profiles of POTENTIAL grounding oil loss for the CombinedWhat-If scenario. 
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containers and bulk carriers using Haro Strait to transit to Delta Port and tankers using 
Haro Strait to transit to Vancouver. 

The changes in the POTENTIAL grounding frequency from the three separate What-If 
scenarios add up to10.5% + 2.6% + 2.6% = 15.7%. The change from the combined What-If 
scenario is 16.7%. These are close, with a small interaction effect.  

The changes in the POTENTIAL grounding oil loss from the three separate What-If 
scenarios add up to3.3% + 34.5% + 5.4% = 43.2%. The change from the combined What-If 
scenario is 59%. So again we have an increase beyond the sum of the three individual 
What-If scenarios, which must mean that the vessels involved in the additional grounding 
potential are tank vessels.  
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Appendix: Glossary and List of Acronyms 

• Allision–The collision of a vessel with its intended docking berth. 
• ATB – Articulated Tug Barge 
• Ecology – The Washington Department of Ecology’s Spill Prevention, Preparedness and 

Response Program which is the primary state organization with authority and accountability 
for managing oil and hazardous material spill risk state-wide.  Ecology is assisting PSP in 
conducting the VTRA with its expertise and experience. 

• EPA – Environmental Protection Agency. 
• MTS – Maritime Transportation System. 
• FV – Focus Vessel. 
• ITB – Integrated Tug Barge. 
• IV – Interacting Vessel. 
• MXPS – Marine Exchange Puget Sound. 
• NGO – Non-Governmental Organization.  
• NPO – Non-Persistent Oil 
• Study Area – The Washington waters of Puget Sound east of Cape Flattery, north of 

Admiralty Inlet and west of Deception Pass, and their approaches. 
• GW – George Washington University is the prime subgrant awardee. 
• VCU – Virginia Commonwealth University is a sub-awardee to GW. 
• GW/VCU – The technical team composed of GW and VCU. 
• PO – Persistent Oil. 
• PSP – The Puget Sound Partnership is the Washington state agency responsible for 

developing a Puget Sound Action Agenda, convening a Cross Partnership Oil Spill Work 
Group and for coordinating work to restore and protect Puget Sound. 

• PSHSC – The Puget Sound Harbor Safety Committee. 
• PSP Advisory Group – A steering committee of stakeholders advising the Puget Sound 

Partnership and GW/VCU over the course of this study. 
• QAPP – Quality Assurance Project Plan 
• USCG – US Coast Guard Sector Seattle, District 13. 
• VTOSS – Vessel Traffic Operational Support System 
• VTRA – Vessel Traffic Risk Assessment 
• VTS – Vessel Traffic Service is thereal-time marine traffic monitoring system used by the 

USCG, similar to air traffic control for aircraft. 
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Diesel spills are all too frequent disturbances of freshwater
ecosystems, largely as a result of the quantities transported and
consumed. Assessing the risk that such events may pose to
aquatic life remains a difficult process, because of the complexity
of this hydrocarbon mixture and our limited knowledge of its
toxicity. A diesel spike experiment with rainbow trout
(Oncorhynchus mykiss) fry was carried out to fill this knowledge
gap. Survival, growth, and gene expression changes were
assessed and toxicity thresholds were determined. Whereas
the biological end points were consistent in the determination
of (sub)lethal doses, microarrays supplied additional information
on the mechanism of toxicity (oxygen deprivation) and potential
long-term effects (feminization, immune system alterations)
of diesel exposure on salmonids. Hemoglobins, prostaglandins,
cytochromes, and gluthathion-S-transferases were among
the molecular biomarkers proposed for use in future risk
assessments based on microarray results. By bridging traditional
toxicity testing with recent microarray technologies, this
study shows the potential of genomics tools in ecotoxicity
studiesaswellas industrialapplications, includingriskassessment,
in the near future.

Introduction
Oil continues to be the primary source of energy, accounting
for approximately 40% of total energy use worldwide. The
total world petroleum consumption was estimated to exceed
84 million barrels (or 3 billion gallons) per day during 2005.
Canada represents one of the nations with the largest oil
reserves, extensive oil production, and a high level of oil
consumption per capita (1). The resulting revenues and other
economic benefits have often overshadowed the negative
impacts of petroleum hydrocarbons spilled into terrestrial,
marine, and freshwater ecosystems during production,
transportation, and use. In British Columbia, Canada,
approximately 4000 spills yearly affect aquatic habitat over
half of which are hydrocarbon related (Duncan Ferguson,
Hazard Management Section, BC Ministry of the Environ-

ment, personal communication). Many of the inland events
are from smaller spills of petroleum hydrocarbons into
freshwater habitat, thus representing an imminent threat to
the spawning habitat of salmonids. With salmonids as an
important food item in aquatic food chains, a contributor of
nutrients to riparian zones, and a valued economic resource
to humans, the impacts of oil spills could affect multiple
levels of ecosystems.

Although spill events are frequent and abundant, incidents
in freshwater ecosystems are often localized, and hence
attract much less public attention than those in marine
environments. Consequently, concern and scientific studies
of petroleum impacts on freshwater environments have
lagged behind. To date, very little information has been
published on the potential problems of oil, and little is known
about the toxicology of the complex petroleum hydrocarbon
mixtures on aquatic life. The objectives of this study are to
(1) establish toxicity threshold levels for the effects of the
most frequently spilled hydrocarbon product (diesel) on
aquatic organisms, using rainbow trout (Oncorhynchus
mykiss) as a model species; (2) to address the potential long-
term impacts of diesel exposure by including sublethal effect
end points and elucidate the mechanism of diesel toxicity
using genomics tools; and (3) to identify molecular biom-
arkers of diesel exposure in fish, as tools in future assessments
of the ecological risks associated with spills.

Materials and Methods
Test Conditions. Rainbow trout fry (Oncorhynchus mykiss;
∼11 days post swim up and 100 mg in weight) were obtained
from a government certified hatchery (Sun Valley Trout Farm,
Langley, BC, Canada) two days before test initiation for
acclimatization. The test was carried out at Cantest (Burnaby
BC, Canada) facilities. Fish were subjected to a lake water
control or a test solution consisting of lake water spiked with
Ultra Low Sulfur (ULS) Diesel No. 2 (CAS 68476-34-6). Six
replicates, each containing five fish, were tested per loading
rate in 1-L glass jars containing 80 mL of test solution per
fish, according to the method described by Lazorchak and
Smith (2). Over the 14-day exposure period, test solutions
were renewed daily, constantly aerated, and kept under a
photoperiod of 16 h light-8 h dark with a light intensity of
100–500 lx at the water surface. Throughout the test, fish
were fed brine shrimp (Artemia) twice daily.

Lake water was collected at Marie Lake, Queen Charlotte
Islands, BC, Canada, to reflect conditions where biological
components of freshwater may interact with contaminants.
Lake water was shipped and stored cold (4 °C). Volumes
required for next day’s water renewal were kept at test
temperature overnight, and as necessary, temperature-
adjusted and aerated for 30 min before use in preparation
of the test solutions. Test concentrations were expressed as
loading rates, i.e. the ratio of diesel to dilution water, reflective
of the poor solubility of hydrocarbon mixtures. Specific gravity
for diesel (0.84 @ 15.6 °C) was used to estimate the volume
of diesel. Six loading rates were tested, namely 0.3, 1.5, 8, 40,
200, and 1000 mg/L (based on a 96-h range finding test),
including lethal and sublethal exposure concentrations. To
obtain the specific concentrations, a stock solution was
prepared, mixed for 30 min on a magnetic stir plate, and
diluted into lake water. All test solutions were mixed for 30
min to create dispersion before being divided among the
test vessels.

Fish survival was recorded over the 14-day period, with
half of the replicates being removed at day 7 to assess growth
by dry weight analysis. Other replicates were maintained for
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an additional 7 days, after which the liver was dissected out
and the carcass was subjected to dry weight analysis. The
presence of unusual behavior or appearance was recorded
over the duration of the test, and dissolved oxygen, tem-
perature, pH, and conductivity were monitored to ensure
consistent water quality.

RNA Isolation from Fish Livers. Livers were isolated from
surviving fish at day 14, and processed in order of increasing
exposure concentration. Test vessels were placed into a water
bath (15 °C), wrapped in foil, and covered, to minimize stress.
The test vessels were emptied into a sieve, and the sieve
containing the fish was quickly put into MS222 solution in
an ice bath. After a few minutes, when the fish were immobile,
fish were dissected on a dissecting pan. Using a scalpel, the
head was cut off behind the gills, the belly was opened with
scissors, and the liver was removed. Livers were collected in
labeled cryovials, which were immediately immersed in liquid
nitrogen.

Five fish livers per treatment replicate were combined
before RNA isolation into a 1.5 mL safe-lock microcentrifuge
tube (Eppendorf, Canada), containing 1 mL of frozen TRIzol
reagent (Invitrogen, Canada) and a 3-mm-diameter tungsten-
carbide bead (Eppendorf, Canada). For any given sample,
the homogenization period consisted of 2 repetitions of 3
min at 20 Hz in a Retsch MM301 mixer mill (Retsch GmbH
Co., Germany). From the homogenates, total RNA was
isolated per manufacturer’s instructions for the use of TRIzol
reagent with the following modifications: After phase sepa-
ration, 1 µL of glycogen (Roche Diagnostics, Canada) was
added to each aqueous phase, before RNA was precipitated
with 500 µL of isopropanol (Sigma-Aldrich, Canada), and
incubated overnight at -80 °C. Samples were centrifuged
for 1 h at 12000g at 4 °C the following day to obtain a RNA
precipitate. Precipitates were gently dried and resuspended
in ultraclean DMQ (20 µL; Gibco, Canada), subjected to a 10
min incubation at 55 °C to facilitate resuspension, and stored
at -80 °C until further use. Total RNA concentrations were
determined using spectrophotometry, and RNA quality was
assessed by gel electrophoresis. If sufficient quantities of
intact RNA were identified, samples were selected for cDNA
synthesis and labeling.

cDNA Synthesis and Labeling. The microarray experi-
ments were designed to comply with MIAME guidelines. The
direct method experimental design was employed whereby
fish exposed to diesel were compared to control fish each
labeled with different cyanine fluors (Cy3 or Cy5) and
hybridized simultaneously on the same array. The experi-
mental design for the microarray experiment consisted of 3
biological replicate arrays with their corresponding dye flips
(total n ) 6) for each diesel treatment. Each biological
replicate represented the pooled RNA from 5 different
individual livers for both exposed and control fish.

Dye flips were performed to remove systematic bias due
to dye incorporation. Fabrication and details of the salmonid
cDNA microarrays utilized in this study are described
elsewhere (3). A complete description and list of spotted cDNA
probes on the arrays is available at http://web.uvic.ca/cbr/
grasp/array.html or at NCBI’s GEO repository under GEO
platform number GPL2716.

Fluorescently labeled cDNA for use in microarray screen-
ing was generated from total RNA using the SuperScript III
Indirect cDNA Labeling System (Invitrogen). Briefly, exactly
5 µg of total RNA was reverse transcribed with 2 µL of 25
µg/µL oligo(dT)20 primer and incubated at 46 °C for 3 h to
synthesize first-strand cDNA according to the manufacturer’s
instructions. The original RNA was hydrolyzed by addition
of 1 N NaOH, and the pH was neutralized subsequently by
1 N HCl and 3 M sodium acetate (pH 5.2). Amino-modified
first-strand cDNA was purified of unincorporated dNTPs and
hydrolyzed RNA using a S.N.A.P. Column Purification kit

(Invitrogen). Purified cDNA was precipitated with ethanol,
and redissolved in 2× coupling buffer and incubated for 2 h
at room temperature with their respective Cy3 and Cy5 fluoros
(Amersham Biosciences). Unreacted dye was removed from
the labeled cDNA sample by a second S.N.A.P. Column
procedure. Respective eluted sample pairs were pooled,
precipitated with ethanol overnight, and resuspended in 27
µL of nuclease free water. For each pooled sample, 1 µL was
removed to quantify the cDNA and dye incorporation using
a Nanodrop spectrometer (Nanodrop Technologies, Wilm-
ington, DE).

Array Hybridization and Quantification. Post processing
of arrays consisted of washing them twice in 0.2% SDS
solution for 5 min, then rinsing 5 times for 1 min in MilliQ
dH2O. Residual dH2O was removed by centrifugation at 514g
for 5 min. Arrays were prehybridized for 1.5 h at 49 °C in 5×
SSC, 0.1% SDS, 3% BSA solution. Prehybridization solution
was removed by 3 washes in MilliQ dH2O for 20 s and dried
by centrifugation.

A total of 60 uL of hybridization buffer consisting of 26
µL of labeled cDNA, 4 µL of LNA dT blocker (Genisphere),
25% formamide, 4× SSC, 0.5% SDS, and 2× Denhardt’s
solution was applied to each microarray, and placed in a
Corning hybridization chamber for 16 h at 49 °C. Coverslips
were removed and the slides were washed in 2× SSC, 0.2%
SDS at 49 °C, with subsequent washes at room temperature
as follows: twice for 5 min in 2× SSC, twice for 5 min in 1×
SSC, four times for 5 min in 0.1× SSC. The arrays were dried
by centrifugation and scanned immediately at 10 µm
resolution, using ScanArray Express (PerkinElmer, Wellesley,
MA).

Chemical Analysis of Diesel and Diesel-Spiked Lake
Water. A pure diesel sample was submitted to Cantest
(Burnaby, BC, Canada) and analyzed using their standard
operating procedures. Those are for volatile hydrocarbon
compounds and benzene, toluene, ethylbenzene, and xylene
(BTEX) U.S. EPA Methods 624/8240/8260, involving sparging
with a purge and trap apparatus and analysis by GC-MS, and
for polycyclic aromatic hydrocarbons (PAHs) and extractable
petroleum hydrocarbons (EPHs) by U.S. EPA Methods 625/
8270, involving extraction, cleanup steps, and analysis by
GC-MS. Light (C10-C19) and heavy (C19-C32) EPH fractions
(LEPH and HEPH, respectively) were then calculated from
EPHs by subtraction of PAHs. Results were reported on a
percentage by weight basis.

To provide additional information on diesel components
in spiked lake water, a set of mock test solutions was prepared
and treated similarly to those used for fish exposures. All six
loading rates and the control were sampled as initial solutions
before aeration and after 24 h. These samples were also
analyzed by Cantest for BTEX, PAHs, and LEPH/HEPH to
provide actual exposure concentrations.

Data Analysis. Dose–response curves were interpolated
from survival, growth, and gene expression results, including
survival percentages, growth by weight, and number of genes
altered (by an average of up- and downregulated genes).
Tests of normality and equality of variance were followed by
statistical testing accordingly (data transformation, signifi-
cance testing), using TOXCALC software (Tidepool Scientific
Software, McKinleyville, CA).

Quantified data from the microarrays were analyzed using
Genespring 7.3.1 software (Agilent Technologies Inc., Santa
Clara, CA) to detect gene expression changes in exposed trout
compared to nonexposed controls. Genes were filtered based
upon having a present value for at least 3 of 6 arrays for
individual exposure conditions. Remaining genes were only
retained if they were significantly differently expressed
between exposed versus control based upon having a t test
p value lesser or equal to 0.05, and were at least 1.5 fold or
greater up- or downregulated. A multiple testing correction
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was not employed in the statistical evaluation. The remaining
signature was analyzed by gene function using the Protein
Knowledgebase (http://beta.uniprot.org/uniprot) at the 40
mg/L exposure dose. Potential biomarkers were determined
by generating expression profiles which were flat for initial
diesel concentrations and significantly altered (greater than
1.5 fold in either direction with p < 0.05) at the 40 mg/L
concentration; genes with a 0.9 Pearson correlation to this
profile were retained.

Results and Discussion
Diesel Composition and Toxicity. The ULS Diesel No. 2, as
a “light” petroleum hydrocarbon mixture, contained primarily
short chain aliphatic hydrocarbons (69%) and lesser amounts
of longer chain components (22%), as well as minor
contributions of VH (5%), BTEX (0.3%), and PAHs (0.2%) on
a percentage by weight basis. Approximately 3.5% of the
constituents remained unidentified, but may have consisted
of alkylated PAHs and/or additives. Low molecular weight
(2–3 rings) PAHs (naphtalene and phenanthrene) were more
abundant than the heavy molecular weight PAHs (Table S1
in the Supporting Information). The nature of diesel con-
tributed to its rapid volatilization and breakdown in the test
(∼50% reductions in BTEX and naphthalene, and ∼30% in
VHs and PAHs over the course of 24 h; Table S2), as could
be expected upon release in the environment. Natural lighting
conditions and realistic contaminant exposure durations in
the context of recovery and remediation (14 days) were used.
Daily renewal represented further realism to spill events,
due to the nature of freshwater spills that often result from
land activities, whereby oil is repeatedly introduced into a
stream or lake for a period of time, facilitated by changes in
water levels, runoff, and other environmental conditions.
The diesel spike test thereby represented a relevant laboratory
simulation of a spill event in a freshwater environment.

The test indicated little effect of diesel on rainbow trout
health at dosese8 mg/L, as evidenced by no significant effects
on survival and growth rates, and only minor changes in
liver gene expression (i.e., a low number of unrelated genes;
Table 1). Diesel doses of 40 mg/L were associated with a
gradual increase in mortality over the duration of the test,
and a sharp increase in the number of genes and functional
groups of genes with altered expression. Exposures g200
mg/L of diesel resulted in 100% mortality of rainbow trout
fry (Table 1). Based upon dose–response curves interpolated
from data for individual end points, toxicity reference values
of 4-45 mg/L were determined (Table 2).

Primary Mechanism of Action Associated with Diesel
Toxicity. At the highest diesel dosage tested in the microarray
experiment (40 mg/L), 161 genes were significantly down-
regulated whereas 90 genes were upregulated (Table 1).

Although this represented only 1% of the total number of
genes on the array, alterations in the expression of function-
ally related genes reflected potential physiological conse-
quences of diesel exposure. The multiple functional gene
groups affected (Figure 1) were indicative of mechanisms of
toxicity that may affect fish in the short and longer term.

Mechanisms of diesel toxicity have not been investigated
in great detail, but fish mortality following spills has often
been attributed to the formation of a layer of oil (sheen) on
the water. Sheen limits the oxygen exchange between air
and water, and both sheen and dissolved constituents may
coat the gills of fish causing lesions on respiratory surfaces
affecting respiration (4). In the diesel spike test, observations
of fish remaining in the upper level of the water column,
swimming sideways, and widely opening their gills are
consistent with lack of oxygen. Measurements of dissolved
oxygen in test water showed (slightly) lower dissolved oxygen
concentrations (9.3 versus 9.8 mg/L on average in test water
versus control; Table S2). However, the microarray results
indicated the downregulation of the hemoglobin gene, which
encodes the protein part of the oxygen transporting molecule
in blood. If this in turn decreased the abundance of
hemoglobins, it would be a limiting factor in oxygen exchange.

In fish, the larval liver is involved in erythropoiesis, but
the kidney, and to a lesser extent the spleen, become the
primary hemoglobin producers in the adult. The decreased
hemoglobin transcription in exposed fish may therefore be
an indirect observation of effects taking place in the kidney.
If the extent of hemoglobin downregulation and consistency
of downregulation of multiple subunits (hemoglobin alpha,
beta, and epsilon chains) in the liver is reflective of the mRNA
and protein changes occurring elsewhere, diesel may affect
the circulatory oxygen transporting ability, and the associated
oxygen delivery to major organs. Additional observations of
the upregulation of haptoglobin, making the hemoglobin
accessible to degradative enzymes, and downregulation of
hemopexin and ferritin, binding heme for iron recovery,
would put further stress on oxygen homeostasis. This is
consistent with observations by Crider et al. that naphthalene
concentrations of 5 mg/L and above reduced circulatory
hemoglobin concentrations and oxygen uptake in the wa-

TABLE 1. Rainbow Trout Fry Survival, Growth, and Gene Expression Assessed upon Exposure to Diesel Doses Ranging from 0.3 to
1000 mg/La

survival (%) growth (mg/fish dry weight) gene expression (no. of genes altered g1.5-fold)

loading rate (mg/L) day 7 day 14 day 7 day 14 upregulated downregulated

controlb 100 ( 0 93 ( 12c 21.89 ( 3.28 32.35 ( 3.92 NA NA
0.3 100 ( 0 100 ( 0 25.49 ( 1.54 32.15 ( 0.65 11 17
1.5 100 ( 0 100 ( 0 25.67 ( 1.34 33.88 ( 3.76 20 19
8 97 ( 8 100 ( 0 23.41 ( 3.35 33.75 ( 2.88 28 32
40 93 ( 10 67 ( 31* 16.69 ( 5.48 27.31 ( 5.16 90 161
200 0 ( 0d* 0 ( 0* NA NA NA NA
1000 0 ( 0d* 0 ( 0* NA NA NA NA

a Survival and gene expression were significantly altered at the 40 mg/L diesel exposure dose and above. Growth was
not significantly affected in surviving fish. b Control consists of lake water. c One fish death not associated with diesel
exposure on Day 12. d Mortality of 100% within 3 days. NA ) Not applicable. * ) Significantly different from control at p e
0.05.

TABLE 2. Toxicity Reference Values, in the Form of 20 and
50% Effect Concentrations (EC20, EC50), Derived from Dose–
Response Curves for Survival, Growth, and Gene Expression in
Rainbow Trout Fry

EC20 (mg/L) EC50 (mg/L)

survival 26.7 44.8
growth >40.0 >40.0
gene expression 4.1 17.7
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terflea (Daphnia magna) within 24 h (5), but has not been
previously described in fish.

Diminished energy dedicated to oxygen homeostasis is
contradictory to what would be physiologically expected from
organisms in a low oxygen environment (6). Although this
could represent a stress response or secondary toxicity (e.g.,
cardiovascular toxicity), microarray results supported the
hypothesis that this may be a result of altered priorities in
the liver. A number of genes associated with normal metabolic
liver functions (i.e., the production of hemoglobins, protein
transporters, and structural proteins) were downregulated,
whereas liver products associated with adaptive responses
(immunity) and/or xenobiotic stresses (detoxification) were
elevated (Table S3). Others have documented previously that
the liver of naphthalene-exposed trout had decreased
capacity for exporting glucose, and covering energy demands
related to reproductive processes (7), and increased internal
use of energy associated with detoxification activities (8).
The liver may therefore divert its energy away from certain
functions to be able to attend to contaminant-related
processes.

Detoxification is a defense mechanism present in all
vertebrates that is rapidly induced upon exposure, to aid in
the elimination of toxicants, with the liver being the primary
organ for this activity. Increased detoxification activity in
diesel-exposed fish was supported by upregulated transcrip-
tion of typical phase I (cytochrome (CYP) P450 1A1 and 1B1,
9- and 12-fold upregulated, respectively) and phase II
(glutathione-S-transferases (GST), 2–3 fold higher) detoxi-
fication enzyme genes, and in measured ethoxy-resorufin-
O-deethylase (EROD) activity (9). These effects are attributed
to the minority of PAHs present in diesel (Table S1), consistent
with the upregulated transcription of the aryl hydrocarbon
receptor 2 (AhR2, 1.7-fold higher copy numbers). AhR2, the
functional counterpart of the mammalian AhR, binds PAHs
and subsequently mediates the upregulation of AhR-de-
pendent genes such as CYP and GST enzymes (10–12). The
higher abundance of electron carrier transcripts may also be
related to elevated detoxification activity. Detoxification
requires significantly higher oxygen consumption in order
to support the (phase I) oxygenation of contaminants (13),
which may represent an additional stress on fish in diesel-
contaminated waters. Second, the oxygenation reactions
associated with detoxification may produce reactive oxygen

species that may result in oxidative stress, damage of cell
structure, and eventually cell death (10).

The oxygen limitations resulting from (1) decreased
environmental oxygen availability in spill areas, (2) down-
regulation of hemoglobin transcription, and (3) increased
oxygen consumption during detoxification and possibly other
contaminant-related stresses, observed during the diesel
spike test and in microarray experiments, would lead to
anoxia in fish. With consistent behavioral observations and
the dose at which mortality gradually starts to occur and
changes in gene expression are taking place, it is likely that
physiologically induced anoxia is the primary mechanism of
mortality in fish exposed to diesel products.

Effects of Diesel on the Immune System. Diesel exposure
was accompanied by downregulation as well as upregulation
of genes associated with immunity. The majority of down-
regulated genes were components of the complement
cascade, serum components whose assembly and activation
facilitate inflammation, phagocytosis, and cell lysis. The
specific complement cascade components identified are part
of the classical complement pathway (including C7 and C2)
rather than the alternative pathway. In juvenile fish, the
complement system represents an important component of
immunity, awaiting lymphoid organ maturation and steadily
increasing from fertilization to hatch (14).

Immune system alterations may present a nonspecific
reaction from the immune system to direct contact and/or
ingestion of diesel components, poor general health of
exposed fish and an associated increased susceptibility to
bacteria/viruses, immunotoxic properties of diesel compo-
nents (PAHs), or stress associated with contaminant exposure
in general (15, 16). Our observations of such effects at the
molecular level underlie previously documented decreases
in fish immune responses upon exposure to diesel oil-
contaminated drilling muds (17), and the increased preva-
lence of external abnormalities, including lesions of gills,
skin, and fins caused by opportunistic infections, in fish
inhabiting PAH-contaminated sediments (18). Alteration in
immune system function, in either an upregulated or
downregulated manner, may disturb the delicate balance
under which the multiple immune system components are
employed and may affect fish health and survival over
prolonged exposure durations.

FIGURE 1. At the diesel exposure dose of 40 mg/L, a number of related genes showed altered expression. The following categories
were recognized to be represented among the genes (based on their function listed in the Protein Knowledge database): immunity,
protein metabolism (including modification and degradation), protein transport, detoxification, cell signaling, cell structure, endocrine
function, oxygen transport (including iron storage and recovery from heme), electron transport, metal and ion transport, and
replication, transcription, and translation. Large proportions of genes related to immunity and protein metabolism represented the
altered upregulated gene functions (A), whereas the primary functional group of downregulated genes was oxygen transport (B).
Note: Functional groups that contributed less than 5% to the total were grouped as miscellaneous. These included the following for
upregulated genes: cell signaling (3%), endocrine function (2%), oxygen transport (1%), and replication/transcription/translation (2%);
and for downregulated genes they included metal/ion transport (3%), cell structure (3%), detoxification (2%), endocrine function (1%),
and electron transport (1%).

VOL. 42, NO. 7, 2008 / ENVIRONMENTAL SCIENCE & TECHNOLOGY 9 2659



TABLE 3. Molecular Biomarkers Selected from Genes That Followed an Upregulated (A) or Downregulated (B) Threshold Dose
Response Curve Based upon the Knowledge That Diesel Adversely Affects Rainbow Trout Fry Survival and Gene Expression at the
40 mg/L Dose (These Genes May Represent Suitable Biomarkers of Diesel Toxicity in Environmental Monitoring Programs and
Risk Assessments)

(A) Upregulated genes following a threshold dose–response curve

diesel exposure dose (mg/L)

putative gene ID accession no. 0.3 1.5 8 40 P value
organism EST

derived

Cytochrome P450IA1 CB497960 3.28 2.59 2.53 8.61 0.003 O. mykiss
Sulfotransferase 6B1 CA042631 1.81 1.65 2.74 6.31 0.003 S. salar
Carbonyl reductase CA064229 1.53 1.95 1.91 4.03 0.003 S. salar
Thioredoxin CA041451 1.30 1.30 1.43 3.65 0.005 S. salar
Thioredoxin CB498297 1.15 1.43 1.62 3.52 0.008 O. mykiss
Glutathione S-transferase CB497579 1.53 1.57 1.83 2.76 0.002 O. mykiss
Complement factor H precursor CB497097 0.98 1.18 1.44 2.57 0.000 O. mykiss
Protein disulfide-isomerase A4 precursor CA064165 1.31 1.72 1.43 2.48 0.000 S. salar
Glutathione S-transferase CA057063 1.37 1.43 1.64 2.43 0.024 S. salar
Transaldolase CA063027 0.82 0.81 1.02 2.35 0.000 S. salar
Complement component C7–2 CA049855 0.79 0.63 1.13 2.32 0.017 S. salar
Intelectin 1a precursor CB496555 1.10 1.24 0.90 2.29 0.004 O. mykiss
Properdin CA053493 0.97 1.23 1.31 2.12 0.000 S. salar
CD209 antigen-like protein E CB496842 1.11 0.86 0.99 2.12 0.006 O. mykiss
Leukocyte cell-derived chemotaxin 2 precursor CX984314 0.94 1.23 1.16 2.10 0.003 S. salar
Nucleoside diphosphate kinase B CB497381 1.17 1.03 1.03 1.96 0.002 O. mykiss
Complement C1r subcomponent precursor CB510300 0.94 1.08 1.25 1.91 0.000 S. salar
Complement factor H precursor CA037616 1.07 1.15 1.38 1.87 0.001 S. salar
Eukaryotic translation initiation factor CA050996 1.04 1.07 1.22 1.85 0.018 S. salar
Cofilin, muscle isoform CA060055 0.88 0.75 1.07 1.84 0.004 S. salar
Aryl hydrocarbon receptor 2 gamma CB511953 1.01 1.28 1.09 1.74 0.006 S. salar
KIAA1279 protein CB496780 1.01 1.08 1.06 1.70 0.011 O. mykiss
Cytochrome c oxidase subunit IV CB505449 1.03 1.10 1.19 1.55 0.007 S. salar
40S ribosomal protein CB486904 0.81 0.99 0.82 1.54 0.001 O. mykiss
Endoplasmin precursor CA059329 0.78 0.98 1.04 1.53 0.022 S. salar
HSP 90-beta CA767842 1.12 1.00 1.12 1.49 0.020 S. salar

(B) Downregulated genes following a threshold dose–response curve

diesel exposure dose (mg/L)

putative gene ID accession no. 0.3 1.5 8 40 P value
organism EST

derived

DNA-directed RNA polymerases I, II, and III CB496981 0.89 0.78 0.97 0.47 0.001 O. mykiss
Hemoglobin epsilon-Y2 chain CB510387 0.80 0.74 0.90 0.46 0.000 S. salar
60S ribosomal protein L28 CA051001 0.77 0.75 0.93 0.47 0.020 S. salar
Apolipoprotein B CB497703 0.80 0.80 0.89 0.63 0.002 O. mykiss
Apolipoprotein B-100 precursor (n ) 5)a CB502972, CA043130,

CA042944, CK990689,
CB509797

0.71 0.91 2.34 8.41 0.008 S. salar

Cell division protein kinase 5 CA057215 0.71 0.76 0.69 0.46 0.015 S. salar
Coatomer epsilon subunit CB502159 0.83 0.71 0.76 0.45 0.005 S. salar
Felis catus myocyte specific enhancer factor CA058539 0.82 0.80 0.65 0.40 0.001 S. salar
Gastrotropin CB493070 1.11 0.95 0.90 0.65 0.002 O. mykiss
Glyceraldehyde-3-phosphate dehydrogenase CB498361 0.98 0.94 0.87 0.65 0.002 O. mykiss
Hemoglobin alpha chain CA064277 0.82 0.82 1.04 0.49 0.009 S. salar
Hemoglobin alpha chain (n ) 2)a CA049318,CA770045 0.88 0.71 0.97 0.40 0.004 S. salar
Hemoglobin alpha chain CA058603 0.80 0.74 0.82 0.47 0.003 S. salar
Hemoglobin alpha chain CA058361 0.83 0.83 1.05 0.42 0.001 S. salar
Hemoglobin beta-2 chain CK990563 0.63 0.98 0.75 0.32 0.000 S. salar
Hemoglobin beta-2 chain CK990457 0.81 0.76 0.94 0.38 0.001 S. salar
Hemoglobin beta-2 chain CB498665 0.76 0.86 0.92 0.58 0.003 O. mykiss
Hemoglobin beta-2 chain CB498416 0.82 0.81 1.10 0.41 0.000 O. mykiss
Hemoglobin beta-2 chain (n ) 2)a CB497723, CB494536 0.79 0.84 1.01 0.49 0.002 O. mykiss
Hemoglobin beta-2 chain (n ) 2)a CB498575, CB497309 0.80 0.82 1.06 0.45 0.003 O. mykiss
Hemoglobin beta-2 chain CB496604 0.82 0.81 1.05 0.46 0.000 O. mykiss
Hemoglobin epsilon-Y2 chain CA049313 0.87 0.73 0.89 0.48 0.008 S. salar
Hemoglobin epsilon-Y2 chain CB509758 0.82 0.82 1.03 0.47 0.002 S. salar
Hemoglobin epsilon-Y2 chain CB501013 0.74 0.72 0.88 0.45 0.000 S. salar
Hemopexin precursor (n ) 2)a CB509819, CA037805 1.03 0.94 0.82 0.53 0.045 S. salar
Histone H2A variant CB491527 1.10 1.17 1.00 0.62 0.003 O. mykiss
Homo sapiens ARP1 Actin-related protein

1 homologue B
CA051011 0.76 0.81 0.85 0.44 0.005 S. salar

Interalpha-inhibitor heavy chain 3 CA063392 0.87 0.78 0.77 0.54 0.008 S. salar
Interalpha-trypsin inhibitor heavy chain

H2 precursor
CB510131 0.98 0.88 0.87 0.61 0.007 S. salar

Liver carboxylesterase 22 precursor CB496876 0.76 0.87 0.70 0.44 0.001 O. mykiss
Liver carboxylesterase 22 precursor CA057214 0.81 0.78 0.70 0.44 0.000 S. salar
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Endocrine-Disrupting Properties of Diesel. Endocrine-
disrupting effects upon diesel exposure were observed in
the form of upregulated estrogen-dependent genes, and
downregulated testosterone-related and thyroid hormone-
dependent genes. The elevated expression of genes under
estrogenic regulation included zona pellucida sperm-binding
protein (or sperm receptor) and vitellogenin (or egg yolk
protein). Under natural conditions, these genes are not
expressed by fry, but are associated with fish in a reproductive
state (3-4 years of age in rainbow trout). Whereas ethyl-
benzenes or certain petroleum additives may exert estrogenic
properties, PAHs are well studied examples of components
able to induce estrogenic effects through the AhR. A number
of studies have documented crosstalk between the AhR and
estrogen receptor (ER) as a direct toxicity pathway (reviewed
in (19)). Alternatively, estrogenic effects can be caused by
upregulated cytochrome P450 enzymes, which play roles in
the biosynthesis of sex steroids (20). Testosterone 16-alpha
hydroxylase, on the other hand, was downregulated. This
cytochrome is primarily expressed in adult males where it
catalyzes the breakdown of testosterone. Testosterone,
androgens, and their regulatory enzymes have been known
to be inhibited by AhR-binding compounds (21) and linked
to permanent behavioral changes in mammals (22).

The decrease in a thyroid hormone dependent gene,
thyroid hormone inducible protein or SPOT14, may be due
to PAH interference with thyroid hormone physiology at the
circulatory or tissue level (23).

Implications for Risk Assessment. Diesel may represent
an acute toxicity risk to fish present in waters at the time of
a spill, during remediation, and during natural attenuation.
However, the subacute hazard that diesel may pose to the
health of wild fish populations lies in a gradual mortality
from anoxia, increased susceptibility to disease, and possibly,
endocrine disruption. In areas where fish and fisheries are
highly valued, including those inhabited by protected fish
species and fish-eating wildlife, and where subsistence
fisheries, recreational fishing, and aquaculture takes place,
an extra level of protection addressing long-term impacts
may be relevant within the context of a risk assessment.
Consistency among laboratory observations, survival rates,
and molecular changes suggest that molecular biomarkers
can provide such a protective action level.

Using trend analysis of microarray data, genes that
followed a threshold dose–response curve were selected as

biomarkers,srepresentative indicators of following effects
on survival. These genes included hemoglobin subunits,
apolipoproteins, prostaglandins, phase I and II detoxification
enzymes, and complement proteins (Table 3).The identified
gene suite may represent a sensitive screening tool in the
early detection of diesel exposure in fish in future studies
when a more rapid and cost-effective genomics tool would
be needed.

Genomic technologies may be applicable to many sce-
narios of environmental contamination affecting fish (24, 25),
as well as other species. Waterfleas (Daphnia magna),
nematodes, frogs (Rana spp.), and mallard ducks (Anas
platyrhynchos) represent some of the species with a growing
genomic toolbox and potential value to risk assessment
(26–29). The further development of genomics information
and tools, experimental verification of its outcomes, and their
validation under laboratory and field conditions in the near
future will greatly benefit risk assessments in aquatic habitat.

Acknowledgments
This study was financially supported by Hemmera through
the Scientific Research & Development (SRED) tax credit
program of the Government of Canada, and resources
provided by Genome BC and Genome Canada to BK. North
Arm Transportation is gratefully acknowledged for providing
the diesel sample, and Dr. Peter Hodson is acknowledged for
technical review. We also thank Eric Pringle, Paul Hemsley,
Geoff Wickstrom, Michael Choi, John Taylor, Christine
Lussier, and Erin Bigelow (Hemmera), the Koop lab (Uni-
versity of Victoria), and Curtis Eickhoff, Pam Howes, Christie
MacKinley, Tam Vo, and Jeremy Keating (Cantest) for support
during the project.

Supporting Information Available
Table S1 contains the chemical composition of the pure diesel
sample; Table S2 shows the general water quality parameters
and chemical analysis of diesel constituents in test water at
test initiation and after 24 h of exposure (upon which water
was renewed); Table S3 represents a complete list of all genes
of which the expression was significantly altered (p < 0.05)
equal to or greater than 1.5-fold at each of the exposure
doses. This information is available free of charge via the
Internet at http://pubs.acs.org.

TABLE 3. Continued

(B) Downregulated genes following a threshold dose–response curve

diesel exposure dose (mg/L)

putative gene ID accession no. 0.3 1.5 8 40 P value
organism EST

derived

Metalloproteinase inhibitor 2 precursor CB507385 0.97 0.88 0.90 0.62 0.016 S. salar
Microsomal glutathione S-transferase 3 CA061668 0.80 0.83 0.97 0.50 0.005 S. salar
Prostaglandin-H2 D-isomerase precursor CB497818 1.01 0.99 0.82 0.55 0.008 O. mykiss
Prostaglandin-H2 D-isomerase precursor CA038730 0.89 0.81 1.00 0.61 0.013 S. salar
Salmo salar prion protein CA059926 0.97 1.00 0.80 0.54 0.015 S. salar
Secreted phosphoprotein 24 precursor (n ) 2)a CB510628, CA037380 0.87 0.95 0.89 0.58 0.007 S. salar
Secreted phosphoprotein 24 precursor CB492943 0.94 0.92 0.84 0.60 0.006 O. mykiss
Selenoprotein Pa precursor CA040124 0.93 0.83 0.83 0.60 0.037 S. salar
Selenoprotein Pa precursor CA044104 0.86 0.90 0.85 0.59 0.003 S. salar
Serum albumin precursor CA038058 0.91 0.79 0.86 0.63 0.022 S. salar
Smac protein CA039356 0.90 1.06 0.74 0.47 0.000 S. salar
Transforming growth factor-beta-inducible

early growth response protein 2 CB516494 0.76 0.77 0.90 0.42 0.003 S. salar
Transposase CA037517 1.21 0.88 0.93 0.50 0.019 S. salar
Type IV antifreeze protein precursor (n ) 2)a CA044945, CK991076 0.89 0.88 1.00 0.66 0.035 S. salar
Ubiquitin carboxyl-terminal hydrolase isozyme L1 CA053740 0.73 0.74 0.92 0.47 0.003 S. salar
WD and tetratricopeptide repeats protein 1 CA043849 0.94 0.89 0.80 0.64 0.006 S. salar

a Number of duplicate elements to calculate the average normalized values.
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October 30, 2012 

 

Chris Winter 

Crag Law Center 

917 SW Oak Street, Suite 417  

Portland, OR 97205 

 

RE:  Ecological Impacts of Proposed Coal Shipping on the Columbia River 

Port of Morrow and Port Westward, Oregon 

 

Mr. Winter: 

 

 This technical memorandum provides Leyda Consulting, Inc.'s (LCI) expert ecological 

review of the proposed Coyote Island Terminal Dock and associated coal shipping operation 

involving rail and water routes (the Morrow Pacific Project or MPP).  The location of the 

investigation is the Port of Morrow near Boardman, OR, in Morrow County (T4N, R25E W.M.), 

with proposed barges shipping coal to Port Westward near Clatskanie, OR in Columbia County 

(T8N, R4W W.M.).     

 

 The current proposal is to construct facilities to ship up to 8 million metric tons (8,760,000 

short tons) of low-sulfur intermountain US coal to Asia.
1
  The applicant will then hire a barging 

company to move the coal along the Columbia River to Port Westward, and then the coal will be 

transloaded over the water by Pacific Transloading from enclosed river barges to ocean-going 

vessels operated by shipping companies commissioned by the buyer of the coal.
2
 

 

 The analysis in the Environmental Review Document (ERD) depends upon certain 

assumptions that, based on my opinion, are not certain enough to constrain a proper analysis of 

potential ecological impacts.  If the export terminal is constructed, there appears to be no 

enforceable condition that the coal shipped would be exclusively low-sulfur coal from the 

intermountain west, or that enclosed river barges and storage facilities would be used in 

perpetuity.  There also appears to be no limitations on the design of the coal export terminal, 

which could be amended in the future or changed subsequent to construction in the event of 

repair or other alternations.  There is no apparent information in the ERD that these assumptions 

would be imposed as enforceable conditions on the operation of the MPP by either state or 

federal regulatory agencies.       

 

 The applicant states that there is a demand for shipping intermountain west coal through US 

west coast ports to Asia, and that this proposal fills that demand.
3
  In Appendix J of the 

                                                 
1
 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & Associates, 

Inc.  Updated August 2012.  Executive Summary, p. 1 
2
 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & Associates, 

Inc.  Updated August 2012.  Executive Summary, p. 1, 2. 
3
 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & Associates, 

Inc.  Updated August 2012. P. 1-3. 
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Environmental Review, a map of US coal producing regions is shown.
4
  The map clearly shows 

the presence of bituminous coal in the Uinta Basin of Utah and Colorado, and in central 

Montana, which is mapped as the same type of coal found in the Appalachian Mountains that 

may contain higher amounts of sulfur.  The Utah Department of Natural Resources estimates that 

the existing coal fields in Utah contain almost 15,000,000,000 short tons of recoverable 

resource
5
, and a large majority of that coal is moved by rail.

6
  Given the proximity and demand, 

it is reasonable to assume for this ecological review that any type of coal may be shipped from 

the proposed terminal, including the higher sulfur, higher mercury bituminous coal.  Studies 

pertaining to pollution stemming from sulfidic impurities in coal, such as acid drainage and 

dissolved metals, are therefore relevant to considering the potential impacts of MPP. 

 

 Based on the proposed location of the MPP, primary considerations for assessing impacts to 

ecological receptors includes the proximity of the Port of Morrow to the Umatilla National 

Wildlife Refuge and the presence of sensitive and/or protected areas at the Port of Morrow, Port 

of Westward and along the Columbia River shipping route.  Fish listed under the Endangered 

Species Act include steelhead (Oncorhynchus mykiss) (threatened), Chinook salmon (O. 

tshawytscha) (endangered and threatened), chum salmon (O. keta) (threatened), coho salmon (O. 

kisutch) (threatened), sockeye salmon (O. nerka) (endangered), bull trout (Salvelinus 

confluentus) (threatened), green sturgeon (Acipenser medirostris) (threatened), eulachon 

(Thaleichthys pacificus) (threatened).  Critical habitat for salmon species occurs in the area.   

 

 

I.  Fugitive Coal Dust Impacts 

 

 A. Dust Impacts from Rail Transportation of Coal 

 This review of the available literature demonstrates the potential for coal dust to cause 

adverse impacts to a wide range of ecological receptors, including mammals, fish and benthic 

communities.  The ERD assumes that the operations at the MPP will not result in substantial 

emissions of coal dust, however those assumptions have not been supported by adequate 

information.   

 

 The proposed shipping operation will generate coal dust at various points and the potential 

exists for a discharge of the coal dust to land and water along the rail and river routes.  

According to the ERD, the coal trains will require 4.8 hours to unload, but will likely be split to 

avoid blocking traffic and then require 12 hours to unload.
7
  The applicant also mentions that 

                                                 
4
 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & Associates, 

Inc.  Updated August 2012.  Appendix J - Coal Toxicology Report, p. 6. 
5
 Utah Department of Natural Resources, Utah Coal Reserves by Coal Field, 2011 (October 3, 2012) (available at 

http://geology.utah.gov/emp/energydata/statistics/coal2.0/pdf/T2.3%20&%20T2.1.pdf).   
6
 Utah Department of Natural Resources, Distribution of Utah Coal be Method of Transportation, 1970-2010 

(December 14, 2011) (available at 

http://geology.utah.gov/emp/energydata/statistics/coal2.0/pdf/T2.14%20&%20F2.5.pdf).   
7
 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & Associates, 

Inc.  Updated August 2012. P. 2-11. 
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"prior to shipping, the coal will be coated with an approved surfactant to reduce transit coal dust 

losses by 85%."
8
   

 

 In Appendix U of the ERD, the applicant states that the rail cars may be treated with a 

product that reduces coal dust discharge during transit.
9
  The shipper is responsible for treating 

the loaded cars to reduce dust 85% compared to untreated cars.  According to this UP [Union 

Pacific] loading tariff, the topper application applies only to Powder River Basin mines, not to all 

coal shipments bound for the proposed terminal, nor to any other coal mined in the 

"intermountain west," and only those "for subsequent movement on UP."  So, there is the 

potential for any coal mined anywhere else besides the Powder River Basin to escape treatment 

of any kind, as well as coal shipped on any other line aside from UP.   

 

 The same document also says there are alternatives to using the topper agent:  "shipper or 

shipper's loading operator may adopt an alternative coal dust mitigation plan involving other 

measures (e.g. compaction or other technology)" and that BNSF will review test results for those 

measures, and be satisfied that "any product involving topper agents, devices or appurtenances 

utilized to control the release of coal dust will not adversely impact railroad employees, property, 

locomotives, or owned cars."   

 

 The original statement in the Environmental Review that "prior to shipping, the coal will be 

coated with an approved surfactant to reduce transit coal dust losses by 85%,"
10

 is not accurate.  

Other measures approved by BNSF may be used, such as "compaction or other technology."  

Additionally, no oversight by any government agency or independent authority will monitor any 

dust control measures or alternatives.  The dust control measures are merely voluntary and 

nothing in this application indicates any dust control measures during rail transport beyond this 

treatment, so there is no guarantee of any dust control measure being applied.  Prevention of 

harm to the ecosystem is not a criterion of coal dust release.  Essentially, UP or BNSF makes the 

final decision as to whether coal dust reduction is adequate, which does not contain any measures 

guaranteeing compliance, and could likely result in excessive coal dust discharge into the 

ecosystem.  The assumption that these control measures will be effective is therefore 

unsupported because there is not a clear plan for how coal will be handled and managed.   

 

 Most importantly, the Appendix U document, titled "Item 216," essentially states that no coal 

dust mitigation measures are required at all:  "in order to comply with the BNSF Operating Rule, 

regarding coal dust mitigation measures, Shippers must adopt measures to comply with this Item 

as soon as practicable."  That means that if implementing measures are not "practicable," they 

don't have to occur.  It could be decades before the companies making this agreement decide it is 

"practicable."  Based on the applicant's coal dust mitigation agreement, it is clear that the rail 

cars do not have to be treated to begin shipping coal, and there is no clear indication of how 

much time may pass after the proposed shipments begin before they are treated.  Therefore, 

                                                 
8
 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & Associates, 

Inc.  Updated August 2012. P. 3-4. 
9
 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & Associates, 

Inc.  Updated August 2012. Appendix U - Required Loading Measures, UP6603-C, Item 216 Required Loading 

Measures to Mitigate Coal Dust. 
10

 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & 

Associates, Inc.  Updated August 2012. P. 3-4. 
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ecological impacts from coal dust should be considered as if no topping agent or mitigation 

measures will occur.  

 

 The following photographs
11

 show how Powder River Basin coal fragments in just a few 

days under normal indoor conditions: 

 
 

 PRB coal is highly friable, that is, prone to breaking apart.
12

  It is likely that coal will crack 

apart during transport from the mine to the proposed shipping terminal, and thus produce more 

                                                 
11

 Hossfeld, R.J. and R. Hatt.  PRB Coal Degradation - Causes and Cures.  Private company research accessed 

online at http://www.prbcoals.com/pdf/paper_archives/56538.pdf on 10/18/12. 
12

 Hossfeld, R.J. and R. Hatt.  PRB Coal Degradation - Causes and Cures.  Private company research accessed 

online at http://www.prbcoals.com/pdf/paper_archives/56538.pdf on 10/18/12. 
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coal dust in transport than the intact chunks.  If the topping agent treatment actually occurs, and 

if it covers the top part of the coal in the rail car, then if/when the coal cracks during transport, 

the new surfaces will not be treated and could produce large amounts of coal dust along the way.  

The photographs above show PRB coal in an indoor setting - outdoor transportation through dry, 

windy corridors could accelerate the dusting process.  At the Port of Morrow, 29,000 tons of 

dusty, cracked coal would be sitting in rail cars waiting for transfer to barges at the proposed 

export terminal. 

 

 The air quality application shows that particulate matter will be released from the Engart dust 

extractors at the rail car unloading station.
13

  Appendix E - Vendor Information - Scrubbers page 

2 of 3, Table 1 states, "Particulate Matter Emissions - lbs/hr - 0.13."  Form AQ230, page 2 of the 

application says the operation schedule is year-round, projected for 8,760 hours per year.  That 

means the Engart dust extractor will release approximately 1,139 pounds of coal dust per year.   

 

 In an expert report authored by Dr. Phyllis Fox, revised fugitive dust particulate matter 

emissions are presented.  Dr. Fox calculates emissions from transfers to be approximately 139 

tons/year at the Port of Morrow, which is likely to significantly underestimate the total 

emissions.  Moreover, Dr. Fox finds the emission estimates at Port Westward to be wholly 

unsupportable.  These coal dust emissions, and other emissions from moving the coal, need to be 

closely examined for ecological effects. 

 

 B.  Harmful Pollutants in Coal and Coal Dust 

 The applicant states that coal dust is a non-carcinogen, and that "coal dust itself does not 

require any special consideration in the air quality assessment other than it is a source of 

particulate matter."
14

  Fugitive coal dust air emissions of antimony, arsenic, beryllium, cadmium, 

chromium, cobalt, lead, manganese, mercury, nickel, selenium, and uranium combined are 

estimated by the applicant at 0.00000666 tons per year (0.01332 pounds = 0.213 oz. = 6.04g).
15

  

Coal contains elements mentioned by the applicant, and also tin (Sn), boron (B), vanadium (Va), 

copper (Cu), molybdenum (Mo), and zinc (Zn),
16

 among others. 

 

 The actual emissions of trace elements could be much greater than 6.04g given the estimated 

163 tons of coal dust emissions per year.  Table 1 presents the potential contents of some trace 

elements in three types of US coals.
17

  An estimate of the potential weight of the trace elements 

in 163 tons of coal dust is included in the far right column, based on the Powder River column.  

The Wasatch Formation is part of the Powder River Basin.  The contents of trace elements can 

vary among different types of coal.  

                                                 
13

 Air Contaminant Discharge Permit Application.  Coyote Island Terminal, LLC.  Received August 3, 2012.  

Golder & Associates, July 26, 2012. 
14

 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & 

Associates, Inc.  Updated August 2012. P. 3-130. 
15

 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & 

Associates, Inc.  Updated August 2012. P. 3-141. 
16

 Lucas, S.A, and J. Planner.  Grounded or submerged bulk carrier:  The potential for leaching of coal trace 

elements to seawater.  Marine Pollution Bulletin 64 (2012) 1012-1017. 
17

 Lindahl, P.C. and R.B. Finkelman.  Factors Influencing Trace Element Variations in US Coals in Overview of 

Mineral Matter in US Coals.  Argonne National Laboratory.  Accessed online at 

http://web.anl.gov/PCS/acsfuel/preprint%20archive/Files/Volumes/Vol29-4.pdf  
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Table 1.  Concentrations of Selected Elements in Coal Samples from Black Mesa, Powder River, 

and San Juan Regions.
18

 

Component Black Mesa Powder River San Juan  ~Amount in 163 tons PRB 

 Percent Percent Percent  Tons (pounds) 

Ash 8.0 9.9 21.1  16 

Silicon, Si 1.1 1.5 5.4  2.4 

Aluminum, Al 0.69 0.78 2.7  1.3 

Calcium, Ca 0.78 1.1 0.67  1.8 

Magnesium, Mg 0.1 0.2 0.1  0.3 (600) 

Sodium, Na 0.09 0.1 0.2  0.2 (400) 

Potassium, K 0.04 0.05 0.16  0.08 (160) 

Iron, Fe 0.31 0.54 0.54  0.9 (1,800) 

Titanium, Ti 0.05 0.047 0.11  0.08 (160) 

      

 ppm ppm ppm   

Copper, Cu 5.5 11.2 13.3  0.0018 (3.6) 

Thorium, Th 2.2 4.3 5.9  0.0007 (1.4) 

Zinc, Zn 5.6 20 15.1  0.0033 (6.5) 

Chromium, Cr 3 7 5  0.0011 (2.3) 

Nickel, Ni 2 5 3  0.0008 (1.6) 

Vanadium, V 7 15 20  0.0024 (4.9) 

Manganese, Mn 9.7 51 29  0.0083 (16.6) 

Lithium, Li 3.9 5.9 19.7  0.001 (1.9) 

Lead, Pb 2.7 5.6 19.7  0.0009 (1.8) 

Selenium, Se 1.6 1.7 2  0.0003 (0.6) 

Boron, B 300 300 300  0.049 (97.8) 

Strontium, Sr 150 200 100  0.033 (65.2) 

Niobium, Nb 1.5 1.5 3  0.0002 (0.5) 

Zirconium, Zr 15 15 50  0.002 (4.9) 

      

  PRB Wasatch 

Formation 

   

Cadmium, Cd  0.06   0.00001 (0.02) 

Uranium, U  1.2   0.0002 (0.4) 

Arsenic, As  0.8   0.0001 (0.3) 

Fluorine, F  67   0.011 (21.8) 

Barium, Ba  70   0.011 (22.8) 

Cobalt, Co  1.5   0.0002 (0.5) 

Molybdenum, Mo  0.7   0.0001 (0.2) 

Scandium, Sc  3   0.0005 (1.0) 

Yttrium, Y  7   0.0011 (2.3) 

                                                 
18

 Lindahl, P.C. and R.B. Finkelman.  Factors Influencing Trace Element Variations in US Coals in Overview of 

Mineral Matter in US Coals.  Argonne National Laboratory.  Accessed online at 

http://web.anl.gov/PCS/acsfuel/preprint%20archive/Files/Volumes/Vol29-4.pdf on 10/12/12. 
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 Coal dust is implicated in causing health problems in humans because of its unique 

properties, which suggests that it may also harm other organisms in the ecosystem.  In humans, 

"recent investigation of coal workers’ pneumoconiosis (also known as black lung disease) 

suggests that finely disseminated pyrite grains within coal dust may be responsible for the 

inflammation of lung tissue that leads to development of lung fibrosis (Finkelman et al. 2006).  

Possible human health issues may also arise from inhalation of airborne “environmental” 

particulate coal owing to the fact that: (1) it can occur in size fractions (e.g., PM2.5; <2.5 µm) 

that are potentially hazardous (Zheng et al. 1999); and (2) because it may be enriched in pyrite 

and/or toxic trace elements such as As, Hg, Se, Cd, and Cr (Eskenazy 1995; Smith et al. 1998; 

Querol et al. 1999; Finkelman et al. 2006)."
19

  [author cites Finkelman et al. 2006, Geotimes, 51, 

24–28;  Zheng et al. 1999, International Journal of Coal Geology, 40, 119–132;  Eskenazy 1995, 

Chemical Geology, 119, 239–254;  Smith et al. 1998, Advances in Agronomy, 64, 149–195;  

Querol et al. 1999, International Journal of Coal Geology, 40, 175–188]. 

 

 In addition, "many of the coal components are mutagenic and carcinogenic (da Silva et al., 

2000a); for instance, quartz could be a prominent risk factor for lung cancer in coal miners 

(Borm and Tran, 2002), and the International Agency for Research on Cancer (IARC) classified 

it into IARC's Group 1 (carcinogenic to humans), due to sufficient evidence for carcinogenicity 

in experimental animals and in humans (IARC, 2010).  Heavy metals such as arsenic, cadmium, 

as well as polycyclic aromatic hydrocarbons (PAHs), present in coal, are also well recognized 

carcinogens (da Silva et al., 2000a, 2000b).  Coal dust extracts have also been reported to be 

cytotoxic and mutagenic in mammalian systems (Ulker et al., 2008).  Oxidative DNA damage 

was observed to be significantly higher in lymphocytes of retired coal miners than in controls 

(Shins et al., 1995).  There was an increase in the frequencies of sister chromatid exchanges, 

chromosomal aberrations, and micronucleus in underground coal miners, indicating the genetic 

damage due to coal dust exposure (Donbak et al., 2005)."
20

 [author cites Borm and Tran, 2002, 

Ann Occup Hyg, 46:25–32;  IARC, A review of human carcinogens. Monographs on the 

evaluation of the carcinogenic risk of chemicals to humans Genova: IARC Pres, 2010;  da Silva 

et al., 2000a, Mutat Res 470:39–51;  da Silva et al., 2000b, Environ Mol Mutagen 35:270–8;  

Ulker et al., 2008, Environ Mol Mutagen 2008;49:232–7;  Shins et al., 1995, Int Arch Occup 

Environ Health 67:153–7;  Donbak et al., 2005, Mutat Res 2005;588:82–7].   

 

 "Moreover, airborne coal particles as well as coal tailings are rich in potentially toxic 

hydrocarbons and genotoxic metals, among other contaminants (Celik et al., 2007), that 

ultimately may lead to profound changes in cells, tissues, populations, and ecosystems (Leffa et 

al., 2010)."
21

  [author cites Celik et al., 2007, Mutat Res 627:158–63;  Leffa et al., 2010, Environ 

Contam Toxicol 59:614–21].  Moving coal results in discharges of these contaminants in 

                                                 
19

 Bounds, W.J. and K.H. Johannesson.  Arsenic Addition to Soils from Airborne Coal Dust Originating at a Major 

Coal Shipping Terminal.  Water Air Soil Pollut. (2007) 185:195–207. 
20

 Cabarcas-Montalvo, M. et al.  Genotoxic effects in blood cells of Mus musculus and Iguana iguana living near 

coal mining areas in Colombia.  Science of the Total Environment 416 (2012) 208–214. 
21

 Cabarcas-Montalvo, M. et al.  Genotoxic effects in blood cells of Mus musculus and Iguana iguana living near 

coal mining areas in Colombia.  Science of the Total Environment 416 (2012) 208–214. 
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particulate matter along transport routes such as roadways, and "elevated levels of particulate 

matter have been associated with significant negative effects on human health."
22

  

 

 Arsenic in coal is an element of "major concern."
23

  Coal dust was studied at a coal shipping 

terminal in Norfolk, Virginia to assess potential ecological effects of the 35 tons of particulate 

coal released into the air during the year 2000.
24

  "Black, gritty veneers of what appears to be 

particulate coal coating objects (e.g., automobiles, window sills, plants, etc.) are common in both 

Norfolk and Portsmouth, Virginia, and anecdotal accounts suggest that such veneers are more 

prevalent in the West Ghent neighborhood of Norfolk, proximal to the Lambert’s Point Docks. 

These thin coatings of probable coal dust suggest that airborne transport of coal dust from the 

Lambert’s Point Docks is prevalent in the region."
25

 

 

 The researchers in the Norfolk study sampled soil 4 cm below the soil down to 32 cm.
26

  

They found particulate coal in the samples varying from 1 - 20% of the sample by weight; the 

highest sample was found less than one kilometer away, and a sample 5.5 km away had a value 

of 3.4% coal by weight.  The Great Dismal Swamp, approximately 25 miles away, was also 

sampled in two places, and coal dust was found at all depths from 4 - 32 cm, ranging from 1.0 - 

2.02% by weight.  In the Norfolk soil samples, arsenic (As) concentrations from sand-sized coal 

particles were as high as 17.4 mg/kg, with an average of 7.3 mg/kg.  In the whole soil sample, 

"arsenic concentrations for the total (i.e., bulk) soil digests (silicate minerals, metal oxides, 

amorphous phases, organic matter, and particulate coal), performed on aliquots from 8 cm depth 

for each soil core, ranged from a high of 30.5 mg/kg to a low of 3.0 mg/kg, with a mean As value 

of 13.3 mg/kg."
27

 

 

 In Colombia, mice and iguanas captured near coal mines had significantly more DNA 

damage than control organisms far from coal mines.
28

  The coal dust from the mines may have 

been instrumental in damaging the organisms, and the author remarked, "water droplets can 

capture coal dust, and this is an efficient method to decrease respirable coal dust."  "Given the 

strong rainy season that took place in late 2010 and early 2011 in Colombia, the concentrations 

of genotoxic compounds could have decreased as a result of heavy precipitations."
29

  Given the 

ability of coal dust to migrate from coal shipping terminals as demonstrated in the Norfolk study, 

                                                 
22

 Aneja, V, et al.  Characterization of particulate matter (PM10) related to surface coal mining operations in 

Appalachia.  Atmospheric Environment 54 (2012) 496-501. 
23

 Lucas, S.A, and J. Planner.  Grounded or submerged bulk carrier:  The potential for leaching of coal trace 

elements to seawater.  Marine Pollution Bulletin 64 (2012) 1012-1017. 
24

 Bounds, W.J. and K.H. Johannesson.  Arsenic Addition to Soils from Airborne Coal Dust Originating at a Major 

Coal Shipping Terminal.  Water Air Soil Pollut. (2007) 185:195–207. 
25

 Bounds, W.J. and K.H. Johannesson.  Arsenic Addition to Soils from Airborne Coal Dust Originating at a Major 

Coal Shipping Terminal.  Water Air Soil Pollut. (2007) 185:195–207. 
26

 Bounds, W.J. and K.H. Johannesson.  Arsenic Addition to Soils from Airborne Coal Dust Originating at a Major 

Coal Shipping Terminal.  Water Air Soil Pollut. (2007) 185:195–207. 
27

 Bounds, W.J. and K.H. Johannesson.  Arsenic Addition to Soils from Airborne Coal Dust Originating at a Major 

Coal Shipping Terminal.  Water Air Soil Pollut. (2007) 185:195–207. 
28

 Cabarcas-Montalvo, M. et al.  Genotoxic effects in blood cells of Mus musculus and Iguana iguana living near 

coal mining areas in Colombia.  Science of the Total Environment 416 (2012) 208–214. 
29

 Cabarcas-Montalvo, M. et al.  Genotoxic effects in blood cells of Mus musculus and Iguana iguana living near 

coal mining areas in Colombia.  Science of the Total Environment 416 (2012) 208–214. 
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the genotoxic effects of coal can be a serious threat to mammals and reptiles on a landscape 

scale, as the Colombian study demonstrates. 

 

 A study of wild rats (Rattus rattus) and mice (Mus musculus) found DNA damage in the 

specimens trapped near a coal mine and processing plant that prepares coal for transport by 

crushing it.  Coal dust was implicated as the likely cause of this damage:  "the rodent species 

investigated in the mining area are subject to exposure due to different mining activities, 

specifically, stripping and crushing of coal.  The first activity includes the extraction of rocks and 

transportation to the crushing machines.  During the crushing procedure, coal is processed into 

small particles in order to enable transportation.  These activities are liberating great quantities of 

fugitive particles into the environment which contain ashes including PAHs and toxic gases [4].  

During the crushing process of the coal large quantities of coal dust particles can be spread into 

the surrounding environment and they are deposited on the surfaces of the plants or in river beds.  

Results similar to ours were obtained in a biomonitoring study conducted in a carboniferous 

areas using wild rodent species Ctenomys torquatus [12]."
30

 [author cites (4) Carbones del 

Caribe S.A., Plan de Manejo Ambiental, Flanco Occidental del Sinclinal del R´ıo San Pedro 

M´odulo D (Wenceslao), Departamento de Planeaci´on, 1996;  (12) Da Silva, J, et al. Environ. 

Mol. Mutagen. 35 (2000) 270–278]. 

 

 Coal, when deposited in water, can be harmful to aquatic organisms, as one study at the 

Roberts Bank, BC, Canada coal terminal addresses.  "The benthos, composed of organisms 

dwelling on the sea bottom and in sediments are the most greatly affected due to the disturbance 

of the bottom caused by deposition of coal particles.  Anoxic conditions, evident from the 

presence of hydrogen sulphide, in the sediments receiving very high levels of organic input 

(including coal), caused by the consumption of oxygen during the degradation (oxidation) of 

organic matter, would likely have the most detrimental impact on the benthic florae and faunae.  

The ecological contribution of bottom microinvertebrates is very significant, as larvae from 

clams, mussels, barnacles, and crabs drift out to sea and constitute a substantial proportion of the 

seasonal food for juvenile salmonids and herring.  Damage to the benthos therefore has serious 

implications for both the mature invertebrate populations as well as those creatures that predate 

upon the benthic larvae."
31

  A similar effect could occur at the proposed Columbia River 

terminals if coal dust settles on the river bottom, and could potentially affect juvenile salmonid 

benthic food sources in the Umatilla National Wildlife Refuge, which extends into the Columbia 

River near the proposed Port of Morrow terminal. 

 

 Coal can accumulate in sediments around coal terminals over time, even in moving water 

such as an estuary with river and tidal currents.  Shown below is a map of soil percent coal dust 

concentrations, which accrued from 1977-1999 at the Roberts Bank coal terminal.  "NHS" in the 

map caption stands for "non-hydrolysable solids," a part of the coal that can be measured in the 

                                                 
30

 Leon, G, et al.  Genotoxic effects in wild rodents (Rattus rattus and Mus musculus) in an open coal mining area.  

Mutation Research 630 (2007) 42-49. 
31

 Johnson, R. and R.M. Bustin.  Coal dust dispersal around a marine coal terminal (1977-1999), British Columbia:  

The fate of coal dust in the marine environment.  International Journal of Coal Geology 68 (2006) 57–69. 
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lab.  NHS values, which give an indication of the coal content in marine sediments, are less than 

the total coal, which includes hydrolysable solids (organic content).
32

 

  
 

 Coal dust from shipping terminals in other countries also raise environmental concerns.  In 

South Africa, "despite the adoption of several dust abatement mechanisms such as water sprays 

and wind breaks, the coal operations, which involve shunting, stockpiles, conveyer belts and ship 

loading, create dust which is a problem in the harbour and surrounding areas, not only on 

wetland species, but also on other plant communities in the vicinity, as well as on human 

                                                 
32

 Johnson, R. and R.M. Bustin.  Coal dust dispersal around a marine coal terminal (1977-1999), British Columbia:  

The fate of coal dust in the marine environment.  International Journal of Coal Geology 68 (2006) 57–69. 
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health."
33

  Wetland trees contaminated with coal dust 3 km from the coal terminal were found to 

have reduced CO2 exchange (32-39%), transpiration (28% less), and photosynthetic activity.
34

   

 

 Conclusions.  The Environmental Review Document does not adequately address the 

potential for fugitive dust from coal cars, emissions from dust control systems, and covered 

conveyor systems, or the estimated mass of coal dust that will be emitted each year.  The effects 

of the discharge of 163 tons of coal dust annually as identified in the Fox report should be 

addressed.  The Norfolk study found coal dust and arsenic in soils many kilometers away, 

stemming from a coal terminal authorized to release 35 tons of coal dust per year.  The Roberts 

Bank study shows up to 10% coal particles in the aquatic sediment near the terminal.  These 

impacts should be addressed for the Columbia River and Umatilla National Wildlife Refuge. 

 

 The cracking of coal and the effect of the topper agent should be discussed and the wind 

emissions from the rail cars estimated.  Long-term deposition of coal dust has been documented 

at other coal shipping terminals, and an estimate should be included in the ERD.  An analysis of 

trace elements, such as arsenic and heavy metals, should be multiplied by the mass of coal 

discharged and presented for review.  The potential effects of coal dust on wildlife should also be 

discussed for the long-term.   

 

 Emissions from an accidental explosion should also be presented.  The ERD should include a 

discussion of dust emissions in transit when no topper is applied, and provide more durable and 

government enforceable assurances that 1) only Powder River Basin coal will ever be shipped 

through the terminal for the life of the terminal, and 2) that all shipments will receive dust 

mitigation measures absolutely.  A coal dust monitoring plan should also be presented for all 

phases of the shipping operation, and local vegetation should also be monitored for coal dust.  

Any contingency plans should include shutting down the terminal to prevent environmental 

contamination.   

 

 

II.  Process Water Impacts 

 

 Industrial water will be recycled through concrete sump basins, clarifiers with flocculants, 

and to a filter press that will separate the coal from the water, deposit the coal on to the 

conveyor, and send the water back through the sprayer system.  The system is intended to deliver 

a 21,000 gallon wash-down of the coal buildings once per week.  The water is to be contained in 

sumps, and is proposed for re-use after treatment with the clarifier.
 35

   

 

 Despite the assurance of a self-contained system with no leaching, the applicant says that an 

Oregon DEQ Water Pollution Control Facility Permit for an "industrial wastewater discharge 

(coal dust abatement)" "pertains to the MPP," as does an Oregon 1200-Z stormwater permit, and 

                                                 
33

 Naidoo, G. and Y. Naidoo.  Coal dust pollution effects on wetland tree species in Richards Bay, South Africa.  

Wetlands Ecology and Management (2005) 13: 509–515. 
34

 Naidoo, G. and Y. Naidoo.  Coal dust pollution effects on wetland tree species in Richards Bay, South Africa.  

Wetlands Ecology and Management (2005) 13: 509–515. 
35
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a Removal/Fill permit.
36

  Because the applicant intends to apply for a permit to discharge coal 

dust abatement water, it is clear that the system will not be self-contained, and that the risk of a 

discharge exists.  In other words, if there was no discharge, they would not need a permit.  So it 

makes sense to examine the potential ecological impacts of coal dust wash water to the 

environment.   

 

 Considering that the applicant considers emitting approximately 1,139 pounds of coal dust 

from the rail car unloader portion of the dust control system alone to be "less than significant air 

quality impacts,"
37

 and did not mention the dust system discharge, and that the applicant 

underestimated emitting approximately 163 tons of coal dust annually, it is possible that the 

actual discharges of process water requiring this industrial wastewater discharge permit are 

similarly understated.  In stormwater systems there are generally emergency overflows built in, 

and it is possible that the actual process water system will have some emergency overflow, or 

that it will leach into the ground via the sumps (hence the permit requirement). 

 

 More details about the locations and management of the 21,000 gallons of wash water should 

be examined as well.  Failsafe mechanisms such as freezing protection, breakdown and repair 

protocols, and routine maintenance shut-downs should be evaluated, because if the system is not 

operating then process water could be released.   

 

 If a discharge of the coal-laden process water occurred, the effects could be similar to the 

effects of the stormwater drainages expected from the runoff produced from the 29,000 tons
38

 of 

coal exposed to the elements in the rail cars.  Some potential effects of coal-affected water 

infiltrating are discussed in the Stormwater section elsewhere in this document. 

 

 Conclusions.  The specifics of how the facility will handle process water to avoid discharge 

should be presented, and any potential discharges should be assessed for contribution of coal 

dust slurry to the environment.  Contingency plans for system breakdowns or regular 

maintenance should also be assessed.  Effects of discharge to groundwater should be discussed, 

including likely movement through soils and soil composition and risk assessment. 

 

 

III.  Impacts to Fisheries 

 

 The proposed Port of Morrow terminal dock is adjacent to the Umatilla National Wildlife 

Refuge, which extends into the Columbia River.
39

  The 4-5 tugs required for the operation will 

consume 2,500 - 4,000 gallons of diesel fuel per day, and will be re-fueled every five to seven 

                                                 
36

 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & 

Associates, Inc.  Updated August 2012. P. 3-187-188.  
37

 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & 

Associates, Inc.  Updated August 2012. P. 3-147. 
38
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days, and operate 24 hours per day.
40

  The ocean-going vessels (OGVs) will consume 50 tons of 

fuel per day at sea and 5 - 7 tons while in port.
41

  The transloader at Port Westward may 

incorporate diesel storage tanks and a vacuum system for collection of spilled coal.
42

  The 

presence and operation of vehicles requiring liquid petroleum in such large quantities presents a 

chance that fuel could be spilled into the water, or that residual fuel from routine operations 

could be discharged into the river.  Such a discharge could adversely affect the aquatic 

ecosystem.  In addition, exhaust fumes may also produce polycyclic aromatic hydrocarbons 

(PAHs) that could harm aquatic life if sufficient quantities are generated. 

 

 Nitrogen and sulfur inputs to the environment are also a concern.  In a report by AMI 

Environmental titled AERMOD Modeling of Air Quality Impacts of the Proposed Morrow 

Pacific Project (October 2012), estimated emissions are presented for the Port of Morrow and 

Port Westward: 

 

 
 

 
 

 These emissions could change the water quality in the Columbia River over time, depending 

on the amount deposited and area affected.  The potential effects of these emissions on salmonid 

life cycle, habitat, and food supply should be addressed. 
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Fuel Discharges.  A large number of studies focus on the effects of polycyclic aromatic 

hydrocarbons (PAHs), chemicals that are found in petroleum, and are often found in areas where 

petroleum is spilled, transported, and combusted.
43

  Diesel contains PAHs, as does other forms of 

petroleum (p. 2657).
44

  “The percentage of PAHs in crude oil, Bunker C oil, and No. 2 diesel oil 

are about 1%, 4%, and 9% by weight, respectively” (p. 104).
45

   

 

Oil and/or diesel sheen on the water surface is harmful to fish.  “Fish mortality following 

spills has often been attributed to the formation of a layer of oil (sheen) on the water.  Sheen 

limits the oxygen exchange between air and water, and both sheen and dissolved constituents 

may coat the gills of fish causing lesions on respiratory surfaces affecting respiration (p. 2657) 

[author cites Green, J.; Trett, M. W.  Fate and Effects of Oil in Freshwater; Elsevier: London, 

1989].”
46

  The sheen itself represents pure product floating on the water surface; the 

concentration there would be much higher than a grab sample several inches below the water 

surface. 

 

Diesel is harmful to salmonids, and one study determined the mortality rates for rainbow 

trout (Oncorhynchus mykiss), as well as the genetic toxicity.  A steelhead is an ocean-run 

rainbow trout, so studies on rainbow trout are relevant to salmonids living in the Columbia 

River.  “Diesel [No. 2] doses of 40 mg/L were associated with a gradual increase in mortality 

over the duration of the test, and a sharp increase in the number of genes and functional groups 

of genes with altered expression.  Exposures ≥200 mg/L of diesel resulted in 100% mortality of 

rainbow trout fry.  Based upon dose–response curves interpolated from data for individual end 

points, toxicity reference values of 4-45 mg/L were determined” (p. 2658).  The data trends show 

that gene expression begins to be affected in a smaller percentage of fish at levels as low as 4.1 

mg/L (Table 2).
47

    

 

Salmon that are exposed to pollution (such as oil and diesel fuel that may be spilled from 

vessels) could be at risk for pigmented salmon syndrome (PSS) and tainting.  This syndrome’s 

symptoms include discoloration from silver to yellow or red, significant gill and kidney damage, 

anemia, and kill the fish (p. 505-506).
48

  Studies have found that fish living in water with 2 mg/L 

                                                 
43
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 Mos, L., Cooper, G., et al. (2008).  Effects of Diesel on Survival, Growth, and Gene Expression in Rainbow Trout 
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of diesel can develop PSS if also exposed to certain other chemicals (p. 509).
49

  In addition, 

salmon that are exposed to 0.224 mg/L of diesel or 0.076 mg/L of crude oil become tainted (p. 

260).
50

  Tainted fish do not taste as good as un-tainted fish, and tainting can threaten the 

economic livelihood of those people in the supply chain (p. 258)
51

 because customers do not 

wish to buy tainted fish. 

 

The PAHs in oil and diesel are bioavailable and harmful to salmonids.
52

  Other sources of 

PAHs besides boats and trains are “creosote wood preserving facilities, petroleum storage and 

refinery facilities, paint and chemical manufacturers, combined sewer overflows, and sewage 

treatment facilities” (p. 93).
53

  The dominant PAHs found in diesel and oil are naphthalenes (p. 

260).
54

  PAHs that are larger than naphthalenes are less soluble in water, and can move more 

rapidly into some aquatic organisms.  These PAHs “partition directly from crude oil to lipid rich 

tissues coming into contact with oil droplets.”
55

  Salmonids have lipid rich tissues, and are at 

immediate risk when in contact with undissolved oil, which could be discharged from tugs or 

Panamax vessels, or from locomotives via the stormwater system.   

 

PAHs can also be absorbed through digestion, and poses a risk to juvenile Chinook salmon 

(and others) moving through urbanized areas when migrating to the marine waters from fresh 

water spawning grounds.  At ingestion levels of 18 – 22 µg/day for 58 days in the lab, 

comparable to field measurements of in Puget Sound, another area of heavy ship traffic, juvenile 

Chinook salmon show signs of starvation and reduced body mass.
56

  The daily dose that would 

starve a wild juvenile fish living in a polluted Puget Sound estuary, which may be similar to the 

Columbia River estuary, is estimated at 3.8 µg PAH/gram of fish/day;  wild salmon in Puget 
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Sound have been found with about 23 µg PAH/ gram of fish/day for a 7g fish (roughly 

equivalent).
57

   

 

Descriptions of diesel effects on the environment and organisms should be assumed to 

include a certain fraction of PAH effects as well.  For example, since diesel has a density of 

about 900 kilograms per cubic meter, and 1,000 gallon = 3.785 cubic meters, then 1,000 gallons 

of diesel fuel would weigh about 3,406 kilograms.  Since diesel is 9% PAH by weight, then 306 

kilograms (675 pounds) of PAH (mostly naphthalene) per 1,000 gallons spilled is a reasonable 

estimate. 

 

 PAH absorption through direct contact with oil continues for the duration of exposure, 

depending on the circumstances.  “This is of concern since these contaminants can 

bioconcentrate in tissues of organisms to factors 10–1000 times greater than in water.   

Fluorescing oil droplets were observed under microscope to adhere to the gills of rainbow trout 

(Oncorhynchus mykiss)… Rainbow trout was chosen [for the study] to enable comparisons with 

freshwater data from previous experiments across salinities within their zone of tolerance (0–

15‰).”
58

 

 

 High-energy ultraviolet light (UVB) reacts with PAHs in water.  Compounds such as 

naphthalene were found to become more toxic when exposed to UVB light (p. 983).
59

  “PAHs 

and solar radiation can therefore interact to induce a broad range of effects in aquatic animals 

and plants.  After co-exposure to adequate amounts of solar radiation and PAH the lethal effects 

are likely due to massive cellular and tissue damage that cannot be repaired at an adequate rate” 

(p. 984).
60

   

 

 The applicant states that 8,585 gallons of hazardous material will be theoretically spilled into 

the Columbia River by the operation, and that the estimate in gallons is for liquid petroleum 

products.
61

  If 8,585 gallons of liquid fuel, such as diesel fuel, were spilled it could affect the 

aquatic life as a source of bioavailable PAHs and heavy metals, as well as having direct effects 

as sheen on the water, as described above (also see Stormwater section for potential effects of 

heavy metals).   

 

 If the 8,585 gallons per year of theoretically spilled material were coal (the hazardous 

material being transported), other effects to the aquatic ecosystem could occur.  Coal has an 

estimated density of 1.9 g/cm
3
,
62

 which would equal 136,126 pounds spilled per year, 
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corresponding to 42.5 cubic yards of material per year (8,585 gal. = 32,498 L = 32,498,000 cm
3
 

x 1.9 g/cm
3
 = 61,746,200 g = 61,746 kg = 136,126 pounds = 68 tons of coal;  32,498 L = 42.5 

cubic yards).   

 

 Coal spillage, such as the theoretical spillage mentioned by the applicant, has been studied 

and determined to affect freshwater invertebrates, including invertebrates that provide food for 

salmonids such as those present in the Columbia River.
63

  A railway accident in New York 

caused the discharge of several rail cars of coal to Cayuga Inlet, which remained in the water for 

2-3 weeks before total removal.  Cayuga Inlet is a third-order stream approximately 20-45 feet 

wide as it appears on air photos.  The invertebrate inventory included oligochaete worms, 

gastropods (snails), isopods (crustaceans), insect orders Ephemoptera (mayflies), Plecoptera 

(stoneflies), Trichoptera (caddisflies) ("EPT," all three sensitive to pollution), Megaloptera 

(dobsonflies), Coleoptera (beetles), and Diptera (chironomidae).  "Immediately following the 

coal spill (1999) there were significantly lower total invertebrate abundance and taxon richness 

at the site downstream than upstream of the impoundment and the coal spill (Fig. 1a and b).  

Abundance of total invertebrate grazers was also significantly reduced at the site downstream of 

the coal spill in 1999... Abundance of invertebrates in the orders especially vulnerable to 

turbidity (Trichoptera, Megaloptera, Ephemeroptera, and Isopoda) was also significantly reduced 

at the site downstream of the coal spill."
64

   

 

 The investigators proposed two possible reasons for the invertebrate decline.  "The 

significant decline in total invertebrates and taxa richness following the coal spill with no 

significant effects on EPT demonstrated that the negative effects of the coal spill were not 

limited to the most sensitive invertebrates of the community.  These effects could be attributed to 

two different mechanisms.  First, a change in water chemistry could have caused invertebrate 

mortality, due to increased levels of Fe(OH)x and a decline in pH that occur when coal is added 

to water (Vinikour, 1979; Cherry et al., 1979b; Scullion & Edwards, 1980).  Second, Cherry et 

al. (1979a) reported that in some cases the physical effects of increased turbidity and smothering 

by the coal particles are more deleterious than the toxicity created by the coal/water mixture."
65

 

[author cites Vinikour, W.S., 1979, Entomology News 90: 203-204; Cherry, D.S., et al 1979b.  

Journal of Fisheries Research Board Canada 36: 1089–1096; Scullion, J. & R. W. Edwards, 

1980. Freshwater Biology 10: 141–162; Cherry, D.S., et al 1979a Hydrobiologia 62: 257–267]. 

 

 Selenium (Se) is an element that is found in coal, ranges between 0.1 - 5.3 mg/kg in coal 

worldwide,
66

 and is toxic to fish, including bull trout (Salvelinus confluentus) and other 

salmonids.
67

  One watershed level study in Canada examined Se in creeks downstream from coal 
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mines, which likely provides a dilution effect from the mine drainage sites upstream.  This study 

is important to consider because of the potential for coal or coal leachate discharges to the 

Columbia River which may be initially diluted but still accumulate to harmful levels in places. 

 

 Selenium bioconcentrates (enters from water) and bioaccumulates (enters from sediment) in 

aquatic primary producers (such as phytoplankton) and consumers, as well as fish,
68

 and so 

represents a toxic threat to the entire food web.  Se accumulation in wild fish is thought to occur 

both from dietary ingestion and direct uptake from the water, beginning in the egg stage.
69

  Bull 

trout muscle tissue in watersheds with coal mines had Se concentrations from 0.6 - 9.4 µg/g on a 

wet mass basis, with 2 µg/g representing the toxicity threshold.
70

 

  

 Teratogenesis is the development of malformed organisms or growths, especially in the 

embryo.  "A hallmark of Se toxicity is the appearance of teratogenic deformities in the progeny 

of exposed females that result from the deposition of Se to their eggs.  Teratogenesis is restricted 

to the egg–larval stage of development when the larvae utilize yolks contaminated with Se 

(Lemly 1997a).  The most common types of terata include spinal curvatures (lordosis, scoliosis, 

or kyphosis), missing or deformed fins, gills, opercula and eyes, as well as abnormally shaped 

heads and mouths (Lemly 1993b, 1997a). Other symptoms of Se poisoning include pericardial 

and abdominal edema, exopthalmus (bulging or protrusion of eyes), and cataracts (Lemly 

1996)."
71

  [author cites Lemly, A.D. 1997a, Ecotoxicol. Environ. Safety 37: 259–266;  Lemly, 

A.D. 1993b, Environ. Monitor. Assess. 28: 83–100;  Lemly, A.D. 1996, "Selenium in aquatic 

organisms." pp. 427–445. In: W.N. Beyer, G.H. Heinz & A.W. Redmon-Norwood (ed.) 

Environmental Contaminants in Wildlife. CRC Press, Boca Raton, FL, U.S.A.]. 

 

 Marine Environment.  Discharges of coal and coal dust to the Columbia River have the 

chance to either become deposited in the freshwater portions of the river or in the estuarine and 

marine areas near the mouth of the river when the Panamax ships leave the river.  Some potential 

impacts to the downstream marine environment from the proposed project are discussed here. 

 

 The shipping of coal in Panamax ocean going vessels invites consideration of potential 

impacts to marine fisheries as well.  Should a vessel full of coal sink in salt water, trace elements 

from the coal can leach into the marine environment, as a study commissioned by Xstrata Coal 

of Australia found.
72

  Coal contains elements including selenium (Se), chromium (Cr), tin (Sn), 

mercury (Hg), arsenic (As), boron (B), vanadium (Va), cadmium (Cd), copper (Cu), lead (Pb), 

manganese (Mn), molybdenum (Mo), nickel (Ni), and zinc (Zn), which were tested for leaching.  

Of those elements, cadmium, copper, lead, manganese, molybdenum, nickel, and zinc leached 

from the coal into seawater, and copper and manganese exceeded the water quality guidelines for 
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Queensland, Australia, with final concentrations of 11 µg/L of Cu (seawater had 3 µg/L to begin) 

and 37 µg/L of Mn (seawater had 1.8 µg/L).
73

  These levels could potentially harm listed 

salmonids with sufficient exposure, or be transported into sediments where they could build up 

over time.   

 

 Salt water may attenuate the absorption and effects of dissolved metals such as copper to 

some degree.  According to the NOAA, regarding dissolved copper (dCu), "estuarine and 

nearshore salt water environments, despite their higher salinity (in part due to increased cation 

concentrations) and hardness may or may not confer protection against dCu-induced olfactory 

toxicity."
74

  Impacts to salmonids in salt water environments from metals such as copper can still 

occur, and until more is known about the risks, it makes sense to use the same regulatory 

thresholds for salt water as the more sensitive fresh water, especially to protect listed species 

such as Chinook salmon. 

 

 The effect of coal dust from a shipping terminal has been shown to produce behavioral 

changes in crabs in laboratory experiments, as a Canadian government study revealed.
75

  Coal 

dust was gathered from beneath a conveyor belt at Westshore Terminals, Roberts Bank, Canada, 

and mixed with sand to form an experimental substrate in tanks.  After 15-31 days, Dungeness 

crabs were added and observed.  "The burrowing reaction of the crabs differed with the four 

substrates.  Crabs in sand (substrate D) never completely burrowed, but remained completely 

exposed, or with only a fraction of the rear portion of their carapace buried.  The proportion of 

carapace buried increased with increasing amounts of coal in the substrate, so the in substrate (C) 

the crabs burrowed completely under the surface, with only eyes and antennae remaining 

visible."
76

   

 

 Dungeness crab megalopae (immatures) are prey for Chinook salmon (Oncorhynchus 

tshawytscha) in marine coastal areas.  Although no Dungeness crabs can live in the freshwater 

ecosystem near the Port of Morrow, the change in burrowing behavior of other arthropods, such 

as isopods, if similarly affected by coal dust in the water, could reduce their availability as prey, 

and potentially affect trophic interactions in the Columbia River food web.  Burrowing provides 

protection and likely reduces the opportunity for detection by predators.  If coal dust entered the 

substrate of the salt and brackish portions of the Columbia River estuary where it meets the 

ocean, it could produce this effect on resident crabs there.  Local fishermen who take Dungeness 

crabs near the Roberts Bank coal terminal report a darker coal-coloration of some crabs, and they 

find these crabs more difficult to market.
77
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 Conclusions.  The ERD does not adequately address potential impacts from continued 

discharges of liquid fuels from shipping operations.  The amount of fuel released annually should 

be estimated and reviewed for effects to aquatic life.  The theoretical spillage of hazardous 

material should be discussed in detail, and the effects of the spillage estimated.  Discharges from 

accidents have the potential to impact aquatic invertebrates that are part of the salmonid life 

cycle.  Selenium pollution causes deformities in fish, and could threaten bull trout and other 

salmonids over time as coal dust deposits increase.  Coal has been shown to leach elements into 

seawater, and could produce pollution harmful to aquatic life if a Panamax OCV became 

grounded or wrecked and allowed sea water to mix with the coal.  Dungeness crab behavior and 

appearance could be affected by coal pollution entering marine waters.  The effects of salinity 

may or may not confer protection to fish from dissolved copper from coal leaching. 

 

 

IV.  Stormwater Plan Review 

 

 The applicant states that the Port of Morrow facility will be designed with full on-site 

containment with no discharge anticipated, with bioswales to 25-year storm intensity standards.
78

  

"All stormwater and process water will be handled on site, with no discharge to the Columbia 

River."
79

  Most stormwater designs include an overflow outlet for storms of greater intensity than 

the design.  For example, the proposed 25-year storm system will not contain a 100-year storm 

event, and the excess water must go somewhere if it does not infiltrate.  Generally overflows are 

directed to a receiving body, such as a wetland, river or stream, or to a low point in the uplands.  

The proposal does not include a preliminary drainage report, so the location of the overflow 

outlet and sub-basin sizes are unknown.  LCI recommends reviewing a preliminary drainage 

report to better assess the potential impacts to nearby wetlands or waters that may receive 

stormwater from events larger than the 25-year storm. 

 

 The proposed coal storage area and conveyor system will be covered in some way, and may 

reduce the likelihood of stormwater interacting with the main coal stockpile.  However, there 

will still be substantial contact of stormwater with coal before reaching the covered stockpile, 

which could become polluted and drain into nearby wetlands or waters.   

 

 Pollution of stormwater with coal compounds could occur while the rail cars are waiting to 

be unloaded.  The tracks can accommodate up to two unit trains, each approximately 5,800 feet 

long.
80

  The coal trains will require 4.8 hours to unload, but will likely be split to avoid blocking 

traffic and then require 12 hours to unload; each train will carry approximately 14,500 short tons 

(1 short ton = 2,000 lbs.) of coal,
81

 for a maximum total of 29,000 tons in two trains.   

 

                                                 
78

 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & 

Associates, Inc.  Updated August 2012. P. 3-193. 
79

 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & 

Associates, Inc.  Updated August 2012. P. 2-8. 
80

 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & 

Associates, Inc.  Updated August 2012. P. 2-6. 
81

 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & 

Associates, Inc.  Updated August 2012. P. 2-11. 



ECOLOGICAL IMPACTS OF PROPOSED COAL SHIPPING ON THE COLUMBIA RIVER 

 

Page 21 of 37 

 Since the terminal will be in operation for 24 hours per day, it is reasonable to assume that 

there will be a constant presence of coal-filled rail cars at the site.  Those rail cars are uncovered, 

and precipitation will fall on the coal, drain to the bottom of the rail cars, and out of any drains or 

gaps in the car bottom.  The large number of rail cars at the proposed terminal will likely provide 

an opportunity for polluted runoff to form similar to a 29,000 ton stockpile of coal.   

 

 When coal is transported, the vibrations may cause the coal chunks to break up to some 

degree.  Coal is generally broken up mechanically at the mine, crushing larger pieces into 

smaller chunks prior to shipment.  Coal chunks may also crack over time, as shown in the photos 

elsewhere in this document.
82

  This cracking and breakdown exposes fresh coal surfaces to the 

air and increases the surface to volume ratio for a give amount of coal.  When mined minerals 

are exposed to the air, they produce weathering effects at an accelerated rate, which may cause 

acid drainage and heavy metal release that impairs water quality.
83

  When the coal arrives at the 

proposed terminal, it may have fractured during transport, and fresh surfaces may then be 

exposed to the air, which could pollute any precipitation draining through the rail cars.  The 

polluted runoff could enter surface waters, or infiltrate to the groundwater table. 

 

 The Phase I Environmental Site Assessment Report states that the site has a high soil 

infiltration rate.
84

  The stormwater design for the outdoor portion of the rail yard involves some 

infiltration of water to the soil via the bioswales.
85

  Through infiltration via the bioswales, there 

is a high potential for groundwater contamination, depending on the soil properties.
86

     

 

 Coal piles are known to produce acids and dissolved metals which can run off into nearby 

wetlands or waters, even away from mine sites:  "Analogous to mining operations, the storage of 

coal can also generate highly acidic, metal-rich leachate resulting from the oxidation of sulfidic 

ores present in coal as impurities (1, 2).  Additional water quality concerns with regard to coal 

storage include that coal stockpiles are relatively abundant, not restricted to areas associated with 

mining operations, and often uncontrolled."
87

 [author cites (1) Davis, E. C.; Boegly, W. J. J. 

Environ. Qual. 1981, 10, 12-133; (2) Swift, M. C. Water Resour. Bull. 1985, 21, 449-457]. 

 

 Pollution from coal storage piles, and potentially from rail car on-site storage, can contain 

toxic metals that have been shown to pollute groundwater.  Coal in the Powder River Basin can 

have the same amount of sulfur as the coal used in one water runoff study.  The Wasatch coal 
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formation in the Powder River Basin contains up to 1.5% sulfur.
88

  A study at the US 

Department of Energy's Savannah River Site near Aiken, SC examined the soils that received 

runoff from a stockpile of low-sulfur (1-2%) coal,
89

 similar to some of the Wasatch formation 

coal.  The study analyzed the soils at the far end of the 1.5 hectare (3.7 acre) coal pile drainage 

basin by lab extraction through a column: 

 

Table 2.  Composition of the Coal Pile Runoff Used in Column Experiments
90

 

Component Conc., mg/L (except pH)  Component Conc., mg/L 

pH 2.13    

Al
3+

 101.0  Li
+
 0.232 

Be
2+

 0.055  Mg
2+

 62.17 

Ca
2+

 83.62  Mn
2+

 7.302 

Co
2+

 0.461  Na
+
 11.52 

Cr
3+

 0.010  NI
2+

 0.878 

Cu
2+

 0.262  H4SiO4 69.4 

Fe
2+

 4.70  SO4
2-

 2,024 

Fe
3+

 119.5  Sr
2+

 0.791 

K
+
 1.668  Zn

2+
 2.392 

  

 The metals from the coal can move into and pollute the groundwater:  "naturally acidic, 

noncarbonatic soils offer little resistance to subsurface migration of acidic, metal-rich runoff.  As 

a result, coal stockpiles situated on such materials pose a serious threat to underlying 

groundwater systems."
91

  If the soils on the proposed terminal site are similar to these soils, 

substantial pollution could occur.  If other soil characteristics are present, the effects could vary 

from those described in this study.   

 

 The study found that the pollutants moved through the soil in different ways, and 

concentrated the pollution:  "The development of concentration waves attendant with infiltration 

and migration of runoff within subsurface materials further exacerbates potential water quality 

problems.  That is, chromatographic and precipitation-dissolution reactions result in the 

development and movement of metals in waves of concentrations potentially greatly exceeding 

initial source concentrations.  Discharge of effluent meeting appropriate water quality criteria 

may thus produce downgradient concentrations exceeding standards and source concentrations.  

This phenomenon also emphasizes the need for continued research evaluating multicomponent 

transport processes."
92
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 The constant presence of coal in rail cars on the site has the potential to pollute the 

groundwater in high concentrations over time via the stormwater bioswale system if soil 

conditions allow.  It is possible that the Columbia River could be contaminated with metals 

through a groundwater connection.  A hydrogeologic investigation would show the groundwater 

movement patterns, and where such potentially polluted groundwater would travel, and a soil 

analysis would show if the conditions are similar to the concentration wave study.   

 

 Another study examined the sediment collected near a coal storage pile in detention ponds 

for metals, and featured a short-term storage pile of low-sulfur coal.  The sediment contained 167 

-233 ppm (parts per million; 1 ppm = 1 µg/g or 1 mg/kg) of lead (Pb), well above the average 

soil background level of 17 ppm.
93

  Since the bioswales will catch stormwater that could contain 

similar sediments, similar pollution could build up in the bioswales over time.  This study also 

reported lead groundwater concentrations of 62 ppb (parts per billion; 62 ppb = 62 µg/kg = 62 

µg/L of water = 0.062 mg/L) in a well under the low-sulfur coal short-term storage pile, which 

exceeded Indiana's maximum contaminant level of 15 ppb.
94

  If soil properties allow the 

concentration wave effect described in the previous study, then this level could become higher 

over time. 

 

 Metals in sediments, such as those that could collect in stormwater control systems 

contaminated with coal and acid drainage, are bioavailable (able to move into or onto an 

organism), can show bioaccumulation (concentration in organism/concentration in sediment), 

and bioconcentration (concentration in organism/concentration in pore water) in aquatic 

organisms.
95

   

 

 Freshwater macroinvertebrates such as the insect Chironomus sp. (Order Diptera, family 

Chironomidae), and worms Branchiura sowerbyi and Limnodrilus claparedeianus (Order 

Oligochaeta, family Tubificidae), were found to bioconcentrate aluminum, lead, chromium, 

manganese, iron, cobalt, nickel, copper, and zinc from coal contaminated water.
96

  The 

chironomid bioaccumulated via ingestion
97

 copper, zinc, and cadmium to levels greater than 

found in the sediment in which they lived, and to a lesser degree aluminum, lead, chromium, 

manganese, iron, cobalt, and nickel; the oligochaete bioaccumulated aluminum, lead, chromium, 

manganese, iron, cobalt, nickel, copper, zinc, and cadmium at levels lower than surrounding 

sediments.
98
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 Stormwater and Rail Use.  Another concern is the constant presence of locomotives and rail 

cars on the site.  Rail yards can produce toxic pollution from certain activities.  For example, re-

fueling locomotives can result in spilled diesel fuel, rail car hookups and movement can 

contribute to heavy metal inputs, and maintenance activities all have the potential for creating 

polluted stormwater.  A BNSF Railway Company rail yard in Seattle, WA contributed to 

stormwater pollution in this manner.  That rail yard is approximately 8,000 feet long with 

multiple tracks, so it could conceivably contain 12,000 feet of rail cars or more. 

 

 Because of the intended heavy rail use of up to 12,000 feet of rail cars at one time at the 

proposed terminal, it makes sense to look at other rail operations in the Pacific Northwest to see 

what types and levels of pollution could be generated.  In the recent past at the Balmer Railyard 

in Seattle, metals such as copper, zinc, and lead, as well as polycyclic aromatic hydrocarbons 

(PAHs) from spills and fuel residue drained into the stormwater system.   

 

 Some of the concentrations for pollutants are expressed in micrograms per liter (µg/L).  One 

milligram per liter is equal to 1,000 micrograms per liter (1,000 µg/L = 1.0 mg/L). 

 

 BNSF submitted the following stormwater monitoring data to the Washington Department of 

Ecology between 2003 and 2009:  zinc ranged from 125 - 1,950 µg/L (=0.125 - 1.950 mg/L), 

copper 81 - 522 µg/L (=0.081 - 0.522 mg/L), lead from 44.6 - 1,980 µg/L (=0.047 - 1.980 mg/L), 

and oil and grease as high as 38 mg/L.
99

  One catch basin in an area dominated by tracks and rail 

car storage showed zinc levels at 1,180 µg/L (1.18 mg/L).  If similar rail car storage functions 

occur at the proposed coal terminal, then it is possible that similar metal pollution will follow.     

 

 The combined presence of rail operations along with coal storage in open rail cars presents a 

potential and opportunity for pollution to surface and/or groundwater, as explained previously.  

Potential effects from bioavailable PAHs, zinc, copper, and lead pollution that may result from 

rail activities and coal are detailed below.  Diesel contains PAHs, as does other forms of 

petroleum.
100

  "The percentage of PAHs in crude oil, Bunker C oil, and No. 2 diesel oil are about 

1%, 4%, and 9% by weight, respectively."
101

  These diesel and oil based PAHs are bioavailable 

and potentially toxic to aquatic organisms. 

 

Heavy metals include elements such as copper (Cu), zinc (Zn), and lead (Pb).  The first two 

elements are needed in trace amounts by many organisms; lead has no biological role.  Heavy 

metals accumulate in all levels of the food chain, and enter fish through the gills, tissue, or by 

ingestion.  In the marine environment, where salinity has a negative association on metal uptake, 

animals that may be harmed by heavy metals are oysters, polychaete worms, shrimp, prawns, 
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marine snails, various crustaceans, and saline-tolerant bacteria.
102, 103

  Effects of metals may be 

even more pronounced in freshwater environments such as the Columbia River, which lacks the 

protective effect of salinity. 

 

The entire aquatic ecosystem can be affected when copper pollution harms microscopic 

aquatic organisms, the basis of the food chain.  Copper inhibits photosynthesis in phytoplankton, 

and the presence of UVB light compounds the effect.
104

  Copper and lead uptake in blue-green 

algae (cyanobacteria) also increases with exposure to UVB light, and limits the organism’s 

ability to synthesize nitrogen.
105

  This has major implications to the ecosystem, since blue-green 

algae are one of the few organisms that can convert airborne nitrogen (N2) into biologically 

usable nitrate forms (NO3).  “Therefore, any threat to their existence will bring about an 

imbalance in the nitrogen status of entire ecosystems.”
106

 

 

Copper is toxic to salmonids and even amounts of copper as low as 2-3 µg/L can change a 

fish’s smell and behavior.
107

  “It is well established that waterborne Cu concentrations above 80 

nmol/L (~5 µg/ L) can be toxic to the olfactory system of fishes causing reduced olfactory 

sensitivity and impaired behavioral responses.”
108

  One study found that exposure to 80 µg/L of 

copper for five days can kill salmonids.
109

  Copper levels of 105 µg/L can reduce the critical 

swimming speed of salmonids,
110

 and make them more vulnerable to predators.  Copper can also 

bind to certain forms of hemoglobin in fish blood, and can destroy the red blood cell 

membranes.
111

   

 

 According to the NOAA, “adverse effects of dissolved copper and zinc on listed salmon 

occur at very low levels (values ranging from 0.18 to 2.1 µg/L in freshwater for copper [Hecht et 

al., 2007] and at 5.6 µg/L in freshwater for zinc [Sprague, 1968]).  Adverse effects of copper 
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include interference with fish sensory systems and important behaviors that underlie predator 

avoidance, juvenile growth and migratory success…adverse effects of zinc include altered 

behavior, blood and serum chemistry, impaired reproduction, and reduced growth” (p. 39).
112

    

 

 Zinc is absorbed by rainbow trout through the water (at 150-600 µg/L) and dietary intake (at 

45 µg/gram food/fish/day).
113

  “Zinc is easily bioaccumulated in stream invertebrates – an 

important food source for juvenile salmonids while rearing in freshwater systems.  Recent 

studies demonstrate that fish fed diets contaminated with zinc exhibited reduced survival, 

growth, and increased incidence of disease (Farag et al., 1994, Balasubramanian et al., 1995).”
114

   

 

Lead is a toxic element and bioaccumulates in aquatic species.  “Apart from the natural 

weathering processes, Pb contamination in the environment has resulted from mining and 

smelting activities, Pb-containing paints, gasoline, and explosives, as well as from the disposal of 

municipal sewage sludges rich in Pb (Chaney and Ryan 1994).  Despite measures adopted in 

many countries to limit Pb input to the environment, it continues to be one of the most serious 

global environmental biohazards.”
115

   

 

 “Pb is assumed to be toxic for aquatic organisms at concentrations above 100 mg/kg of dry 

sediment (Environment Canada 1998).  However, at a level of 30 mg/kg adverse biological 

effects have occasionally been observed.”
116

  Lead has been found in the liver and muscle of 

Alaskan Pacific Cod, which is caused by close proximity to ports and human activity.
117

 

  

Lead has the potential to affect the aquatic food chain by harming a type of phytoplankton, 

blue-green algae, or cyanobacteria (an ancient bacterium found on land and in water).  These 

organisms provide much of the oxygen on earth, and convert inert atmospheric nitrogen into 

forms usable by other organisms (nitrate, ammonia, etc.).   
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When the cyanobacteria are in the presence of lead, they do not absorb nitrogen as easily;  

the effect is vastly compounded when ultraviolet light (UVB) is also present.
118

   Since 

zooplankton eat phytoplankton like the cyanobacteria, the lead can move up the food chain, 

eventually reaching fish, birds, and marine mammals.  Lead also creates a stress response in 

cyanobacteria, and de-activates the beneficial anti-oxidants inside the cells.
119

  Another species 

of phytoplankton, a green algae, is harmed by lead concentrations of only 250 µg/L.
120

   

 

 Urban stormwater runoff (similar to the proposed terminal area), is known in general to have 

adverse effects on waters.
121

  For example, much of the pollution that degrades the Puget Sound 

and threatens fish in that Pacific Northwest ecosystem is contained in stormwater.
122

  Even the 

newest stormwater runoff models produce treatment systems that harm aquatic environments, 

especially those vegetated with a wide variety of sensitive native plants.
123, 124, 125

  The extra 

coal-associated pollutants picked up in the proposed rail yard and terminal area makes this 

typically bad urban runoff even worse, and potentially toxic to fish. 

 

 Conclusions.  A preliminary drainage report should be reviewed to determine the risk of 

discharging pollution to the environment via the stormwater system.  The amount of carbonate in 

the soils should be determined to assess the ability of the soil to attenuate toxic leachates from 

the coal dust entering the infiltrating stormwater system.  More detail should be given about the 

rail operations to estimate the pollution from the rail yard portion of the development, given the 

amount of pollution generated at similar sites in the Pacific Northwest.  Liquid fuel runoff from 

storage tanks should be evaluated for environmental harm.  The effects of potential pollution on 

the food web should be examined more closely to determine if harm to salmonids may occur. 
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V.  Toxicology Report 

    

 The Environmental Review, Appendix J presents a toxicology report by Golder Associates, 

Inc. in the form of a literature review.  In this section a closer look at the works cited reveals 

additional information that should be considered in determining the effects of the coal shipping 

operation. 

 

 The report says, "Ibeanusi et al (2003) observed metals (iron, aluminum, zinc, arsenic, 

cadmium, lead, and selenium) in eastern US coal storage pile runoff at concentrations above 

drinking water standards.  The measurements were based on total metal concentrations; thus the 

biological availability and potential toxicity of these contaminants was not assessed" (p. 2).  The 

Ibeanusi article mentioned is a study about how bacteria can absorb metals from coal runoff and 

be used to process acid mine drainage water.  The Ibeanusi article says,  

 

"Wastewater effluents from coal pile run off are of major concern because of the 

acidity and presence of several dissolved metals in the waste stream. Similar to 

acid mine drainage (AMD), the chemical and biological reactions of pyrite in coal 

pile run off generate acidic minerals, which can oxidize to form sulfuric acid, 

ferrous sulfate and associated toxic metals... Unlike a typical AMD, in which the 

major metal ions are Fe
2+

 and Fe
3+

, the coal pile runoff used in this study 

presented unique and complex chemical dynamics due to the prevalence of 

several dissolved toxic metals (Al, As, Be, Cd, Cr, Cu, Fe, Ni, Pb, Se and Zn) in 

the wastewater." (p. 35, 36) 
126

 

 

"In Figure 1, results of the transmission electron microscopy indicated various 

stages of intracellular complexation of metal precipitates within the cytoplasm 

and cell membranes of the bacterial cells. Ultimately, the metal ions were 

sequestered outside the cells as metal precipitates (Figure 1e). The x-ray 

microanalysis of precipitates revealed the presence of most of the metals (As, Al, 

Cu, Cr, Fe, Pb and Zn) originally present in the wastewater (Figure 2). The 

presence of Ca, P, and S in Figure 2 suggested that most of the metals could 

possibly precipitate as metal carbonates, phosphates and sulfides." (p. 38)
127

 

 

In the excerpts above, Ibeanusi says the metals are dissolved, in ionic form, are toxic, and that 

the bacteria can absorb the metals into the cell walls and cytoplasm, and that eventually the 

metals can be deposited outside the cells as metal precipitates.  Counter to the Golder Associates 

report statement, the author addressed the toxic nature of the compounds, and showed that they 

are bioavailable to bacteria, which transform them inside the cells and deposit them outside the 

cells as precipitates.   

 

 Another author comments that metal ions are widely accepted to be bioavailable:  "the most 

broadly accepted paradigm explaining the negative effect of salinity on trace metal uptake 
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assumes that the most bioavailable metal form is the free metal ion (Sunda et al., 1978; Engel & 

Fowler, 1979)."
128

 [author cites Sunda et al., 1978, Environ. Sci. Technol. 12, 409-413;  Engel & 

Fowler, 1979, Environ. Health Perspect. 28, 81-88].  So it seems that the dissolved metal ions 

found in acid mine drainage, such as in the Ibeanusi study quoted by Golder Associates, are 

bioavailable.   

 

 Metal leaching from coal is discussed in the Golder Associates report, which begins with a 

citation of a study by Cabon, et al, 2007
129

 (p. 2), which is a study on leaching of metals from 

coal into seawater.  Another author criticized Cabon's study, and largely dismissed the relevancy 

of his findings to coal transport:  "Cabon et al. (2007) explained the leaching dynamics (for Mn 

in particular) as a function of the bicarbonate (HCO3
-
) system present in seawater.  However the 

leach tests used a few grams of milled (<212 µm) coal samples in 20 mL of seawater and this is 

not typically representative of the top-size of exported coal in a bulk carrier."
130

 

 

 A study by Cook and Fritz (2002) that examined leaching from coal piles and the fate of the 

leachate is presented (p. 2), and the Golder Associates report highlights the effects of the 

surroundings on the chemicals emanating from the pile.  The cited study concluded by saying,  

 

"data obtained from groundwater monitoring at Wade Utility Plant reflect a site in 

which the impacts of coal-pile leachate are largely ameliorated by carbonate 

mineral dissolution and by dilution.  This is supported by near-neutral 

groundwater pH, minimal concentrations of metals, and limited geographic extent 

of sulfate contamination.  However, a significant accumulation of trace metals in 

recharge pond sediments indicates that the site is not completely immune to the 

negative impacts of coal-pile leachate.  Without the ameliorating effects of 

carbonate minerals to neutralize acid leachate and immobilize trace elements, 

above-ground storage of coal piles in non-carbonate terrain may be compromising 

the water quality of underlying aquifers."
131

 

 

 The soil and groundwater properties are important to consider, because in the absence of 

carbonate material, it is more likely that coal dust leachates could degrade the groundwater.  It is 

unknown if similar soils exist at the Port of Morrow, and whether they are similar enough to 

ameliorate the leachate.  If there is a groundwater table that absorbs polluted leachate, it will 

likely be transmitted to the adjacent Columbia River, where ESA-listed fish live.   

 

 Nitrogen pollution from coal in the form of ammonium (inorganic nitrogen, the NH4+ ion, 

formed from ammonia, NH3) is discussed.  The Golder Associates report states, "dissolved 

inorganic nitrogen species can be removed from the water through a variety of processes, such as 

exposure to sediments and plant communities (Smith et al. 2009)" (p. 2).  The study by Smith, et 

al. is an examination of polluted water produced from coal bed natural gas (CBNG) extraction in 
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the Powder River Basin of Wyoming.  It describes the dynamics of dissolved inorganic nitrogen 

(DIN) over time and the differences in the form of nitrogen detected in tributaries to the Powder 

River.  The study found by chance that one tributary, "trib B," showed a net removal of nitrogen:  

 

"The load calculations further emphasize that a substantial amount of the source 

ammonium N was removed during transport through the trib B channel but 

virtually none was removed in the longer trib C channel.  This difference is 

attributed primarily to the presence of dense stands of grasses in the trib B 

channel.  Nitrification, ammonium assimilation, and nitrate reduction all appear to 

be more active in the trib B channel."
132

 

 

 The effect described by the author is similar to nitrogen uptake in wetlands used for 

wastewater treatment.  The study also said, "overall, it appears that the Burger Draw daily 

summertime contribution to the Powder River was about 23 kg of DIN in 2003 (Table 3).  This 

load is a substantial contribution to the entire Powder River DIN load at Burger Draw."
133

  

"Management strategies for disposal of CBNG-produced water rarely consider downstream 

nitrogen effects.  The results of this study clearly indicate that CBNG-associated DIN was being 

delivered from Burger Draw to the Powder River.  The net result is an increased potential for 

eutrophication, though relatively little is specifically known about in-stream nitrogen cycling in 

this semiarid region."
134

   

 

 It is important to note that the mining water came into contact with coal, became rich in 

ammonium, and presents the ecological threat of eutrophication (excess nutrients) to downstream 

aquatic communities.  If the runoff from the 29,000 tons of coal being stored in the rail cars 

produces the same effect, it is possible that portions of the Columbia River or other receiving 

bodies could experience eutrophication.   

 

 The Golder Associates report further discusses CBNG water use:  "relatively low-flow 

(ephemeral stream) surface waters that receive coal bed-impacted water have been proposed for 

use as agricultural and livestock or wildlife drinking water (Jackson and Reddy 2007), 

suggesting negligible risk from a discrete nitrogen loading incident on a large river system" (p. 

2).  In other words, because the water is proposed for animal and crop use, it must be okay to 

dump into the Columbia River.  That implication begs the question, if the coal-affected water 

was not safe for drinking, would it still be okay to dump it into the Columbia River? 

 

 Most of the water from the cited study is not safe for human drinking, or for aquatic life, and 

may become unsafe for animal and agricultural use, as the author of the study points out:   

 

"The most restrictive use, based solely on trace metal concentrations, is aquatic 

life.  Most CBNG produced water samples exceeded the aquatic life criteria for Al 
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and Cu.  Based on secondary water quality standards, many CBNG outfall water 

samples are not suitable for human drinking water due to high Fe and Al 

concentrations.  These results suggest that many of the CBNG produced waters 

across the PRB can be used for agriculture and livestock/wildlife drinking 

water."
135

 

 

"Mean concentrations of Al and Cu decreased over time in disposal ponds, 

whereas Ba, As, and B concentrations increased over time.  Molybdenum 

concentrations remained the same in most watersheds.  Most CBNG-produced 

waters examined were unsuitable for human drinking water and aquatic life, but 

were suitable for agricultural uses and livestock and wildlife drinking water.  If 

the trace elements continue to increase and accumulate in CBNG disposal ponds, 

there may be a point in time when the concentrations of these trace elements 

could exceed standards for agricultural uses and livestock and wildlife drinking 

water."
136

 

 

 The Golder Associates report mentions coal dust as a source of total suspended solids (TSS), 

and says,  

 

"Fine particulates of coal dust in water could increase the general turbidity (as 

measured by suspended solids, or TSS), based on TSS data for runoff from coal 

storage areas (Tan and Coler 1986, Campbell and Devlin 1997, Curran et al. 

2000).  Clarity of water decreases with increased TSS, and elevated levels of TSS 

have been linked to toxic effects on aquatic organisms (depending on duration and 

concentration of exposure), but given the precautions proposed to minimize coal 

dust entering water bodies from the proposed operations, such elevated levels of 

TSS are not expected to occur" (p. 2-3).   

 

 The Fugitive Coal Dust Impacts section of this document addresses the coal dust risks for the 

proposed Port of Morrow project.  The cited study by Campbell and Devlin 1997 states:   

 

"Coal dust can enter the marine environment around coal ports through storm 

water discharge, coal pile drainage run-off, and when coal dust from storage piles, 

transfer conveyer belts and rail cars becomes airborne and is deposited in the 

surrounding environment (i.e. fugitive coal dust)(Xuan and Robins, 1994). The 

practice of using additives, such as surfactants, in the water being used for surface 

wetting of coal piles can increase the solubility of hydrophobic compounds and 

thus their mobility in the aquatic environment (Enzminger and Ahlert, 1987).  

Coal dust contamination of estuarine habitat can occur around coal loading and 

storage terminals and hence may impinge on vital habitat for juvenile chinook 

salmon (Oncorhynchus tshawytscha)(Levings and Riddell, 1992; Macdonald et 

al., 1988).  Previous studies have shown that low tide use of habitats immediately 
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surrounding coal ports on the British Columbia coast by juvenile Pacific salmon is 

extensive (Levings, 1985).  Chinook salmon may be exposed to coal-dust-derived 

PAHs through contaminated water and via their food since chironomid larvae, a 

significant food source for juvenile salmon, have been shown to bioaccumulate 

PAHs in estuaries contaminated with coal byproducts (Dickmann et al., 1992).  

The construction and expansion of coal terminals has already exerted some 

pressure on the survival of some stocks of Pacific salmon since this activity has 

reduced the amount of suitable estuarine habitat available for juvenile salmonids 

(Levings, 1985 ; Levings and Riddell, 1992).  The exposure of Pacific salmon to 

pollution is of some concern since it is one of the contributing factors implicated 

in the depletion of some chinook salmon stocks on the West Coast of Canada over 

the past decade (Rogers et al., 1988 and Rogers et al., 1989; Birtwell and 

Kruzynski, 1989; Servizi et al., 1993; Kruzynski et al., 1994)."
137

 

 

 The study tested juvenile Chinook salmon for genetic responses to the PAHs in coal dust: 

   

"It is clear that coal dust has effects on the expression of several genes in juvenile 

chinook salmon.  It is also possible that these sublethal effects may become 

manifest at higher levels of biological organization.  Coal byproducts and specific 

components found in coal dust leachate have been shown to reduce the growth 

rate of trout (Herbert and Richards, 1963), cause oocyte atresia and reduced 

ovarian growth in crayfish (Sarojini et al., 1995) and to promote DNA adduct 

formation and hepatocellular carcinoma in fish (Hendricks et al., 1985; Varanasi 

et al., 1986; Stein et al., 1990).  It is known that CYP1A1 plays a role in the 

activation of procarcinogens and the formation of DNA adducts (Varanasi et al., 

1986, 1989; Okey, 1990)."
138

 

 

 Campbell et al. also found that the fish were affected by the coal dust, and that expression of 

a particular gene, L5, can potentially be used as a biomarker test for PAH exposure:   

 

"Since L5 plays such a crucial role in ribosome biogenesis and cellular 

metabolism it is certainly plausible that the altered expression of this gene by 

contaminant exposure may ultimately have physiological consequences.  The 

results of this study also indicate that alterations in the expression of L5 may 

potentially be used as a biomarker of specific PAH exposure in teleosts."
139

 

 

 The levels of coal dust TSS tested by Campbell et al. were of regulatory significance, and 

may apply to future conditions at the proposed Port of Morrow coal terminal: 
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"For the 8 day exposure period a static system was utilized: the tanks were filled 

with sea water only or sea water containing either 60 mg L
-1

, 200 mg L
-1

 or 500 

mg L
-1

 coal dust.  These concentrations were chosen since present regulations in 

British Columbia (Environment Canada) limit levels of suspended solids in coal 

terminal effluent to 60 mg L
-1

 however, consideration is presently being given to a 

request that allowable levels of suspended solids in coal terminal effluent be 

raised to 200 mg L
 -1

."
140

 

 

 The Golder Associates report later discusses the risk of PAH poisoning via coal dust, saying, 

"Chapman et al (1996) reviewed the available literature and found no evidence of toxicity from 

PAH or other constituents of coal leachate to crabs or fish" (p. 4).   

 

 However, Golder Associates cites the 1997 study by Campbell et al. that states an effect of 

PAH from coal dust leachate on gene expression in juvenile Chinook salmon, as quoted above.  

Campbell et al's lab study showed one element of how PAH from coal dust can affect salmon 

without causing death.  In nature, there is a lot more going on than in the lab, and sub-lethal 

effects can certainly compromise survival in many situations (such as copper affecting smell, but 

not killing the fish).  Just because a fish doesn't die from an exposure in a lab, doesn't mean its 

survival is not adversely affected by it in the wild.   

 

 The Golder Associates report also mentions that PAHs from coal are not biologically 

available, as found by Deepthike et al (2009) (p. 4).  The study by Deepthike et al. uses a PAH-

sensitive bacterial biosensor to assess the bioavailability of PAHs in the Kulthieth Formation 

coal along the Alaska coast.   

 

"The bioreporter used here employs sensor and regulator proteins of a metabolic 

pathway (i.e., not an intracellular pathway for toxicity response) and exhibits 

increasing response with increasing analyte concentration, characteristic of 

chemical approaches, while reflecting the biological system dynamics, 

characteristic of ecotoxicological approaches."  "When PAHs bind to a repressor 

protein, it activates transcription of the reporter gene to produce a reporter 

mRNA, which undergoes translation to produce EGFP, a stable variant of green 

fluorescent protein GFP (vide infra).  Naphthalene was used for calibration, since 

the organism is most sensitive to naphthalene, although it also reacts to 

phenanthrene and some other PAHs."
 141

 

 

 The authors mixed kaolinite, a solid from which naphthalene is completely bioavailable, with 

varying concentrations of naphthalene as a control, and then prepared test samples with Exxon 

Valdez crude oil (EVCO) and kaolinite, and samples with coal dust.  The EVCO sample was 

obtained from another researcher who had collected it from the ship after it was stranded.  The 

coal samples were collected from the field, "along a vertical section from dipping beds exposed 
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on the east side of upper Tyndall Arm and from riverine coal floats (Figure 1).  Exposed coal 

seams range from 6 cm to 1.5 m thick.  Coal samples with a large PAH content range were 

chosen for this study."
142

  The samples were analyzed for PAH levels, and reported completely in 

the supporting information available on the internet.   

 

"Naphthalene-amended kaolinite samples were prepared by spiking 1 g of 

kaolinite with 20 µL methanolic solutions of naphthalene at various 

concentrations and thoroughly mixing.  Kaolinite samples amended with various 

concentrations of EVCO were prepared likewise by adding a weight-range of 

small portions of the crude oil.  Coal samples were prepared by grinding and 

sieving (100 µm metal sieve).  For coal, varying PAH concentrations were 

obtained by using samples having different natural PAH contents."
143

 

 

 The preparations were combined with the bioreporter bacteria, incubated, and examined for 

fluorescence.  In conclusion, the authors found that "biological results indicate that PAHs in Icy 

Bay coals are unavailable (Figure 4B), and geological results support this." 

 

 There are several questions about this study that are not addressed by the authors.  One is that 

the concentrations of PAHs found in the EVCO sample are generally one or more orders of 

magnitude higher than the coal samples.  For example, the EVCO sample was assayed to contain 

7.24 x 10
5
 ng naphthalene /g of sample (nanograms per gram;  1 ng = 0.000000001g), but coal 

sample PKC-G had only 1.33 x 10
3
 ng/g.  In the few cases where the EVCO and coal samples 

are the same order of magnitude, the EVCO samples are several times stronger the coal samples.  

No details about the actual mixtures of the samples or levels of treatment are given;  would the 

results have been different with a more concentrated form of coal-derived PAH? 

 

 Another question is whether the study is representative of realistic conditions in nature.  The 

samples were prepared using a minimal medium (MM) with a pH of 6.8 so that the bacteria 

would be able to live.  In nature, organisms may subject coal particles to varying pHs, for 

example in the gut, which in humans has a pH of 2.  Organisms may also combine enzymes with 

the coal particles during digestion, which could differ among species.  It is possible that a 

bacterium at room temperature in near-neutral pH media might absorb and transform compounds 

differently than a vertebrate with a body temperature four times higher and a pH much lower.   

 

 The authors do address the fact that PAHs may be slow to become available and not able to 

be detected by their study, and that those are beyond the scope of their work:   

 

"Due to the high chemical resistance to mass transport (release) of PAHs from the 

coal samples used here, the corresponding dominant desorption kinetics will be 

very slow, obviously much slower than the time scale of measurement employed 
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here.  We and other authors have addressed this point from many perspectives, 

full consideration of which is beyond the scope of the present manuscript.  In 

brief, it is difficult to extend bioreporter studies past the time periods used here.  

However, most measurements of bioavailability are similarly restricted to 

measurement periods of a few hours or even weeks, i.e., periods equally 

inadequate to slow desorption (many months to years; with reference to the 

Valdez spill, some studies address this point of very slow desorption (13), others 

overlook it).  One highly cited work on chemical extraction demonstrated that the 

bioremediable (i.e., perforce ad hoc bioaccessible) fraction of desorbing PAHs 

over two years is captured in the amount desorbed to Tenax over the same time 

frame as used in the present experiments (44)."
144

  

 

 A peer-review scientist's opinion of Deepthike et al's research article is mentioned in the 

published version of the article:  "one reviewer of this manuscript mandated mention of another 

possibility for the role of these coals in the environment:  because of their capacity to sorb PAHs, 

rates of other processes of natural attenuation (photooxidation, biodegradation) could be 

diminished, diminishing the immediate PAH burden, but enhancing the persistence of toxic 

PAHs."
145

  This comment illustrates that the coal can take up other PAHs from surroundings, 

which may be changed by radiation or biological activity, thereby potentially protecting the 

native coal PAH. 

 

 Finally, the authors reiterate their main point of finding, which is very specific:  "bioavailable 

PAHs do not originate from organic-rich source rock associated with the Poul Creek and 

Kulthieth Formations east of Prince William Sound.  EVCO represents the primary known 

source of bioavailable PAHs in the region."
146

   

 

 In no way do Deepthike et al. state or imply that all PAHs from all coal are biologically 

unavailable, as the Golder Associates report asserts:  "therefore while coal PAH may be ingested 

by oysters (Bender et al 1987) or even bioaccumulated by aquatic insect larvae (Campbell and 

Delvin 1997), the PAH do not pose a toxicological risk to those animals, or others higher in the 

food chain" (p. 4).  The Deepthike et al study was designed to answer a question about a local 

condition, not a world-wide chemical behavior. 

 

 A scientific article completed just prior to the Deepthike et al study reviewed unburnt coal 

PAH studies, and is also cited by Golder Associates.  The authors write,  

 

"Coal-bound native PAH in soils and sediments have been studied to a minor 

extent, despite 30 years of research on PAH in the environment.  Their impact on 
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the environment is not well understood.  Unburnt hard / bituminous coal 

emissions from mining activity particularly impact those countries holding large 

coal basins...  Hard coal consists of a macromolecular network phase and a mobile 

phase, and PAH are part of both.  However, the latter phase is of special 

environmental interest because it is more mobile and is expected to have higher 

bioavailability.  Aromatization of coals increases with increasing rank from sub-

bituminous coal to anthracite.  In coals, oil (mobile phase, including 2–6 ring 

PAH) is generated at low to medium hard coal rank from 0.5–1.3% Ro.  In this 

range also maximum PAH concentrations may occur but they also depend on 

origin (e. g. maceral composition).  naphthalene, phenanthrene, chrysene and 

alkylated derivatives are characteristic petrogenic PAH.  To date, it is hardly 

possible to distinguish PAH derived from oil vs. PAH from coal.  If other 

geosorbents such as black carbon are not present at higher levels, limited 

evaporation of naphthalenes compared to the greater losses in other samples may 

be a helpful indicator of the presence of coal...  The data is presently insufficient 

for us to ascertain if native PAH derived from unburnt hard coal particles pose a 

severe risk for humans or organisms of the benthos and soil."
147

 

 

 Based on this review, the effects of unburnt coal PAHs are yet to be determined, and may or 

may not have negative effects on portions of the ecosystem.  In such cases, especially when 

threatened or endangered species may be exposed to coal PAH (which some studies show has a 

physiological effect), it is best to err on the side of caution and prevent such exposures.   

 

 Conclusions.  It is important to take a close look at toxicological research literature to assess 

the risks of discharging coal into the environment.  The literature presented by Golder Associates 

shows that: 

 

1) dissolved toxic metal ions from coal are bioavailable and transformable by bacteria;   

2) carbonate-poor soils present a risk of groundwater contamination from metals leached from 

coal; 

3) nitrogen pollution of water in contact with coal can occur, and pose a threat to water quality; 

4) water in contact with coal can contain levels of aluminum, copper, and iron that are unsafe for 

human consumption and harmful to aquatic life; 

5) surfactants used to control coal dust can increase the mobility of coal compounds into the 

aquatic environment; 

6) coal dust contamination around coal loading terminals may impinge on vital habitat for 

juvenile Chinook salmon; 

7) chironomid flies bioaccumulate PAHs which may become available to juvenile Chinook 

salmon via digestion; 

8) coal terminal construction has exerted pressure on Pacific salmon by polluting estuaries; 

9) pollution is implicated in depletion of some Chinook salmon stocks in Canada over the past 

decade; 

10) PAHs in coal effect the expression of several genes in juvenile Chinook salmon; 

11) coal dust leachate has been shown to reduce the growth rate of trout; 
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12) expression of gene L5 in teleost fish may potentially be used as a biomarker of PAH 

exposure; 

13) sub-lethal effects may occur from exposure to coal constituents; 

14) coal in the environment may sorb PAHs from the surroundings, which may prevent the 

native coal PAHs from reacting; 

15) bioavailable PAHs from coal may be limited; 

16) more research is needed to fully understand the biological risks of PAHs in coal. 

 

 A more detailed toxicological review should be performed, and should address the forms and 

reactivity of pollutants in the environment.  Compounds can change in form from largely inert to 

bioavailable when subjected to different conditions, and if those conditions occur in the 

ecosystem near the proposed coal terminal, then they present a risk to organisms.  When 

information on the effects of pollutants are lacking or imprecise, the activities producing those 

pollutants should be prevented because of the potential to directly or indirectly harm listed 

species such as Chinook salmon. 

 

IV.  Conclusions 

 

 The proposed coal terminal has the potential to release harmful substances into the 

environment.  The coal dust generated by the operations may be much greater than discussed in 

the application.  Impacts to fish could occur as a result of physical and chemical discharges from 

the proposed shipping terminal.  Process water could also pose a risk, but more information is 

required to assess the potential for ecological harm.  Stormwater could become polluted from 

coal in rail cars, and/or from the rail operations at the proposed terminal.  The applicant's 

toxicology report contains information on scientific studies that has higher value when explained 

in greater detail.   

 

Sincerely, 

 

 
Joseph D. Leyda, MA 

Professional Wetland Scientist 

Certified Ecologist 
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Global Climate Change Impacts in the United States About this Report

What is this report?

This report summarizes the science of climate change 
and the impacts of climate change on the United States, 
now and in the future. It is largely based on results of 
the U.S. Global Change Research Program (USGCRP),a 
and integrates those results with related research from 
around the world. This report discusses climate-related 
impacts for various societal and environmental sec-
tors and regions across the nation. It is an authoritative 
scientific report written in plain language, with the goal 
of better informing public and private decision making 
at all levels.

Who called for it, who wrote it, and who 
approved it?

The USGCRP called for this report. An expert team of 
scientists operating under the authority of the Federal 
Advisory Committee Act, assisted by communication 
specialists, wrote the document. The report was exten-
sively reviewed and revised based on comments from 
experts and the public. The report was approved by its 
lead USGCRP Agency, the National Oceanic and Atmo-
spheric Administration, the other USGCRP agencies, 
and the Committee on the Environment and Natural Re-
sources on behalf of the National Science and Technol-
ogy Council.b This report meets all Federal requirements 
associated with the Information Quality Act, including 
those pertaining to public comment and transparency. 

What are its sources?

The report draws from a large body of scientific in-
formation. The foundation of this report is a set of 21 
Synthesis and Assessment Products (SAPs), which were 
designed to address key policy-relevant issues in climate 
science (see page 161); several of these were also sum-
marized in the Scientific Assessment of the Effects of 
Climate Change on the United States published in 2008. 
In addition, other peer-reviewed scientific assessments 
were used, including those of the Intergovernmental 
Panel on Climate Change, the U.S. National Assessment 
of the Consequences of Climate Variability and Change, 
the Arctic Climate Impact Assessment, the National 
Research Council’s Transportation Research Board 
report on the Potential Impacts of Climate Change on 
U.S. Transportation, and a variety of regional climate 
impact assessments. These assessments were augmented 
with government statistics as necessary (such as popula-
tion census and energy usage) as well as publicly avail-
able observations and peer-reviewed research published 
through the end of 2008. This new work was carefully 
selected by the author team with advice from expert re-
viewers to update key aspects of climate change science 
relevant to this report. The icons on the bottom of this 
page represent some of the major sources drawn upon 
for this synthesis report.  

On the first page of each major section, the sources 
primarily drawn upon for that section are shown using 
these icons. Endnotes, indicated by superscript numbers 
and compiled at the end of the book, are used for specific 
references throughout the report.

a. The U.S. Global Change Research Program (USGCRP), which was established in 1990 by the Global Change Research Act, encompasses the Climate Change 
Science Program (CCSP).
b. A description of the National Science and Technology Council (NSTC) can be found at www.ostp.gov/cs/nstc.

See page 161 for descriptions of these sources.
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Does this report deal with options for 
responding to climate change?

While the primary focus of this report is on the 
impacts of climate change in the United States, 
it also deals with some of the actions society is 
already taking or can take to respond to the climate 
challenge. Responses to climate change fall into two 
broad categories. The first involves “mitigation” 
measures to reduce climate change by, for example, 
reducing emissions of heat-trapping gases and par-
ticles, or increasing removal of heat-trapping gases 
from the atmosphere. The second involves “adapta-
tion” measures to improve our ability to cope with 
or avoid harmful impacts and take advantage of 
beneficial ones, now and in the future. Both of these 
are necessary elements of an effective response 
strategy. These two types of responses are linked in 
that more effective mitigation measures reduce the 
amount of climate change, and therefore the need 
for adaptation. 

This report underscores the importance of mitiga-
tion by comparing impacts resulting from higher 
versus lower emissions scenarios. The report shows 
that choices made about emissions in the next few 
decades will have far-reaching consequences for 
climate change impacts. Over the long term, lower 
emissions will lessen both the magnitude of climate 
change impacts and the rate at which they appear. 

While the report underscores the importance of 
mitigation as an essential part of the nation’s climate 
change strategy, it does not evaluate mitigation 
technologies or undertake an analysis of the ef-
fectiveness of various approaches. These issues are 
the subject of ongoing studies by the U.S. Govern-
ment’s Climate Change Technology Program and 
several federal agencies including the Department 
of Energy, Environmental Protection Agency, 
National Oceanic and Atmospheric Administration, 
Department of Transportation, and Department of 
Agriculture. The range of mitigation responses be-
ing studied includes more efficient production and 
use of energy, increased use of non-carbon-emitting 
energy sources, and carbon capture and storage.

Adaptation options also have the potential to moder-
ate harmful impacts of current and future climate 
variability and change. While this report does ad-
dress adaptation, it does not do so comprehensively. 

Rather, in the context of impacts, this report identi-
fies examples of actions currently being pursued 
in various sectors and regions to address climate 
change, as well as other environmental problems 
that could be exacerbated by climate change such as 
urban air pollution and heat waves. In most cases, 
there is currently insufficient peer-reviewed infor-
mation to evaluate the practicality, effectiveness, 
costs, or benefits of these measures, highlighting a 
need for research in this area. Thus, the discussion 
of various public and private adaptation examples 
should not be viewed as an endorsement of any 
particular option, but rather as illustrative examples 
of approaches being tried. 

How is the likelihood of various 
outcomes expressed given that the 
future is not certain? 

When it is considered necessary to express a range 
of possible outcomes and identify the likelihood 
of particular impacts, this report takes a plain-
language approach to expressing the expert judg-
ment of the author team based on the best available 
evidence. For example, an outcome termed “likely” 
has at least a two-thirds chance of occurring; an 
outcome termed “very likely,” at least a 90 percent 
chance.1 In using these terms, the Federal Advisory 
Committee has taken into consideration a wide 
range of information, including the strength and 
consistency of the observed evidence, the range and 
consistency of model projections, the reliability of 
particular models as tested by various methods, and 
most importantly, the body of work addressed in 
earlier synthesis and assessment reports. Key sourc-
es of information used to develop these character-
izations of uncertainty are referenced in endnotes. 

How does this report address 
incomplete scientific understanding?

This assessment identifies areas in which scientific 
uncertainty limits our ability to estimate future 
climate change and its impacts. The section on An 
Agenda for Climate Impacts Science at the end of 
this report highlights some of these areas.
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Observations show that warming of the climate is unequivocal. The global 
warming observed over the past 50 years is due primarily to human-induced 
emissions of heat-trapping gases. These emissions come mainly from the 
burning of fossil fuels (coal, oil, and gas), with important contributions from 
the clearing of forests, agricultural practices, and other activities.

Warming over this century is projected to be considerably greater than 
over the last century. The global average temperature since 1900 has risen 
by about 1.5ºF. By 2100, it is projected to rise another 2 to 11.5ºF. The U.S. 
average temperature has risen by a comparable amount and is very likely 
to rise more than the global average over this century, with some variation 
from place to place. Several factors will determine future temperature 
increases. Increases at the lower end of this range are more likely if global 
heat-trapping gas emissions are cut substantially. If emissions continue to 
rise at or near current rates, temperature increases are more likely to be near 
the upper end of the range. Volcanic eruptions or other natural variations 

could temporarily counteract some of the human-induced warming, slowing the rise in global 
temperature, but these effects would only last a few years.

Reducing emissions of carbon dioxide would lessen warming over this century and beyond. Siz-
able early cuts in emissions would significantly reduce the pace and the overall amount of climate 
change. Earlier cuts in emissions would have a greater effect in reducing climate change than com-
parable reductions made later. In addition, reducing emissions of some shorter-lived heat-trapping 
gases, such as methane, and some types of particles, such as soot, would begin to reduce warming 
within weeks to decades. 

Climate-related changes have already been observed globally and in the United States. These 
include increases in air and water temperatures, reduced frost days, increased frequency and inten-
sity of heavy downpours, a rise in sea level, and reduced snow cover, glaciers, permafrost, and sea 
ice. A longer ice-free period on lakes and rivers, lengthening of the growing season, and increased 
water vapor in the atmosphere have also been observed. Over the past 30 years, temperatures have 
risen faster in winter than in any other season, with average winter temperatures in the Midwest 
and northern Great Plains increasing more than 7ºF. Some of the changes have been faster than 
previous assessments had suggested.

These climate-related changes are expected to continue while new ones develop. Likely future 
changes for the United States and surrounding coastal waters include more intense hurricanes with 
related increases in wind, rain, and storm surges (but not necessarily an increase in the number of 
these storms that make landfall), as well as drier conditions in the Southwest and Caribbean. These 
changes will affect human health, water supply, agriculture, coastal areas, and many other aspects 
of society and the natural environment.

This report synthesizes information from a wide variety of scientific assessments (see page 7) and 
recently published research to summarize what is known about the observed and projected conse-
quences of climate change on the United States. It combines analysis of impacts on various sectors 



U.S. Global Change Research Program

10 11

Global Climate Change Impacts in the United States Executive Summary

10 11

Global Climate Change Impacts in the United States Executive Summary

such as energy, water, and transportation at the 
national level with an assessment of key impacts on 
specific regions of the United States. For example, 
sea-level rise will increase risks of erosion, storm 
surge damage, and flooding for coastal communi-
ties, especially in the Southeast and parts of Alaska. 
Reduced snowpack and earlier snow melt will alter 
the timing and amount of water supplies, posing 
significant challenges for water resource manage-
ment in the West.

Society and ecosystems can adjust to some climatic 
changes, but this takes time. The projected rapid 
rate and large amount of climate change over this 
century will challenge the ability of society and 
natural systems to adapt. For example, it is difficult 
and expensive to alter or replace infrastructure 
designed to last for decades (such as buildings, 
bridges, roads, airports, reservoirs, and ports) in re-
sponse to continuous and/or abrupt climate change. 

Impacts are expected to become increasingly severe 
for more people and places as the amount of warm-
ing increases. Rapid rates of warming would lead 
to particularly large impacts on natural ecosystems 
and the benefits they provide to humanity. Some of 
the impacts of climate change will be irreversible, 
such as species extinctions and coastal land lost to 
rising seas. 

Unanticipated impacts of increasing carbon dioxide 
and climate change have already occurred and 
more are possible in the future. For example, it has 
recently been observed that the increase in atmo-
spheric carbon dioxide concentration is causing an 
increase in ocean acidity. This reduces the ability of 
corals and other sea life to build shells and skeletons 
out of calcium carbonate. Additional impacts in the 
future might stem from unforeseen changes in the 
climate system, such as major alterations in oceans, 
ice, or storms; and unexpected consequences of 
ecological changes, such as massive dislocations 
of species or pest outbreaks. Unexpected social or 
economic changes, including major shifts in wealth, 
technology, or societal priorities would also affect 
our ability to respond to climate change. Both 
anticipated and unanticipated impacts become more 
challenging with increased warming.

Projections of future climate change come from 
careful analyses of outputs from global climate 
models run on the world’s most advanced comput-
ers. The model simulations analyzed in this report 
used plausible scenarios of human activity that 
generally lead to further increases in heat-trapping 
emissions. None of the scenarios used in this report 
assumes adoption of policies explicitly designed to 
address climate change. However, the level of emis-
sions varies among scenarios because of differences 
in assumptions about population, economic activity, 
choice of energy technologies, and other factors. 
Scenarios cover a range of emissions of heat-trap-
ping gases, and the associated climate projections 
illustrate that lower emissions result in less climate 
change and thus reduced impacts over this century 
and beyond. Under all scenarios considered in 
this report, however, relatively large and sustained 
changes in many aspects of climate are projected by 
the middle of this century, with even larger changes 
by the end of this century, especially under higher 
emissions scenarios. 

In projecting future conditions, there is always 
some level of uncertainty. For example, there is a 
high degree of confidence in projections that future 
temperature increases will be greatest in the Arctic 
and in the middle of continents. For precipitation, 
there is high confidence in projections of continued 
increases in the Arctic and sub-Arctic (including 
Alaska) and decreases in the regions just outside 
the tropics, but the precise location of the transition 
between these is less certain. At local to regional 
scales and on time frames up to a few years, natural 
climate variations can be relatively large and can 
temporarily mask the progressive nature of global 
climate change. However, the science of making 
skillful projections at these scales has progressed 
considerably, allowing useful information to be 
drawn from regional climate studies such as those 
highlighted in this report. 

This report focuses on observed and projected 
climate change and its impacts on the United States. 
However, a discussion of these issues would be 
incomplete without mentioning some of the actions 
society can take to respond to the climate chal-
lenge. The two major categories are “mitigation” 
and “adaptation.” Mitigation refers to options for 
limiting climate change by, for example, reducing 
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heat-trapping emissions such as carbon dioxide, 
methane, nitrous oxide, and halocarbons, or re-
moving some of the heat-trapping gases from the 
atmosphere. Adaptation refers to changes made 
to better respond to present or future climatic and 
other environmental conditions, thereby reducing 
harm or taking advantage of opportunity. Effective 
mitigation measures reduce the need for adaptation. 
Mitigation and adaptation are both essential parts of 
a comprehensive climate change response strategy. 

Carbon dioxide emissions are a primary focus of 
mitigation strategies. These include improving 
energy efficiency, using energy sources that do not 
produce carbon dioxide or produce less of it, captur-
ing and storing carbon dioxide from fossil fuel use, 
and so on. Choices made about emissions reductions 
now and over the next few decades will have far-
reaching consequences for climate-change impacts. 
The importance of mitigation is clear in compari-
sons of impacts resulting from higher versus lower 
emissions scenarios considered in this report. Over 
the long term, lower emissions will lessen both the 
magnitude of climate-change impacts and the rate 
at which they appear. Smaller climate changes that 
come more slowly make the adaptation challenge 
more tractable.

However, no matter how aggressively heat-trapping 
emissions are reduced, some amount of climate 
change and resulting impacts will continue due to 
the effects of gases that have already been released. 
This is true for several reasons. First, some of these 
gases are very long-lived and the levels of atmo-
spheric heat-trapping gases will remain elevated for 
hundreds of years or more. Second, the Earth’s vast 
oceans have absorbed much of the heat added to the 
climate system due to the increase in heat-trapping 
gases, and will retain that heat for many decades. 
In addition, the factors that determine emissions, 
such as energy-supply systems, cannot be changed 
overnight. Consequently, there is also a need  
for adaptation. 

Adaptation can include a wide range of activities. 
Examples include a farmer switching to growing 
a different crop variety better suited to warmer or 
drier conditions; a company relocating key busi-
ness centers away from coastal areas vulnerable 
to sea-level rise and hurricanes; and a community 

altering its zoning and building codes to place fewer 
structures in harm’s way and making buildings 
less vulnerable to damage from floods, fires, and 
other extreme events. Some adaptation options that 
are currently being pursued in various regions and 
sectors to deal with climate change and/or other 
environmental issues are identified in this report. 
However, it is clear that there are limits to how 
much adaptation can achieve.

Humans have adapted to changing climatic condi-
tions in the past, but in the future, adaptations will 
be particularly challenging because society won’t be 
adapting to a new steady state but rather to a rapidly 
moving target. Climate will be continually chang-
ing, moving at a relatively rapid rate, outside the 
range to which society has adapted in the past. The 
precise amounts and timing of these changes will 
not be known with certainty. 

In an increasingly interdependent world, U.S. 
vulnerability to climate change is linked to the fates 
of other nations. For example, conflicts or mass 
migrations of people resulting from food scarcity 
and other resource limits, health impacts, or envi-
ronmental stresses in other parts of the world could 
threaten U.S. national security. It is thus difficult to 
fully evaluate the impacts of climate change on the 
United States without considering the consequences 
of climate change elsewhere. However, such analy-
sis is beyond the scope of this report.

Finally, this report identifies a number of areas in 
which inadequate information or understanding 
hampers our ability to estimate future climate 
change and its impacts. For example, our knowl-
edge of changes in tornadoes, hail, and ice storms 
is quite limited, making it difficult to know if 
and how such events have changed as climate has 
warmed, and how they might change in the future. 
Research on ecological responses to climate change 
is also limited, as is our understanding of social 
responses. The section titled An Agenda for Climate 
Impacts Science at the end of this report offers some 
thoughts on the most important ways to improve our 
knowledge. Results from such efforts would inform 
future assessments that continue building our 
understanding of humanity’s impacts on climate, 
and climate’s impacts on us.



U.S. Global Change Research Program

12 PB

Global Climate Change Impacts in the United States Executive Summary

1. Global warming is unequivocal and primarily human-induced.
Global temperature has increased over the past 50 years. This observed increase is due primarily to human-
induced emissions of heat-trapping gases. (p. 13)

2. Climate changes are underway in the United States and are projected to grow.
Climate-related changes are already observed in the United States and its coastal waters. These include increases 
in heavy downpours, rising temperature and sea level, rapidly retreating glaciers, thawing permafrost, lengthening 
growing seasons, lengthening ice-free seasons in the ocean and on lakes and rivers, earlier snowmelt, and  
alterations in river flows. These changes are projected to grow. (p. 27)

3. Widespread climate-related impacts are occurring now and are expected to increase.
Climate changes are already affecting water, energy, transportation, agriculture, ecosystems, and health. These 
impacts are different from region to region and will grow under projected climate change. (p. 41-106, 107-152)

4. Climate change will stress water resources.
Water is an issue in every region, but the nature of the potential impacts varies. Drought, related to reduced 
precipitation, increased evaporation, and increased water loss from plants, is an important issue in many regions, 
especially in the West. Floods and water quality problems are likely to be amplified by climate change in most 
regions. Declines in mountain snowpack are important in the West and Alaska where snowpack provides vital 
natural water storage. (p. 41, 129, 135, 139)

5. Crop and livestock production will be increasingly challenged.
Many crops show positive responses to elevated carbon dioxide and low levels of warming, but higher levels of 
warming often negatively affect growth and yields. Increased pests, water stress, diseases, and weather extremes 
will pose adaptation challenges for crop and livestock production. (p. 71)

6. Coastal areas are at increasing risk from sea-level rise and storm surge.
Sea-level rise and storm surge place many U.S. coastal areas at increasing risk of erosion and flooding, especially 
along the Atlantic and Gulf Coasts, Pacific Islands, and parts of Alaska. Energy and transportation infrastructure 
and other property in coastal areas are very likely to be adversely affected. (p. 111, 139, 145, 149)

7. Risks to human health will increase.
Harmful health impacts of climate change are related to increasing heat stress, waterborne diseases, poor air qual-
ity, extreme weather events, and diseases transmitted by insects and rodents. Reduced cold stress provides some 
benefits. Robust public health infrastructure can reduce the potential for negative impacts. (p. 89)

8. Climate change will interact with many social and environmental stresses.
Climate change will combine with pollution, population growth, overuse of resources, urbanization, and other 
social, economic, and environmental stresses to create larger impacts than from any of these factors alone. (p. 99)

9. Thresholds will be crossed, leading to large changes in climate and ecosystems.
There are a variety of thresholds in the climate system and ecosystems. These thresholds determine, for example, 
the presence of sea ice and permafrost, and the survival of species, from fish to insect pests, with implications for 
society. With further climate change, the crossing of additional thresholds is expected. (p. 76, 82, 115, 137, 142) 

10. Future climate change and its impacts depend on choices made today.
The amount and rate of future climate change depend primarily on current and future human-caused emissions 
of heat-trapping gases and airborne particles. Responses involve reducing emissions to limit future warming, and 
adapting to the changes that are unavoidable. (p. 25, 29) 

Key Findings
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Key Messages:
Human activities have led to large increases in heat-trapping gases over the • 
past century.
Global average temperature and sea level have increased, and precipitation • 
patterns have changed.
The global warming of the past 50 years is due primarily to human-induced • 
increases in heat-trapping gases. Human “fingerprints” also have been 
identified in many other aspects of the climate system, including changes in 
ocean heat content, precipitation, atmospheric moisture, and Arctic sea ice.  
Global temperatures are projected to continue to rise over this century; by • 
how much and for how long depends on a number of factors, including the 
amount of heat-trapping gas emissions and how sensitive the climate is to 
those emissions.

Global Climate Change Impacts in the United States Global Climate Change

This introduction to global climate 
change explains very briefly what has 
been happening to the world’s climate 
and why, and what is projected to 
happen in the future. While this report 
focuses on climate change impacts in 
the United States, understanding these 
changes and their impacts requires  
an understanding of the global  
climate system. 

Many changes have been observed in 
global climate over the past century. 
The nature and causes of these changes 
have been comprehensively chronicled 
in a variety of recent reports, such as 
those by the Intergovernmental Panel 
on Climate Change (IPCC) and the 
U.S. Climate Change Science Program 
(CCSP). This section does not intend to 
duplicate these comprehensive efforts, 
but rather to provide a brief synthesis, 
and to integrate more recent work with 
the assessments of the IPCC, CCSP, 
and others. 

Key Sources

800,000 Year Record of Carbon Dioxide Concentration

Lüthi et al.; Tans; IIASA2

Analysis of air bubbles trapped in an Antarctic ice core extending back 800,000 years 
documents the Earth’s changing carbon dioxide concentration. Over this long period, 
natural factors have caused the atmospheric carbon dioxide concentration to vary 
within a range of about 170 to 300 parts per million (ppm). Temperature-related data 
make clear that these variations have played a central role in determining the global 
climate. As a result of human activities, the present carbon dioxide concentration of 
about 385 ppm is about 30 percent above its highest level over at least the last 800,000 
years. In the absence of strong control measures, emissions projected for this century 
would result in the carbon dioxide concentration increasing to a level that is roughly 
2 to 3 times the highest level occurring over the glacial-interglacial era that spans the 
last 800,000 or more years.
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Human activities have led to large 
increases in heat-trapping gases over 
the past century. 

The Earth’s climate depends on the functioning of a 
natural “greenhouse effect.” This effect is the result 
of heat-trapping gases (also known as greenhouse 
gases) like water vapor, carbon dioxide, ozone, 
methane, and nitrous oxide, which absorb heat radi-
ated from the Earth’s surface and lower atmosphere 
and then radiate much of the energy back toward 
the surface. Without this natural greenhouse effect, 
the average surface temperature of the Earth would 
be about 60°F colder. However, human activities 
have been releasing additional heat-trapping gases, 
intensifying the natural greenhouse effect, thereby 
changing the Earth’s climate.

Climate is influenced by a variety of factors, both 
human-induced and natural. The increase in the 
carbon dioxide concentration has been the principal 
factor causing warming over the past 50 years. Its 
concentration has been building up in the Earth’s 
atmosphere since the beginning of the industrial 
era in the mid-1700s, primarily due to the burn-
ing of fossil fuels (coal, oil, and natural gas) and 
the clearing of forests. Human activities have also 
increased the emissions of other greenhouse gases, 
such as methane, nitrous oxide, and halocarbons.3 

These emissions are thickening the blanket of 
heat-trapping gases in Earth’s atmosphere, causing 
surface temperatures to rise.

Heat-trapping gases
Carbon dioxide concentration has increased due 
to the use of fossil fuels in electricity generation, 
transportation, and industrial and household uses. 
It is also produced as a by-product during the 
manufacturing of cement. Deforestation provides a 
source of carbon dioxide and reduces its uptake by 
trees and other plants. Globally, over the past sev-
eral decades, about 80 percent of human-induced 
carbon dioxide emissions came from the burning 
of fossil fuels, while about 20 percent resulted from 
deforestation and associated agricultural practices. 
The concentration of carbon dioxide in the atmo-
sphere has increased by roughly 35 percent since 
the start of the industrial revolution.3

Methane concentration has increased mainly as 
a result of agriculture; raising livestock (which 
produce methane in their digestive tracts); mining, 
transportation, and use of certain fossil fuels; sew-
age; and decomposing garbage in landfills. About 
70 percent of the emissions of atmospheric methane 
are now related to human activities.4 

Nitrous oxide concentration is increasing as a re-
sult of fertilizer use and fossil fuel burning. 

Halocarbon emissions come from the 
release of certain manufactured chemi-
cals to the atmosphere. Examples include 
chlorofluorocarbons (CFCs), which were 
used extensively in refrigeration and for 
other industrial processes before their pres-
ence in the atmosphere was found to cause 
stratospheric ozone depletion. The abun-
dance of these gases in the atmosphere is 
now decreasing as a result of international 
regulations designed to protect the ozone 
layer. Continued decreases in ozone-deplet-
ing halocarbon emissions are expected to 
reduce their relative influence on climate 
change in the future.3,5 Many halocarbon 
replacements, however, are potent green-
house gases, and their concentrations  
are increasing.6 

Increases in concentrations of these gases since 1750 are due to human activities 
in the industrial era. Concentration units are parts per million (ppm) or parts per 
billion (ppb), indicating the number of molecules of the greenhouse gas per million 
or billion molecules of air.

Forster et al.3;Blasing7

2,000 Years of Greenhouse Gas Concentrations
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Another type of aerosol, often referred to as soot 
or black carbon, absorbs incoming sunlight and 
traps heat in the atmosphere. Thus, depending on 
their type, aerosols can either mask or increase the 
warming caused by increased levels of greenhouse 
gases.13 On a globally averaged basis, the sum of 
these aerosol effects offsets some of the warming 
caused by heat-trapping gases.10 

The effects of various greenhouse gases and 
aerosol particles on Earth’s climate depend in part 
on how long these gases and particles remain in 
the atmosphere. After emission, the atmospheric 
concentration of carbon dioxide remains elevated 
for thousands of years, and that of methane for 
decades, while the elevated concentrations of aero-
sols only persist for days to weeks.11,12 The climate 
effects of reductions in emissions of carbon dioxide 
and other long-lived gases do not become apparent 
for at least several decades. In contrast, reductions 
in emissions of short-lived compounds can have a 
rapid, but complex effect since the geographic pat-
terns of their climatic influence and the resulting 
surface temperature responses are quite different. 
One modeling study found that while the greatest 
emissions of short-lived pollutants in summertime 
by late this century are projected to come from 
Asia, the strongest climate response is projected to 
be over the central United States.13 

Human activities have also changed the land sur-
face in ways that alter how much heat is reflected 
or absorbed by the surface. Such changes include 
the cutting and burning of forests, the replacement 
of other areas of natural vegetation with agricul-
ture and cities, and large-scale irrigation. These 
transformations of the land surface can cause local 
(and even regional) warming or cooling. Globally, 
the net effect of these changes has probably been a 
slight cooling of the Earth’s surface over the past 
100 years.14,15 

Natural influences
Two important natural factors also influence cli-
mate: the Sun and volcanic eruptions. Over the past 
three decades, human influences on climate have 
become increasingly obvious, and global tempera-
tures have risen sharply. During the same period, 
the Sun’s energy output (as measured by satellites 
since 1979) has followed its historical 11-year cycle 

Ozone is a greenhouse gas, and is continually pro-
duced and destroyed in the atmosphere by chemical 
reactions. In the troposphere, the lowest 5 to 10 
miles of the atmosphere near the surface, human 
activities have increased the ozone concentration 
through the release of gases such as carbon mon-
oxide, hydrocarbons, and nitrogen oxides. These 
gases undergo chemical reactions to produce ozone 
in the presence of sunlight. In addition to trapping 
heat, excess ozone in the troposphere causes respi-
ratory illnesses and other human health problems. 

In the stratosphere, the layer above the troposphere, 
ozone exists naturally and protects life on Earth 
from exposure to excessive ultraviolet radiation 
from the Sun. As mentioned previously, halocar-
bons released by human activities destroy ozone 
in the stratosphere and have caused the ozone hole 
over Antarctica.8 Changes in the stratospheric 
ozone layer have contributed to changes in wind 
patterns and regional climates in Antarctica.9

Water vapor is the most important and abundant 
greenhouse gas in the atmosphere. Human activi-
ties produce only a very small increase in water  
vapor through irrigation and combustion process-
es.3 However, the surface warming caused by hu-
man-produced increases in other greenhouse gases 
leads to an increase in atmospheric water vapor, 
since a warmer climate increases evaporation and 
allows the atmosphere to hold more moisture. This 
creates an amplifying “feedback loop,” leading to 
more warming.

Other human influences
In addition to the global-scale climate effects of 
heat-trapping gases, human activities also produce 
additional local and regional effects. Some of these 
activities partially offset the warming caused by 
greenhouse gases, while others increase the warm-
ing. One such influence on climate is caused by 
tiny particles called “aerosols” (not to be confused 
with aerosol spray cans). For example, the burning 
of coal produces emissions of sulfur-containing 
compounds. These compounds form “sulfate aero-
sol” particles, which reflect some of the incoming 
sunlight away from the Earth, causing a cooling 
influence at the surface. Sulfate aerosols also tend 
to make clouds more efficient at reflecting sun-
light, causing an additional indirect cooling effect. 
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of small ups and downs, but with no net increase 
(see figure page 20).16 The two major volcanic erup-
tions of the past 30 years have had short-term cool-
ing effects on climate, lasting 2 to 3 years.17 Thus, 
these natural factors cannot explain the warming of 
recent decades; in fact, their net effect on climate 
has probably been a slight cooling influence over 
this period. Slow changes in Earth’s orbit around 
the Sun and its tilt toward or away from the Sun 
are also a purely natural influence on climate, but 
are only important on timescales from thousands to 
many tens of thousands of years.

The climate changes that have occurred over the 
last century are not solely caused by the human and 
natural factors described above. In addition to these 

influences, there are also fluctuations in climate 
that occur even in the absence of changes in human 
activities, the Sun, or volcanoes. One example is 
the El Niño phenomenon, which has important 
influences on many aspects of regional and global 
climate. Many other modes of variability have been 
identified by climate scientists and their effects 
on climate occur at the same time as the effects of 
human activities, the Sun, and volcanoes.

Carbon release and uptake 
Once carbon dioxide is emitted to the atmosphere, 
some of it is absorbed by the oceans and taken up 
by vegetation, although this storage may be tempo-
rary. About 45 percent of the carbon dioxide emit-
ted by human activities in the last 50 years is now 

stored in the oceans and vegetation. The 
rest has remained in the air, increasing 
the atmospheric concentration.2,3,18 It is 
thus important to understand not only 
how much carbon dioxide is emitted, 
but also how much is taken up, over 
what time scales, and how these sources 
and “sinks” of carbon dioxide might 
change as climate continues to warm. 
For example, it is known from long 
records of Earth’s climate history that 
under warmer conditions, carbon tends 
to be released, for instance, from thaw-
ing permafrost, initiating a feedback 
loop in which more carbon release leads 
to more warming which leads to further 
release, and so on.19,20 

Global emissions of carbon dioxide 
have been accelerating. The growth rate 
increased from 1.3 percent per year in 
the 1990s to 3.3 percent per year be-
tween 2000 and 2006.21 The increasing 
emissions of carbon dioxide are the pri-
mary cause of the increased concentra-
tion of carbon dioxide observed in the 
atmosphere. There is also evidence that 
a smaller fraction of the annual human-
induced emissions is now being taken 
up than in the past, leading to a greater 
fraction remaining in the atmosphere 
and an accelerating rate of increase in 
the carbon dioxide concentration.21 

Major Warming and Cooling Influences on Climate  
1750-2005

The figure above shows the amount of warming influence (red bars) or cooling influence 
(blue bars) that different factors have had on Earth’s climate over the industrial age 
(from about 1750 to the present). Results are in watts per square meter. The longer the 
bar, the greater the influence on climate. The top part of the box includes all the major 
human-induced factors, while the second part of the box includes the Sun, the only 
major natural factor with a long-term effect on climate. The cooling effect of individual 
volcanoes is also natural, but is relatively short-lived (2 to 3 years), thus their influence 
is not included in this figure. The bottom part of the box shows that the total net effect 
(warming influences minus cooling influences) of human activities is a strong warming 
influence. The thin lines on each bar provide an estimate of the range of uncertainty.

Forster et al.3
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Ocean acidification
As the ocean absorbs carbon dioxide from the 
atmosphere, seawater is becoming less alkaline 
(its pH is decreasing) through a process gener-
ally referred to as ocean acidification. The pH of 
seawater has decreased significantly since 1750,22,23 
and is projected to drop much more dramatically by 
the end of the century if carbon dioxide concentra-
tions continue to increase.24 Such ocean acidifica-
tion is essentially irreversible over a time scale of 
centuries. As discussed in the Ecosystems sector 
and Coasts region, ocean acidification affects the 
process of calcification by which living things cre-
ate shells and skeletons, with substantial negative 
consequences for coral reefs, mollusks, and some 
plankton species important to ocean food chains.25 

Global average temperature and sea 
level have increased, and precipitation 
patterns have changed. 

Temperatures are rising 
Global average surface air temperature has in-
creased substantially since 1970.26 The estimated 
change in the average temperature of Earth’s 
surface is based on measurements from thousands 
of weather stations, ships, and buoys around the 
world, as well as from satellites. These measure-
ments are independently compiled, analyzed, and 
processed by different research groups. There are a 
number of important steps in the data processing. 
These include identifying and adjusting for the ef-
fects of changes in the instruments used to measure 
temperature, the measurement times and loca-
tions, the local environment around the measuring 
site, and such factors as satellite orbital drift. For 
instance, the growth of cities can cause localized 
“urban heat island” effects. 

A number of research groups around the world 
have produced estimates of global-scale changes 
in surface temperature. The warming trend that is 
apparent in all of these temperature records is con-
firmed by other independent observations, such as 
the melting of Arctic sea ice, the retreat of moun-
tain glaciers on every continent,27 reductions in the 
extent of snow cover, earlier blooming of plants 
in spring, and increased melting of the Greenland 
and Antarctic ice sheets.28,29 Because snow and ice 

reflect the Sun’s heat, this melting causes more heat 
to be absorbed, which causes more melting, result-
ing in another feedback loop.20

Additionally, temperature measurements above the 
surface have been made by weather balloons since 
the late 1940s, and from satellites since 1979. These 
measurements show warming of the troposphere, 
consistent with the surface warming.30,31 They also 
reveal cooling in the stratosphere.30 This pattern 
of tropospheric warming and stratospheric cooling 
agrees with our understanding of how atmospheric 
temperature would be expected to change in re-
sponse to increasing greenhouse gas concentrations 
and the observed depletion of stratospheric ozone.14

Precipitation patterns are changing
Precipitation is not distributed evenly over the 
globe. Its average distribution is governed primarily 
by atmospheric circulation patterns, the availability 
of moisture, and surface terrain effects. The first 
two of these factors are influenced by temperature. 
Thus, human-caused changes in temperature are 
expected to alter precipitation patterns.

Global annual average temperature (as measured over both land 
and oceans). Red bars indicate temperatures above and blue bars 
indicate temperatures below the average temperature for the period 
1901-2000. The black line shows atmospheric carbon dioxide (CO2) 
concentration in parts per million (ppm). While there is a clear long-
term global warming trend, each individual year does not show a 
temperature increase relative to the previous year, and some years 
show greater changes than others.33 These year-to-year fluctuations 
in temperature are due to natural processes, such as the effects of 
El Niños, La Niñas, and the eruption of large volcanoes.

NOAA/NCDC32

Global Temperature and Carbon Dioxide
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Observations show that such shifts are occur-
ring. Changes have been observed in the amount, 
intensity, frequency, and type of precipitation. 
Pronounced increases in precipitation over the past 
100 years have been observed in eastern North 
America, southern South America, and northern 
Europe. Decreases have been seen in the Mediter-
ranean, most of Africa, and southern Asia. Changes 
in the geographical distribution of droughts and 
flooding have been complex. In some regions, there 
have been increases in the occurrences of both 
droughts and floods.28 As the world warms, north-
ern regions and mountainous areas are experienc-
ing more precipitation falling as rain rather than 
snow.34 Widespread increases in heavy precipitation 
events have occurred, even in places where total 
rain amounts have decreased. These changes are 
associated with the fact that warmer air holds more 
water vapor evaporating from the world’s oceans 
and land surface.31 This increase in atmospheric 
water vapor has been observed from satellites, and 
is primarily due to human influences.35,36 

Sea level is rising
After at least 2,000 years of little change, sea level 
rose by roughly 8 inches over the past century. 
Satellite data available over the past 15 years show 
sea level rising at a rate roughly double the rate 
observed over the past century.37 

There are two principal ways in which 
global warming causes sea level to 
rise. First, ocean water expands as it 
warms, and therefore takes up more 
space. Warming has been observed in 
each of the world’s major ocean basins, 
and has been directly linked to human 
influences.38,39 

Second, warming leads to the melting 
of glaciers and ice sheets, which raises 
sea level by adding water to the oceans. 
Glaciers have been retreating worldwide 
for at least the last century, and the 
rate of retreat has increased in the past 
decade.29,40 Only a few glaciers are actu-
ally advancing (in locations that were 

well below freezing, and where increased precipi-
tation has outpaced melting). The total volume of 
glaciers on Earth is declining sharply. The progres-
sive disappearance of glaciers has implications not 
only for the rise in global sea level, but also for 
water supplies in certain densely populated regions 
of Asia and South America.

The Earth has major ice sheets on Greenland and 
Antarctica. These ice sheets are currently losing 
ice volume by increased melting and calving of 
icebergs, contributing to sea-level rise. The Green-
land Ice Sheet has also been experiencing record 
amounts of surface melting, and a large increase in 
the rate of mass loss in the past decade.41 If the en-
tire Greenland Ice Sheet melted, it would raise sea 
level by about 20 feet. The Antarctic Ice Sheet con-
sists of two portions, the West Antarctic Ice Sheet 
and the East Antarctic Ice Sheet. The West Antarc-
tic Ice Sheet, the more vulnerable to melting of the 
two, contains enough water to raise global sea lev-
els by about 16 to 20 feet.29 If the East Antarctic Ice 
Sheet melted entirely, it would raise global sea level 
by about 200 feet. Complete melting of these ice 
sheets over this century or the next is thought to be 
virtually impossible, although past climate records 
provide precedent for very significant decreases in 
ice volume, and therefore increases in sea level.42,43 

As temperatures have risen, glaciers around the world have shrunk. The graph 
shows the cumulative decline in glacier ice worldwide. 

Cumulative Decrease in Global Glacier Ice

Meier et al.27
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The third line of evidence is based on the broad, 
qualitative consistency between observed changes 
in climate and the computer model simulations 
of how climate would be expected to change in 
response to human activities. For example, when 
climate models are run with historical increases 
in greenhouse gases, they show gradual warming 
of the Earth and ocean surface, increases in ocean 
heat content and the temperature of the lower atmo-
sphere, a rise in global sea level, retreat of  
sea ice and snow cover, cooling of the stratosphere, 
an increase in the amount of atmospheric water 
vapor, and changes in large-scale precipitation and 
pressure patterns. These and other aspects  
of modeled climate change are in agreement  
with observations.14,49 

Finally, there is extensive statistical evidence 
from so-called “fingerprint” studies. Each fac-
tor that affects climate produces a unique pattern 
of climate response, much as each person has a 
unique fingerprint. Fingerprint studies exploit these 
unique signatures, and allow detailed comparisons 
of modeled and observed climate change patterns.44 
Scientists rely on such studies to attribute observed 
changes in climate to a particular cause or set of 
causes. In the real world, the climate changes that 
have occurred since the start of the Industrial Revo-
lution are due to a complex mixture of human and 
natural causes. The importance of each individual 
influence in this mixture changes over time. Of 
course, there are not multiple Earths, which would 
allow an experimenter to change one factor at a 
time on each Earth, thus helping to isolate different 
fingerprints. Therefore, climate models are used 
to study how individual factors affect climate. For 
example, a single factor (like greenhouse gases) or 
a set of factors can be varied, and the response of 
the modeled climate system to these individual or 
combined changes can thus be studied.50 

For example, when climate model simulations of 
the last century include all of the major influences 
on climate, both human-induced and natural, they 
can reproduce many important features of observed 
climate change patterns. When human influences 
are removed from the model experiments, results 
suggest that the surface of the Earth would actu-
ally have cooled slightly over the last 50 years. The 
clear message from fingerprint studies is that the 

The global warming of the past 50 years 
is due primarily to human-induced 
increases in heat-trapping gases. Human 
“fingerprints” also have been identified 
in many other aspects of the climate 
system, including changes in ocean heat 
content, precipitation, atmospheric 
moisture, and Arctic sea ice.

In 1996, the IPCC Second Assessment Report44 
cautiously concluded that “the balance of evi-
dence suggests a discernible human influence on 
global climate.” Since then, a number of national 
and international assessments have come to much 
stronger conclusions about the reality of human 
effects on climate. Recent scientific assessments 
find that most of the warming of the Earth’s surface 
over the past 50 years has been caused by human 
activities.45,46 

This conclusion rests on multiple lines of evi-
dence. Like the warming “signal” that has gradu-
ally emerged from the “noise” of natural climate 
variability, the scientific evidence for a human 
influence on global climate has accumulated over 
the past several decades, from many hundreds of 
studies. No single study is a “smoking gun.” Nor 
has any single study or combination of studies 
undermined the large body of evidence supporting 
the conclusion that human activity is the primary 
driver of recent warming.  

The first line of evidence is our basic physical 
understanding of how greenhouse gases trap heat, 
how the climate system responds to increases in 
greenhouse gases, and how other human and natu-
ral factors influence climate. The second line of ev-
idence is from indirect estimates of climate changes 
over the last 1,000 to 2,000 years. These records are 
obtained from living things and their remains (like 
tree rings and corals) and from physical quantities 
(like the ratio between lighter and heavier isotopes 
of oxygen in ice cores) which change in measurable 
ways as climate changes. The lesson from these 
data is that global surface temperatures over the 
last several decades are clearly unusual, in that they 
were higher than at any time during at least the 
past 400 years.47 For the Northern Hemisphere, the 
recent temperature rise is clearly unusual in at least 
the last 1,000 years.47,48 
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observed warming over the last half-century can-
not be explained by natural factors, and is instead 
caused primarily by human factors.14,50 

Another fingerprint of human effects on 
climate has been identified by looking at a 
slice through the layers of the atmosphere, and 
studying the pattern of temperature changes 
from the surface up through the stratosphere. 
In all climate models, increases in carbon di-
oxide cause warming at the surface and in the 
troposphere, but lead to cooling of the strato-
sphere. For straightforward physical reasons, 
models also calculate that the human-caused 
depletion of stratospheric ozone has had a 
strong cooling effect in the stratosphere. There 
is a good match between the model fingerprint 
in response to combined carbon dioxide and 
ozone changes and the observed pattern of tro-
pospheric warming and stratospheric cooling 
(see figure on next page).14 

In contrast, if most of the observed tempera-
ture change had been due to an increase in 
solar output rather than an increase in green-
house gases, Earth’s atmosphere would have 
warmed throughout its full vertical extent, 
including the stratosphere.9 The observed pat-

tern of atmospheric temperature changes, with its 
pronounced cooling in the stratosphere, is therefore 
inconsistent with the hypothesis that changes in the 
Sun can explain the warming of recent decades. 
Moreover, direct satellite measurements of solar 
output show slight decreases during the recent 
period of warming. 

The earliest fingerprint work51 focused on changes 
in surface and atmospheric temperature. Scientists 
then applied fingerprint methods to a whole range 
of climate variables,50,52 identifying human-caused 
climate signals in the heat content of the oceans,38,39 
the height of the tropopause53 (the boundary be-
tween the troposphere and stratosphere, which has 
shifted upward by hundreds of feet in recent de-
cades), the geographical patterns of precipitation,54 
drought,55 surface pressure,56 and the runoff from 
major river basins.57 

Studies published after the appearance of the 
IPCC Fourth Assessment Report in 2007 have also 
found human fingerprints in the increased levels of 
atmospheric moisture35,36 (both close to the surface 
and over the full extent of the atmosphere), in the 

The blue band shows how global average temperatures would 
have changed due to natural forces only, as simulated by climate 
models. The red band shows model projections of the effects 
of human and natural forces combined. The black line shows 
actual observed global average temperatures. As the blue band 
indicates, without human influences, temperature over the 
past century would actually have first warmed and then cooled 
slightly over recent decades.58 

Separating Human and
Natural Influences on Climate

Hegerl et al.49

The Sun’s energy received at the top of Earth’s atmosphere has 
been measured by satellites since 1978. It has followed its natural 
11-year cycle of small ups and downs, but with no net increase 
(bottom). Over the same period, global temperature has risen 
markedly (top).60 

Measurements of Surface Temperature  
and Sun’s Energy

NOAA/NCDC; Frölich and Lean; Willson and Mordvinov; Dewitte et al.59
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decline of Arctic sea ice extent,61 and in the  
patterns of changes in Arctic and Antarctic  
surface temperatures.62 

The message from this entire body of work is that 
the climate system is telling a consistent story 
of increasingly dominant human influence – the 
changes in temperature, ice extent, moisture, and 
circulation patterns fit together in a physically con-
sistent way, like pieces in a complex puzzle. 

Increasingly, this type of fingerprint work is shift-
ing its emphasis. As noted, clear and compelling 
scientific evidence supports the case for a pro-
nounced human influence 
on global climate. Much 
of the recent attention is 
now on climate changes at 
continental and regional 
scales,64,65 and on variables 
that can have large impacts 
on societies. For example, 
scientists have established 
causal links between human 
activities and the changes in 
snowpack, maximum and 
minimum temperature, and 
the seasonal timing of runoff 
over mountainous regions of 
the western United States.34 
Human activity is likely 
to have made a substantial 
contribution to ocean surface 
temperature changes in hur-
ricane formation regions.66-68 
Researchers are also looking 
beyond the physical climate 
system, and are begin-
ning to tie changes in the 
distribution and seasonal 
behavior of plant and animal 
species to human-caused 
changes in temperature and 
precipitation.69,70 

For over a decade, one aspect 
of the climate change story 
seemed to show a signifi-
cant difference between 
models and observations.14 

In the tropics, all models predicted that with a rise in 
greenhouse gases, the troposphere would be expected 
to warm more rapidly than the surface. Observa-
tions from weather balloons, satellites, and surface 
thermometers seemed to show the opposite behavior 
(more rapid warming of the surface than the tropo-
sphere). This issue was a stumbling block in our un-
derstanding of the causes of climate change. It is now 
largely resolved.71 Research showed that there were 
large uncertainties in the satellite and weather balloon 
data. When uncertainties in models and observations 
are properly accounted for, newer observational data 
sets (with better treatment of known problems) are in 
agreement with climate model results.31,72-75 

Climate simulations of the vertical profile of temperature change due to various factors, and the effect 
due to all factors taken together. The panels above represent a cross-section of the atmosphere from 
the north pole to the south pole, and from the surface up into the stratosphere. The black lines show 
the location of the tropopause, the boundary between the lower atmosphere (troposphere) and the 
stratosphere. 

Patterns of Temperature Change
Produced by Various Atmospheric Factors, 1958-1999

Modified from CCSP SAP 1.163   
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This does not mean, however, that all remain-
ing differences between models and observations 
have been resolved. The observed changes in some 
climate variables, such as Arctic sea ice,61,76 some 
aspects of precipitation,54,77 and patterns of surface 
pressure,56 appear to be proceeding much more 
rapidly than models have projected. The reasons for 
these differences are not well understood. Never-
theless, the bottom-line conclusion from climate 
fingerprinting is that most of the observed changes 
studied to date are consistent with each other, and 
are also consistent with our scientific understand-
ing of how the climate system would be expected 
to respond to the increase in heat-trapping gases 
resulting from human activities.14,49

Scientists are sometimes asked whether extreme 
weather events can be linked to human activities.24 
Scientific research has concluded that human influ-
ences on climate are indeed changing the likelihood 
of certain types of extreme events. For example, 
an analysis of the European summer heat wave of 
2003 found that the risk of such a heat wave is now 
roughly four times greater than it would  
have been in the absence of human-induced  
climate change.68,78 

Like fingerprint work, such analyses of human-
caused changes in the risks of extreme events rely 
on information from climate models, and on our 
understanding of the physics of the climate system. 
All of the models used in this work have imperfec-
tions in their representation of the complexities of 
the “real world” climate system.79,80 These are due 
to both limits in our understanding of the climate 
system, and in our ability to represent its com-
plex behavior with available computer resources. 
Despite this, models are extremely useful, for a 
number of reasons. 

First, despite remaining imperfections, the current 
generation of climate models accurately portrays 
many important aspects of today’s weather pat-
terns and climate.79,80 Models are constantly being 
improved, and are routinely tested against many 
observations of Earth’s climate system. Second, 
the fingerprint work shows that models capture not 
only our present-day climate, but also key features 
of the observed climate changes over the past cen-
tury.47 Third, many of the large-scale observed cli-

mate changes (such as the warming of the surface 
and troposphere, and the increase in the amount 
of moisture in the atmosphere) are driven by very 
basic physics, which is well-represented in mod-
els.35 Fourth, climate models can be used to predict 
changes in climate that can be verified in the real 
world. Examples include the short-term global 
cooling subsequent to the eruption of Mount Pi-
natubo and the stratospheric cooling with increas-
ing carbon dioxide. Finally, models are the only 
tools that exist for trying to understand the climate 
changes likely to be experienced over the course of 
this century. No period in Earth’s geological history 
provides an exact analogue for the climate condi-
tions that will unfold in the coming decades.20 

Global temperatures are projected to 
continue to rise over this century; by 
how much and for how long depends 
on a number of factors, including the 
amount of heat-trapping gas emissions 
and how sensitive the climate is to  
those emissions.

Some continued warming of the planet is projected  
over the next few decades due to past emissions. 
Choices made now will influence the amount of fu-
ture warming. Lower levels of heat-trapping emis-
sions will yield less future warming, while higher 
levels will result in more warming, and more severe 
impacts on society and the natural world.

Emissions scenarios
The IPCC developed a set of scenarios in a Special 
Report on Emissions Scenarios (SRES).81 These 
have been extensively used to explore the potential 
for future climate change. None of these scenarios, 
not even the one called “lower”, includes imple-
mentation of policies to limit climate change or 
to stabilize atmospheric concentrations of heat-
trapping gases. Rather, differences among these 
scenarios are due to different assumptions about 
changes in population, rate of adoption of new 
technologies, economic growth, and other factors. 

The IPCC emission scenarios also do not encom-
pass the full range of possible futures: emissions 
can change less than those scenarios imply, or they 
can change more. Recent carbon dioxide emissions 
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are, in fact, above the highest emissions scenario 
developed by the IPCC82 (see figure below). Wheth-
er this will continue is uncertain.

There are also lower possible emissions paths than 
those put forth by the IPCC. The Framework Con-
vention on Climate Change, to which the United 
States and 191 other countries are signatories, 
calls for stabilizing concentrations of greenhouse 
gases in the atmosphere at a level that would avoid 
dangerous human interference with the climate 
system. What exactly constitutes such interference 
is subject to interpretation. 

A variety of research studies suggest that a further 
2°F increase (relative to the 1980-1999 period)  
would lead to severe, widespread, and irreversible 
impacts.83-85 To have a good chance (but not a guar-
antee) of avoiding temperatures above those levels, 

it has been estimated that atmospheric concentra-
tion of carbon dioxide would need to stabilize in 
the long term at around today’s levels.86-89

Reducing emissions of carbon dioxide would re-
duce warming over this century and beyond. Imple-
menting sizable and sustained reductions in carbon 
dioxide emissions as soon as possible would signif-
icantly reduce the pace and the overall amount of 
climate change, and would be more effective than 
reductions of the same size initiated later. Reducing 
emissions of some shorter-lived greenhouse gases, 
such as methane, and some types of particles, such 
as soot, would begin to reduce the warming influ-
ence within weeks to decades.13 

The graphs below show emissions scenarios and 
resulting carbon dioxide concentrations for three 
IPCC scenarios90,91 and one stabilization scenario.25 

The graphs show recent and projected global emissions of carbon dioxide in gigatons of carbon, on the left, and atmospheric 
concentrations on the right under five emissions scenarios. The top three in the key are IPCC scenarios that assume no explicit 
climate policies (these are used in model projections that appear throughout this report). The bottom line is a “stabilization 
scenario,” designed to stabilize atmospheric carbon dioxide concentration at 450 parts per million. The inset expanded below 
these charts shows emissions for 1990-2010 under the three IPCC scenarios along with actual emissions to 2007 (in black). 

Scenarios of Future Carbon Dioxide
Global Emissions and Concentrations

Nakićenović and Swart; Clarke et al.; Marland et al.; Tans92
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emissions. The range of possible outcomes has 
been explored using a range of different emissions 
scenarios, and a variety of climate models that en-
compass the known range of climate sensitivity.

Changing precipitation patterns
Projections of changes in precipitation largely 
follow recently observed patterns of change, with 
overall increases in the global average but substan-
tial shifts in where and how precipitation falls.90 
Generally, higher latitudes are projected to receive 
more precipitation, while the dry belt that lies just 
outside the tropics expands further poleward,96,97 
and also receives less rain. Increases in tropical 
precipitation are projected during rainy seasons 
(such as monsoons), and especially over the tropical 
Pacific. Certain regions, including the U.S. West 
(especially the Southwest) and the Mediterranean, 
are expected to become drier. The widespread 
trend toward more heavy downpours is expected to 
continue, with precipitation becoming less frequent 
but more intense.90 More precipitation is expected 
to fall as rain rather than snow.

Currently rare extreme events are becoming 
more common
In a warmer future climate, models project there 
will be an increased risk of more intense, more 
frequent, and longer-lasting heat waves.90 The 
European heat wave of 2003 is an example of the 
type of extreme heat event that is likely to become 
much more common.90 If greenhouse gas emissions 
continue to increase, by the 2040s more than half  
of European summers will be hotter than the 
summer of 2003, and by the end of this century, a 
summer as hot as that of 2003 will be considered 
unusually cool.78

Increased extremes of summer dryness and winter 
wetness are projected for much of the globe, mean-
ing a generally greater risk of droughts and floods. 
This has already been observed,55 and is projected 
to continue. In a warmer world, precipitation tends 
to be concentrated into heavier events, with longer 
dry periods in between.90 

Models project a general tendency for more intense 
but fewer storms overall outside the tropics, with 
more extreme wind events and higher ocean waves 
in a number of regions in association with those 

The stabilization scenario is aimed at stabilizing 
the atmospheric carbon dioxide concentration at 
roughly 450 parts per million (ppm); this is 70 ppm 
above the 2008 concentration of 385 ppm. Result-
ing temperature changes depend on atmospheric 
concentrations of greenhouse gases and particles 
and the climate’s sensitivity to those concentra-
tions.87 Of those shown on the previous page, only 
the 450 ppm stabilization target has the potential to 
keep the global temperature rise at or below about 
3.5°F from pre-industrial levels and 2°F above the 
current average temperature, a level beyond which 
many concerns have been raised about dangerous 
human interference with the climate system.88,89 
Scenarios that stabilize carbon dioxide below 450 
ppm (not shown in the figure) offer an increased 
chance of avoiding dangerous climate change.88,89 

Carbon dioxide is not the only greenhouse gas of 
concern. Concentrations of other heat-trapping 
gases like methane and nitrous oxide and particles 
like soot will also have to be stabilized at low 
enough levels to prevent global temperatures from 
rising higher than the level mentioned above. When 
these other gases are added, including the offsetting 
cooling effects of sulfate aerosol particles, analyses 
suggest that stabilizing concentrations around 400 
parts per million of “equivalent carbon dioxide” 
would yield about an 80 percent chance of avoid-
ing exceeding the 2°F above present temperature 
threshold. This would be true even if concentra-
tions temporarily peaked as high as 475 parts per 
million and then stabilized at 400 parts per million 
roughly a century later.72,88,89,93-95 Reductions in 
sulfate aerosol particles would necessitate lower 
equivalent carbon dioxide targets. 

Rising global temperature 
All climate models project that human-caused 
emissions of heat-trapping gases will cause further 
warming in the future. Based on scenarios that 
do not assume explicit climate policies to reduce 
greenhouse gas emissions, global average tempera-
ture is projected to rise by 2 to 11.5°F by the end 
of this century90 (relative to the 1980-1999 time 
period). Whether the actual warming in 2100 will 
be closer to the low or the high end of this range 
depends primarily on two factors: first, the fu-
ture level of emissions of heat-trapping gases, and 
second, how sensitive climate is to past and future 
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more likely, though more research is required on 
these issues.68 More discussion of Atlantic hurri-
canes, which most affect the United States, appears 
on page 34 in the National Climate Change section.

Sea level will continue to rise
Projecting future sea-level rise presents special 
challenges. Scientists have a well-developed under-
standing of the contributions of thermal expansion 
and melting glaciers to sea-level rise, so the models 
used to project sea-level rise include these process-
es. However, the contributions to past and future 
sea-level rise from ice sheets are less well under-
stood. Recent observations of the polar ice sheets 
show that a number of complex processes control 
the movement of ice to the sea, and thus affect the 
contributions of ice sheets to sea-level rise.29 Some 
of these processes are already producing substantial 
loss of ice mass. Because these processes are not 
well understood it is difficult to predict their future 
contributions to sea-level rise.102 

Because of this uncertainty, the 2007 assessment 
by the IPCC could not quantify the contributions to 
sea-level rise due to changes in ice sheet dynamics, 
and thus projected a rise of the world’s oceans from 
8 inches to 2 feet by the end of this century.90 

More recent research has attempted to quantify 
the potential contribution to sea-level rise from 
the accelerated flow of ice sheets to the sea27,42 or 
to estimate future sea level based on its observed 
relationship to temperature.103 The resulting esti-
mates exceed those of the IPCC, and the average 
estimates under higher emissions scenarios are for 
sea-level rise between 3 and 4 feet by the end of 
this century. An important question that is often 
asked is, what is the upper bound of sea-level rise 
expected over this century? Few analyses have 
focused on this question. There is some evidence 
to suggest that it would be virtually impossible to 
have a rise of sea level higher than about 6.5 feet by 
the end of this century.42

The changes in sea level experienced at any par-
ticular location along the coast depend not only on 
the increase in the global average sea level, but also 
on changes in regional currents and winds, prox-
imity to the mass of melting ice sheets, and on the 
vertical movements of the land due to geological 

storms. Models also project a shift of storm tracks 
toward the poles in both hemispheres.90 

Changes in hurricanes are difficult to project be-
cause there are countervailing forces. Higher ocean 
temperatures lead to stronger storms with higher 
wind speeds and more rainfall.98 But changes in 
wind speed and direction with height are also pro-
jected to increase in some regions, and this tends 
to work against storm formation and growth.99-101 It 
currently appears that stronger, more rain-produc-
ing tropical storms and hurricanes are generally 

Global Average Temperature
1900 to 2100

Observed and projected changes in the global average 
temperature under three IPCC no-policy emissions 
scenarios. The shaded areas show the likely ranges 
while the lines show the central projections from a set 
of climate models. A wider range of model types shows 
outcomes from 2 to 11.5ºF.90 Changes are relative to the 
1960-1979 average. 

Smith et al.72; CMIP3-A93

Simulated and projected changes in the amount of 
precipitation falling in the heaviest 5 percent of daily 
events. The shaded areas show the likely ranges while the 
lines show the central projections from a set of climate 
models. Changes are relative to the 1960-1979 average. 

Global Increase in Heavy Precipitation
1900 to 2100

CMIP3-A93
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forces.104 The consequences of sea-level rise at any 
particular location depend on the amount of sea-
level rise relative to the adjoining land. Although 
some parts of the U.S. coast are undergoing uplift 
(rising), most shorelines are subsiding (sinking) to 
various degrees – from a few inches to over 2 feet 
per century. 

Abrupt climate change
There is also the possibility of even larger changes 
in climate than current scenarios and models 
project. Not all changes in the climate are gradual. 
The long record of climate found in ice cores, tree 
rings, and other natural records show that Earth’s 
climate patterns have undergone rapid shifts from 
one stable state to another within as short a period 
as a decade. The occurrence of abrupt changes in 
climate becomes increasingly likely as the human 
disturbance of the climate system grows.90 Such 
changes can occur so rapidly that they would chal-
lenge the ability of human and natural systems to 
adapt.105 Examples of such changes are abrupt shifts 
in drought frequency and duration. Ancient climate 
records suggest that in the United States, the South-
west may be at greatest risk for this kind of change, 
but that other regions including the Midwest and 
Great Plains have also had these kinds of abrupt 
shifts in the past and could experience them again 
in the future. 

Rapid ice sheet collapse with related sea-level rise 
is another type of abrupt change that is not well 
understood or modeled and that poses a risk for 
the future. Recent observations show that melt-
ing on the surface of an ice sheet produces water 
that flows down through large cracks that create 
conduits through the ice to the base of the ice sheet 
where it lubricates ice previously frozen to the rock 
below.29 Further, the interaction with warm ocean 
water, where ice meets the sea, can lead to sudden 
losses in ice mass and accompanying rapid global 
sea-level rise. Observations indicate that ice loss 
has increased dramatically over the last decade, 
though scientists are not yet confident that they  
can project how the ice sheets will respond in  
the future. 

There are also concerns regarding the potential for 
abrupt release of methane from thawing of frozen 
soils, from the sea floor, and from wetlands in the 

tropics and the Arctic. While analyses suggest that 
an abrupt release of methane is very unlikely to oc-
cur within 100 years, it is very likely that warming 
will accelerate the pace of chronic methane emis-
sions from these sources, potentially increasing the 
rate of global temperature rise.106 

A third major area of concern regarding pos-
sible abrupt change involves the operation of the 
ocean currents that transport vast quantities of 
heat around the globe. One branch of the ocean 
circulation is in the North Atlantic. In this region, 
warm water flows northward from the tropics to 
the North Atlantic in the upper layer of the ocean, 
while cold water flows back from the North Atlan-
tic to the tropics in the ocean’s deep layers, creating 
a “conveyor belt” for heat. Changes in this circula-
tion have profound impacts on the global climate 
system, from changes in African and Indian mon-
soon rainfall, to atmospheric circulation relevant 
to hurricanes, to changes in climate over North 
America and Western Europe.

Recent findings indicate that it is very likely that 
the strength of this North Atlantic circulation will 
decrease over the course of this century in response 
to increasing greenhouse gases. This is expected 
because warming increases the melting of glaciers 
and ice sheets and the resulting runoff of fresh-
water to the sea. This additional water is virtually 
salt-free, which makes it less dense than sea water. 
Increased precipitation also contributes fresh, less-
dense water to the ocean. As a result, less surface 
water is dense enough to sink, thereby reducing the 
conveyor belt’s transport of heat. The best estimate 
is that the strength of this circulation will decrease 
25 to 30 percent in this century, leading to a reduc-
tion in heat transfer to the North Atlantic. It is 
considered very unlikely that this circulation would 
collapse entirely during the next 100 years or so, 
though it cannot be ruled out. While very unlikely, 
the potential consequences of such an abrupt event 
would be severe. Impacts would likely include 
sea-level rise around the North Atlantic of up to 2.5 
feet (in addition to the rise expected from thermal 
expansion and melting glaciers and ice sheets), 
changes in atmospheric circulation conditions that 
influence hurricane activity, a southward shift of 
tropical rainfall belts with resulting agricultural 
impacts, and disruptions to marine ecosystems.76 
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Key Messages:
U.S. average temperature has risen more than 2ºF over the past 50 years and is • 
projected to rise more in the future; how much more depends primarily on the 
amount of heat-trapping gases emitted globally and how sensitive the climate is 
to those emissions.
Precipitation has increased an average of about 5 percent over the past 50 years. • 
Projections of future precipitation generally indicate that northern areas will 
become wetter, and southern areas, particularly in the West, will become drier.
The amount of rain falling in the heaviest downpours has increased approximately • 
20 percent on average in the past century, and this trend is very likely to 
continue, with the largest increases in the wettest places.
Many types of extreme weather events, such as heat waves and regional • 
droughts, have become more frequent and intense during the past 40 to 50 years.  
The destructive energy of Atlantic hurricanes has increased in recent decades. • 
The intensity of these storms is likely to increase in this century. 
In the eastern Pacific, the strongest hurricanes have become stronger since the • 
1980s, even while the total number of storms has decreased.
Sea level has risen along most of the U.S. coast over the last 50 years, and will • 
rise more in the future. 
Cold-season storm tracks are shifting northward and the strongest storms are • 
likely to become stronger and more frequent.
Arctic sea ice is declining rapidly and this is very likely to continue.• 

National Climate Change

The maps show annual temperature difference 
from the 1961-1990 average for the 3 years that 
were the hottest on record in the United States: 
1998, 1934 and 2006 (in rank order). Red areas 
were warmer than average, blue were cooler 
than average. The 1930s were very warm in 
much of the United States, but they were not 
unusually warm globally. On the other hand, the 
warmth of 1998 and 2006, as for most years in 
recent decades, has been global in extent. 

Smith72

Key Sources

Like the rest of the world, the United States has been warming significantly 
over the past 50 years in response to the build up of heat-trapping gases in 
the atmosphere. When looking at national climate, however, it is important 
to recognize that climate responds to local, regional, and global factors. 
Therefore, national climate varies more than the average global climate. 
While various parts of the world have had particularly hot or cold periods 
earlier in the historical record, these periods have not been global in scale, 
whereas the warming of recent decades has been global in scale – hence the 
term global warming. It is also important to recognize that at both the global 
and national scales, year-to-year fluctuations in natural weather and climate 
patterns can produce a period that does not follow the long-term trend. Thus, 
each year will not necessarily be warmer than every year before it, though 
the warming trend continues.

From 1901 to 2008, each year’s temperature departure from the long-term average is 
one bar, with blue bars representing years cooler than the long-term average and red 
bars representing years warmer than that average. National temperatures vary much 
more than global temperatures, in part because of the moderating influence of the 
oceans on global temperatures. 

Annual Average Temperature 
(Departure from the 1901-2000 Average)

Smith72NOAA/NCDC107
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U.S. average temperature has risen 
more than 2°F over the past 50 years 
and is projected to rise more in the 
future; how much more depends 
primarily on the amount of heat-
trapping gases emitted globally  
and how sensitive the climate is to  
those emissions. 

The series of maps and thermometers on these two 
pages shows the magnitude of the observed and 
projected changes in annual average temperature. 
The map for the period around 2000 shows that 
most areas of the United States have warmed 1 to 
2°F compared to the 1960s and 1970s. Although 
not reflected in these maps of annual average tem-
perature, this warming has generally resulted  
in longer warm seasons and shorter, less intense 
cold seasons.

The remaining maps show projected warming over 
the course of this century under a lower emissions 
scenario and a higher emissions scenario91 (see 
Global Climate Change section, page 23). Tempera-

tures will continue to rise throughout the century 
under both emissions scenarios,91 although higher 
emissions result in more warming by the middle of 
the century and significantly more by the end of  
the century.

Temperature increases in the next couple of de-
cades will be primarily determined by past emis-
sions of heat-trapping gases. As a result, there is 
little difference in projected temperature between 
the higher and lower emissions scenarios91 in the 
near-term (around 2020), so only a single map is 
shown for this timeframe. Increases after the next 
couple of decades will be primarily determined by 
future emissions.90 This is clearly evident in greater 
projected warming in the higher emissions sce-
nario91 by the middle (around 2050) and end of this 
century (around 2090). 

On a seasonal basis, most of the United States is 
projected to experience greater warming in sum-
mer than in winter, while Alaska experiences far 
more warming in winter than summer.108

The maps and thermometers on this page and the next page show temperature differences (either measured or projected) from 
conditions as they existed during the period from 1961-1979. Comparisons to this period are made because the influence on climate 
from increasing greenhouse gas emissions has been greatest during the past five decades. The present-day map is based on the aver-
age observed temperatures from 1993-2008 minus the average from 1961-1979. Projected temperatures are based on results from 16 
climate models for the periods 2010-2029, 2040-2059, and 2080-2099. The brackets on the thermometers represent the likely range 
of model projections, though lower or higher outcomes are possible. The mid-century and end-of-century maps show projections 
for both the higher and lower emission scenarios.91 The projection for the near-term is the average of the higher and lower emission 
scenarios91 because there is little difference in that timeframe.

Near-Term (2010-2029)  
Projected Average Change (°F)  

from 1961-1979 Baseline 

Present-Day (1993-2008)  
Average Change (°F)  
from 1961-1979 Baseline  

 

CMIP3-C109NOAA/NCDC107
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The average warming for the country as a whole is shown on the thermometers adjacent to each map. By the end 
of the century, the average U.S. temperature is projected to increase by approximately 7 to 11°F under the higher 
emissions scenario91 and by approximately 4 to 6.5°F under the lower emissions scenario.91 These ranges are due 
to differences among climate model results for the same emissions scenarios. Emissions scenarios even lower 
than the lower scenario shown here, such as the 450 ppm stabilization scenario described on pages 23-24, would 
yield lower temperature increases than those shown below.25

The maps on this page and the previous page are based on projections of future temperature by 16 of the Coupled Model 
Intercomparison Project Three (CMIP3) climate models using two emissions scenarios from the Intergovernmental Panel on Climate 
Change (IPCC), Special Report on Emission Scenarios (SRES).91 The “lower” scenario here is B1, while the “higher” is A2.91 The brackets 
on the thermometers represent the likely range of model projections, though lower or higher outcomes are possible. Additional 
information on these scenarios is on pages 22 and 23 in the previous section, Global Climate Change. These maps, and others in this 
report, show projections at national, regional, and sub-regional scales, using well-established techniques.110

CMIP3-C109CMIP3-C109

 Higher Emissions Scenario91 Projected Temperature Change (°F) 
from 1961-1979 Baseline

Mid-Century (2040-2059 average) End-of-Century (2080-2099 average)

 Lower Emissions Scenario91 Projected Temperature Change (°F)  
from 1961-1979 Baseline

Mid-Century (2040-2059 average) End-of-Century (2080-2099 average)

CMIP3-C109 CMIP3-C109
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cipitation generally indicate that northern areas will 
become wetter, and southern areas, particularly in 
the West, will become drier.97,108 

Confidence in projected changes is higher for 
winter and spring than for summer and fall. In 
winter and spring, northern areas are expected 
to receive significantly more precipitation than 
they do now, because the interaction of warm and 
moist air coming from the south with colder air 
from the north is projected to occur farther north 
than it did on average in the last century. The more 
northward incursions of warmer and moister air 
masses are expected to be particularly noticeable 
in northern regions that will change from very 
cold and dry atmospheric conditions to warmer but 
moister conditions.68 Alaska, the Great Plains, the 
upper Midwest, and the Northeast are beginning 
to experience such changes for at least part of the 
year, with the likelihood of these changes increas-
ing over time. 

In some northern areas, warmer conditions will re-
sult in more precipitation falling as rain and less as 
snow. In addition, potential water resource benefits 
from increasing precipitation could be countered 
by the competing influences of increasing evapo-
ration and runoff. In southern areas, significant 
reductions in precipitation are projected in winter 

and spring as the subtropical dry 
belt expands.108 This is particularly 
pronounced in the Southwest, 
where it would have serious rami-
fications for water resources.

Precipitation has increased an average 
of about 5 percent over the past 50 
years. Projections of future precipitation 
generally indicate that northern areas 
will become wetter, and southern  
areas, particularly in the West, will 
become drier. 

While precipitation over the United States as a 
whole has increased, there have been important 
regional and seasonal differences. Increasing trends 
throughout much of the year have been predomi-
nant in the Northeast and large parts of the Plains 
and Midwest. Decreases occurred in much of the 
Southeast in all but the fall season and in the North-
west in all seasons except spring. Precipitation also 
generally decreased during the summer and fall in 
the Southwest, while winter and spring, which are 
the wettest seasons in states such as California and 
Nevada, have had increases in precipitation.111

Future changes in total precipitation due to human-
induced warming are more difficult to project than 
changes in temperature. In some seasons, some 
areas will experience an increase in precipitation, 
other areas will experience a decrease, and others 
will see little discernible change. The difficulty 
arises in predicting the extent of those areas and the 
amount of change. Model projections of future pre-

Observed Change in Annual Average Precipitation
1958 to 2008

While U.S. annual average precipitation has increased about 5 percent over the past 50 
years, there have been important regional differences as shown above.

NOAA/NCDC111
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Projected Change in North American Precipitation
 by 2080-2099

The maps show projected future changes in precipitation relative to the recent past as simulated by 15 climate models. The simulations 
are for late this century, under a higher emissions scenario.91 For example, in the spring, climate models agree that northern areas are 
likely to get wetter, and southern areas drier. There is less confidence in exactly where the transition between wetter and drier areas 
will occur. Confidence in the projected changes is highest in the hatched areas.

CMIP3-A93
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The amount of rain falling in the heaviest 
downpours has increased approximately 20 
percent on average in the past century, and this 
trend is very likely to continue, with the largest 
increases in the wettest places.

One of the clearest precipitation trends in the United States is the 
increasing frequency and intensity of heavy downpours. This in-
crease was responsible for most of the observed increase in over-
all precipitation during the last 50 years. In fact, there has been 
little change or a decrease in the frequency of light and moderate 
precipitation during the past 30 years, while heavy precipita-
tion has increased. In addition, while total average precipitation 
over the nation as a whole increased by about 7 percent over the 
past century, the amount of precipitation falling in the heaviest 1 
percent of rain events increased nearly 20 percent.112

During the past 50 years, the greatest increases in heavy precipi-
tation occurred in the Northeast and the Midwest. There have 
also been increases in heavy downpours in the other regions of 
the continental United States, as well as Alaska, Hawaii, and 
Puerto Rico.112 

Climate models project continued increases in the heaviest downpours during this century, while the lightest pre-
cipitation is projected to decrease. Heavy downpours that are now 1-in-20-year occurrences are projected to occur 
about every 4 to 15 years by the end of this century, depending on location, and the intensity of heavy downpours is 
also expected to increase. The 1-in-20-year heavy downpour is expected to be between 10 and 25 percent heavier by 
the end of the century than it is now.112

Changes in these kinds of extreme weather and cli-
mate events are among the most serious challenges 
to our nation in coping with a changing climate. 

Many types of extreme weather 
events, such as heat waves and regional 
droughts, have become more frequent 
and intense during the past 40 to  
50 years. 

Many extremes and their associated impacts are 
now changing. For example, in recent decades 
most of North America has been experienc-
ing more unusually hot days and nights, fewer 
unusually cold days and nights, and fewer frost 
days. Droughts are becoming more severe in 
some regions. The power and frequency of 
Atlantic hurricanes have increased substan-
tially in recent decades. The number of North 
American mainland landfalling hurricanes does 

CCSP SAP 3.368

The figure shows projected changes from the 1990s average to the 
2090s average in the amount of precipitation falling in light, moderate, 
and heavy events in North America. Projected changes are displayed in 5 
percent increments from the lightest drizzles to the heaviest downpours. 
As shown here, the lightest precipitation is projected to decrease, while 
the heaviest will increase, continuing the observed trend. The higher 
emission scenario91 yields larger changes. Projections are based on the 
models used in the IPCC 2007 Fourth Assessment Report.

Projected Changes in Light, Moderate, and Heavy 
Precipitation (by 2090s)

Increases in Amounts of Very Heavy 
Precipitation (1958 to 2007)

The map shows percent increases in the amount falling 
in very heavy precipitation events (defined as the heavi-
est 1 percent of all daily events) from 1958 to 2007 for 
each region. There are clear trends toward more very 
heavy precipitation for the nation as a whole, and par-
ticularly in the Northeast and Midwest.

Updated from Groisman et al.113
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not appear to have increased over the past 
century. Outside the tropics, cold-season 
storm tracks are shifting northward and 
the strongest storms are becoming even 
stronger. These trends in storms outside the 
tropics are projected to continue throughout 
this century.68,112,114 

Drought
Like precipitation, trends in drought have 
strong regional variations. In much of the 
Southeast and large parts of the West, the 
frequency of drought has increased coinci-
dent with rising temperatures over the past 50 
years. In other regions, such as the Midwest 
and Great Plains, there has been a reduction 
in drought frequency. 

Although there has been an overall increase 
in precipitation and no clear trend in drought for 
the nation as a whole, increasing temperatures 
have made droughts more severe and widespread 
than they would have otherwise been. Without the 
observed increase in precipitation, higher tempera-
tures would have led to an increase in the area of 
the contiguous United States in severe to extreme 
drought, with some estimates of a 30 percent 
increase.112 In the future, droughts are likely to be-
come more frequent and severe in some regions.68 
The Southwest, in particular, is expected to experi-
ence increasing drought as changes in atmospheric 
circulation patterns cause the dry zone just outside 
the tropics to expand farther northward into the 
United States.97

Rising temperatures have also led to earlier melt-
ing of the snowpack in the western United States.40 
Because snowpack runoff is critical to the water 
resources in the western United States, changes in 
the timing and amount of runoff can exacerbate 
problems with already limited water supplies in  
the region. 

Heat waves
A heat wave is a period of several days to weeks 
of abnormally hot weather, often with high humid-
ity. During the 1930s, there was a high frequency 
of heat waves due to high daytime temperatures 
resulting in large part from an extended multi-year 
period of intense drought. By contrast, in the past 

3 to 4 decades, there has been an increasing trend 
in high-humidity heat waves, which are character-
ized by the persistence of extremely high nighttime 
temperatures.112 

As average temperatures continue to rise through-
out this century, the frequency of cold extremes 
will decrease and the frequency and intensity of 
high temperature extremes will increase.115 The 
number of days with high temperatures above 

Observed Spring Snowmelt Dates

Date of onset of spring runoff pulse. Reddish-brown circles indicate significant 
trends toward onsets more than 20 days earlier. Lighter circles indicate less advance 
of the onset. Blue circles indicate later onset. The changes depend on a number of 
factors in addition to temperature, including altitude and timing of snowfall.

USGS116

Projected Frequency of Extreme Heat
(2080-2099 Average)

Simulations for 2080-2099 indicate how currently rare extremes (a 
1-in-20-year event) are projected to become more commonplace. 
A day so hot that it is currently experienced once every 20 years 
would occur every other year or more frequently by the end of 
the century under the higher emissions scenario.91 

CMIP3-A93
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90°F is projected to increase throughout the country 
as illustrated in the maps on the left. Parts of the South 
that currently have about 60 days per year with tem-
peratures over 90°F are projected to experience 150 or 
more days a year above 90°F by the end of this century, 
under a higher emissions scenario.91 There is higher 
confidence in the regional patterns than in results for 
any specific location (see An Agenda for Climate Im-
pacts Science section).

With rising high temperatures, extreme heat waves that 
are currently considered rare will occur more fre-
quently in the future. Recent studies using an ensemble 
of models show that events that now occur once every 
20 years are projected to occur about every other year 
in much of the country by the end of this century. In 
addition to occurring more frequently, at the end of this 
century these very hot days are projected to be about 
10°F hotter than they are today.68 

The destructive energy of Atlantic 
hurricanes has increased in recent decades. 
The intensity of these storms is likely to 
increase in this century.

Of all the world’s tropical storm and hurricane basins, 
the North Atlantic has been the most thoroughly moni-
tored and studied. The advent of routine aircraft moni-
toring in the 1940s and the use of satellite observations 
since the 1960s have greatly aided monitoring of tropi-
cal storms and hurricanes. In addition, observations of 
tropical storm and hurricane strength made from island 
and mainland weather stations and from ships at sea 
began in the 1800s and continue today. Because of new 
and evolving observing techniques and technologies, 
scientists pay careful attention to ensuring consistency 
in tropical storm and hurricane records from the earli-
est manual observations to today’s automated mea-
surements. This is accomplished through collection, 
analysis, and cross-referencing of data from numer-
ous sources and, where necessary, the application of 
adjustment techniques to account for differences in 
observing and reporting methodologies through time. 
Nevertheless, data uncertainty is larger in the early 
part of the record. Confidence in the tropical storm and 
hurricane record increases after 1900 and is greatest 
during the satellite era, from 1965 to the present.112

The average number of days per year when the maximum tem-
perature exceeded 90°F from 1961-1979 (top) and the projected 
number of days per year above 90°F by the 2080s and 2090s for 
lower emissions (middle) and higher emissions (bottom).91 Much of 
the southern United States is projected to have more than twice 
as many days per year above 90°F by the end of this century.

Days Above 90°F

CMIP3-B117

CMIP3-B117

CMIP3-B117
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ocean heat content. This highlights the importance 
of understanding the broader changes occurring 
throughout the Atlantic Basin beyond the storms 
making landfall along the U.S. coast.112

Tropical storms and hurricanes develop and gain 
strength over warm ocean waters. As oceans 
warm, they provide a source of energy for hurri-
cane growth. During the past 30 years, annual sea 
surface temperatures in the main Atlantic hurricane 
development region increased nearly 2°F. This 

warming coincided with an increase in the 
destructive energy (as defined by the Power 
Dissipation Index, a combination of intensity, 
duration, and frequency) of Atlantic tropical 
storms and hurricanes. The strongest hurri-
canes (Category 4 and 5) have, in particular, 
increased in intensity.112 The graph below 
shows the strong correlation between hur-
ricane power and sea surface temperature in 
the Atlantic and the overall increase in both 
during the past 30 years. Climate models 
project that hurricane intensity will continue 
to increase, though at a lesser rate than that 
observed in recent decades.100

New evidence has emerged recently for other 
temperature related linkages that can help 

The total number of hurricanes and strongest hur-
ricanes (Category 4 and 5) observed from 1881 
through 2008 shows multi-decade periods of above 
average activity in the 1800s, the mid-1900s, and 
since 1995. The power and frequency of Atlantic 
hurricanes have increased substantially in recent 
decades.112 There has been little change in the total 
number of landfalling hurricanes, in part because 
a variety of factors affect whether a hurricane will 
make landfall. These include large-scale steer-
ing winds, atmospheric stability, wind shear, and 

Observed Relationship Between 
Sea Surface Temperatures and 

Hurricane Power in the North Atlantic Ocean

Observed sea surface temperature (blue) and the Power 
Dissipation Index (green), which combines frequency, intensity 
and duration for North Atlantic hurricanes.120 Hurricane rainfall 
and wind speeds are likely to increase in response to human-
caused warming. Analyses of model simulations suggest that 
for each 1.8ºF increase in tropical sea surface temperatures, 
rainfall rates will increase by 6 to 18 percent.68

Emanuel120

Atlantic Tropical Storms and Hurricanes

Top:  Tot a l  numbers o f 
N or t h  A t l a n t i c  n amed 
storms (tropical storms and 
hurricanes) (black) and total 
U.S. landfalling hurricanes 
(yellow) in 5-year periods 
based on annual data from 
1881 to 2008. The bar for the 
last 5-year period is based 
on the assumption that the 
level of activity from 2006 to 
2008 persists through 2010. 
In the era before satellites, 
indicated by the arrow above, 
the total number of named 
storms is less certain and 
has been adjusted upward to 
account for missing storms. 
Adjustments are based on relationships established during the satellite 
era between the number of observed storms and the number that 
would have been missed if satellite data had not been available. 
Bottom: Total number of strongest (Category 4 and 5) North Atlan-
tic basin hurricanes (purple) and strongest U.S. landfalling hurricanes 
(orange) in 5-year periods based on annual data from 1946 to 2008. 
The bar for the last 5-year period is based on the assumption that 
the level of activity from 2006 to 2008 persists through 2010. From 
1946 to the mid-1960s, as indicated by the arrow above, hurricane 
intensity was measured primarily by aircraft reconnaissance. Data 
prior to aircraft reconnaissance are not shown due to the greater 
uncertainty in estimates of a hurricane's maximum intensity. Satellites 
have increased the reliability of hurricane intensity estimates since 
the mid-1960s.  

NOAA121

Atlantic Basin
Strongest Hurricanes

NOAA121
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of model simulations suggest that for each 1.8°F 
increase in tropical sea surface temperatures, core 
rainfall rates will increase by 6 to 18 percent and 
the surface wind speeds of the strongest hurri-
canes will increase by about 1 to 8 percent.114 Even 
without further coastal development, storm surge 
levels and hurricane damages are likely to increase 
because of increasing hurricane intensity coupled 
with sea-level rise, the latter being a virtually cer-
tain outcome of the warming global climate.68

In the eastern Pacific, the strongest 
hurricanes have become stronger since 
the 1980s, even while the total number 
of storms has decreased.

Although on average more hurricanes form in the 
eastern Pacific than the Atlantic each year, cool 
ocean waters along the U.S. West Coast and atmo-
spheric steering patterns help protect the contigu-
ous U.S. from landfalls. Threats to the Hawaiian 
Islands are greater, but landfalling storms are rare 
in comparison to those of the U.S. East and Gulf 
Coasts. Nevertheless, changes in hurricane inten-
sity and frequency could influence the impact of 
landfalling Pacific hurricanes in the future.

The total number of tropical storms and hurricanes 
in the eastern Pacific on seasonal to multi-decade 
time periods is generally opposite to that observed 
in the Atlantic. For example, during El Niño events 
it is common for hurricanes in the Atlantic to be 
suppressed while the eastern Pacific is more active. 
This reflects the large-scale atmospheric circulation 
patterns that extend across both the Atlantic and the 
Pacific oceans.123,124

Within the past three decades the total number of 
tropical storms and hurricanes and their destructive 
energy have decreased in the eastern Pacific.68,124 
However, satellite observations have shown that 
like the Atlantic, the strongest hurricanes (the top 
5 percent), have gotten stronger since the early 
1980s.122,125 As ocean temperatures rise, the stron-
gest hurricanes are likely to increase in both the 
eastern Pacific and the Atlantic.68 

explain the increase in Atlantic hurricane activity. 
This includes the contrast in sea surface tempera-
ture between the main hurricane development 
region and the broader tropical ocean.99,118,119  
Other causes beyond the rise in ocean temperature, 
such as atmospheric stability and circulation,  
can also influence hurricane power. For these and 
other reasons, a confident assessment requires 
further study.68 

Evidence of increasing hurricane strength in the 
Atlantic and other oceans with linkages to rising 
sea surface temperatures is also supported by satel-
lite records dating back to 1981. An increase in the 
maximum wind speeds of the strongest hurricanes 
has been documented and linked to increasing sea 
surface temperatures.122

Projections are that sea surface temperatures in the 
main Atlantic hurricane development region will 
increase at even faster rates during the second half 
of this century under higher emissions scenarios. 

This highlights the need to better understand the 
relationship between increasing temperatures 
and hurricane intensity. As ocean temperatures 
continue to increase in the future, it is likely that 
hurricane rainfall and wind speeds will increase 
in response to human-caused warming.68 Analyses 

Observed and Projected Sea 
Surface Temperature Change 
Atlantic Hurricane Formation Region 

Observed (black) and projected temperatures (blue = lower scenario;  
red = higher scenario) in the Atlantic hurricane formation region. Increased 
intensity of hurricanes is linked to rising sea surface temperatures in the 
region of the ocean where hurricanes form. The shaded areas show the 
likely ranges while the lines show the central projections from a set of 
climate models.

CMIP3-A93
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Sea level has risen along most of the 
U.S. coast over the past 50 years, and 
will rise more in the future. 

Recent global sea-level rise has been caused by the 
warming-induced expansion of the oceans, ac-
celerated melting of most of the world’s glaciers, 
and loss of ice on the Greenland and Antarctic ice 
sheets.37 There is strong evidence that global sea 
level is currently rising at an increased rate.37,126 A 
warming global climate will cause further sea-
level rise over this century and beyond.90,105 

During the past 50 years, sea level has risen up to 
8 inches or more along some coastal areas of the 
United States, and has fallen in other locations. 
The amount of relative sea-level rise experienced 
along different parts of the U.S. coast depends on 
the changes in elevation of the land that occur as a 
result of subsidence (sinking) or uplift (rising), as 
well as increases in global sea level due to warm-
ing. In addition, atmospheric and oceanic circula-
tion, which will be affected by climate change, will 
influence regional sea level. Regional differences 

Relative Sea-Level Changes on U.S. Coastlines, 1958 to 2008

Observed changes in relative sea level from 1958 to 2008 for locations on the U.S. coast. Some areas along the Atlantic 
and Gulf coasts saw increases greater than 8 inches over the past 50 years. 

Updated from Zervas127

in sea-level rise are also expected to be related to 
where the meltwater originates.104 

Human-induced sea-level rise is occurring globally. 
Large parts of the Atlantic Coast and Gulf of Mexico 
Coast have experienced significantly higher rates of 
relative sea-level rise than the global average during 
the last 50 years, with the local differences mainly 
due to land subsidence.127 Portions of the Northwest 
and Alaska coast have, on the other hand, experi-
enced slightly falling sea level as a result of long-
term uplift as a consequence of glacier melting and 
other geological processes.

Regional variations in relative sea-level rise are 
expected in the future. For example, assuming 
historical geological forces continue, a 2-foot rise in 
global sea level (which is within the range of recent 
estimates) by the end of this century would result 
in a relative sea-level rise of 2.3 feet at New York 
City, 2.9 feet at Hampton Roads, Virginia, 3.5 feet at 
Galveston, Texas, and 1 foot at Neah Bay in Wash-
ington state.128 
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moisture and thus heavier snowstorms. Among re-
cent extreme lake-effect snow events was a Febru-
ary 2007 10-day storm total of over 10 feet of snow 
in western New York state. Climate models suggest 
that lake-effect snowfalls are likely to increase over 
the next few decades.130 In the longer term, lake-
effect snows are likely to decrease as temperatures 
continue to rise, with the precipitation then falling 
as rain.129 

Tornadoes and severe thunderstorms
Reports of severe weather including tornadoes and 
severe thunderstorms have increased during the 
past 50 years. However, the increase in the number 
of reports is widely believed to be due to improve-
ments in monitoring technologies such as Doppler 
radars combined with changes in population and 
increasing public awareness. When adjusted to ac-
count for these factors, there is no clear trend in the 
frequency or strength of tornadoes since the 1950s 
for the United States as a whole.112

The distribution by intensity for the strongest 10 
percent of hail and wind reports is little changed, 
providing no evidence of an observed increase in 
the severity of events.112 Climate models project 
future increases in the frequency of environmental 
conditions favorable to severe thunderstorms.131 But 
the inability to adequately model the small-scale 
conditions involved in thunderstorm development 
remains a limiting factor in projecting the future 
character of severe thunderstorms and other small-
scale weather phenomena.68

Cold-season storm tracks are shifting 
northward and the strongest storms are 
likely to become stronger and  
more frequent. 

Large-scale storm systems are the dominant 
weather phenomenon during the cold season in 
the United States. Although the analysis of these 
storms is complicated by a relatively short length of 
most observational records and by the highly vari-
able nature of strong storms, some clear patterns 
have emerged.112

Storm tracks have shifted northward over the 
last 50 years as evidenced by a decrease in the 
frequency of storms in mid-latitude areas of the 
Northern Hemisphere, while high-latitude activity 
has increased. There is also evidence of an increase 
in the intensity of storms in both the mid- and high-
latitude areas of the Northern Hemisphere, with 
greater confidence in the increases occurring in 
high latitudes.112 The northward shift is projected to 
continue, and strong cold season storms are likely 
to become stronger and more frequent, with greater 
wind speeds and more extreme wave heights.68

Snowstorms
The northward shift in storm tracks is reflected 
in regional changes in the frequency of snow-
storms. The South and lower Midwest saw reduced 
snowstorm frequency during the last century. In 
contrast, the Northeast and upper Midwest saw 
increases in snowstorms, although considerable 
decade-to-decade variations were present in all 
regions, influenced, for example, by the frequency 
of El Niño events.112

There is also evidence of an increase in lake-effect 
snowfall along and near the southern and eastern 
shores of the Great Lakes since 1950.97 Lake-effect 
snow is produced by the strong flow of cold air 
across large areas of relatively warmer ice-free 
water. As the climate has warmed, ice coverage on 
the Great Lakes has fallen. The maximum seasonal 
coverage of Great Lakes ice decreased at a rate of 
8.4 percent per decade from 1973 through 2008, 
amounting to a roughly 30 percent decrease in ice 
coverage (see Midwest region). This has created 
conditions conducive to greater evaporation of 

Areas in New York state east of Lake Ontario received  
over 10 feet of lake-effect snow during a 10-day period 
in early February 2007.
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Arctic sea ice is declining rapidly and 
this is very likely to continue. 

Sea ice is a very important part of the climate 
system. In addition to direct impacts on coastal 
areas of Alaska, it more broadly affects surface 
reflectivity, ocean currents, cloudiness, humid-
ity, and the exchange of heat and moisture at the 
ocean’s surface. Open ocean water is darker in 
color than sea ice, which causes it to absorb more 
of the Sun’s heat, which increases the warming of 
the water even more.40,132 

The most complete record of sea ice is provided 
by satellite observations of sea ice extent since the 
1970s. Prior to that, aircraft, ship, and coastal ob-
servations in the Arctic make it possible to extend 
the record of Northern Hemisphere sea ice extent 
back to at least 1900, although there is a lower 
level of confidence in the data prior to 1953.40 

Arctic sea ice extent has fallen at a rate of 3 to 4 
percent per decade over the last three decades. 
End-of-summer Arctic sea ice has fallen at an 
even faster rate of more than 11 percent per 
decade in that time. The observed decline in 
Arctic sea ice has been more rapid than projected 
by climate models.133 Year-to-year changes in 
sea ice extent and record low amounts are influenced by natural variations in atmospheric pressure and 
wind patterns.134 However, clear linkages between rising greenhouse gas concentrations and declines in 
Arctic sea ice have been identified in the climate record as far back as the early 1990s.61 The extreme loss 

in Arctic sea ice that occurred in 2007 would not 
have been possible without the long-term reductions 
that have coincided with a sustained increase in the 
atmospheric concentration of carbon dioxide and the 
rapid rise in global temperatures that have occurred 
since the mid-1970s.135 Although the 2007 record 
low was not eclipsed in 2008, the 2008 sea ice extent 
is well below the long-term average, reflecting a 
continuation of the long-term decline in Arctic sea 
ice. In addition, the total volume of Arctic sea ice 
in 2008 was likely a record low because the ice was 
unusually thin.136

It is expected that declines in Arctic sea ice will 
continue in the coming decades with year-to-year 
fluctuations influenced by natural atmospheric vari-
ability. The overall rate of decline will be influenced 
mainly by the rate at which carbon dioxide and other 
greenhouse gas concentrations increase.137 

Arctic Sea Ice Extent
Annual Average

Observations of annual average Arctic sea ice extent for 
the period 1900 to 2008. The gray shading indicates less 
confidence in the data before 1953. 

Johannessen135; Fetterer et al.139 

Arctic Sea Ice 
Annual Minimum

Arctic sea ice reaches its annual minimum in September. The 
satellite images above show September Arctic sea ice in 1979, 
the first year these data were available, and 2007.

NASA/GSFC138

NASA/GSFC138
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U.S. Emission and Absorption of Heat-Trapping Gases

Since the industrial revolution, the United States has been 
the world’s largest emitter of heat-trapping gases. With 
4.5 percent of world's population, the United States is 
responsible for about 28 percent of the human-induced 
heat-trapping gases in the atmosphere today.136 Although 
China has recently surpassed the United States in current 
total annual emissions, per capita emissions remain much 
higher in the United States. Carbon dioxide, the most 
important of the heat-trapping gases produced directly by 
human activities, is a cumulative problem because it has a 
long atmospheric lifetime. Roughly one-half of the carbon 
dioxide released from fossil fuel burning remains in the 
atmosphere after 100 years, and roughly one-fifth of it 
remains after 1,000 years.90 

U.S. carbon dioxide emissions grew dramatically over the past century. These emissions come almost 
entirely from burning fossil fuels. These sources of carbon dioxide are one side of the equation and on the 
other side are “sinks” that take up carbon dioxide. The growth of trees and other plants is an important 
natural carbon sink. In recent years, it is estimated that about 20 percent of U.S. carbon dioxide emissions 
have been offset by U.S. forest growth and other sinks (see figure below).140 It is not known whether 
U.S. forests and other sinks will continue to take up roughly this amount of carbon dioxide in the future 
as climate change alters carbon release and uptake. For example, a warming-induced lengthening of the 
growing season would tend to increase carbon uptake. On the other hand, the increases in forest fires and 
in the decomposition rate of dead plant matter would decrease uptake, and might convert the carbon sink 
into a source.140

The amount of carbon released and taken up by natural sources varies considerably from year to year 
depending on climatic and other conditions. For example, fires release carbon dioxide, so years with many 
large fires result in more carbon release and less uptake as natural sinks (the vegetation) are lost. Similarly, 

the trees destroyed by intense 
storms or droughts release carbon 
dioxide as they decompose, and the 
loss results in reduced strength of 
natural sinks until regrowth is well 
underway. For example, Hurricane 
Katrina killed or severely damaged 
over 320 million large trees. As these 
trees decompose over the next few 
years, they will release an amount 
of carbon dioxide equivalent to 
that taken up by all U.S. forests in 
a year.112 The net change in carbon 
storage in the long run will depend 
on how much is taken up by the 
regrowth as well as how much was 
released by the original disturbance.

U.S. carbon dioxide emissions and uptake in millions of tons of carbon per 
year in 2003. The bar marked “Emitted” indicates the amount of carbon as 
carbon dioxide added to the atmosphere from U.S. emissions. The bars marked 
“Absorbed” indicate amounts of carbon as carbon dioxide removed from the 
atmosphere. The thin lines on each bar indicate estimates of uncertainty.

Modified from CCSP SAP 2.2140

Marland et al.141

U.S. annual emissions of CO2 from fossil-fuel use.141
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Key Messages:
Climate change has already altered, and will continue to alter, the water cycle, • 
affecting where, when, and how much water is available for all uses.
Floods and droughts are likely to become more common and more intense as • 
regional and seasonal precipitation patterns change, and rainfall becomes more 
concentrated into heavy events (with longer, hotter dry periods in between).

   Precipitation and runoff are likely to increase in the Northeast and Midwest • 
in winter and spring, and decrease in the West, especially the Southwest, in 
spring and summer. 
In areas where snowpack dominates, the timing of runoff will continue to shift • 
to earlier in the spring and flows will be lower in late summer.
Surface water quality and groundwater quantity will be affected by a changing • 
climate.
Climate change will place additional burdens on already stressed water • 
systems.
The past century is no longer a reasonable guide to the future for water • 
management.

Changes in the water cycle, which are consistent 
with the warming observed over the past several 
decades, include: 

changes in precipitation patterns and intensity • 
changes in the incidence of drought• 
widespread melting of snow and ice• 
increasing atmospheric water vapor• 
increasing evaporation• 
increasing water temperatures• 
reductions in lake and river ice• 
changes in soil moisture and runoff• 

For the future, marked regional differences are 
projected, with increases in annual precipitation, 
runoff, and soil moisture in much of the Midwest 
and Northeast, and declines in much of the West, 
especially the Southwest. 

The impacts of climate change include too little wa-
ter in some places, too much water in other places, 
and degraded water quality. Some locations are ex-
pected to be subject to all of these conditions during 
different times of the year. Water cycle changes are 
expected to continue and to adversely affect energy 
production and use, human health, transportation, 
agriculture, and ecosystems (see table on page 50).142

Climate change has already altered, and 
will continue to alter, the water cycle, 
affecting where, when, and how much 
water is available for all uses.

Substantial changes to the water cycle are expected 
as the planet warms because the movement of water 
in the atmosphere and oceans is one of the primary 
mechanisms for the redistribution of heat around the 
world. Evidence is mounting that human-induced 
climate change is already altering many of the exist-
ing patterns of precipitation in the United States, 
including when, where, how much, and what kind of 
precipitation falls.68,142 A warmer climate increases 
evaporation of water from land and sea, and allows 
more moisture to be held in the atmosphere. For ev-
ery 1°F rise in temperature, the water holding capac-
ity of the atmosphere increases by about 4 percent.49 Skagit River and surrounding mountains in the Northwest

Key Sources
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In addition, changes in atmospheric circulation will tend to move storm tracks northward with the result that dry 
areas will become drier and wet areas wetter. Hence, the arid Southwest is projected to experience longer and more 
severe droughts from the combination of increased evaporation and reductions in precipitation.108 

The additional atmospheric moisture 
contributes to more overall precipita-
tion in some areas, especially in much 
of the Northeast, Midwest, and Alas-
ka. Over the past 50 years, precipita-
tion and streamflow have increased in 
much of the Northeast and Midwest, 
with a reduction in drought duration 
and severity. Much of the South-
east and West has had reductions in 
precipitation and increases in drought 
severity and duration, especially in 
the Southwest. 

In most areas of the country, the frac-
tion of precipitation falling as rain 
versus snow has increased during 
the last 50 years. Despite this general 
shift from snow to rain, snowfalls 

Projected Changes in the Water Cycle

The water cycle exhibits many changes as the Earth warms. Wet and dry areas respond differently. NOAA/NCDC 

Changes in Snowfall Contributions to Wintertime Precipitation 
1949 to 2005

Trends in winter snow-to-total precipitation ratio from 1949 to 2005. Red circles indicate 
less snow, while blue squares indicate more snow. Large circles and squares indicate 
the most significant trends.143 Areas south of 37ºN latitude were excluded from the 
analysis because most of that area receives little snowfall. White areas above that line 
have inadequate data for this analysis. 

Feng and Hu143
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Observed Water-Related Changes During the Last Century142

Observed Change Direction of Change Region Affected
One to four week earlier peak streamflow 
due to earlier warming-driven snowmelt

Earlier West and Northeast

Proportion of precipitation falling as snow Decreasing West and Northeast

Duration and extent of snow cover Decreasing Most of the United States

Mountain snow water equivalent Decreasing West

Annual precipitation Increasing Most of the United States

Annual precipitation Decreasing Southwest

Frequency of heavy precipitation events Increasing Most of the United States

Runoff and streamflow Decreasing
Colorado and Columbia River 
Basins

Streamflow Increasing Most of East

Amount of ice in mountain glaciers Decreasing
U.S. western mountains, 
Alaska

Water temperature of lakes and streams Increasing Most of the United States

Ice cover on lakes and rivers Decreasing Great Lakes and Northeast

Periods of drought Increasing Parts of West and East

Salinization of surface waters Increasing Florida, Louisiana

Widespread thawing of permafrost Increasing Alaska

Observed Drought Trends 1958 to 2007

Trends in end-of-summer drought as measured by the Palmer Drought Severity Index from 1958 to  
2007 in each of 344 U.S. climate divisions.144 Hatching indicates significant trends.

Guttman and Quayle144
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along the downwind coasts of the Great Lakes 
have increased. Factors contributing to this 
increase include reduced ice cover due to 
warming, which lengthens the period of open 
water. In addition, cold air moving over rela-
tively warm, open lake water induces strong 
evaporation, often causing heavy lake-effect 
snow. Heavy snowfall and snowstorm fre-
quency have increased in many northern parts 
of the United States. In the South however, 
where temperatures are already marginal for 
heavy snowfall, climate warming has led to 
a reduction in heavy snowfall and snowstorm 
frequency. These trends suggest a northward 
shift in snowstorm occurrence.68

Floods and droughts are likely to 
become more common and more 
intense as regional and seasonal 
precipitation patterns change, and 
rainfall becomes more concentrated 
into heavy events (with longer, 
hotter dry periods in between).

While it sounds counterintuitive, a warmer 
world produces both wetter and drier conditions. 
Even though total global precipitation increases, the 
regional and seasonal distribution of precipitation 
changes, and more precipitation comes in heavier 
rains (which can cause flooding) rather than light 
events. In the past century, averaged over the 
United States, total precipitation has increased by 
about 7 percent, while the heaviest 1 percent of rain 
events increased by nearly 20 percent.68 This has 
been especially noteworthy in the Northeast, where 
the annual number of days with very heavy precipi-
tation has increased most in the past 50 years, as 
shown in the adjacent figure. Flooding often occurs 
when heavy precipitation persists for weeks to 
months in large river basins. Such extended periods 
of heavy precipitation have also been increasing 
over the past century, most notably in the past two 
to three decades in the United States.112 

Observations also show that over the past several 
decades, extended dry periods have become more 
frequent in parts of the United States, especially 
the Southwest and the eastern United States.146,147 
Longer periods between rainfalls, combined with 

Increases in the Number of Days with  
Very Heavy Precipitation (1958 to 2007)

The map shows the percentage increases in the average number 
of days with very heavy precipitation (defined as the heaviest  
1 percent of all events) from 1958 to 2007 for each region. There 
are clear trends toward more days with very heavy precipitation 
for the nation as a whole, and particularly in the Northeast  
and Midwest. 

Updated from Groisman et al.145

higher air temperatures, dry out soils and vegeta-
tion, causing drought. 

For the future, precipitation intensity is projected 
to increase everywhere, with the largest increases 
occurring in areas in which average precipitation 
increases the most. For example, the Midwest and 
Northeast, where total precipitation is expected 
to increase the most, would also experience the 
largest increases in heavy precipitation events. The 
number of dry days between precipitation events 
is also projected to increase, especially in the more 
arid areas. Mid-continental areas and the Southwest 
are particularly threatened by future drought. The 
magnitude of the projected changes in extremes is 
expected to be greater than changes in averages, 
and hence detectable sooner.49,68,90,142,148  
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Precipitation and runoff are likely 
to increase in the Northeast and 
Midwest in winter and spring,  
and decrease in the West, 
especially the Southwest, in  
spring and summer. 

Runoff, which accumulates as streamflow, 
is the amount of precipitation that is not 
evaporated, stored as snowpack or soil 
moisture, or filtered down to groundwater. 
The proportion of precipitation that runs off 
is determined by a variety of factors includ-
ing temperature, wind speed, humidity, solar 
intensity at the ground, vegetation, and soil 
moisture. While runoff generally tracks 
precipitation, increases and decreases in 
precipitation do not necessarily lead to equal 
increases and decreases in runoff. For ex-
ample, droughts cause soil moisture reduc-
tions that can reduce expected runoff until 
soil moisture is replenished. Conversely, water-sat-
urated soils can generate floods with only moderate 
additional precipitation. During the last century, 
consistent increases in precipitation have been 
found in the Midwest and Northeast along with 
increased runoff.149,150 Climate models consistently 
project that the East will experience increased run-
off, while there will be substantial declines in the 
interior West, especially the Southwest. Projections 
for runoff in California and other parts of the West 
also show reductions, although less than in the 
interior West. In short, wet areas are projected to 
get wetter and dry areas drier. Climate models also 
consistently project heat-related summer soil 
moisture reductions in the middle of  
the continent.115,142,146,149 

In areas where snowpack 
dominates, the timing of runoff will 
continue to shift to earlier in the 
spring and flows will be lower in 
late summer.

Large portions of the West and some ar-
eas in the Northeast rely on snowpack as a 
natural reservoir to hold winter precipita-
tion until it later runs off as streamflow in 
spring, summer, and fall. Over the last 50 

years, there have been widespread temperature-
related reductions in snowpack in the West, with 
the largest reductions occurring in lower elevation 
mountains in the Northwest and California where 
snowfall occurs at temperatures close to the freez-
ing point.142,153 The Northeast has also experienced 
snowpack reductions during a similar period. 
Observations indicate a transition to more rain and 
less snow in both the West and Northeast in the last 
50 years.143,154-156 Runoff in snowmelt-dominated 
areas is occurring up to 20 days earlier in the West, 
and up to 14 days earlier in the Northeast.157,158 Fu-
ture projections for most snowmelt-dominated ba-
sins in the West consistently indicate earlier spring 

Simulated Changes in Annual Runoff Pattern

General schematic of changes in the annual pattern of runoff for snowmelt-
dominated streams. Compared to the historical pattern, runoff peak is projected 
to shift to earlier in the spring and late summer flows are expected to be lower. The 
above example is for the Green River, which is part of the Colorado River watershed.

Christensen et al.152

Projected Changes in Annual Runoff

Projected changes in median runoff for 2041-2060, relative to a 1901-1970 
baseline, are mapped by water-resource region. Colors indicate percentage 
changes in runoff. Hatched areas indicate greater confidence due to strong 
agreement among model projections. White areas indicate divergence among 
model projections. Results are based on emissions in between the lower and 
higher emissions scenarios.91 

Milly et al.151
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Surface water quality and groundwater 
quantity will be affected by a  
changing climate.

Changes in water quality
Increased air temperatures lead to higher water 
temperatures, which have already been detected in 
many streams, especially during low-flow periods. 
In lakes and reservoirs, higher water temperatures 
lead to longer periods of summer stratification 
(when surface and bottom waters do not mix). 
Dissolved oxygen is reduced in lakes, reservoirs, 
and rivers at higher temperatures. Oxygen is an 
essential resource for many living things, and its 
availability is reduced at higher temperatures both 
because the amount that can be dissolved in water 
is lower and because respiration rates of living 
things are higher. Low oxygen stresses aquatic 
animals such as coldwater fish and the insects and 
crustaceans on which they feed.142 Lower oxygen 
levels also decrease the self-purification capabili-
ties of rivers.

The negative effects of water pollution, includ-
ing sediments, nitrogen from agriculture, disease 
pathogens, pesticides, herbicides, salt, and ther-
mal pollution, will be amplified by observed and 
projected increases in precipitation intensity and 
longer periods when streamflows are low.146 The 
U.S. Environmental Protection Agency expects the 
number of waterways considered “impaired” by 
water pollution to increase.162 Heavy downpours 
lead to increased sediment in runoff and outbreaks 
of waterborne diseases.163,164 Increases in pollution 
carried to lakes, estuaries, and the coastal ocean, 
especially when coupled with increased tempera-
ture, can result in blooms of harmful algae and 
bacteria. However, pollution has the potential  
of being diluted in regions that experience  
increased streamflow.

Water-quality changes during the last century were 
probably due to causes other than climate change, 
primarily changes in pollutants.149 

Changes in groundwater
Many parts of the United States are heavily de-
pendent on groundwater for drinking, residential, 
and agricultural water supplies.164 How climate 
change will affect groundwater is not well known, 

runoff, in some cases up to 60 days earlier.157,159 For 
the Northeast, projections indicate spring runoff 
will advance by up to 14 days.150 Earlier runoff 
produces lower late-summer streamflows, which 
stress human and environmental systems through 
less water availability and higher water tempera-
tures.145 Scientific analyses to determine the causes 
of recent changes in snowpack, runoff timing, and 
increased winter temperatures have attributed these 
changes to human-caused climate change.34,160,161 

Trends in Peak Streamflow Timing

Top map shows changes in runoff timing in snowmelt-driven streams 
from 1948 to 2002 with red circles indicating earlier runoff, and blue 
circles indicating later runoff. Bottom map shows projected changes 
in snowmelt-driven streams by 2080-2099, compared to 1951-1980, 
under a higher emissions scenario.91

Stewart et al.157
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but increased water demands by society in regions 
that already rely on groundwater will clearly stress 
this resource, which is often drawn down faster 
than it can be recharged.164 In many locations, 
groundwater is closely connected to surface water 
and thus trends in surface water supplies over time 
affect groundwater. Changes in the water cycle that 
reduce precipitation or increase evaporation and 
runoff would reduce the amount of water avail-
able for recharge. Changes in vegetation and soils 
that occur as temperature changes or due to fire or 
pest outbreaks are also likely to affect recharge by 
altering evaporation and infiltration rates. More 
frequent and larger floods are likely to increase 
groundwater recharge in semi-arid and arid areas, 

where most recharge occurs through dry stream-
beds after heavy rainfalls and floods.142 

Sea-level rise is expected to increase saltwater 
intrusion into coastal freshwater aquifers, making 
some unusable without desalination.146 Increased 
evaporation or reduced recharge into coastal 
aquifers exacerbates saltwater intrusion. Shallow 
groundwater aquifers that exchange water with 
streams are likely to be the most sensitive part of 
the groundwater system to climate change. Small 
reductions in groundwater levels can lead to large 
reductions in streamflow and increases in ground-
water levels can increase streamflow.165 Further, 
the interface between streams and groundwater is 
an important site for pollution removal by microor-
ganisms. Their activity will change in response to 
increased temperature and increased or decreased 
streamflow as climate changes, and this will affect 
water quality. Like water quality, research on the 
impacts of climate change on groundwater has  
been minimal.149 

Climate change will place additional 
burdens on already stressed  
water systems.

In many places, the nation’s water systems are al-
ready taxed due to aging infrastructure, population 
increases, and competition among water needs for 

farming, municipalities, hydropower, recre-
ation, and ecosystems.167-169 Climate change 
will add another factor to existing water 
management challenges, thus increasing 
vulnerability.170 The U.S. Bureau of Recla-
mation has identified many areas in the West 
that are already at risk for serious conflict 
over water, even in the absence of climate 
change171 (see figure next page). 

Adapting to gradual changes, such as 
changes in average amounts of precipitation, 
is less difficult than adapting to changes in 
extremes. Where extreme events, such as 
droughts or floods, become more intense or 
more frequent with climate change, the eco-
nomic and social costs of these events will 
increase.172 Water systems have life spans 
of many years and are designed with spare 

Heavy rain can cause sediments to become suspended in water, 
reducing its quality, as seen in the brown swath above in New 
York City’s Ashokan reservoir following Hurricane Floyd in 
September 1999.

Lake Superior Summer Air and Water Temperatures
1979 to 2006

The recent large jump in summer water temperature is related to the 
recent large reduction in ice cover (see Midwest region).

Austin and Colman166
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capacity. These systems are thus able to cope with small changes in average conditions.172 Water resource 
planning today considers a broad range of stresses and hence adaptation to climate change will be one factor 
among many in deciding what actions will be taken to minimize vulnerability.172-174

 
Rapid regional population growth
The U.S. population is estimated to have grown to more than 300 million people, nearly a 7 percent increase 
since the 2000 Census. Current Census Bureau projections are for this growth rate to continue, with the 
national population projected to reach 350 million by 2025 and 420 
million by 2050. The highest rates of population growth to 2025 are 
projected to occur in areas such as the Southwest that are at risk for 
reductions in water supplies due to climate change.167

Aging water infrastructure
The nation’s drinking water and wastewater infrastructure is aging. 
In older cities, some buried water mains are over 100 years old and 
breaks of these lines are a significant problem. Sewer overflows re-
sulting in the discharge of untreated wastewater also occur frequently. 
Heavier downpours will exacerbate existing problems in many cities, 
especially where stormwater catchments and sewers are combined. 
Drinking water and sewer infrastructure is very expensive to install and maintain. Climate change will 
present a new set of challenges for designing upgrades to the nation’s water delivery and sewage  
removal infrastructure.168

Existing water disputes across
the country
Many locations in the United States are 
already undergoing water stress. The Great 
Lakes states are establishing an interstate 
compact to protect against reductions in 
lake levels and potential water exports. 
Georgia, Alabama, and Florida are in a 
dispute over water for drinking, recreation, 
farming, environmental purposes, and 
hydropower in the Apalachicola–Chatta-
hoochee–Flint River system.175,176 

The State Water Project in California is 
facing a variety of problems in the Sacra-
mento Delta, including endangered species, 
saltwater intrusion, and potential loss of 
islands due to flood- or earthquake-caused 
levee failures.177-182 A dispute over endan-
gered fish in the Rio Grande has been on-
going for many years.183 The Klamath River 
in Oregon and California has been the 
location of a multi-year disagreement over 
native fish, hydropower, and farming.184,185 
The Colorado River has been the site of 
numerous interstate quarrels over the last 
century.186,187 Large, unquantified Native 

Potential Water Supply Conflicts by 2025

USBR171

The map shows regions in the West where water supply conflicts are likely to occur 
by 2025 based on a combination of factors including population trends and potential 
endangered species’ needs for water. The red zones are where the conflicts are 
most likely to occur. This analysis does not factor in the effects of climate change, 
which is expected to exacerbate many of these already-identified issues.171 

Damage to the city water system in Asheville, 
North Carolina, due to heavy rain in 2004.
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American water rights challenge existing uses in 
the West (see Southwest region).188 By changing 
the existing patterns of precipitation and runoff, 
climate change will add another stress to  
existing problems. 

Changing water demands
Water demands are expected to change with in-
creased temperatures. Evaporation is projected to 
increase over most of the United States as tempera-
tures rise. Higher temperatures and longer dry peri-
ods are expected to lead to increased water demand 
for irrigation. This may be partially offset by more 
efficient use of water by plants due to rising atmo-
spheric carbon dioxide. Higher temperatures are 
projected to increase cooling water withdrawals by 
electrical generating stations. In addition, greater 
cooling requirements in summer will increase elec-
tricity use, which in turn will require more cooling 
water for power plants. Industrial and municipal 
demands are expected to increase slightly.146

The past century is no longer a 
reasonable guide to the future for  
water management.

Water planning and management have been based 
on historical fluctuations in records of stream 
flows, lake levels, precipitation, temperature, 
and water demands. All aspects of water 
management including reservoir sizing, 
reservoir flood operations, maximum urban 
stormwater runoff amounts, and projected 
water demands have been based on these 
records. Water managers have proven adept 
at balancing supplies and demand through 
the significant climate variability of the 
past century.142 Because climate change 
will significantly modify many aspects 
of the water cycle, the assumption of an 
unchanging climate is no longer appropriate 
for many aspects of water planning. Past 
assumptions derived from the historical 
record about supply and demand will need to 
be revisited for existing and proposed water 
projects.142,151,174

Drought studies that consider the past 1,200 
years indicate that in the West, the last 

century was significantly wetter than most other 
centuries. Multi-decade “megadroughts” in the 
years 900 to 1300 were substantially worse than 
the worst droughts of the last century, including 
the Dust Bowl era. The causes of these events are 
only partially known; if they were to reoccur, they 
would clearly stress water management, even in the 
absence of climate change (see figure below).97,149,189 

The intersection of substantial changes in the water 
cycle with multiple stresses such as population 
growth and competition for water supplies means 
that water planning will be doubly challenging. 
The ability to modify operational rules and water 
allocations is likely to be critical for the protection 
of infrastructure, for public safety, to ensure reli-
ability of water delivery, and to protect the environ-
ment. There are, however, many institutional and 
legal barriers to such changes in both the short and 
long term.190 Four examples:

The allocation of the water in many interstate • 
rivers is governed by compacts, international 
treaties, federal laws, court decrees, and other 
agreements that are difficult to modify. 

Reservoir operations are governed by “rule • 
curves” that require a certain amount of space 
to be saved in a reservoir at certain times of 

Long-Term Aridity Changes in the West

The black line shows the percentage of the area affected by drought (Palmer 
Drought Severity Index less than –1) in the West over the past 1,200 years. 
The red line indicates the average drought area in the years 900 to 1300. The 
blue horizontal line in the yellow box indicates the average during the period 
from 1900 to 2000, illustrating that the most recent period, during which 
population and water infrastructure grew rapidly in the West, was wetter 
than the long-term average (thin horizontal black line).189 Droughts shown in 
the period 1100-1300 significantly exceed those that have occurred over the 
past 100 years. 

Cook et al.189
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In most parts of the West, water is allocated • 
based on a “first in time means first in right” 
system, and because agriculture was developed 
before cities were established, large volumes 
of water typically are allocated to agriculture. 
Transferring agricultural rights to municipali-
ties, even for short periods during drought, can 

involve substantial expense and time 
and can be socially divisive.

Conserving water does not neces-• 
sarily lead to a right to that saved 
water, thus creating a disincentive 
for conservation.

Total U.S. water diversions peaked in 
the 1980s, which implies that expand-
ing supplies in many areas to meet new 
needs are unlikely to be a viable option, 
especially in arid areas likely to experi-
ence less precipitation. However, over 
the last 30 years, per capita water use 
has decreased significantly (due, for 
example, to more efficient technologies 
such as drip irrigation) and it is antici-
pated that per capita use will continue 
to decrease, thus easing stress.149

year to capture a potential flood. Devel-
oped by the U.S. Army Corps of Engineers 
based on historical flood data, many of these 
rule curves have never been modified, and 
modifications might require Environmental 
Impact Statements.151 

Adaptation:   New York City Begins Planning for Climate Change

The New York City Department of Environmental Protection (DEP), the agency in charge of 
providing the city’s drinking water and wastewater treatment, is beginning to alter its planning to 
take into account the effects of climate change – sea-level rise, higher temperatures, increases in 
extreme events, and changing precipitation patterns – on the city’s water systems. In partnership with 
Columbia University, DEP is evaluating climate change projections, impacts, indicators, and adaptation 
and mitigation strategies.

City planners have begun to address these issues by defining risks using probabilistic climate scenarios 
and considering potential adaptations that relate to operations/management, infrastructure, and policy. 
For example, DEP is examining the feasibility of relocating critical control systems to higher floors in 
low-lying buildings or to higher ground, building flood walls, and modifying design criteria to reflect 
changing hydrologic processes.

Important near-term goals of the overall effort include updating the existing 100-year flood elevations 
using climate model projections and identifying additional monitoring stations needed to track changes. 
DEP will also establish a system for reporting the impacts of extreme weather events on the City’s 
watershed and infrastructure. In the immediate future, DEP will evaluate flood protection measures 
for three existing water pollution control plants that are scheduled for renovation.194

Highlights of Water-Related Impacts by Sector
Sector Examples of Impacts

Human Health
Heavy downpours increase incidence of waterborne dis-
ease and floods, resulting in potential hazards to human life  
and health.163

Energy Supply
and Use

Hydropower production is reduced due to low flows in 
some regions. Power generation is reduced in fossil fuel 
and nuclear plants due to increased water temperatures 
and reduced cooling water availability.191

Transportation
Floods and droughts disrupt transportation. Heavy down-
pours affect harbor infrastructure and inland waterways. 
Declining Great Lakes levels reduce freight capacity.192

Agriculture and 
Forests

Intense precipitation can delay spring planting and damage 
crops. Earlier spring snowmelt leads to increased number 
of forest fires.193

Ecosystems Coldwater fish threatened by rising water temperatures. 
Some warmwater fish will expand ranges.70
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Spotlight on the 
Colorado River The Colorado River system supplies water 

to over 30 million people in the Southwest 
including Los Angeles, Phoenix, Las Vegas, and 
Denver. Reservoirs in the system, including the 
giant lakes Mead and Powell, were nearly full in 
1999, with almost four times the annual flow of 
the river stored. By 2007, the system had lost 
approximately half of that storage after enduring 
the worst drought in 100 years of record 
keeping.29 Runoff was reduced due to low winter 
precipitation, and warm, dry, and windy spring 
seasons that substantially reduced snowpack.

Numerous studies over the last 30 years have 
indicated that the river is likely to experience 
reductions in runoff due to climate change. In 
addition, diversions from the river to meet the 
needs of cities and agriculture are approaching 
its average flow. Under current conditions, 
even without climate change, large year-to-year 
fluctuations in reservoir storage are possible.152 
If reductions in flow projected to accompany 
global climate change occur, water managers will 
be challenged to satisfy all existing demands, let 
alone the increasing demands of a rapidly  
growing population.167,195

Efforts are underway to address these challenges. 
In 2005, the Department of Interior’s Bureau 
of Reclamation began a process to formalize 
operating rules for lakes Mead and Powell during 
times of low flows and to apportion limited water 
among the states.196  Matching photographs taken 18 months apart during the most 

serious period of recent drought show a significant decrease in 
Lake Powell.

June 29, 2002

December 23, 2003

The filling of Lake Mead (green) was initiated in 1935, and that of Lake Powell 
(blue) in 1963. In 1999, the lakes were nearly full, but by 2007, the lakes had lost 
nearly half of their storage water after the worst drought in 100 years.

Change in Water Volume of Lakes Mead and Powell

USBR171



U.S. Global Change Research Program

52 PB

Global Climate Change Impacts in the United States Water Resources

:   Water and Energy Connections

Water and energy are tightly interconnected; water systems use large 
amounts of energy, and energy systems use large amounts of water. 
Both are expected to be under increasing pressure in the future 
and both will be affected by a changing climate. In the energy sector, 
water is used directly for hydropower, and cooling water is critical for 
nearly all other forms of electrical power generation. Withdrawals 
of freshwater used to cool power plants that use heat to generate 
electricity are very large, nearly equaling the water withdrawn for 
irrigation. Water consumption by power plants is about 20 percent of 
all non-agricultural uses, or half that of all domestic use.197 

In the water sector, two very unusual attributes of water, significant weight due to its relatively 
high density, and high heat capacity, make water use energy intensive. Large amounts of energy 
are needed for pumping, heating, and treating drinking water and wastewater. Water supply and 
treatment consumes roughly 4 percent of the nation’s power supply, and electricity accounts for 
about 75 percent of the cost of municipal water processing and transport. In California, 30 percent 
of all non-power plant natural gas is used for water-related activities.198,199 The energy required 
to provide water depends on its source (groundwater, surface water, desalinated water, treated 
wastewater, or recycled water), the distance the water is conveyed, the amount of water moved, and 
the local topography. Surface water often requires more treatment than groundwater. Desalination 
requires large amounts of energy to produce freshwater. Treated wastewater and recycled water 
(used primarily for agriculture and industry) require energy for treatment, but little energy for supply 
and conveyance. Conserving water has the dual benefit of conserving energy and potentially reducing 
greenhouse gas emissions if fossil fuels are the predominant source of that energy. 

U.S. DOE197

Water and energy are intimately connected. Water is used by the power generation sector for cooling, and energy is used 
by the water sector for pumping, drinking water treatment, and wastewater treatment. Without energy, there would be 
limited water distribution, and without water, there would be limited energy production.
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Key Messages:
Warming will be accompanied by decreases in demand for heating energy and • 
increases in demand for cooling energy. The latter will result in significant 
increases in electricity use and higher peak demand in most regions.
Energy production is likely to be constrained by rising temperatures and limited • 
water supplies in many regions.
Energy production and delivery systems are exposed to sea-level rise and • 
extreme weather events in vulnerable regions.
Climate change is likely to affect some renewable energy sources across the • 
nation, such as hydropower production in regions subject to changing patterns 
of precipitation or snowmelt.

Energy is at the heart of the global warming 
challenge.3 It is humanity’s production and use of 
energy that is the primary cause of global warming, 
and in turn, climate change will eventually affect 
our production and use of energy. The vast majority 
of U.S. greenhouse gas emissions, about 87 percent, 
come from energy production and use.200

At the same time, other U.S. trends are increasing 
energy use: population shifts to the South, espe-
cially the Southwest, where 
air conditioning use is high, 
an increase in the square 
footage built per person, 
increased electrification of 
the residential and commer-
cial sectors, and increased 
market penetration of  
air conditioning.201

Many of the effects of 
climate change on energy 
production and use in the 
United States are not well 
studied. Some of the effects 
of climate change, however, 
have clear implications for 

energy production and use. For instance, rising 
temperatures are expected to increase energy re-
quirements for cooling and reduce energy require-
ments for heating.164,201 Changes in precipitation 
have the potential to affect prospects for hydropow-
er, positively or negatively.201 Increases in hurricane 
intensity are likely to cause further disruptions 
to oil and gas operations in the Gulf, like those 
experienced in 2005 with Hurricane Katrina and in 
2008 with Hurricane Ike.201 Concerns about climate 

Sources of U.S. Greenhouse Emissions (2003)

About 87 percent of U.S. greenhouse gas emissions come from energy production and use, as 
shown in the left pie chart. The right pie chart breaks down these emissions by greenhouse gas.

Adapted from U.S. EPA202

Key Sources
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change impacts will almost certainly alter percep-
tions and valuations of energy technology alterna-
tives. These effects are very likely to be relevant 
for energy policies, decisions, and institutions in 
the United States, affecting courses of action and 
appropriate strategies for risk management.201 

The overall scale of the national energy economy 
is very large, and the energy industry has both 
the financial and the managerial resources to be 
adaptive. Impacts due to climate change are likely 
to be most apparent at sub-national scales, such as 
regional effects of extreme weather events and re-
duced water availability, and effects of increased 
cooling demands on especially vulnerable places 
and populations.204 

Warming will be accompanied by 
decreases in demand for heating energy 
and increases in demand for cooling 
energy. The latter will result in significant 
increases in electricity use and higher 
peak demand in most regions.

Research on the effects of climate change on en-
ergy production and use has largely been limited 
to impacts on energy use in buildings. These 
studies have considered effects of global warming 
on energy requirements for heating and cooling 
in buildings in the United States.205 They find that 
the demand for cooling energy increases from 5 
to 20 percent per 1.8°F of warming, and the de-
mand for heating energy drops by 3 to 15 percent 
per 1.8°F of warming.205 These ranges reflect 
different assumptions about factors such as the 
rate of market penetration of improved building 
equipment technologies.205

Studies project that temperature increases due to 
global warming are very likely to increase peak 
demand for electricity in most regions of the 
country.205 An increase in peak demand can lead 
to a disproportionate increase in energy infra-
structure investment.205

Since nearly all of the cooling of buildings is 
provided by electricity use, whereas the vast 
majority of the heating of buildings is provided 
by natural gas and fuel oil,201,206 the projected 

Primary Energy Consumption
 by Major Source (1949 to 2007)

U.S. energy supply is dominated by fossil fuels. Petroleum, 
the top source of energy shown above, is primarily used for 
transportation (70 percent of oil use). Natural gas is used in 
roughly equal parts to generate electricity, power industrial 
processes, and heat water and buildings. Coal is primarily used 
to generate electricity (91 percent of coal use). Nuclear power 
is used entirely for electricity generation.

EIA203

U.S. Electricity Sources (2007) 

Coal, natural gas, and nuclear power plants together account for 
about 90 percent of current U.S. electricity production.

EIA203
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changes imply increased demands 
for electricity. This is especially the 
case where climate change would 
result in significant increases in the 
heat index in summer, and where 
relatively little space cooling has 
been needed in the past, but demands 
are likely to increase in the future.205 
The increase in electricity demand is 
likely to be accelerated by population 
movements to the South and South-
west, which are regions of especially 
high per capita electricity use, due to 
demands for cooling in commercial 
buildings and households.205 Because 
nearly half of the nation’s electric-
ity is currently generated from coal, 
these factors have the potential to 
increase total national carbon dioxide 
emissions in the absence of improved 
energy efficiency, development of 
non-carbon energy sources, and/or 
carbon capture and storage.205

 
Other effects of climate change on 
energy consumption are less clear, 
because little research has been done.205 
For instance, in addition to cooling, 
air conditioners also remove moisture 
from the air; thus the 
increase in humidity 
projected to accompany 
global warming is likely 
to increase electric-
ity consumption by 
air conditioners even 
further.205 As other ex-
amples, warming would 
increase the use of air 
conditioners in high-
way vehicles, and water 
scarcity in some regions 
has the potential to in-
crease energy demands 
for water pumping. It is 
important to improve 
the information avail-
able about these other 
kinds of effects.

Shifting Energy Demand in the United States by 2080-2099

“Degree days” are a way of measuring the energy needed for heating and cooling by adding up how many 
degrees hotter or colder each day’s average temperature is from 65ºF over the course of a year. Colder 
locations have high numbers of heating degree days and low numbers of cooling degree days, while hotter 
locations have high numbers of cooling degree days and low numbers of heating degree days. Nationally, 
the demand for energy will increase in summer and decrease in winter. Cooling uses electricity while 
heating uses a combination of energy sources, so the overall effect nationally and in most regions will be 
an increased need for electricity. The projections shown in the chart are for late this century. The higher 
emissions scenario91 used here is referred to as “even higher” on page 23.

CMIP3-B117

Change in Population
from 1970 to 2008

The map above, showing percentage changes in county population between 1970 and 
2008, graphically illustrates the large increases in places that require air conditioning.  
Areas with very large increases are shown in orange, red, and maroon. Some places had 
enormous growth, in the hundreds of thousands of people. For example, counties in the 
vicinity of South Florida, Atlanta, Los Angeles, Phoenix, Las Vegas, Denver, Dallas, and 
Houston all had very large increases.

U.S. Census207
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Energy production is likely to be 
constrained by rising temperatures and 
limited water supplies in many regions. 

In some regions, reductions in water supply due 
to decreases in precipitation and/or water from 
melting snowpack are likely to be significant, 
increasing the competition for water among vari-
ous sectors including energy production (see Water 
Resources sector).191,208

The production of energy from fossil fuels (coal, 
oil, and natural gas) is inextricably linked to the 
availability of adequate and sustainable supplies of 
water.191,208 While providing the United States with 
the majority of its annual energy needs, fossil fuels 
also place a high demand on the nation’s water 
resources in terms of both quantity and quality 
impacts.191,208 Generation of electricity in thermal 
power plants (coal, nuclear, gas, or oil) is water 
intensive. Power plants rank only slightly behind 
irrigation in terms of freshwater withdrawals in the 
United States.191 

There is a high likelihood that water shortages will 
limit power plant electricity production in many 
regions. Future water constraints on electricity 
production in thermal power plants are projected 
for Arizona, Utah, Texas, Louisiana, Georgia, Ala-
bama, Florida, California, Oregon, and Washington 
state by 2025.191 Additional parts of the United 
States could face similar constraints as a result 
of drought, growing populations, and increasing 
demand for water for various uses, at least season-
ally.209 Situations where the development of new 
power plants is being slowed down or halted due 
to inadequate cooling water are becoming more 
frequent throughout the nation.191 

The issue of competition among various water uses 
is dealt with in more detail in the Water Resources 
sector. In connection with these issues and other re-
gional water scarcity impacts, energy is likely to be 
needed to move and manage water. This is one of 
many examples of interactions among the impacts 
of climate change on various sectors that, in this 
case, affects energy requirements.

In addition to the problem of water availability, 
there are issues related to an increase in water 
temperature. Use of warmer water reduces the effi-
ciency of thermal power plant cooling technologies. 
And, warmer water discharged from power plants 
can alter species composition in aquatic ecosys-
tems.210 Large coal and nuclear plants have been 
limited in their operations by reduced river levels 
caused by higher temperatures and thermal limits 
on water discharge.191

The efficiency of thermal power plants, fossil 
or nuclear, is sensitive to ambient air and water 
temperatures; higher temperatures reduce power 
outputs by affecting the efficiency of cooling.191 
Although this effect is not large in percentage 
terms, even a relatively small change could have 
significant implications for total national electric 
power supply.191 For example, an average reduction 
of 1 percent in electricity generated by thermal 
power plants nationwide would mean a loss of 25 
billion kilowatt-hours per year,211 about the amount 
of electricity consumed by 2 million Americans, a 
loss that would need to be supplied in some other 
way or offset through measures that improve  
energy efficiency.

Nuclear, coal, and natural gas power plants require large 
amounts of water for cooling.191



56 57

Global Climate Change Impacts in the United States Energy Supply and Use

56 57

Global Climate Change Impacts in the United States Energy Supply and Use

Energy production and delivery  
systems are exposed to sea-level 
rise and extreme weather events in 
vulnerable regions.

Sea-level rise 
A significant fraction of America’s energy infra-
structure is located near the coasts, from power 
plants, to oil refineries, to facilities that receive oil 
and gas deliveries.191 Rising sea levels are likely to 
lead to direct losses, such as equipment damage 
from flooding or erosion, and indirect effects, such 
as the costs of raising vulnerable assets to higher 
levels or building new facilities farther inland, in-
creasing transportation costs.191 The U.S. East Coast 
and Gulf Coast have been identified as particularly 
vulnerable to sea-level rise because the land is rela-
tively flat and also sinking in many places.191 

Extreme events
Observed and projected increases in a variety of 
extreme events will have significant impacts on the 
energy sector. As witnessed in 2005, hurricanes 
can have a debilitating impact on energy infrastruc-
ture. Direct losses to the energy industry in 2005 
are estimated at $15 billion,191 with millions more 
in restoration and recovery costs. As one example, 
the Yscloskey Gas Processing Plant (located on 

the Louisiana coast) was forced to close for six 
months following Hurricane Katrina, resulting in 
lost revenues to the plant’s owners and employees, 
and higher prices to consumers, as gas had to be 
procured from other sources.191

The impacts of an increase in severe weather are 
not limited to hurricane-prone areas. For example, 
rail transportation lines, which carry approxi-
mately two-thirds of the coal to the nation’s power 
plants,212 often follow riverbeds, especially in the 
Appalachian region.191 More intense rainstorms, 
which have been observed and projected,68,112 can 
lead to rivers flooding, which can “wash out” or 
degrade nearby railbeds and roadbeds.191 This is 
also a problem in the Midwest, which experienced 
major flooding of the Mississippi River in 1993  
and 2008.213

Development of new energy facilities could be re-
stricted by siting concerns related to sea-level rise, 
exposure to extreme events, and increased capital 
costs resulting from a need to provide greater pro-
tection from extreme events.191 

The electricity grid is also vulnerable to climate 
change effects, from temperature changes to severe 
weather events.191 The most familiar example is  

The Gulf Coast is home to the U.S. oil and gas industries, representing 
nearly 30 percent of the nation’s crude oil production and approximately 

20 percent of its natural gas production. One-third of the national refining 
and processing capacity lies on coastal plains adjacent to the Gulf of Mexico. 

Several thousand offshore drilling platforms, dozens of refineries, and thousands 
of miles of pipelines are vulnerable to damage and disruption due to sea-level rise 

and the high winds and storm surge associated with hurricanes and other tropical 
storms. For example, hurricanes Katrina and Rita halted all oil and gas production 

from the Gulf, disrupted nearly 20 percent of the nation’s refinery capacity, and closed 
many oil and gas pipelines.214 Relative sea-level rise in parts of the Gulf Coast region (Louisiana 

and East Texas) is projected to be as high as 2 to 4 feet by 2050 to 2100, due to the combination 
of global sea-level rise caused by warming oceans and melting ice and local land sinking.215 Combined 

with onshore and offshore storm activity, this would represent an increased threat to this regional energy 
infrastructure. Some adaptations to these risks are beginning to emerge (see Adaptation box, page 58).

Offshore oil production is particularly susceptible to extreme weather events. Hurricane Ivan in 2004 destroyed 
seven platforms in the Gulf of Mexico, significantly damaged 24 platforms, and damaged 102 pipelines. Hurricanes 
Katrina and Rita in 2005 destroyed more than 100 platforms and damaged 558 pipelines. For example, Chevron’s 
$250 million “Typhoon” platform was damaged beyond repair. Plans are being made to sink its remains to 
the seafloor.
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The number of incidents caused by extreme weather has increased tenfold since 1992. The portion of all events 
that are caused by weather-related phenomena has more than tripled from about 20 percent in the early 1990s 
to about 65 percent in recent years. The weather-related events are more severe, with an average of about 
180,000 customers affected per event compared to about 100,000 for non-weather-related events (and 50,000 
excluding the massive blackout of August 2003).201 The data shown include disturbances that occurred on the 
nation’s large-scale “bulk” electric transmission systems. Most outages occur in local distribution networks and 
are not included in the graph. Although the figure does not demonstrate a cause-effect relationship between 
climate change and grid disruption, it does suggest that weather and climate extremes often have important 
effects on grid disruptions. We do know that more frequent weather and climate extremes are likely in the 
future,68 which poses unknown new risks for the electric grid.

Significant Weather-Related U.S. Electric Grid Disturbances

EIA216

Adaptation:   Addressing Oil Infrastructure Vulnerabilities in the Gulf Coast

Port Fourchon, Louisiana, supports 75 percent of deepwater oil and gas 
production in the Gulf of Mexico, and its role in supporting oil production 
in the region is increasing. The Louisiana Offshore Oil Port, located 
about 20 miles offshore, links daily imports of 1 million barrels of oil and 
production of 300,000 barrels in the Gulf of Mexico to 50 percent of 
national refining capacity. One road, Louisiana Highway 1, connects Port 
Fourchon with the nation. It transports machinery, supplies, and workers 
and is the evacuation route for onshore and offshore workers. Responding 
to threats of storm surge and flooding, related in part to concerns about 
climate change, Louisiana is currently upgrading Highway 1, including 
elevating it above the 500-year flood level and building a higher bridge over 
Bayou LaFourche and the Boudreaux Canal.217 
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Northwest.191 It is likely to be significantly affected 
by climate change in regions subject to reduced 
precipitation and/or water from melting snowpack. 
Significant changes are already being detected in 
the timing and amount of streamflows in many 
western rivers,164 consistent with the predicted ef-
fects of global warming. More precipitation coming 
as rain rather than snow, reduced snowpack, earlier 
peak runoff, and related effects are beginning to 
affect hydropower availability.164 

Hydroelectric generation is very sensitive to chang-
es in precipitation and river discharge. For example, 
every 1 percent decrease in precipitation results 
in a 2 to 3 percent drop in streamflow;219 every 1 
percent decrease in streamflow in the Colorado 
River Basin results in a 3 percent drop in power 
generation.191 Such magnifying sensitivities occur 
because water flows through multiple power plants 
in a river basin.191 

Climate impacts on hydropower occur when either 
the total amount or the timing of runoff is altered, 
such as when natural water storage in snowpack 
and glaciers is reduced under hotter conditions. 
Glaciers, snowpack, and their associated runoff are 
already declining in the West, and larger declines 
are projected.164

Hydropower operations are also affected by chang-
es to air temperatures, humidity, or wind patterns 
due to climate change.191 These variables cause 
changes in water quantity and quality, including 
water temperature. Warmer air and water generally 
increase the evaporation of water from the surface 

effects of severe weather events on power lines, 
such as from ice storms, thunderstorms, and hur-
ricanes. In the summer heat wave of 2006, for 
example, electric power transformers failed in 
several areas (including St. Louis, Missouri, and 
Queens, New York) due to high temperatures, caus-
ing interruptions of electric power supply. It is not 
yet possible to project effects of climate change on 
the grid, because so many of the effects would be 
more localized than current climate change models 
can depict; but, weather-related grid disturbances 
are recognized as a challenge for strategic planning 
and risk management.

Climate change is likely to affect some 
renewable energy sources across the 
nation, such as hydropower production 
in regions subject to changing patterns 
of precipitation or snowmelt. 

Renewable sources currently account for about 
9 percent of electricity production in the United 
States.203 Hydroelectric power is by far the largest 
renewable contributor to electricity generation,191 
accounting for about 7 percent of total U.S. elec-
tricity.218 Like many things discussed in this report, 
renewable energy resources have strong interrela-
tionships with climate change; using renewable en-
ergy can reduce the magnitude of climate change, 
while climate change can affect the prospects for 
using some renewable energy sources.

Hydropower is a major source of electricity in 
some regions of the United States, notably in the 

Florida’s energy infrastructure is particularly vulnerable to sea-level 
rise and storm impacts. Most of the petroleum products consumed 

in Florida are 
delivered by barge to 

three ports, two on 
the east coast and one 

on the west coast. The 
interdependencies of natural 

gas distribution, transportation 
fuel distribution and delivery, and 

electrical generation and distribution 
were found to be major issues in Florida’s 

recovery from recent major hurricanes.191 
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winds affect wind power, and temperature and wa-
ter availability affect biomass production (particu-
larly related to water requirements for biofuels).191 
The limited research to date on these important is-
sues does not support firm conclusions about where 
such impacts would occur and how significant they 
would be.205 This is an area that calls for much 
more study (see An Agenda for Climate Impacts 
Science section, Recommendation 2).

of reservoirs, reducing the 
amount of water available 
for power production and 
other uses. Huge reservoirs 
with large surface areas, 
located in arid, sunny parts 
of the country, such as Lake 
Mead (located on Arizona-
Nevada border on the Colo-
rado River), are particularly 
susceptible to increased 
evaporation due to warming, 
meaning less water will be 
available for all uses, includ-
ing hydropower.191 And, 
where hydropower dams 
flow into waterways that 
support trout, salmon or other coldwater fisheries, 
warming of reservoir releases might have detrimen-
tal consequences that require changes in operations 
that reduce power production.191 Such impacts  
will increasingly translate into competition for 
water resources. 

Climate change is also likely to affect other renew-
able energy sources. For example, changing cloud 
cover affects solar energy resources, changes in 

Hydroelectric dam in the Northwest

Significant impacts of warming on the energy sector can 
already be observed in Alaska, where temperatures have risen 

about twice as much as the rest of the nation. In Alaska, frozen 
ground and ice roads are an important means of winter travel, 

and warming has resulted in a much shorter cold season. Impacts 
on the oil and natural gas industries on Alaska’s North Slope have 

been one of the results. For example, the season during which oil 
and gas exploration and extraction equipment can be operated on the 

tundra has been shortened due to warming. In addition, the thawing of 
permafrost, on which buildings, pipelines, airfields, and coastal installations 

supporting oil and gas development are located, adversely affects these structures 
and increases the cost of maintaining them.191 

Different energy impacts are expected in the marine environment as sea 
ice continues to retreat and thin. These trends are expected to improve 
shipping accessibility, including oil and gas transport by sea, around 
the margins of the Arctic Basin, at least in the summer. The improved 
accessibility, however, will not be uniform throughout the different 
regions. Offshore oil exploration and extraction might benefit from 
less extensive and thinner sea ice, although equipment will have to be 
designed to withstand increased wave forces and ice movement.191,220



The U.S. transport sector is a significant source of greenhouse gases, accounting for 27 percent 
of U.S. emissions.221 While it is widely recognized that emissions from transportation have  
a major impact on climate, climate change will also have a major impact  
on transportation. 

Climate change impacts pose significant challenges to our nation’s multi-
modal transportation system and cause disruptions in other sectors across 
the economy. For example, major flooding in the Midwest in 1993 and 2008 
restricted regional travel of all types, and disrupted freight and rail shipments 
across the country, such as those bringing coal to power plants and chlorine 
to water treatment systems. The U.S. transportation network is vital to the na-
tion’s economy, safety, and quality of life.

Extreme events present major challenges for transportation, and such events 
are becoming more frequent and intense. Historical weather patterns are no 
longer a reliable predictor of the future.222 Transportation planners have not 
typically accounted for climate change in their long-term planning and project 
development. The longevity of transportation infrastructure, the long-term 
nature of climate change, and the potential impacts identified by recent studies 
warrant serious attention to climate change in planning new or rehabilitated 
transportation systems.223

The strategic examination of national, regional, state, and local networks is an important step 
toward understanding the risks posed by climate change. A range of adaptation responses can be 
employed to reduce risks through redesign or relocation of infrastructure, increased redundancy 
of critical services, and operational improvements. Adapting to climate change is an evolutionary 
process. Through adoption of longer planning horizons, risk management, and adaptive respons-
es, vulnerable transportation infrastructure can be made more resilient.215 

Transportation
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Key Messages:
Sea-level rise and storm surge will increase the risk of major coastal impacts, • 
including both temporary and permanent flooding of airports, roads, rail lines, 
and tunnels.
Flooding from increasingly intense downpours will increase the risk of • 
disruptions and delays in air, rail, and road transportation, and damage from 
mudslides in some areas.
The increase in extreme heat will limit some transportation operations and • 
cause pavement and track damage. Decreased extreme cold will provide some 
benefits such as reduced snow and ice removal costs.
Increased intensity of strong hurricanes would lead to more evacuations, • 
infrastructure damage and failure, and transportation interruptions.
Arctic warming will continue to reduce sea ice, lengthening the ocean • 
transport season, but also resulting in greater coastal erosion due to waves. 
Permafrost thaw in Alaska will damage infrastructure. The ice road season will 
become shorter.

Buildings and debris float up against 
a railroad bridge on the Cedar River 
during record flooding in June 2008, 
in Cedar Rapids, Iowa.

Key Sources



Sea-level rise and storm surge will 
increase the risk of major coastal 
impacts, including both temporary and 
permanent flooding of airports, roads, 
rail lines, and tunnels.

Sea-level rise
Transportation infrastructure in U.S. coastal areas 
is increasingly vulnerable to sea-level rise. Given 
the high population density near the coasts, the 
potential exposure of transportation infrastructure 
to flooding is immense. Population swells in these 
areas during the summer months because beaches 
are very important tourist destinations.222 

In the Gulf Coast area alone, an estimated 2,400 
miles of major roadway and 246 miles of freight 
rail lines are at risk of permanent flooding 
within 50 to 100 years as global warming and 
land subsidence (sinking) combine to produce an 
anticipated relative sea-level rise in the range of 4 
feet.217 Since the Gulf Coast region’s transportation 
network is interdependent and relies on minor roads 
and other low-lying infrastructure, the risks of 
service disruptions due to sea-level rise are likely to 
be even greater.217 

Coastal areas are also major centers of economic 
activity. Six of the nation’s top 10 freight gateways 
(measured by the value of shipments) will be threat-
ened by sea-level rise.222 Seven of the 10 largest 
ports (by tons of traffic) are located on the Gulf 
Coast.222 The region is also home to the U.S. oil and 
gas industry, with its offshore drilling platforms, 
refineries, and pipelines. Roughly two-thirds of 
all U.S. oil imports are transported through this 
region224 (see Energy sector). Sea-level rise would 
potentially affect commercial transportation activ-
ity valued in the hundreds of billions of dollars an-
nually through inundation of area roads, railroads, 
airports, seaports, and pipelines.217

Storm surge
More intense storms, especially when coupled 
with sea-level rise, will result in far-reaching and 
damaging storm surges. An estimated 60,000 miles 
of coastal highway are already exposed to periodic 
flooding from coastal storms and high waves.222 
Some of these highways currently serve as evacu-
ation routes during hurricanes and other coastal 
storms, and these routes could become seriously 
compromised in the future. 
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Gulf Coast Area Roads at Risk from Sea-Level Rise

Within 50 to 100 years, 2,400 miles of major roadway are projected to be inundated by sea-level rise in the Gulf Coast region. 
The map shows roadways at risk in the event of a sea-level rise of about 4 feet, within the range of projections for this region 
in this century under medium- and high-emissions scenarios.91 In total, 24 percent of interstate highway miles and 28 percent 
of secondary road miles in the Gulf Coast region are at elevations below 4 feet.217  
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With the potential for 
significant sea-level rise 

estimated under continued high levels of 
emissions, the combined effects of sea-level 
rise and storm surge are projected to increase 
the frequency of flooding. What is currently 
called a 100-year storm is projected to occur 
as often as every 10 years by late this century. 
Portions of lower Manhattan and coastal areas 
of Brooklyn, Queens, Staten Island, and Nassau 
County, would experience a marked increase 
in flooding frequency. Much of the critical 
transportation infrastructure, including tunnels, 
subways, and airports, lies well within the range 
of projected storm surge and would be flooded 
during such events.222,225,369 

Regional Spotlight: 
New York  
Metropolitan Area

ground. Underground tunnels and other low-lying 
infrastructure will experience more frequent and 
severe flooding. Higher sea levels and storm surges 
will also erode road base and undermine bridge 
supports. The loss of coastal wetlands and barrier 
islands will lead to further coastal erosion due to 
the loss of natural protection from wave action.

Water
Impacts on harbor infrastructure from wave dam-
age and storm surges are projected to increase. 
Changes will be required in harbor and port 
facilities to accommodate higher tides and storm 
surges. There will be reduced clearance under some 
waterway bridges for boat traffic. Changes in the 
navigability of channels are expected; some will 
become more accessible (and extend farther inland) 
because of deeper waters, while others will be 
restricted because of changes in sedimentation rates 
and sandbar locations. In some areas, waterway 
systems will become part of open water as barrier 
islands disappear. Some channels are likely to have 
to be dredged more frequently as has been done 
across large open-water bodies in Texas.222 

Coastal areas are projected to experience 
continued development pressures as both 
retirement and tourist destinations. Many of the 
most populous counties of the Gulf Coast, which 
already experience the effects of tropical storms, 
are expected to grow rapidly in the coming 
decades.222 This growth will generate demand for 
more transportation infrastructure and services, 
challenging transportation planners to meet the 
demand, address current and future flooding, and 
plan for future conditions.223

Land
More frequent inundation and interruptions in 
travel on coastal and low-lying roadways and rail 
lines due to storm surge are projected, potentially 
requiring changes to minimize disruptions. More 
frequent evacuations due to severe storm surges 
are also likely. Across the United States, many 
coastal cities have subways, tunnels, parking lots, 
and other transportation infrastructure below 
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Sea-level rise, 
combined with high 
rates of subsidence 
in some areas, 
will make much 
of the existing 
infrastructure more 
prone to frequent 
or permanent 
inundation; 27 

percent of the major roads, 9 percent of the rail 
lines, and 72 percent of the ports in the area 
shown on the map on the previous page are 
built on land at or below 4 feet in elevation, a 
level within the range of projections for relative 
sea-level rise in this region in this century. 
Increased storm intensity may lead to increased 
service disruption and infrastructure damage. 
More than half of the area’s major highways (64 
percent of interstates, 57 percent of arterials), 
almost half of the rail miles, 29 airports, and 
virtually all of the ports, are below 23 feet in 
elevation and subject to flooding and damage 
due to hurricane storm surge. These factors 
merit consideration in today’s transportation 
decisions and planning processes.217

Regional 
Spotlight: 
Gulf Coast



Air
Airports in coastal cities are often located adjacent 
to rivers, estuaries, or open ocean. Airport runways 
in coastal areas face inundation unless effective 
protective measures are taken. There is the po-
tential for closure or restrictions for several of the 
nation’s busiest airports that lie in coastal zones, 
affecting service to the highest density populations 
in the United States. 

Flooding from increasingly intense 
downpours will increase the risk of 
disruptions and delays in air, rail, and 
road transportation, and damage from 
mudslides in some areas.

Heavy downpours have already increased substan-
tially in the United States; the heaviest 1 percent 
of precipitation events increased by 20 percent, 
while total precipitation increased by only 7 percent 
over the past century.112 Such intense precipitation 
is likely to increase the frequency and severity 
of events such as the Great Flood of 1993, which 
caused catastrophic flooding along 500 miles of 
the Mississippi and Missouri river system, paralyz-
ing surface transportation systems, including rail, 
truck, and marine traffic. Major east-west traffic 
was halted for roughly six weeks in an area stretch-
ing from St. Louis, Missouri, west to Kansas City, 
Missouri and north to Chicago, Illinois, affecting 
one-quarter of all U.S. freight, which either origi-
nated or terminated in the flood-affected region.222

The June 2008 Midwest flood was the second 
record-breaking flood in the past 15 years. Dozens 
of levees were breached or overtopped in Iowa, 
Illinois, and Missouri, flooding huge areas, includ-
ing nine square miles in and around Cedar Rapids, 
Iowa. Numerous highway and rail bridges were 
impassable due to flooding of approaches and 
transport was shut down along many stretches of 
highway, rail lines, and normally navigable water-
ways.

Planners have generally relied on weather extremes 
of the past as a guide to the future, planning, for 
example, for a “100-year flood,” which is now 
likely to come more frequently as a result of 

climate change. Historical analysis of weather data 
has thus become less reliable as a forecasting tool. 
The accelerating changes in climate make it more 
difficult to predict the frequency and intensity of 
weather events that can affect transportation.222

 
Land
The increase in heavy precipitation will inevita-
bly cause increases in weather-related accidents, 
delays, and traffic disruptions in a network already 
challenged by increasing congestion.215 There will 
be increased flooding of evacuation routes, and 
construction activities will be disrupted. Changes 
in rain, snowfall, and seasonal flooding will impact 
safety and maintenance operations on the nation’s 
roads and railways. For example, if more precipita-
tion falls as rain rather than snow in winter and 
spring, there will be an increased risk of landslides, 
slope failures, and floods from the runoff, causing 
road closures as well as the need for road repair and 
reconstruction222 (see Water Resources sector).

Increased flooding of roadways, rail lines, and 
underground tunnels is expected. Drainage systems 
will be overloaded more frequently and severely, 
causing backups and street flooding. Areas where 
flooding is already common will face more fre-
quent and severe problems. For example, Louisiana 
Highway 1, a critical link in the transport of oil 
from the Gulf of Mexico, has recently experienced 
increased flooding, prompting authorities to elevate 
the road (see Adaptation Box page 58).217 Increases 
in road washouts, damage to railbed support struc-
tures, and landslides and mudslides that damage 
roads and other infrastructure are expected. If soil 
moisture levels become too high, the structural 
integrity of roads, bridges, and tunnels, which in 
some cases are already under age-related stress and 
in need of repair, could be compromised. Stand-
ing water will have adverse impacts on road base. 
For example, damage due to long term submersion 
of roadways in Louisiana was estimated to be $50 
million for just 200 miles of state-owned highway. 
The Louisiana Department of Transportation and 
Development noted that a total of 1,800 miles of 
roads were under water for long periods, requiring 
costly repairs.217 Pipelines are likely to be damaged 
because intense precipitation can cause the ground 
to sink underneath the pipeline; in shallow river-
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beds, pipelines are more exposed to the elements 
and can be subject to scouring and shifting due to 
heavy precipitation.217

Water
Facilities on land at ports and harbors will be vul-
nerable to short term flooding from heavy down-
pours, interrupting shipping service. Changes in 
silt and debris buildup resulting from extreme pre-
cipitation events will affect channel depth, increas-
ing dredging costs. The need to expand stormwater 
treatment facilities, which can be a significant ex-
pense for container and other terminals with large 
impermeable surfaces, will increase.

Air
Increased delays due to heavy downpours are 
likely to affect operations, causing increasing flight 
delays and cancellations.222 Stormwater runoff that 
exceeds the capacity of collection and drainage 
systems will cause flooding, delays, and airport 
closings. Heavy downpours will affect the struc-
tural integrity of airport facilities, such as through 
flood damage to runways and other infrastructure. 
All of these impacts have implications for emer-
gency evacuation planning, facility maintenance, 
and safety.222

The increase in extreme heat will limit 
some transportation operations and 
cause pavement and track damage. 
Decreased extreme cold will provide 
some benefits such as reduced snow and 
ice removal costs.

Land
Longer periods of extreme heat in summer can 
damage roads in several ways, including softening 
of asphalt that leads to rutting from heavy traffic.164 
Sustained air temperature over 90°F is a significant 
threshold for such problems (see maps page 34). 
Extreme heat can cause deformities in rail tracks,  
at minimum resulting in speed restrictions and,  
at worst, causing derailments. Air temperatures 
above 100°F can lead to equipment failure (see 
maps page 90). Extreme heat also causes thermal 
expansion of bridge joints, adversely affecting 
bridge operations and increasing maintenance 
costs. Vehicle overheating and tire deterioration are 
additional concerns.222 Higher temperatures will 
also increase refrigeration needs for goods during 
transport, particularly in the South, raising trans-
portation costs.217

Increases in very hot days and heat waves are ex-
pected to limit construction activities due to health 
and safety concerns for highway workers. Guid-
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Adaptation:   Climate Proofing a Road

Completion of a road around the 42-square mile 
island of Kosrae in the U.S.-affiliated Federated 
States of Micronesia provides a good example of 
adaptation to climate change. A road around the 
island’s perimeter existed, except for a 10-mile gap. 
Filling this gap would provide all-weather land access 
to a remote village and allow easier access to the 
island’s interior. 

In planning this new section of road, authorities decided to “climate-proof” it against 
projected increases in heavy downpours and sea-level rise. This led to the section of road 
being placed higher above sea level and with an improved drainage system to handle the 
projected heavier rainfall. While there were additional capital costs for incorporating 
this drainage system, the accumulated costs, including repairs and maintenance, would be 
lower after about 15 years, equating to a good rate of return on investment. Adding this 
improved drainage system to roads that are already built is more expensive than on new 
construction, but still has been found to be cost effective.226



ance from the U.S. Occupational Safety and Health 
Administration states that concern for heat stress 
for moderate to heavy work begins at about 80°F 
as measured by an index that combines tempera-
ture, wind, humidity, and direct sunlight. For dry 
climates, such as Phoenix and Denver, National 
Weather Service heat indices above 90°F might 
allow work to proceed, while higher humidity areas 
such as New Orleans or Miami should consider 80 
to 85°F as an initial level for work restrictions.227 
These trends and associated impacts will be exac-
erbated in many places by urban heat island effects 
(see Human Health and Society sectors). 

Wildfires are projected to increase, especially in 
the Southwest (see Southwest region), threatening 
communities and infrastructure directly and bring-
ing about road and rail closures in affected areas. 

In many northern states, warmer winters will bring 
about reductions in snow and ice removal costs, 
lessen adverse environmental impacts from the use 
of salt and chemicals on roads and bridges, extend 
the construction season, and improve the mobility 
and safety of passenger and freight travel through 
reduced winter hazards. On the other hand, more 
freeze-thaw conditions are projected to occur in 
northern states, creating frost heaves and potholes 
on road and bridge surfaces and resulting in load 
restrictions on certain roads to minimize the dam-
age. With the expected earlier onset of seasonal 
warming, the period of springtime load restrictions 
might be reduced in some areas, but it is likely to 
expand in others with shorter winters but longer 
thaw seasons. Longer construction seasons will be 
a benefit in colder locations.222

Water
Warming is projected to mean a longer shipping 
season but lower water levels for the Great Lakes 
and St. Lawrence Seaway. Higher temperatures, 
reduced lake ice, and increased evaporation are 
expected to combine to produce lower water levels 
as climate warming proceeds (see Midwest re-
gion). With lower lake levels, ships will be unable 
to carry as much cargo and hence shipping costs 
will increase. A recent study, for example, found 
that the projected reduction in Great Lakes water 
levels would result in an estimated 13 to 29 percent 
increase in shipping costs for Canadian commercial 
navigation by 2050, all else remaining equal.222

If low water levels become more common because 
of drier conditions due to climate change, this could 
create problems for river traffic, reminiscent of the 
stranding of more than 4,000 barges on the Mis-
sissippi River during the drought in 1988. Freight 
movements in the region could be seriously im-
paired, and extensive dredging could be required 
to keep shipping channels open. On the other hand, 
a longer shipping season afforded by a warmer 
climate could offset some of the resulting adverse 
economic effects. 
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An example of intense precipitation affecting 
transportation infrastructure was the record-
breaking 24-hour rainstorm in July 1996, which 
resulted in flash flooding in Chicago and its 
suburbs, with major impacts. Extensive travel 
delays occurred on metropolitan highways and 
railroads, and streets and bridges were damaged. 
Commuters were unable to reach Chicago for 
up to three days, and more than 300 freight 
trains were delayed or rerouted.222

The June 2008 Midwest floods caused I-80 
in eastern Iowa to be closed for more than 
five days, disrupting major east-west shipping 
routes for trucks and the east-west rail lines 
through Iowa. These floods exemplify the kind 
of extreme precipitation events and their direct 
impacts on transportation that are likely to 
become more frequent in a warming world. 
These extremes create new and more difficult 
problems that must be addressed in the design, 
construction, rehabilitation, and operation of 
the nation’s transportation infrastructure.

Regional Spotlight:  
the Midwest



In cold areas, the projected decrease in very cold 
days will mean less ice accumulation on vessels, 
decks, riggings, and docks; less ice fog; and fewer 
ice jams in ports.222 

Air 
Rising temperatures will affect airport ground 
facilities, runways in particular, in much the same 
way they affect roads. Airports in some areas are 
likely to benefit from reduction in the cost of snow 
and ice removal and the impacts of salt and chemi-
cal use, though some locations have seen increases 
in snowfall. Airlines could benefit from reduced 
need to de-ice planes. 

More heat extremes will create added operational 
difficulties, for example, causing greater energy 
consumption by planes on the ground. Extreme 
heat also affects aircraft lift; because hotter air is 
less dense, it reduces the lift produced by the wing 
and the thrust produced by the engine – problems 
exacerbated at high altitudes and high tempera-
tures. As a result, planes need to take off faster, 
and if runways are not sufficiently long for aircraft 
to build up enough speed to generate lift, aircraft 
weight must be reduced. Thus, increases in ex-
treme heat will result in payload restrictions, could 
cause flight cancellations and service disruptions 

at affected airports, and could require 
some airports to lengthen runways. 
Recent hot summers have seen flights 
cancelled due to heat, especially in 
high altitude locations. Economic 
losses are expected at affected air-
ports. A recent illustrative analysis 
projects a 17 percent reduction in 
freight carrying capacity for a single 
Boeing 747 at the Denver airport by 
2030 and a 9 percent reduction at the 
Phoenix airport due to increased tem-
perature and water vapor.222 

Drought
Rising air temperatures increase 
evaporation, contributing to dry 
conditions, especially when accompa-
nied by decreasing precipitation. Even 
where total annual precipitation does 
not decrease, precipitation is projected 
to become less frequent in many parts 

of the country.68 Drought is expected to be an in-
creasing problem in some regions; this, in turn, has 
impacts on transportation. For example, increased 
susceptibility to wildfires during droughts could 
threaten roads and other transportation infrastruc-
ture directly, or cause road closures due to fire 
threat or reduced visibility such as has occurred 
in Florida and California in recent years. There is 
also increased susceptibility to mudslides in areas 
deforested by wildfires. Airports could suffer from 
decreased visibility due to wildfires. River trans-
port is seriously affected by drought, with reduc-
tions in the routes available, shipping season, and 
cargo carrying capacity.

Increased intensity of strong hurricanes 
would lead to more evacuations, 
infrastructure damage and failure, and 
transportation interruptions.

More intense hurricanes in some regions are a 
projected effect of climate change. Three aspects 
of tropical storms are relevant to transportation: 
precipitation, winds, and wind-induced storm 
surge. Stronger hurricanes have longer periods of 
intense precipitation, higher wind speeds (dam-
age increases exponentially with wind speed228), 

66 67

Global Climate Change Impacts in the United States Transportation

66 67

Global Climate Change Impacts in the United States Transportation

Navigable Inland Waterways

Inland waterways are an important part of the transportation network in 
various parts of the United States. For example, these waterways provide 
20 states with access to the Gulf of Mexico.217 As conditions become drier, 
these main transportation pathways are likely to be adversely affected by the 
resulting lower water levels, creating problems for river traffic. Names of 
navigable rivers are shown above.

CCSP SAP 4.7217



Development spent $74 million for debris removal 
alone in the wake of hurricanes Katrina and Rita. 
The Mississippi Department of Transportation  
expected to spend in excess of $1 billion to re-
place the Biloxi and Bay St. Louis bridges, repair 
other portions of roadway, and remove debris. As 
of June 2007, more than $672 million had  
been spent.

There will be more frequent and potentially 
more extensive emergency evacuations. Dam-
age to signs, lighting fixtures, and supports will 
increase. The lifetime of highways that have been 
exposed to flooding is expected to decrease. Road 
and rail infrastructure for passenger and freight 
services are likely to face increased flooding by 
strong hurricanes. In the Gulf Coast, more than 
one-third of the rail miles are likely to flood when 
subjected to a storm surge of 18 feet.217

and higher storm surge and waves. Transporta-
tion planners, designers, and operators may need 
to adopt probabilistic approaches to developing 
transportation projects rather than relying on 
standards and the deterministic approaches of the 
past. The uncertainty associated with projecting 
impacts over a 50- to 100-year time period makes 
risk management a reasonable approach for realis-
tically incorporating climate change into decision 
making and investment.215

Land
There will be a greater probability of infrastruc-
ture failures such as highway and rail bridge 
decks being displaced and railroad tracks being 
washed away. Storms leave debris on roads and 
rail lines, which can damage the infrastructure 
and interrupt travel and shipments of goods. In 
Louisiana, the Department of Transportation and 
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Hurricane Katrina was one of the most 
destructive and expensive natural disasters in 

U.S. history, claiming more than 1,800 lives and 
causing an estimated $134 billion in damage.217,229 It 

also seriously disrupted transportation systems as key 
highway and railroad bridges were heavily damaged or de-

stroyed, necessitating rerouting of traffic and placing increased 
strain on other routes, particularly other rail lines. Replacement of 

major infrastructure took from months to years. The CSX Gulf Coast line 
was re-opened after five months and $250 million in reconstruction costs, while the 

Biloxi-Ocean Springs Bridge took more than two years to reopen. Barge shipping was halted, as 
was grain export out of the Port of New Orleans, the nation’s largest site of grain exports. The extensive 
oil and gas pipeline network was shut down by the loss of electrical power, producing shortages of natural 
gas and petroleum products. Total recovery costs for the roads, bridges, and utilities as well as debris 
removal have been estimated at $15 billion to $18 billion.217 

Redundancies in the transportation system, as well as the storm 
timing and track, helped keep the storm from having major or 
long-lasting impacts on national-level freight flows. For example, 
truck traffic was diverted from the collapsed bridge that carries 
highway I-10 over Lake Pontchartrain to highway I-12, which 
parallels I-10 well north of the Gulf Coast. The primary north-
south highways that connect the Gulf Coast with major inland 
transportation hubs were not damaged and were open for nearly 
full commercial freight movement within days. The railroads were 
able to route some traffic not bound directly for New Orleans through Memphis and other Midwest rail 
hubs. While a disaster of historic proportions, the effects of Hurricane Katrina could have been even 
worse if not for the redundancy and resilience of the transportation network in the area.

Spotlight on 
Hurricane Katrina

Hurricane Katrina damage to bridge



Water
All aspects of shipping are disrupted by major 
storms. For example, freight shipments need to 
be diverted from the storm region. Activities at 
offshore drilling sites and coastal pumping facili-
ties are generally suspended and extensive damage 
to these facilities can occur, as was amply demon-
strated during the 2005 hurricane season. Refiner-
ies and pipelines are also vulnerable to damage 
and disruption due to the high winds and storm 
surge associated with hurricanes and other tropical 
storms (see Energy sector). Barges that are unable 
to get to safe harbors can be destroyed or severely 
damaged. Waves and storm surge will damage 
harbor infrastructure such as cranes, docks, and 
other terminal facilities. There are implications for 
emergency evacuation planning, facility mainte-
nance, and safety management. 

Air
More frequent interruptions in air service and 
airport closures can be expected. Airport facili-
ties including terminals, navigational equipment, 
perimeter fencing, and signs are likely to sustain 
increased wind damage. Airports are frequently 
located in low-lying areas and can be expected to 
flood with more intense storms. As a response to 
this vulnerability, some airports, such as LaGuar-
dia in New York City, are already protected by 
levees. Eight airports in the Gulf Coast region of 
Louisiana and Texas are located in historical 100-
year flood plains; the 100-year flood events will be 
more frequent in the future, creating the likelihood 
of serious costs and disruption.217

Arctic warming will continue to 
reduce sea ice, lengthening the ocean 
transport season, but also resulting in 
greater coastal erosion due to waves. 
Permafrost thaw in Alaska will damage 
infrastructure. The ice road season will 
become shorter.

Special issues in Alaska
Warming has been most rapid in high northern 
regions. As a result, Alaska is warming at twice the 
rate of the rest of the nation, bringing both major 
opportunities and major challenges. Alaska’s trans-
portation infrastructure differs sharply from that of 

the lower 48 states. Although Alaska is twice the 
size of Texas, its population and road mileage are 
more like Vermont’s. Only 30 percent of Alaska’s 
roads are paved. Air travel is much more common 
than in other states. Alaska has 84 commercial air-
ports and more than 3,000 airstrips, many of which 
are the only means of transport for rural communi-
ties. Unlike other states, over much of Alaska, the 
land is generally more accessible in winter, when 
the ground is frozen and ice roads and bridges 
formed by frozen rivers are available.

Sea ice decline
The striking thinning and downward trend in the 
extent of Arctic sea ice is regarded as a consider-
able opportunity for shippers. Continued reduction 
in sea ice should result in opening of additional 
ice-free ports, improved access to ports and natu-
ral resources in remote areas, and longer shipping 
seasons, but it is likely to increase erosion rates on 
land as well, raising costs for maintaining ports and 
other transportation infrastructure.132,220 

Later this century and beyond, shippers are looking 
forward to new Arctic shipping routes, including 
the fabled Northwest Passage, which could provide 
significant costs savings in shipping times and 
distances. However, the next few decades are likely 
to be very unpredictable for shipping through these 
new routes. The past three decades have seen very 
high year-to-year variability of sea ice extent in the 
Canadian Arctic, despite the overall decrease in 
September sea ice extent. The loss of sea ice from 
the shipping channels of the Canadian Archipelago 
might actually allow more frequent intrusions of 
icebergs, which would continue to impede shipping 
through the Northwest Passage.

Lack of sea ice, especially on the northern shores of 
Alaska, creates conditions whereby storms produce 
waves that cause serious coastal erosion.137,219 Al-
ready a number of small towns, roads, and airports 
are threatened by retreating coastlines, necessitat-
ing the planned relocation of these communities 
(see Alaska region).132,220

Thawing ground
The challenges warming presents for transportation 
on land are considerable.164 For highways, thawing 
of permafrost causes settling of the roadbed and 
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sediment in rivers and scouring of bridge sup-
porting piers and abutments. Temporary ice roads 
and bridges are commonly used in many parts of 
Alaska to access northern communities and provide 
support for the mining and oil and gas industries. 
Rising temperatures have already shortened the 
season during which these critical facilities can be 
used. Like the highway system, the Alaska Rail-
road crosses permafrost terrain, and frost heave and 
settlement from thawing affect some portions of the 
track, increasing maintenance costs.28,132,220

A significant number of Alaska’s airstrips in the 
southwest, northwest, and interior of the state are 
built on permafrost. These airstrips will require 
major repairs or relocation if their foundations are 
compromised by thawing.

The cost of maintaining Alaska’s public infrastruc-
ture is projected to increase 10 to 20 percent by 
2030 due to warming, costing the state an addition-
al $4 billion to $6 billion, with roads and airports 
accounting for about half of this cost.230 Private 
infrastructure impacts have not been evaluated.217

The Trans-Alaska Pipeline System, which stretches 
from Prudhoe Bay in the north to the ice-free port 
of Valdez in the south, crosses a wide range of per-
mafrost types and varying temperature conditions. 
More than half of the 800-mile pipeline is elevated 
on vertical supports over potentially unstable per-
mafrost. Because the system was designed in the 
early 1970s on the basis of permafrost and climate 
conditions of the 1950 to 1970 period, it requires 
continuous monitoring and some supports have had 
to be replaced. 

Travel over the tundra for oil and gas exploration 
and extraction is limited to the period when the 
ground is sufficiently frozen to avoid damage to 
the fragile tundra. In recent decades, the number 
of days that exploration and extraction equipment 
could be used has dropped from 200 days to 100 
days per year due to warming.220 With continued 
warming, the number of exploration days is expect-
ed to decline even more. 

frost heaves that adversely affect the integrity of 
the road structure and its load-carrying capacity. 
The majority of Alaska’s highways are located in 
areas where permafrost is discontinuous, and deal-
ing with thaw settlement problems already claims a 
significant portion of highway maintenance dollars.

Bridges and large culverts are particularly sensitive 
to movement caused by thawing permafrost and 
are often much more difficult than roads to repair 
and modify for changing site conditions. Thus, 
designing these facilities to take climate change 
into account is even more critical than is the case 
for roads. 

Another impact of climate change on bridges is in-
creased scouring. Hotter, drier summers in Alaska 
have led to increased glacial melting and longer pe-
riods of high streamflows, causing both increased 
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Arctic Sea Ice Decline

The pink line shows the average September sea ice 
extent from 1979 through the present. The white area 
shows September 2007 sea ice extent. In 2008, the 
extent was slightly larger than 2007, but the ice was 
thinner, resulting in a lower total volume of sea ice. In 
addition, recent years have had less ice that persisted 
over numerous years and more first-year ice, which 
melts more quickly.139
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Agriculture
Key Messages:

Many crops show positive responses to elevated carbon dioxide and low • 
levels of warming, but higher levels of warming often negatively affect 
growth and yields.
Extreme events such as heavy downpours and droughts are likely to reduce • 
crop yields because excesses or deficits of water have negative impacts on 
plant growth.
Weeds, diseases, and insect pests benefit from warming, and weeds also • 
benefit from a higher carbon dioxide concentration, increasing stress on 
crop plants and requiring more attention to pest and weed control. 
Forage quality in pastures and rangelands generally declines with increasing • 
carbon dioxide concentration because of the effects on plant nitrogen and 
protein content, reducing the land’s ability to supply adequate livestock feed. 
Increased heat, disease, and weather extremes are likely to reduce livestock • 
productivity.

Agriculture in the United States is extremely diverse in the range of crops 
grown and animals raised, and produces over $200 billion a year in food com-
modities, with livestock accounting for more than half. Climate change will 
increase productivity in certain crops and regions and reduce productivity in 
others (see for example Midwest and Great Plains regions).193

While climate change clearly affects agriculture, climate is also affected by 
agriculture, which contributes 13.5 percent of all human-induced greenhouse 
gas emissions globally. In the United States, agriculture represents 8.6 percent 
of the nation’s total greenhouse gas emissions, 
including 80 percent of its nitrous oxide emissions 
and 31 percent of its methane emissions.231

Increased agricultural productivity will be required 
in the future to supply the needs of an increasing 
population. Agricultural productivity is depen-
dent upon the climate and land resources. Climate 
change can have both beneficial and detrimental 
impacts on plants. Throughout history, agricultural 
enterprises have coped with changes in climate 
through changes in management and in crop or 
animal selection. However, under higher heat-trap-
ping gas emissions scenarios, the projected climate 
changes are likely to increasingly challenge U.S. 
capacity to as efficiently produce food, feed, fuel, 
and livestock products. 

Relative Contributions to  
Agricultural Products, 2002

NASS232

Market Value of Agricultural Products Sold, 2002

NASS232

Key Sources
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the fruit or grain. Further, as temperatures continue 
to rise and drought periods increase, crops will be 
more frequently exposed to temperature thresholds 
at which pollination and grain-set processes begin 
to fail and quality of vegetable crops decreases. 
Grain, soybean, and canola crops have relatively 
low optimal temperatures, and thus will have re-
duced yields and will increasingly begin to expe-
rience failure as warming proceeds.193 Common 
snap beans show substantial yield reduction when 
nighttime temperatures exceed 80°F.

Higher temperatures will mean a longer grow-
ing season for crops that do well in the heat, such 
as melon, okra, and sweet potato, but a shorter 
growing season for crops more suited to cooler 
conditions, such as potato, lettuce, broccoli, and 
spinach.193 Higher temperatures also cause plants to 
use more water to keep cool. This is one example of 
how the interplay between rising temperatures and 
water availability is critical to how plants respond 
to climate change. But fruits, vegetables, and grains 
can suffer even under well-watered conditions if 
temperatures exceed the maximum level for pol-
len viability in a particular plant; if temperatures 
exceed the threshold for that plant, it won’t produce 
seed and so it won’t reproduce.193

Temperature increases will cause the optimum 
latitude for crops to move northward; decreases in 
temperature would cause shifts toward the equa-
tor. Where plants can be efficiently grown depends 
upon climate conditions, of which temperature is 
one of the major factors.

Plants need adequate water to 
maintain their temperature within 
an optimal range. Without water 
for cooling, plants will suffer heat 
stress. In many regions, irrigation 
water is used to maintain adequate 
temperature conditions for the 
growth of cool season plants (such 
as many vegetables), even in warm 
environments. With increasing de-
mand and competition for freshwater 
supplies, the water needed for these 
crops might be increasingly limited. 
If water supply variability increases, 
it will affect plant growth and cause 

Many crops show positive responses  
to elevated carbon dioxide and low 
levels of warming, but higher levels of 
warming often negatively affect growth 
and yields.

Crop responses in a changing climate reflect the 
interplay among three factors: rising temperatures, 
changing water resources, and increasing carbon 
dioxide concentrations. Warming generally causes 
plants that are below their optimum temperature to 
grow faster, with obvious benefits. For some plants, 
such as cereal crops, however, faster growth means 
there is less time for the grain itself to grow and 
mature, reducing yields.193 For some annual crops, 
this can be compensated for by adjusting the plant-
ing date to avoid late season heat stress.164

The grain-filling period (the time when the seed 
grows and matures) of wheat and other small grains 
shortens dramatically with rising temperatures. 
Analysis of crop responses suggests that even mod-
erate increases in temperature will decrease yields 
of corn, wheat, sorghum, bean, rice, cotton, and 
peanut crops.193 

Some crops are particularly sensitive to high night-
time temperatures, which have been rising even 
faster than daytime temperatures.68 Nighttime 
temperatures are expected to continue to rise in the 
future. These changes in temperature are espe-
cially critical to the reproductive phase of growth 
because warm nights increase the respiration rate 
and reduce the amount of carbon that is captured 
during the day by photosynthesis to be retained in 

Corn and Soybean Temperature Response

For each plant variety, there is an optimal temperature for vegetative growth, with growth 
dropping off as temperatures increase or decrease. Similarly, there is a range of temperatures 
at which a plant will produce seed. Outside of this range, the plant will not reproduce. 
As the graphs show, corn will fail to reproduce at temperatures above 95°F and soybean 
above 102°F.

ARS USDA
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reduced yields. The amount and timing of precipi-
tation during the growing season are also critical, 
and will be affected by climate change. Changes  
in season length are also important and affect  
crops differently.193

Higher carbon dioxide levels generally cause plants 
to grow larger. For some crops, this is not necessar-
ily a benefit because they are often less nutritious, 
with reduced nitrogen and protein content. Carbon 
dioxide also makes some plants more water-use 
efficient, meaning they produce more plant mate-
rial, such as grain, on less water.193 This is a benefit 
in water-limited areas and in seasons with less than 
normal rainfall amounts. 

In some cases, adapting to climate change could 
be as simple as changing planting dates, which can 
be an effective no- or low-cost option for taking 
advantage of a longer growing season or avoiding 
crop exposure to adverse climatic conditions such 
as high temperature stress or low rainfall periods. 
Effectiveness will depend on the region, crop, and 
the rate and amount of warming. It is unlikely to be 
effective if a farmer goes to market when the sup-
ply-demand balance drives prices down. Predicting 
the optimum planting date for maximum profits 
will be more challenging in a future with increased 

uncertainty regarding climate effects on not 
only local productivity, but also on supply 
from competing regions.193

Another adaptation strategy involves 
changing to crop varieties with improved 
tolerance to heat or drought, or those that 
are adapted to take advantage of a longer 
growing season. This is less likely to be 
cost-effective for perennial crops, for which 
changing varieties is extremely expensive 
and new plantings take several years to 
reach maximum productivity. Even for an-
nual crops, changing varieties is not always 
a low-cost option. Seed for new stress-
tolerant varieties can be expensive, and 
new varieties often require investments in 
new planting equipment or require adjust-
ments in a wide range of farming practices. 
In some cases, it is difficult to breed for 
genetic tolerance to elevated temperature 
or to identify an alternative variety that is 

adapted to the new climate and to local soils, prac-
tices, and market demands.

Fruits that require long winter chilling periods will 
experience declines. Many varieties of fruits (such 
as popular varieties of apples and berries) require 
between 400 and 1,800 cumulative hours below 
45°F each winter to produce abundant yields the 
following summer and fall. By late this century, 
under higher emissions scenarios,91 winter tempera-
tures in many important fruit-producing regions 
such as the Northeast will be too consistently warm 
to meet these requirements. Cranberries have a par-
ticularly high chilling requirement, and there are no 
known low-chill varieties. Massachusetts and New 
Jersey supply nearly half the nation’s cranberry 
crop. By the middle of this century, under higher 
emissions scenarios,91 it is unlikely that these areas 
will support cranberry production due to a lack of 
the winter chilling they need.233,234 Such impacts 
will vary by region. For example, though there will 
still be risks of early-season frosts and damaging 
winter thaws, warming is expected to improve the 
climate for fruit production in the Great Lakes 
region.164 

A seemingly paradoxical impact of warming is that 
it appears to be increasing the risk of plant frost 

Increase in Percent of Very Warm Nights

The graph shows the observed and projected change in percent of very 
warm nights from the 1950-1990 average in the United States. Under 
the lower emissions scenario,91 the percentage of very warm nights 
is projected to increase about 20 percent by 2100. Under the higher 
emissions scenario,91 it is projected to increase by about 40 percent.68 
The shaded areas show the likely ranges while the lines show the central 
projections from a set of climate models. The projections appear 
smooth because they show the calculated average of many models. 

Adapted from CCSP SAP 3.368
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damage. Mild winters and warm, early springs, 
which are beginning to occur more frequently 
as climate warms, induce premature plant devel-
opment and blooming, resulting in exposure of 
vulnerable young plants and plant tissues to sub-
sequent late-season frosts. For example, the 2007 
spring freeze in the eastern United States caused 
widespread devastation of crops and natural vegeta-
tion because the frost occurred during the flower-
ing period of many trees and during early grain 
development on wheat plants.235 Another example is 
occurring in the Rocky Mountains where in addi-
tion to the process described above, reduced snow 
cover leaves young plants unprotected from spring 
frosts, with some plant species already beginning 
to suffer as a result236 (see Ecosystems sector).

Extreme events such as heavy 
downpours and droughts are likely to 
reduce crop yields because excesses or 
deficits of water have negative impacts 
on plant growth.

One of the most pronounced effects of climate 
change is the increase in heavy downpours. Pre-
cipitation has become less frequent but more 
intense, and this pattern is projected to continue 
across the United States.112 One consequence of 
excessive rainfall is delayed spring planting, which 
jeopardizes profits for farmers paid a premium for 
early season production of high-value crops such 
as melon, sweet corn, and tomatoes. Field flood-
ing during the growing season causes crop losses 
due to low oxygen levels in the soil, increased 
susceptibility to root diseases, and increased soil 
compaction due to the use of heavy farm equipment 
on wet soils. In spring 2008, heavy rains caused the 
Mississippi River to rise to about 7 feet above flood 

stage, inundating hundreds of thousands of acres of 
cropland. The flood hit just as farmers were prepar-
ing to harvest wheat and plant corn, soybeans, and 
cotton. Preliminary estimates of agricultural losses 
are around $8 billion.213 Some farmers were put out 
of business and others will be recovering for years 
to come. The flooding caused severe erosion in 
some areas and also caused an increase in runoff 
and leaching of agricultural chemicals into surface 
water and groundwater.233

Another impact of heavy downpours is that wet 
conditions at harvest time result in reduced quality 
of many crops. Storms with heavy rainfall often are 
accompanied by wind gusts, and both strong winds 
and rain can flatten crops, causing significant dam-
age. Vegetable and fruit crops are sensitive to even 
short-term, minor stresses, and as such are par-

Effects of Increased Air Pollution on Crop Yields

Ground-level ozone (a component of smog) is an air pollutant that is formed when nitrogen 
oxides emitted from fossil fuel burning interact with other compounds, such as unburned gasoline 
vapors, in the atmosphere,237 in the presence of sunlight. Higher air temperatures result in greater 
concentrations of ozone. Ozone levels at the land surface have risen in rural areas of the United 
States over the past 50 years, and they are forecast to continue increasing with warming, especially 
under higher emissions scenarios.91 Plants are sensitive to ozone, and crop yields are reduced as 
ozone levels increase. Some crops that are particularly sensitive to ozone pollution include soybeans, 
wheat, oats, green beans, peppers, and some types of cotton.193

U.S. Corn Yields 1960 to 2008

While technological improvements have resulted in a general 
increase in corn yields, extreme weather events have caused 
dramatic reductions in yields in particular years. Increased 
variation in yield is likely to occur as temperatures increase 
and rainfall becomes more variable during the growing 
season. Without dramatic technological breakthroughs, 
yields are unlikely to continue their historical upward trend 
as temperatures rise above the optimum level for vegetative 
and reproductive growth. 

Updated from NAST219
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ticularly vulnerable to weather extremes.193 More 
rainfall concentrated into heavy downpours also in-
creases the likelihood of water deficiencies at other 
times because of reductions in rainfall frequency.

Drought frequency and severity are projected to in-
crease in the future over much of the United States, 
particularly under higher emissions scenarios.90,91 
Increased drought will be occurring at a time when 
crop water requirements also are increasing due to 
rising temperatures. Water deficits are detrimental 
for all crops.233

Temperature extremes will also pose problems. 
Even crop species that are well-adapted to warmth, 
such as tomatoes, can have reduced yield and/
or quality when daytime maximum temperatures 
exceed 90°F for even short periods during critical 
reproductive stages (see maps page 34).112 For many 
high-value crops, just hours or days of moderate 
heat stress at critical growth stages can reduce 
grower profits by negatively affecting visual or fla-
vor quality, even when total yield is not reduced.238

 

Weeds, diseases, and insect pests 
benefit from warming, and weeds also 
benefit from a higher carbon dioxide 
concentration, increasing stress  
on crop plants and requiring 
more attention to pest and  
weed control. 
 
Weeds benefit more than cash crops from 
higher temperatures and carbon dioxide 
levels.193 One concern with continued 
warming is the northward expansion of in-
vasive weeds. Southern farmers currently 
lose more of their crops to weeds than do 
northern farmers. For example, southern 
farmers lose 64 percent of the soybean 
crop to weeds, while northern farmers lose 
22 percent.239 Some extremely aggressive 
weeds plaguing the South (such as kudzu) 
have historically been confined to areas 
where winter temperatures do not drop 
below specific thresholds. As temperatures 
continue to rise, these weeds will expand 
their ranges northward into important ag-

ricultural areas.240 Kudzu currently has invaded 2.5 
million acres of the Southeast and is a carrier  
of the fungal disease soybean rust, which repre-
sents a major and expanding threat to U.S.  
soybean production.234

Controlling weeds currently costs the United States 
more than $11 billion a year, with the majority 
spent on herbicides;241 so both herbicide use and 
costs are likely to increase as temperatures and 
carbon dioxide levels rise. At the same time, the 
most widely used herbicide in the United States, 
glyphosate (RoundUp®), loses its efficacy on weeds 
grown at carbon dioxide levels that are projected 
to occur in the coming decades (see photos below). 
Higher concentrations of the chemical and more 
frequent spraying thus will be needed, increasing 
economic and environmental costs associated with 
chemical use.233 

Many insect pests and crop diseases thrive due to 
warming, increasing losses and necessitating great-
er pesticide use. Warming aids insects and diseases 
in several ways. Rising temperatures allow both 
insects and pathogens to expand their ranges north-
ward. In addition, rapidly rising winter tempera-
tures allow more insects to survive over the winter, 
whereas cold winters once controlled their popula-
tions. Some of these insects, in addition to directly 

Herbicide Loses Effectiveness at Higher CO2

     Current CO2 (380 ppm)      Potential Future CO2 (680 ppm)
The left photo shows weeds in a plot grown at a carbon dioxide (CO2) concentration 
of about 380 parts per million (ppm), which approximates the current level. The 
right photo shows a plot in which the CO2 level has been raised to about 680 ppm. 
Both plots were equally treated with herbicide.233
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damaging crops, also carry diseases 
that harm crops. Crop diseases in 
general are likely to increase as 
earlier springs and warmer winters 
allow proliferation and higher sur-
vival rates of disease pathogens and 
parasites.193,234 The longer growing 
season will allow some insects to 
produce more generations in a single 
season, greatly increasing their 
populations. Finally, plants grown 
in higher carbon dioxide conditions 
tend to be less nutritious, so insects 
must eat more to meet their protein 
requirements, causing greater de-
struction to crops.193 

Due to the increased presence of 
pests, spraying is already much 
more common in warmer areas than 
in cooler areas. For example, Florida 
sweet corn growers spray their fields 
15 to 32 times a year to fight pests such as corn 
borer and corn earworm, while New York farmers 
average zero to five times.193 In addition, higher 
temperatures are known to reduce the effectiveness 
of certain classes of pesticides (pyrethroids  
and spinosad). 

A particularly unpleasant example of how carbon 
dioxide tends to favor undesirable plants is found in 
the response of poison ivy to rising carbon dioxide 
concentrations. Poison ivy thrives in air with extra 
carbon dioxide in it, growing bigger and producing 
a more toxic form of the oil, urushiol, which causes 
painful skin reactions in 80 percent of people. 
Contact with poison ivy is one of the most widely 
reported ailments at poison centers in the United 
States, causing more than 350,000 cases of contact 
dermatitis each year. The growth stimulation of 
poison ivy due to increasing carbon dioxide con-
centration exceeds that of most other woody spe-
cies. Given continued increases in carbon dioxide 
emissions, poison ivy is expected to become more 
abundant and more toxic in the future, with impli-
cations for forests and human health.234

Higher temperatures, longer growing seasons, and 
increased drought will lead to increased agricul-
tural water use in some areas. Obtaining the maxi-

mum “carbon dioxide fertilization” benefit often 
requires more efficient use of water and fertilizers 
that better synchronize plant demand with supply. 
Farmers are likely to respond to more aggressive 
and invasive weeds, insects, and pathogens with 
increased use of herbicides, insecticides, and fun-
gicides. Where increases in water and chemical in-
puts become necessary, this will increase costs for 
the farmer, as well as having society-wide impacts 
by depleting water supply, increasing reactive ni-
trogen and pesticide loads to the environment, and 
increasing risks to food safety and human exposure 
to pesticides.

Forage quality in pastures and 
rangelands generally declines with 
increasing carbon dioxide concentration 
because of the effects on plant nitrogen 
and protein content, reducing the land’s 
ability to supply adequate livestock feed.  

Beef cattle production takes place in every state 
in the United States, with the greatest number 
raised in regions that have an abundance of native 
or planted pastures for grazing. Generally, eastern 
pasturelands are planted and managed, whereas 
western rangelands are native pastures, which are 

Winter Temperature Trends, 1975 to 2007

Temperatures are rising faster in winter than in any other season, especially in 
many key agricultural regions. This allows many insect pests and crop diseases to 
expand and thrive, creating increasing challenges for agriculture. As indicated by 
the map, the Midwest and northern Great Plains have experienced increases of 
more than 7ºF in average winter temperatures over the past 30 years. 

NOAA/NCDC107



76 77

Global Climate Change Impacts in the United States Agriculture

76 77

Global Climate Change Impacts in the United States Agriculture

not seeded and receive much less rainfall. There are 
transformations now underway in many semi-arid 
rangelands as a result of increasing atmospheric 
carbon dioxide concentration and the associated 
climate change. These transformations include 
which species of grasses dominate, as well as the 
forage quality of the dominant grasses. Increases in 
carbon dioxide are generally reducing the quality 
of the forage, so that more acreage is needed to 
provide animals with the same nutritional value, 
resulting in an overall decline in livestock pro-
ductivity. In addition, woody shrubs and invasive 
cheatgrass are encroaching into grasslands, further 
reducing their forage value.193 The combination  
of these factors leads to an overall decline in live-
stock productivity. 

While rising atmospheric carbon dioxide concen-
tration increases forage quantity, it has negative  
impacts on forage quality because plant nitrogen 
and protein concentrations often decline with high-
er concentrations of carbon dioxide.193 This reduc-
tion in protein reduces forage quality and counters 

the positive effects of carbon dioxide enrichment on 
carbohydrates. Rising carbon dioxide concentration 
also has the potential to reduce the digestibility of 
forages that are already of poor quality. Reductions 
in forage quality could have pronounced detrimen-
tal effects on animal growth, reproduction, and 
survival, and could render livestock production 
unsustainable unless animal diets are supplemented 
with protein, adding more costs to production. On 
shortgrass prairie, for example, a carbon dioxide 
enrichment experiment reduced the protein con-
centration of autumn forage below critical main-
tenance levels for livestock in 3 out of 4 years and 
reduced the digestibility of forage by 14 percent in 
mid-summer and by 10 percent in autumn. Signifi-
cantly, the grass type that thrived the most under 
excess carbon dioxide conditions also had the low-
est protein concentration.193 

At the scale of a region, the composition of forage 
plant species is determined mostly by climate and 
soils. The primary factor controlling the distribu-
tion and abundance of plants is water: both the 

The colors show the percent of the county that is cattle pasture or rangeland, with red indicating the highest percentage. 
Each dot represents 10,000 cattle. Livestock production occurs in every state. Increasing concentration of carbon dioxide 
reduces the quality of forage, necessitating more acreage and resulting in a decline in livestock productivity.

Distribution of Beef Cattle and Pasture/Rangeland in Continental U.S.

NASS232   NRCS242
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amount of water plants use and water availability 
over time and space. The ability to anticipate veg-
etation changes at local scales and over shorter pe-
riods is limited because at these scales the response 
of vegetation to global-scale changes depends on 
a variety of local processes including the rate of 
disturbances such as fire and grazing, and the rate 
at which plant species can move across sometimes-
fragmented landscapes. Nevertheless, some general 
patterns of vegetation change are beginning to 
emerge. For example, experiments indicate that a 
higher carbon dioxide concentration favors weeds 
and invasive plants over native species because 
invasives have traits (such as rapid growth rate and 
prolific seed production) that allow a larger growth 
response to carbon dioxide. In addition, the effect 
of a higher carbon dioxide concentration on plant 
species composition appears to be greatest where 
the land has been disturbed (such as by fire or graz-
ing) and nutrient and light availability are high.193

Increases in temperature lengthen the growing sea-
son, and thus are likely to extend forage production 
into the late fall and early spring. However, overall 
productivity remains dependent on precipitation 
during the growing season.193 

Increased heat, disease, and weather 
extremes are likely to reduce  
livestock productivity.

Like human beings, cows, pigs, and poultry are 
warm-blooded animals that are sensitive to heat. In 
terms of production efficiency, studies show that 
the negative effects of hotter summers will out-
weigh the positive effects of warmer winters. The 
more the U.S. climate warms, the more production 
will fall. For example, an analysis projected that a 
warming in the range of 9 to 11°F (as in the higher 
emissions scenarios91) would cause a 10 percent 
decline in livestock yields in cow/calf and dairy 
operations in Appalachia, the Southeast (including 
the Mississippi Delta), and southern Plains regions, 
while a warming of 2.7°F would cause less than a 1 
percent decline. 

Temperature and humidity interact to cause stress 
in animals, just as in humans; the higher the heat 
and humidity, the greater the stress and discomfort, 

and the larger the reduction in the animals’ ability 
to produce milk, gain weight, and reproduce. Milk 
production declines in dairy operations, the number 
of days it takes for cows to reach their target weight 
grows longer in meat operations, conception rate in 
cattle falls, and swine growth rates decline due to 
heat. As a result, swine, beef, and milk production 
are all projected to decline in a warmer world.193 

The projected increases in air temperatures will 
negatively affect confined animal operations (dairy, 
beef, and swine) located in the central United 
States, increasing production costs as a result of 
reductions in performance associated with lower 
feed intake and increased requirements for energy 
to maintain healthy livestock. These costs do not 
account for the increased death of livestock as-
sociated with extreme weather events such as heat 
waves. Nighttime recovery is an essential element 
of survival when livestock are stressed by extreme 
heat. A feature of recent heat waves is the lack of 
nighttime relief. Large numbers of deaths have oc-
curred in recent heat waves, with individual states 
reporting losses of 5,000 head of cattle in a single 
heat wave in one summer.193 

Warming also affects parasites and disease patho-
gens. The earlier arrival of spring and warmer 
winters allow greater proliferation and survival 
of parasites and disease pathogens.193 In addition, 
changes in rainfall distributions are likely to lead 
to changes in diseases sensitive to moisture. Heat 
stress reduces animals’ ability to cope with other 
stresses, such as diseases and parasites. Further-
more, changes in rainfall distributions could lead to 
changes in diseases sensitive to relative humidity.

Maintaining livestock production would require 
modifying facilities to reduce heat stress on ani-
mals, using the best understanding of the chronic 
and acute stresses that livestock will encounter to 
determine the optimal modification strategy.193

Changing livestock species as an adaptation strat-
egy is a much more extreme, high-risk, and, in 
most cases, high-cost option than changing crop 
varieties. Accurate predictions of climate trends 
and development of the infrastructure and market 
for the new livestock products are essential to mak-
ing this an effective response.
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Global Climate Change Impacts in the United States Ecosystems

Key Messages:
Ecosystem processes, such as those that control growth and decomposition, • 
have been affected by climate change.
Large-scale shifts have occurred in the ranges of species and the timing of the • 
seasons and animal migration, and are very likely to continue. 
Fires, insect pests, disease pathogens, and invasive weed species have increased, • 
and these trends are likely to continue.
Deserts and drylands are likely to become hotter and drier, feeding a self-• 
reinforcing cycle of invasive plants, fire, and erosion.
Coastal and near-shore ecosystems are already under multiple stresses. • 
Climate change and ocean acidification will exacerbate these stresses.
Arctic sea ice ecosystems are already being adversely affected by the loss of • 
summer sea ice and further changes are expected.
The habitats of some mountain species and coldwater fish, such as salmon and • 
trout, are very likely to contract in response to warming.
Some of the benefits ecosystems provide to society will be threatened by • 
climate change, while others will be enhanced.
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The natural functioning of the environment pro-
vides both goods – such as food and other products 
that are bought and sold – and services, which our 
society depends upon. For example, ecosystems 
store large amounts of carbon in plants and soils; 
they regulate water flow and water quality; and 
they stabilize local climates. These services are 
not assigned a financial value, but society nonethe-
less depends on them. Ecosystem processes are the 
underpinning of these services: photosynthesis, 
the process by which plants capture carbon dioxide 
from the atmosphere and create new growth; the 
plant and soil processes that recycle nutrients from 
decomposing matter and maintain soil fertility; and 
the processes by which plants draw water from soils 
and return water to the atmosphere. These ecosys-
tem processes are affected by climate and by the 
concentration of carbon dioxide in the atmosphere.70

The diversity of living things (biodiversity) in 
ecosystems is itself an important resource that 
maintains the ability of these systems to provide the 
services upon which society depends. Many factors 
affect biodiversity including: climatic conditions; 
the influences of competitors, predators, parasites, 
and diseases; disturbances such as fire; and other 
physical factors. Human-induced climate change, 

in conjunction with other stresses, is exerting major 
influences on natural environments and biodiver-
sity, and these influences are generally expected to 
grow with increased warming.70

Ecosystem processes, such as those that 
control growth and decomposition, have 
been affected by climate change.

Climate has a strong influence on the processes 
that control growth and development in ecosystems. 
Temperature increases generally speed up plant 
growth, rates of decomposition, and how rapidly the 
cycling of nutrients occurs, though other factors, 
such as whether sufficient water is available, also 
influence these rates. The growing season is length-
ening as higher temperatures occur earlier in the 
spring. Forest growth has risen over the past several 
decades as a consequence of a number of factors – 
young forests reaching maturity, an increased con-
centration of carbon dioxide in the atmosphere, a 
longer growing season, and increased deposition of 
nitrogen from the atmosphere. Based on the current 
understanding of these processes, the individual 
effects are difficult to disentangle.243 

Key Sources
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A higher atmospheric carbon dioxide concentration causes trees and other 
plants to capture more carbon from the atmosphere, but experiments show 
that trees put much of this extra carbon into producing fine roots and twigs, 
rather than new wood. The effect of carbon dioxide in increasing growth 
thus seems to be relatively modest, and generally is seen most strongly in 
young forests on fertile soils where there is also sufficient water to sustain 
this growth. In the future, as atmospheric carbon dioxide continues to rise, 
and as climate continues to change, forest growth in some regions is pro-
jected to increase, especially in relatively young forests on fertile soils.243 

Forest productivity is thus projected to increase in much of the East, while 
it is projected to decrease in much of the West where water is scarce and 
projected to become more so. Wherever droughts increase, forest produc-
tivity will decrease and tree death will increase. In addition to occurring in 
much of the West, these conditions are projected to occur in parts of Alaska 
and in the eastern part of the Southeast.243

Large-scale shifts have occurred in the ranges of species 
and the timing of the seasons and animal migration, and 
are very likely to continue. 

Climate change is already having impacts on animal and plant species 
throughout the United States. Some of the most obvious changes are related 
to the timing of the seasons: when plants bud in spring, when birds and 
other animals migrate, and so on. In the United States, spring now arrives 
an average of 10 days to two weeks earlier than it did 20 years ago. The 
growing season is lengthening over much of the continental United States. 
Many migratory bird species are arriving earlier. For example, a study of 
northeastern birds that migrate long distances found that birds wintering in 
the southern United States now arrive back in the Northeast an average of 
13 days earlier than they did during the first half of the last century. Birds 
wintering in South America arrive back in the Northeast an average of four 
days earlier.70 

Another major change is in the geographic distribution of species. The 
ranges of many species in the United States have shifted northward and 
upward in elevation. For example, the ranges of many butterfly species 
have expanded northward, contracted at the southern edge, and shifted to 
higher elevations as warming has continued. A study of Edith’s checker-
spot butterfly showed that 40 percent of the populations below 2,400 feet 
have gone extinct, despite the availability of otherwise suitable habitat and 
food supply. The checkerspot’s most southern populations also have gone 
extinct, while new populations have been established north of the previous 
northern boundary for the species.70 

For butterflies, birds, and other species, one of the concerns with such changes in geographic range and tim-
ing of migration is the potential for mismatches between species and the resources they need to survive. The 
rapidly changing landscape, such as new highways and expanding urban areas, can create barriers that limit 
habitat and increase species loss. Failure of synchronicity between butterflies and the resources they depend 

Butterfly Range  
Shifts Northward

As climate warms, many species in the United 
States are shifting their ranges northward 
and to higher elevations. The map shows the 
response of Edith’s checkerspot butterfly 
populations to a warming climate over the 
past 136 years in the American West. Over 
70 percent of the southernmost populations 
(shown in yellow) have gone extinct. The 
northernmost populations and those above 
8,000 feet elevation in the cooler climate 
of California’s Sierra Nevada (shown in 
green) are still thriving. These differences 
in numbers of population extinctions across 
the geographic range of the butterfly have 
resulted in the average location shifting 
northward and to higher elevations over 
the past century, illustrating how climate 
change is altering the ranges of many species. 
Because their change in range is slow, most 
species are not expected to be able to keep 
up with the rapid climate change projected 
in the coming decades.244

Parmesan244
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upon has led to local population extinctions of the 
checkerspot butterfly during extreme drought and 
low-snowpack years in California.70 

Tree species shifts
Forest tree species also are expected to shift their 
ranges northward and upslope in response to cli-
mate change, although specific quantitative predic-
tions are very difficult to make because of the com-
plexity of human land use and many other factors. 
This would result in major changes in the character 
of U.S. forests and the types of forests that will be 
most prevalent in different regions. In the United 
States, some common forests types are projected to 
expand, such as oak-hickory; others are projected 
to contract, such as maple-beech-birch. Still others, 
such as spruce-fir, are likely to disappear from the 
United States altogether.243 

In Alaska, vegetation changes are already under-
way due to warming. Tree line is shifting north-
ward into tundra, encroaching on the habitat for 
many migratory birds and land animals such as car-
ibou that depend on the open tundra landscape.245

Marine species shifts and effects on fisheries
The distribution of marine fish and plankton are 
predominantly determined by climate, so it is not 
surprising that marine species in U.S. waters are 
moving northward and that the timing of plankton 
blooms is shifting. Extensive shifts in the ranges 
and distributions of both warmwater 
and coldwater species of fish have been 
documented.70 For example, in the waters 
around Alaska, climate change already is 
causing significant alterations in marine 
ecosystems with important implications 
for fisheries and the people who depend 
on them (see Alaska region). 

In the Pacific, climate change is expected 
to cause an eastward shift in the location 
of tuna stocks.246 It is clear that such shifts 
are related to climate, including natural 
modes of climate variability such as the 
cycles of El Niño and La Niña. However, 
it is unclear how these modes of ocean 
variability will change as global climate 
continues to change, and therefore it is 
very difficult to predict quantitatively how 

marine fish and plankton species’ distributions 
might shift as a function of climate change.70

Breaking up of existing ecosystems
As warming drives changes in timing and geo-
graphic ranges for various species, it is important  
to note that entire communities of species do 
not shift intact. Rather, the range and timing of 
each species shifts in response to its sensitivity 
to climate change, its mobility, its lifespan, and 
the availability of the resources it needs (such as 
soil, moisture, food, and shelter). The speed with 
which species can shift their ranges is influenced 
by factors including their size, lifespan, and seed 
dispersal techniques in plants. In addition, migra-
tory pathways must be available, such as northward 
flowing rivers which serve as conduits for fish. 
Some migratory pathways may be blocked by de-
velopment and habitat fragmentation. All of these 
variations result in the breakup of existing  
ecosystems and formation of new ones, with un-
known consequences.220 

Extinctions and climate change
Interactions among impacts of climate change 
and other stressors can increase the risk of species 
extinction. Extinction rates of plants and animals 
have already risen considerably, with the vast 
majority of these extinctions attributed to loss of 
habitat or over-exploitation.247 Climate change has 
been identified as a serious risk factor for the fu-

Projected Shifts in Forest Types

The maps show current and projected forest types. Major changes are projected for 
many regions. For example, in the Northeast, under a mid-range warming scenario, 
the currently dominant maple-beech-birch forest type is projected to be completely 
displaced by other forest types in a warmer future.243

NAST219



U.S. Global Change Research Program

82 83

Global Climate Change Impacts in the United States Ecosystems

82 83

Global Climate Change Impacts in the United States Ecosystems

ture, however, since it is one of the environmental 
stresses on species and ecosystems that is continu-
ing to increase.247 The Intergovernmental Panel on 
Climate Change has estimated that if a warming of 
3.5 to 5.5°F occurs, 20 to 30 percent of species that 
have been studied would be in climate zones that 
are far outside of their current ranges, and would 
therefore likely be at risk of extinction.248 One rea-
son this percentage is so high is that climate change 
would be superimposed on other stresses including 
habitat loss and continued overharvesting of some 
species, resulting in considerable stress on popula-
tions and species.

Fires, insect pests, disease pathogens, 
and invasive weed species have 
increased, and these trends are likely   
to continue.

Forest fires
In the western United States, both the frequency 
of large wildfires and the length of the fire season 
have increased substantially in recent decades, due 
primarily to earlier spring snowmelt and higher 
spring and summer temperatures.294 These changes 
in climate have reduced the availability of moisture, 
drying out the vegetation that provides the fuel for 
fires. Alaska also has experienced large increases 
in fire, with the area burned more than doubling 
in recent decades. As in the western United States, 
higher air temperature is a key factor. In Alaska, 
for example, June air temperatures alone explained 
approximately 38 percent of the increase in the area 
burned annually from 1950 to 2003.243 

Insect pests
Insect pests are economically important stresses 
on forest ecosystems in the United States. Coupled 
with pathogens, they cost $1.5 billion in damage 
per year. Forest insect pests are sensitive to climatic 
variations in many stages of their lives. Changes 
in climate have contributed significantly to several 
major insect pest outbreaks in the United States 
and Canada over the past several decades. The 
mountain pine beetle has infested lodgepole pine in 
British Columbia. Over 33 million acres of forest 
have been affected, by far the largest such outbreak 
in recorded history. Another 1.5 million acres have 
been infested by pine beetle in Colorado. Spruce 
beetle has affected more than 2.5 million acres in 
Alaska (see Alaska region) and western Canada. 
The combination of drought and high temperatures 
also has led to serious insect infestations and death 
of piñon pine in the Southwest, and to various 
insect pest attacks throughout the forests of the 
eastern United States.243

Rising temperatures increase insect outbreaks in a 
number of ways. First, winter temperatures above 
a certain threshold allow more insects to survive 
the cold season that normally limits their num-
bers. Second, the longer warm season allows them 
to develop faster, sometimes completing two life 
cycles instead of one in a single growing season. 
Third, warmer conditions help expand their ranges 
northward. And fourth, drought stress reduces 
trees’ ability to resist insect attack (for example, by 
pushing back against boring insects with the pres-
sure of their sap). Spruce beetle, pine beetle, spruce 
budworm, and woolly adelgid (which attacks east-
ern hemlocks) are just some of the insects that are 
proliferating in the United States, devastating many 
forests. These outbreaks are projected to increase 
with ongoing warming. Trees killed by insects also 
provide more dry fuel for wildfires.70,243,250

Disease pathogens and their carriers
One consequence of a longer, warmer growing sea-
son and less extreme cold in winter is that opportu-
nities are created for many insect pests and disease 
pathogens to flourish. Accumulating evidence 
links the spread of disease pathogens to a warming 
climate. For example, a recent study showed that 
widespread amphibian extinctions in the mountains 
of Costa Rica are linked to changes in climatic 

Size of U.S. Wildfires, 1983 to 2008

Data on wildland fires in the United States show that the number of 
acres burned per fire has increased since the 1980s. 

National Interagency Fire Center249
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conditions which are thought to have enabled the 
proliferation of an amphibian disease.70,251

Diseases that affect wildlife and the living things 
that carry these diseases have been expanding their 
geographic ranges as climate heats up. Depending 
on their specific adaptations to current climate, 
many parasites, and the insects, spiders, and 
scorpions that carry and transmit diseases, die 
or fail to develop below threshold temperatures. 
Therefore, as temperatures rise, more of these 
disease-carrying creatures survive. For some 
species, rates of reproduction, population growth, 
and biting, tend to increase with increasing 
temperatures, up to a limit. Some parasites’ 
development rates and infectivity periods also 
increase with temperature.70 An analysis of diseases 
among marine species found that diseases were 
increasing for mammals, corals, turtles, and 
mollusks, while no trends were detected for sharks, 
rays, crabs, and shrimp.70

Invasive plants
Problems involving invasive plant species arise 
from a mix of human-induced changes, including 
disturbance of the land surface (such as through 
over grazing or clearing natural vegetation for 
development), deliberate or accidental transport of 
non-native species, the increase in available nitro-
gen through over-fertilization of crops, and the ris-
ing carbon dioxide concentration and the resulting 
climate change.243 Human-induced climate change 
is not generally the initiating factor, nor the 
most important one, but it is becoming a more 
important part of the mix. 

The increasing carbon dioxide concentration 
stimulates the growth of most plant species, 
and some invasive plants respond with greater 
growth rates than native plants. Beyond this, 
invasive plants appear to better tolerate a wider 
range of environmental conditions and may be 
more successful in a warming world because 
they can migrate and establish themselves in 
new sites more rapidly than native plants.70 
They are also not usually dependent on external 
pollinators or seed dispersers to reproduce. For 
all of these reasons, invasive plant species pres-
ent a growing problem that is extremely diffi-
cult to control once unleashed.70 

Deserts and drylands are likely to 
become hotter and drier, feeding a self-
reinforcing cycle of invasive plants, fire, 
and erosion. 

The arid Southwest is projected to become even 
drier in this century. There is emerging evidence 
that this is already underway.34 Deserts in the 
United States are also projected to expand to the 
north, east, and upward in elevation in response to 
projected warming and associated changes  
in climate. 

Increased drying in the region contributes to a 
variety of changes that exacerbate a cycle of de-
sertification. Increased drought conditions cause 
perennial plants to die due to water stress and 
increased susceptibility to plant diseases. At the 
same time, non-native grasses have invaded the re-
gion. As these grasses increase in abundance, they 
provide more fuel for fires, causing fire frequency 
to increase in a self-reinforcing cycle that leads to 
further losses of vegetation. When it does rain, the 
rain tends to come in heavy downpours, and since 
there is less vegetation to protect the soil, water 
erosion increases. Higher air temperatures and de-
creased soil moisture reduce soil stability, further 
exacerbating erosion. And with a growing popula-
tion needing water for urban uses, hydroelectric 
generation, and agriculture, there is increasing 
pressure on mountain water sources that would oth-
erwise flow to desert river areas.70,149 

The photo series shows the progression from arid grassland to desert 
(desertification) over a 100-year period. The change is the result of grazing 
management and reduced rainfall in the Southwest.250,252,253

CCSP SAP 4.3243

Desertification of Arid Grassland
near Tucson, Arizona, 1902 to 2003
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The response of arid lands to climate change also 
depends on how other factors interact with climate 
at local scales. Large-scale, unregulated livestock 
grazing in the Southwest during the late 1800s and 
early 1900s is widely regarded as having contrib-
uted to widespread desertification. Grazing peaked 
around 1920 on public lands in the West. By the 
1970s, grazing had been reduced by about 70 
percent, but the arid lands have been very slow to 
recover from its impacts. Warmer and drier climate 
conditions are expected to slow recovery even 
more. In addition, the land resource in the South-
west is currently managed more for providing water 
for people than for protecting the productivity of the 
landscape. As a result, the land resource is likely to 
be further degraded and its recovery hampered.243

Coastal and near-shore ecosystems are 
already under multiple stresses. Climate 
change and ocean acidification will 
exacerbate these stresses.

Coastal and near-shore marine ecosystems are vul-
nerable to a host of climate change-related effects 
including increasing air and water temperatures, 
ocean acidification, changes in runoff from the 
land, sea-level rise, and altered currents. Some of 
these changes have already led to coral bleaching, 
shifts in species ranges, increased storm intensity in 
some regions, dramatic reductions in sea ice extent 
and thickness along the Alaskan coast,137 and other 
significant changes to the nation’s coastlines and 
marine ecosystems.70

The interface between land and sea is important, 
as many species, including many endangered spe-
cies, depend on it at some point in their life cycle. 
In addition, coastal areas buffer inland areas from 
the effects of wave action and storms.247 Coastal 
wetlands, intertidal areas, and other near-shore 
ecosystems are subject to a variety of environmen-
tal stresses.254,255 Sea-level rise, increased coastal 
storm intensity, and rising temperatures contrib-
ute to increased vulnerability of coastal wetland 
ecosystems. It has been estimated that 3 feet of 
sea-level rise (within the range of projections for 
this century) would inundate about 65 percent of the 
coastal marshlands and swamps in the contiguous 
United States.256 The combination of sea-level rise, 

local land sinking, and related factors already have 
resulted in substantially higher relative sea-level 
rise along the Gulf of Mexico and the mid-Atlantic 
coast, more so than on the Pacific Coast.43,254 In 
Louisiana alone, over one-third of the coastal plain 
that existed a century ago has since been lost,254 
which is mostly due to local land sinking.70 Barrier 
islands are also losing land at an increasing rate257 
(see Southeast region), and they are particularly im-
portant in protecting the coastline in some regions 
vulnerable to sea-level rise and storm surge.

Coral reefs
Coral reefs are very diverse ecosystems that sup-
port many other species by providing food and 
habitat. In addition to their ecological value, coral 
reefs provide billions of dollars in services includ-
ing tourism, fish breeding habitat, and protection of 
coastlines. Corals face a host of challenges associ-
ated with human activities such as poorly regulated 
tourism, destructive fishing, and pollution, in addi-
tion to climate change-related stresses.70 

Corals are marine animals that host symbiotic algae 
which help nourish the animals and give the corals 
their color. When corals are stressed by increases 
in water temperatures or ultraviolet light, they lose 
their algae and turn white, a process called coral 
bleaching. If the stress persists, the corals die. 
Intensities and frequencies of bleaching events, 
clearly driven by warming in surface water, have 
increased substantially over the past 30 years, lead-
ing to the death or severe damage of about one-
third of the world’s corals.70

The United States has extensive coral reef eco-
systems in the Caribbean, Atlantic, and Pacific 
oceans. In 2005, the Caribbean basin experienced 
unprecedented water temperatures that resulted 
in dramatic coral bleaching with some sites in the 
U.S. Virgin Islands seeing 90 percent of the coral 
bleached. Some corals began to recover when water 
temperatures decreased, but later that year disease 
appeared, striking the previously bleached and 
weakened coral. To date, 50 percent of the corals 
in Virgin Islands National Park have died from the 
bleaching and disease events. In the Florida Keys, 
summer bleaching in 2005 was also followed by 
disease in September.70 
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But rising temperature is not the only stress coral 
reefs face. As the carbon dioxide concentration in 
the air increases, more carbon dioxide is absorbed 
into the world’s oceans, leading to their acidifica-
tion. This makes less calcium carbonate available 
for corals and other sea life to build their skeletons 
and shells.258 If carbon dioxide concentrations 
continue to rise and the resulting acidification pro-
ceeds, eventually, corals and other ocean life that 
rely on calcium carbonate will not be able to build 
these skeletons and shells at all. The implications of 
such extreme changes in ocean ecosystems are not 
clear, but there is now evidence that in some ocean 
areas, such as along the Northwest coast, acidifica-
tion is already occurring70,259 (see Coasts region for 
more discussion of ocean acidification).

Arctic sea ice ecosystems are already 
being adversely affected by the loss of 
summer sea ice and further changes  
are expected.

Perhaps most vulnerable of all to the impacts of 
warming are Arctic ecosystems that rely on sea ice, 
which is vanishing rapidly and is projected to dis-
appear entirely in summertime within this century. 
Algae that bloom on the underside of the sea ice 
form the base of a food web linking microscopic 
animals and fish to seals, whales, polar bears, and 
people. As the sea ice disappears, so too do these 
algae. The ice also provides a vital platform for 
ice-dependent seals (such as the ringed seal) to give 
birth, nurse their pups, and rest. Polar bears use the 
ice as a platform from which to hunt their prey. The 
walrus rests on the ice near the continental shelf 
between its dives to eat clams and other shellfish. 
As the ice edge retreats away from the shelves to 
deeper areas, there will be no clams nearby.70,132,220

The Bering Sea, off the west coast of Alaska, 
produces our nation’s largest commercial fish 
harvests as well as providing food for many Native 
Alaskan peoples. Ultimately, the fish populations 
(and animals including seabirds, seals, walruses, 
and whales) depend on plankton blooms regulated 
by the extent and location of the ice edge in spring. 
As the sea ice continues to decline, the location, 
timing, and species composition of the blooms is 
changing. The spring melt of sea ice in the  

Bering Sea has long provided material that feeds 
the clams, shrimp, and other life forms on the 
ocean floor that, in turn, provide food for the 
walruses, gray whales, bearded seals, eider ducks, 
and many fish. The earlier ice melt resulting from 
warming, however, leads to later phytoplankton 
blooms that are largely consumed by microscopic 
animals near the sea surface, vastly decreasing the 
amount of food reaching the living things on the 
ocean floor. This will radically change the species 
composition of the fish and other creatures, with 
significant repercussions for both subsistence and 
commercial fishing.70 

Ringed seals give birth in snow caves on the sea 
ice, which protect their pups from extreme cold 
and predators. Warming leads to earlier snow melt, 
which causes the snow caves to collapse before the 
pups are weaned. The small, exposed pups may die 
of hypothermia or be vulnerable to predation by 
arctic foxes, polar bears, gulls, and ravens. Gulls 
and ravens are arriving in the Arctic earlier as 
springs become warmer, increasing the birds’  
opportunity to prey on the seal pups.70 

Polar bears are the top predators of the sea ice 
ecosystem. Because they prey primarily on ice-
associated seals, they are especially vulnerable to 
the disappearance of sea ice. The bears’ ability to 
catch seals depends on the presence of sea ice. In 
that habitat, polar bears take advantage of the fact 
that seals must surface to breathe in limited open-
ings in the ice cover. In the open ocean, bears lack 
a hunting platform, seals are not restricted in where 
they can surface, and successful hunting is very 
rare. On shore, polar bears feed little, if at all.

About two-thirds of the world’s polar bears are projected to be 
gone by the middle of this century. It is projected that there will 
be no wild polar bears in Alaska in 75 years.70
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In addition, the rapid rate of warming in 
Alaska and the rest of the Arctic in recent 
decades is sharply reducing the snow cover 
in which polar bears build dens and the sea 
ice they use as foraging habitat. Female polar 
bears build snow dens in which they hiber-
nate for four to five months each year and 
in which they give birth to their cubs. Born 
weighing only about 1 pound, the tiny cubs 
depend on the snow den for warmth.

About two-thirds of the world’s polar bears 
are projected to be gone by the middle of this 
century. It is projected that there will be no 
wild polar bears left in Alaska in 75 years.70

Continued warming will inevitably entail 
major changes in the sea ice ecosystem, to 
the point that its viability is in jeopardy. 
Some species will become extinct, while oth-
ers might adapt to new habitats. The chances 
of species surviving the current changes may 
depend critically on the rate of change. The current 
rates of change in the sea ice ecosystem are very 
rapid relative to the life spans of animals including 
seals, walruses, and polar bears, and as such, are a 
major threat to their survival.70

The habitats of some 
mountain species and 
coldwater fish, such as 
salmon and trout, are 
very likely to contract in 
response to warming.

Animal and plant species that 
live in the mountains are among 
those particularly sensitive to 
rapid climate change. They 
include animal species such 
as the grizzly bear, bighorn 
sheep, pika, mountain goat, 
and wolverine. Major changes 
have already been observed in 
the pika as previously reported 
populations have disappeared 
entirely as climate has warmed 
over recent decades.70 One 
reason mountain species are so 

vulnerable is that their suitable habitats are be-
ing compressed as climatic zones shift upward in 
elevation. Some species try to shift uphill with the 
changing climate, but may face constraints related 
to food, other species present, and so on. In addi-
tion, as species move up the mountains, those near 
the top simply run out of habitat.70 

Fewer wildflowers are projected to grace the slopes 
of the Rocky Mountains as global warming causes 
earlier spring snowmelt. Larkspur, aspen fleabane, 
and aspen sunflower grow at an altitude of about 
9,500 feet where the winter snows are deep. Once 
the snow melts, the flowers form buds and prepare 
to bloom. But warmer springs mean that the snow 
melts earlier, leaving the buds exposed to frost. 
(The percentage of buds that were frosted has 
doubled over the past decade.) Frost does not kill 
the plants, but it does make them unable to seed 
and reproduce, meaning there will be no next gen-
eration. Insects and other animal species depend 
on the flowers for food, and other species depend 
on those species, so the loss is likely to propagate 
through the food chain.236

Shifts in tree species on mountains in New Eng-
land, where temperatures have risen 2 to 4°F in 
the last 40 years, offer another example. Some 
mountain tree species have shifted uphill by 350 

The pika, pictured above, is a 
small mammal whose habitat is 
limited to cold areas near the 
tops of mountains. As climate 
warms, little suitable habitat 
is left. Of 25 pika populations 
studied in the Great Basin be-
tween the Rocky Mountains and 
the Sierra Nevada, more than 
one-third have gone extinct in 
recent decades.261,262

Forest Species Shift Upslope

As climate warms, hardwood trees out-compete evergreen trees 
that are adapted to colder conditions. 

Beckage et al.260/Adapted from Boston Globe/Landov
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feet in the last 40 years. Tree communities were 
relatively unchanged at low and high elevations, but 
in the transition zone in between (at about 2,600 
feet elevation) the changes have been dramatic. 
Cold-loving tree species declined from 43 to 18 
percent, while warmer-loving trees increased from 
57 to 82 percent. Overall, the transition zone has  
shifted about 350 feet uphill in just a few decades, 
a surprisingly rapid rate since these are trees that 
live for hundreds of years. One possibility is that as 
trees were damaged or killed by air pollution, it left 
an opportunity for the warming-induced transition 
to occur more quickly. These results indicate that 
the composition of high elevation forests is chang-
ing rapidly.260 

Coldwater fish
Salmon and other coldwater fish species in the 
United States are at particular risk from warming. 
Salmon are under threat from a variety of human 
activities, but global warming is a growing source 
of stress. Rising temperatures affect salmon in sev-
eral important ways. As precipitation increasingly 
falls as rain rather than snow, it feeds floods that 
wash away salmon eggs incubating in the stream-
bed. Warmer water leads eggs to hatch earlier in 
the year, so the young are smaller and more vulner-
able to predators. Warmer conditions increase the 
fish’s metabolism, taking energy away from growth 
and forcing the fish to find more food, but earlier 
hatching of eggs could put them out of sync with 
the insects they eat. Earlier melting of snow leaves 
rivers and streams warmer and shallower in sum-
mer and fall. Diseases and parasites tend to flour-
ish in warmer water. Studies suggest that up to 40 
percent of Northwest salmon populations may be 
lost by 2050.263

Large declines in trout populations are also pro-
jected to occur around the United States. Over half 
of the wild trout populations are likely to disappear 
from the southern Appalachian Mountains because 
of the effects of rising stream temperatures. Losses 
of western trout populations may exceed 60 percent 
in certain regions. About 90 percent of bull trout, 
which live in western rivers in some of the coun-
try’s most wild places, are projected to be lost due 
to warming. Pennsylvania is predicted to lose 50 
percent of its trout habitat in the coming decades. 
Projected losses of trout habitat for some warmer 

states, such as North Carolina and Virginia, are up 
to 90 percent.264

Some of the benefits ecosystems 
provide to society will be threatened by 
climate change, while others will  
be enhanced.

Human well-being depends on the Earth’s ecosys-
tems and the services that they provide to sustain 
and fulfill human life.265 These services are impor-
tant to human well-being because they contribute 
to basic material needs, physical and psychological 
health, security, and economic activity. A recent 
assessment reported that of 24 vital ecosystem ser-
vices, 15 were being degraded by human activity.247 
Climate change is one of several human-induced 
stresses that threaten to intensify and extend these 
adverse impacts to biodiversity, ecosystems, and 
the services they provide. Two of many possible 
examples follow.

Forests and carbon storage
Forests provide many services important to the 
well-being of Americans: air and water quality 
maintenance, water flow regulation, and watershed 
protection; wildlife habitat and biodiversity conser-
vation; recreational opportunities and aesthetic and 
spiritual fulfillment; raw materials for wood and 
paper products; and climate regulation and carbon 
storage. A changing climate will alter forests and 
the services they provide. Most of these changes 
are likely to be detrimental.

In the United States, forest growth and long-lived 
forest products currently offset about 20 percent of 
U.S. fossil fuel carbon emissions.140,257 This carbon 
“sink” is an enormous service provided by forests 
and its persistence or growth will be important to 
limiting the atmospheric carbon dioxide concentra-
tion. The scale of the challenge of increasing this 
sink is very large. To offset an additional 10 percent 
of U.S. emissions through tree planting would re-
quire converting one-third of current croplands  
to forests.243

Recreational opportunities
Tourism is one of the largest economic sec-
tors in the world, and it is also one of the fastest 
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growing;266 the jobs created by recreational tourism 
provide economic benefits not only to individu-
als but also to communities. Slightly more than 90 
percent of the U.S. population participates in some 
form of outdoor recreation, representing nearly 
270 million participants,267 and several billion days 
spent each year in a wide variety of outdoor recre-
ation activities.

Since much recreation and tourism occurs outside, 
increased temperature and precipitation have a 
direct effect on the enjoyment of these activities, 
and on the desired number of visitor days and as-
sociated level of visitor spending as well as tourism 
employment. Weather conditions are an important 
factor influencing tourism visits. In addition, out-
door recreation and tourism often depends on the 
availability and quality of natural resources,268 such 
as beaches, forests, wetlands, snow, and wildlife, all 
of which will be affected by climate change. 

Thus, climate change can have direct effects on the 
natural resources that people enjoy. The length of 
the season for, and desirability of, several of the 
most popular activities – walking; visiting a beach, 
lakeshore, or river; sightseeing; swimming; and 
picnicking267 – are likely to be enhanced by small 
near-term increases in temperature. Other activities 
are likely to be harmed by even small increases in 
warming, such as snow- and ice-dependent activi-
ties including skiing, snowmobiling, and  
ice fishing.

The net economic effect of near-term climate 
change on recreational activities is likely to be posi-
tive. In the longer term, however, as climate change 
effects on ecosystems and seasonality become more 
pronounced, the net economic effect on tourism 
and recreation is not known with certainty.172 

Adaptation:   Preserving Coastal Wetlands

Coastal wetlands are rich ecosystems 
that protect the shore from damage 
during storm surges and provide 
society with other services. One 
strategy designed to preserve coastal 
wetlands as sea level rises is the “rolling 
easement.” Rolling easements allow 
some development near the shore, but 
prohibit construction of seawalls or 
other armoring to protect buildings; 
they recognize nature’s right-of-way 
to advance inland as sea level rises. 
Massachusetts and Rhode Island prohibit 
shoreline armoring along the shores of 
some estuaries so that ecosystems can 
migrate inland, and several states limit 
armoring along ocean shores.269,270 

In the case shown here, the coastal marsh would reach the footprint of the house 40 years in the 
future. Because the house is on pilings, it could still be occupied if it is connected to a community 
sewage treatment system; a septic system would probably fail due to proximity to the water table. 
After 80 years, the marsh would have taken over the yard, and the footprint of the house would extend 
onto public property. The house could still be occupied but reinvestment in the property would be 
unlikely. After 100 years, this house would be removed, although some other houses in the area could 
still be occupied. Eventually, the entire area would return to nature. A home with a rolling easement 
would depreciate in value rather than appreciate like other coastal real estate. But if the loss were 
expected to occur 100 years from now, it would only reduce the current property value by 1 to 5 
percent, for which the owner could be compensated.271 

Modified from CCSP SAP 4.1271
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Key Messages:
Increases in the risk of illness and death related to extreme heat and heat • 
waves are very likely. Some reduction in the risk of death related to extreme 
cold is expected.
Warming is likely to make it more challenging to meet air quality standards • 
necessary to protect public health. 
Extreme weather events cause physical and mental health problems. Some of • 
these events are projected to increase. 
Some diseases transmitted by food, water, and insects are likely to increase. • 
Rising temperature and carbon dioxide concentration increase pollen • 
production and prolong the pollen season in a number of plants with highly 
allergenic pollen, presenting a health risk.
Certain groups, including children, the elderly, and the poor, are most • 
vulnerable to a range of climate-related health effects. 

Climate change poses unique challenges to human health. Unlike health threats caused by a particular toxin 
or disease pathogen, there are many ways that climate change can lead to potentially harmful health effects. 
There are direct health impacts from heat waves and severe storms, ailments caused or exacerbated by air 
pollution and airborne allergens, and many climate-sensitive infectious diseases.163 

Realistically assessing the potential health effects of 
climate change must include consideration of the capac-
ity to manage new and changing climate conditions.163 
Whether or not increased health risks due to climate 
change are realized will depend largely on societal re-
sponses and underlying vulnerability. The probability of 
exacerbated health risks due to climate change points to a 
need to maintain a strong public health infrastructure to 
help limit future impacts.163 

Increased risks associated with diseases originating 
outside the United States must also be considered be-
cause we live in an increasingly globalized world. Many 
poor nations are expected to suffer even greater health 
consequences from climate change.272 With global trade 
and travel, disease flare-ups in any part of the world can 
potentially reach the United States. In addition, weather 
and climate extremes such as severe storms and drought 
can undermine public health infrastructure, further stress 
environmental resources, destabilize economies, and 
potentially create security risks both within the United 
States and internationally.219 

Key Sources

The pie chart shows the distribution of deaths for 11 hazard 
categories as a percent of the total 19,958 deaths due to 
these hazards from 1970 to 2004. Heat/drought ranks 
highest, followed by severe weather, which includes events 
with multiple causes such as lightning, wind, and rain.273 This 
analysis ended prior to the 2005 hurricane season which 
resulted in approximately 2,000 deaths.229

Hazard-Related Deaths in the U.S.

Borden and Cutter273
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Increases in the risk of illness and death 
related to extreme heat and heat waves 
are very likely. Some reduction in the 
risk of death related to extreme cold  
is expected.

Temperatures are rising and the probability of 
severe heat waves is increasing. Analyses sug-
gest that currently rare extreme heat waves will 
become much more common in the future (see 
National Climate Change).68 At the same time, the 
U.S. population is aging, and older people are more 
vulnerable to hot weather and heat waves. The per-
centage of the U.S. population over age 65 is cur-
rently 12 percent and is projected to be 21 percent 
by 2050 (over 86 million people).163,274 Diabetics are 
also at greater risk of heat-related death, and the 
prevalence of obesity and diabetes is increasing. 
Heat-related illnesses range from heat exhaustion 
to kidney stones.275,276 

Heat is already the leading cause of weather-related 
deaths in the United States. More than 3,400 deaths 
between 1999 and 2003 were reported as result-
ing from exposure to excessive heat.277 An analysis 
of nine U.S. cities shows that deaths due to heat 
increase with rising temperature and humidity.278 
From the 1970s to the 1990s, however, heat-related 
deaths declined.279 This likely resulted from a rapid 

increase in the use of air conditioning. In 1978, 44 
percent of households were without air condition-
ing, whereas in 2005, only 16 percent of the U.S. 
population lived without it (and only 3 percent did 
not have it in the South).280,281 With air conditioning 
reaching near saturation, a recent study found that 
the general decline in heat-related deaths seems to 
have leveled off since the mid-1990s.282 

Increases in heat-related deaths are projected in cities 
around the nation, especially under higher emissions 
scenarios.91 This analysis included some, but not all 
possible, adaptation measures. The graph shows the 
projected number of deaths per year, averaged over a 
three-decade period around 1975, 2055, and 2085 for the 
City of Chicago under lower and higher emissions.91 

Hayhoe et al.283

Projected Increase in  
Heat-Related Deaths in Chicago

Number of Days Over 100°F

The number of days in which the temperature exceeds 
100°F by late this century, compared to the 1960s and 
1970s, is projected to increase strongly across the 
United States. For example, parts of Texas that recently 
experienced about 10 to 20 days per year over 100°F are 
expected to experience more than 100 days per year in 
which the temperature exceeds 100°F by the end of the 
century under the higher emissions scenario.91

CMIP3-B117



90 91

Global Climate Change Impacts in the United States Human Health

90 91

Global Climate Change Impacts in the United States Human Health

Adaptation:   Reducing Deaths During Heat Waves

In the mid-1990s, Philadelphia became the first U.S. city to implement a system for reducing the risk 
of death during heat waves. The city focuses its efforts on the elderly, homeless, and poor. During 
a heat wave, a heat alert is issued and news organizations are provided with tips on how vulnerable 
people can protect themselves. The health department and thousands of block captains use a buddy 
system to check on elderly residents in their homes; electric utilities voluntarily refrain from shutting 
off services for non-payment; and public cooling places extend their hours. The city operates a 
“Heatline” where nurses are standing by to assist callers experiencing health problems; if callers 
are deemed “at risk,” mobile units are dispatched to the residence. The city has also implemented 
a “Cool Homes Program” for elderly, low-income residents, which provides measures such as roof 
coatings and roof insulation that save energy and lower indoor temperatures. Philadelphia’s system is 
estimated to have saved 117 lives over its first 3 years of operation.287,288 

As human-induced warming is projected to raise 
average temperatures by about 6 to 11°F in this 
century under a higher emissions scenario,91 heat 
waves are expected to continue to increase in 
frequency, severity, and duration.68,112 For example, 
by the end of this century, the number of heat-wave 
days in Los Angeles is projected to double,284 and 
the number in Chicago to quadruple,285 if emissions 
are not reduced.

Projections for Chicago suggest that the average 
number of deaths due to heat waves would more 
than double by 2050 under a lower emissions 
scenario91 and quadruple under a high emissions 
scenario91 (see figure page 90).283 

A study of climate change impacts in California 
projects that, by the 2090s, annual heat-related 
deaths in Los Angeles would increase by two to 
three times under a lower emissions scenario and 
by five to seven times under a higher emissions 
scenario, compared to a 1990s baseline of about 
165 deaths. These estimates assume that people 
will have become somewhat more accustomed to 
higher temperatures. Without such acclimatization, 
these estimates are projected to be about 20 to 25 
percent higher.284

The full effect of global warming on heat-related 
illness and death involves a number of factors 
including actual changes in temperature (averages, 
highs, and lows); and human population character-
istics, such as age, wealth, and fitness. In addition, 
adaptation at the scale of a city includes options 
such as heat wave early warning systems, urban 

design to reduce heat loads, and enhanced services 
during heat waves.163

Reduced extreme cold
In a warmer world, the number of deaths caused 
by extremely low temperatures would be expected 
to drop, although in general, it is uncertain how 
climate change will affect net mortality.163 Never-
theless, a recent study that analyzed daily mortality 
and weather data with regard to 6,513,330 deaths 
in 50 U.S. cities between 1989 and 2000 shows a 
marked difference between deaths resulting from 
hot and cold temperatures. The researchers found 
that, on average, cold snaps increased death rates 

Urban Heat Island Effect

Large amounts of concrete and asphalt in cities absorb and hold heat. 
Tall buildings prevent heat from dissipating and reduce air flow. At 
the same time, there is generally little vegetation to provide shade 
and evaporative cooling. As a result, parts of cities can be up to 
10ºF warmer than the surrounding rural areas, compounding the 
temperature increases that people experience as a result of human-
induced warming.313

Lemmen and Warren286
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by 1.6 percent, while heat waves triggered a 5.7 per-
cent increase in death rates.289 The analysis found 
that the reduction in deaths as a result of relatively 
milder winters attributable to global warming will 
be substantially less than the increase in deaths due 
to summertime heat extremes.

Many factors contribute to winter deaths, includ-
ing highly seasonal diseases such as influenza and 
pneumonia. It is unclear how these diseases are 
affected by temperature.163

Warming is likely to make it more 
challenging to meet air quality standards 
necessary to protect public health. 

Poor air quality, especially in cities, is a serious 
concern across the United States. Half of all Ameri-
cans, 158 million people, live in counties where 
air pollution exceeds national health standards.290 
While the Clean Air Act has improved air qual-
ity, higher temperatures and associated stagnant 
air masses are expected to make it more challeng-
ing to meet air quality standards, particularly for 
ground-level ozone (a component of smog).13 It 

Projected Change in Ground-Level Ozone, 2090s

The maps show projected changes in ground-level ozone (a component of smog) for the 2090s, averaged over the sum-
mer months (June through August), relative to 1996-2000, under lower and higher emissions scenarios, which include 
both greenhouse gases and emissions that lead to ozone formation (some of which decrease under the lower emissions 
scenario).91 By themselves, higher temperatures and other projected climate changes would increase ozone levels under 
both scenarios. However, the maps indicate that future projections of ozone depend heavily on emissions, with the higher 
emissions scenario91 increasing ozone by large amounts, while the lower emissions scenario91 results in an overall decrease 
in ground-level ozone by the end of the century.291

Tao et al.291

Temperature and Ozone

The graphs illustrate the observed association between ground-level 
ozone (a component of smog) concentration in parts per billion (ppb) 
and temperature in Atlanta and New York City (May to October 1988 
to 1990).219 The projected higher temperatures across the United 
States in this century are likely to increase the occurrence of high 
ozone concentrations, although this will also depend on emissions of 
ozone precursors and meteorological factors. Ground-level ozone 
can exacerbate respiratory diseases and cause short-term reductions 
in lung function.

NAST219
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has been firmly established that breathing ozone 
results in short-term decreases in lung function and 
damages the cells lining the lungs. It also increases 
the incidence of asthma-related hospital visits and 
premature deaths.272 Vulnerability to ozone effects 
is greater for those who spend time outdoors, espe-
cially with physical exertion, because this results 

in a higher cumulative dose to their lungs. As a 
result, children, outdoor workers, and athletes are 
at higher risk for these ailments.163 

Ground-level ozone concentrations are affected by 
many factors including weather conditions, emis-
sions of gases from vehicles and industry that lead 

Adaptation:   Improving Urban Air Quality

Because ground-level ozone is related to temperature (see figure at top of previous page), air 
quality is projected to become worse with human-induced climate change. Many areas in the 
country already have plans in place for responding to air quality problems. For example, the Air 
Quality Alert program in Rhode Island encourages residents to reduce air pollutant emissions by 
limiting car travel and the use of small engines, lawn mowers, and charcoal lighter fluids on days 
when ground-level ozone is high. Television weather reports include alerts when ground-level 
ozone is high, warning especially susceptible people to limit their time outdoors. To help cut down 
on the use of cars, all regular bus routes are free on Air Quality Alert days.295

Pennsylvania offers the following suggestions for high ozone days:
Refuel vehicles after dark. Avoid spilling gasoline and stop fueling when the pump shuts off • 
automatically.
Conserve energy. Do not overcool homes. Turn off lights and appliances that are not in use. • 
Wash clothes and dishes only in full loads.
Limit daytime driving. Consider carpooling or taking public transportation. Properly maintain • 
vehicles, which also helps to save fuel.
Limit outdoor activities, such as mowing the lawn or playing sports, to the evening hours.• 
Avoid burning leaves, trash, and other materials.• 

Traffic restrictions imposed during the 1996 summer Olympics in Atlanta quantified the direct 
respiratory health benefits of reducing the number of cars and the amount of their tailpipe 
emissions from an urban environment. Peak morning traffic decreased by 23 percent, and peak 
ozone levels dropped by 28 percent. As a result, childhood asthma-related emergency room visits 
fell by 42 percent.296 

Californians currently experience the worst air 
quality in the nation. More than 90 percent of the 

population lives in areas that violate state air quality 
standards for ground-level ozone or small particles. These 

pollutants cause an estimated 8,800 deaths and over a billion 
dollars in health care costs every year in California.292 Higher 

temperatures are projected to increase the frequency, intensity, 
and duration of conditions conducive to air pollution formation, 

potentially increasing the number of days conducive to air pollution by 75 
to 85 percent in Los Angeles and the San Joaquin Valley, toward the end of this 

century, under a higher emissions scenario, and by 25 to 35 percent under a lower 
emissions scenario.293 Air quality could be further compromised by wildfires, which are 

already increasing as a result of warming.252,294

Spotlight on Air Quality  
in California
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to ozone formation (especially nitrogen oxides 
and volatile organic compounds [VOCs]), natu-
ral emissions of VOCs from plants, and pollution 
blown in from other places.290,297 A warmer climate 
is projected to increase the natural emissions of 
VOCs, accelerate ozone formation, and increase the 
frequency and duration of stagnant air masses that 
allow pollution to accumulate, which will exacer-
bate health symptoms.298 Increased temperatures 
and water vapor due to human-induced carbon di-
oxide emissions have been found to increase ozone 
more in areas with already elevated concentrations, 
meaning that global warming tends to exacerbate 
ozone pollution most in already polluted areas. Un-
der constant pollutant emissions, by the middle of 
this century, Red Ozone Alert Days (when the air 
is unhealthy for everyone) in the 50 largest cities in 
the eastern United States are projected to increase 
by 68 percent due to warming alone.298 Such condi-
tions would challenge the ability of communities 
to meet health-based air quality standards such as 
those in the Clean Air Act. 

Health risks from heat waves and air pollution 
are not necessarily independent. The formation of 
ground-level ozone occurs under hot and stagnant 
conditions – essentially the same weather condi-
tions accompanying heat waves (see box page 102). 
Such interactions among risk factors are likely to 
increase as climate change continues.

Extreme weather events cause physical 
and mental health problems. Some of 
these events are projected to increase.

Injury, illness, emotional trauma, and death are 
known to result from extreme weather events.68 
The number and intensity of some of these events 
are already increasing and are projected to increase 
further in the future.68,112 Human health impacts in 
the United States are generally expected to be less 
severe than in poorer countries where the emergen-
cy preparedness and public health infrastructure 
is less developed. For example, early warning and 
evacuation systems and effective sanitation lessen 
the health impacts of extreme events.68 

This assumes that medical and emergency relief 
systems in the United States will function well and 

that timely and effective adaptation measures will 
be developed and deployed. There have already 
been serious failures of these systems in the af-
termath of hurricanes Katrina and Rita, so coping 
with future impacts will require significant  
improvements.

Extreme storms
Over 2,000 Americans were killed in the 2005 
hurricane season, more than double the average 
number of lives lost to hurricanes in the United 
States over the previous 65 years.163 But the human 
health impacts of extreme storms go beyond direct 
injury and death to indirect effects such as carbon 
monoxide poisoning from portable electric genera-
tors in use following hurricanes, an increase in 
stomach and intestinal illness among evacuees, and 
mental health impacts such as depression and post-
traumatic stress disorder.163 Failure to fully account 
for both direct and indirect health impacts might 
result in inadequate preparation for and response to 
future extreme weather events.163 

Floods
Heavy downpours have increased in recent decades 
and are projected to increase further as the world 
continues to warm.68,112 In the United States, the 
amount of precipitation falling in the heaviest 1 
percent of rain events increased by 20 percent in 
the past century, while total precipitation increased 
by 7 percent. Over the last century, there was a 
50 percent increase in the frequency of days with 
precipitation over 4 inches in the upper Midwest.112 
Other regions, notably the South, have also seen 
strong increases in heavy downpours, with most of 
these coming in the warm season and almost all of 
the increase coming in the last few decades.

Heavy rains can lead to flooding, which can cause 
health impacts including direct injuries as well as 
increased incidence of waterborne diseases due to 
pathogens such as Cryptosporidium and Giardia.163 
Downpours can trigger sewage overflows, contami-
nating drinking water and endangering beachgoers. 
The consequences will be particularly severe in the 
roughly 770 U.S. cities and towns, including New 
York, Chicago, Washington DC, Milwaukee, and 
Philadelphia, that have “combined sewer systems;” 
an older design that carries storm water and sew-
age in the same pipes.299 During heavy rains, these 
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systems often cannot handle the volume, and  
raw sewage spills into lakes or waterways, includ-
ing drinking-water supplies and places where 
people swim.252

In 1994, the Environmental Protection Agency 
(EPA) established a policy that mandates that 
communities substantially reduce or eliminate 
their combined sewer overflow, but this mandate 
remains unfulfilled.300 In 2004, the EPA estimated 
it would cost $55 billion to correct combined sewer 
overflow problems in publicly owned wastewater 
treatment systems.301

Using 2.5 inches of precipitation in one day as the 
threshold for initiating a combined sewer overflow 
event, the frequency of these events in Chicago is 
expected to rise by 50 percent to 120 percent by the 
end of this century,302 posing further risks to drink-
ing and recreational water quality.

Wildfires
Wildfires in the United States are already increas-
ing due to warming. In the West, there has been 
a nearly fourfold increase in large wildfires in 
recent decades, with greater fire frequency, lon-
ger fire durations, and longer wildfire seasons. 

This increase is strongly associated with increased 
spring and summer temperatures and earlier spring 
snowmelt, which have caused drying of soils and 
vegetation.163,252,294 In addition to direct injuries and 
deaths due to burns, wildfires can cause eye  
and respiratory illnesses due to fire-related  
air pollution.163

Some diseases transmitted by food, 
water, and insects are likely to increase. 

A number of important disease-causing agents 
(pathogens) commonly transmitted by food, water, 

The first outbreak of West Nile virus in the United States occurred 
in the summer of 1999, likely a result of international air transport. 

Within five years, the disease had spread across the continental United 
States, transmitted by mosquitoes that acquire the virus from infected 

birds. While bird migrations were the primary mode of disease spread, 
during the epidemic summers of 2002 to 2004, epicenters of West Nile virus 

were linked to locations with either drought or above average temperatures. 

Since 1999, West Nile virus has caused over 28,000 reported cases, and over 1,100 
Americans have died from it.303 During 2002, a more virulent strain of West Nile virus 

emerged in the United States. Recent analyses indicate that this mutated strain responds strongly 
to higher temperatures, 
suggesting that greater risks 
from the disease may result 
from increases in the frequency 
of heatwaves,304 though the 
risk will also depend on the 
effectiveness of mosquito 
control programs.

While West Nile virus causes 
mild flu-like symptoms in 
most people, about one in 
150 infected people develop 
serious illness, including the 
brain inflammation diseases 
encephalitis and meningitis. 
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or animals are susceptible to changes in replication, 
survival, persistence, habitat range, and transmis-
sion as a result of changing climatic conditions 
such as increasing temperature, precipitation, and 
extreme weather events.163 

Cases of food poisoning due to • Salmonella and 
other bacteria peak within one to six weeks of 
the highest reported ambient temperatures.163

Cases of waterborne • Cryptosporidium and 
Giardia increase following heavy downpours. 
These parasites can be transmitted in drinking 
water and through recreational water use.163 
Climate change affects the life cycle and dis-• 
tribution of the mosquitoes, ticks, and rodents 
that carry West Nile virus, equine encephali-
tis, Lyme disease, and hantavirus. However, 
moderating factors such as housing quality, 
land use patterns, pest control programs, and a 
robust public health infrastructure are likely to 
prevent the large-scale spread of these diseases 
in the United States.163,305

Heavy rain and flooding can contaminate • 
certain food crops with feces from nearby 
livestock or wild animals, increasing the 
likelihood of food-borne disease associated 
with fresh produce.163

Vibrio•	  sp. (shellfish poisoning) accounts for 20 
percent of the illnesses and 95 percent of 
the deaths associated with eating infected 
shellfish, although the overall incidence 
of illness from Vibrio infection remains 
low. There is a close association between 
temperature, Vibrio sp. abundance, and 
clinical illness. The U.S. infection rate 
increased 41 percent from 1996 to 2006,163 
concurrent with rising temperatures. 
As temperatures rise, tick populations that • 
carry Rocky Mountain spotted fever are 
projected to shift from south to north.306 
The introduction of disease-causing agents • 
from other regions of the world is an 
additional threat.163 

While the United States has programs such as 
the Safe Drinking Water Act that help protect 
against some of these problems, climate change 
will present new challenges. 

Rising temperature and carbon 
dioxide concentration increase pollen 
production and prolong the pollen 
season in a number of plants with  
highly allergenic pollen, presenting a 
health risk.

Rising carbon dioxide levels have been observed to 
increase the growth and toxicity of some plants that 
cause health problems. Climate change has caused 
an earlier onset of the spring pollen season in the 
United States.272 It is reasonable to conclude that 
allergies caused by pollen have also experienced 
associated changes in seasonality.272 Several labora-
tory studies suggest that increasing carbon dixoide 
concentrations and temperatures increase ragweed 
pollen production and prolong the ragweed 
pollen season.163,272

Poison ivy growth and toxicity is also greatly 
increased by carbon dioxide, with plants growing 
larger and more allergenic. These increases exceed 
those of most beneficial plants. For example, poison 
ivy vines grow twice as much per year in air with 
a doubled preindustrial carbon dioxide concentra-
tion as they do in unaltered air; this is nearly five 
times the increase reported for tree species in 

Pollen Counts Rise with  
Increasing Carbon Dioxide

Pollen production from ragweed grown in chambers at the carbon 
dioxide concentration of a century ago (about 280 parts per million 
[ppm]) was about 5 grams per plant; at today’s approximate carbon 
dioxide level, it was about 10 grams; and at a level projected to 
occur about 2075 under the higher emissions scenario,91 it was 
about 20 grams.307

Ziska and Caulfield307
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other analyses.308 Recent and projected increases in 
carbon dioxide also have been shown to stimulate 
the growth of stinging nettle and leafy spurge, two 
weeds that cause rashes when they come into con-
tact with human skin.309,310

Certain groups, including children, 
the elderly, and the poor, are most 
vulnerable to a range of climate-related 
health effects. 

Infants and children, pregnant women, the elderly, 
people with chronic medical conditions, outdoor 
workers, and people living in poverty are especially 
at risk from a variety of climate related health ef-
fects. Examples of these effects include increasing 
heat stress, air pollution, extreme weather events, 
and diseases carried by food, water, and insects.163 

Children’s small ratio of body mass to surface area 
and other factors make them vulnerable to heat-
related illness and death. Their increased breathing 
rate relative to body size, additional time spent out-
doors, and developing respiratory tracts, heighten 
their sensitivity to air pollution. In addition, chil-
dren’s immature immune systems increase their 
risk of serious consequences from waterborne and 
food-borne diseases, while developmental factors 
make them more vulnerable to complications from 
severe infections such as E. coli or Salmonella.163

The greatest health burdens related to climate 
change are likely to fall on the poor, especially 

Poison ivy

those lacking adequate shelter and access to other 
resources such as air conditioning.163

Elderly people are more likely to have debilitating 
chronic diseases or limited mobility. The elderly 
are also generally more sensitive to extreme heat 
for several reasons. They have a reduced ability to 
regulate their own body temperature or sense when 
they are too hot. They are at greater risk of heart 
failure, which is further exacerbated when cardiac 
demand increases in order to cool the body during 
a heat wave.318 Also, people taking medications, 
such as diuretics for high blood pressure, have a 
higher risk of dehydration.163 

The multiple health risks associated with diabetes 
will increase the vulnerability of the U.S. popula-
tion to increasing temperatures. The number of 
Americans with diabetes has grown to about 24 
million people, or roughly 8 percent of the U.S. 
population. Almost 25 percent of the population 
60 years and older had diabetes in 2007.311 Fluid 
imbalance and dehydration create higher risks for 
diabetics during heat waves. People with diabetes-
related heart disease are at especially increased risk 
of dying in heat waves.318

High obesity rates in the United States are a con-
tributing factor in currently high levels of diabe-
tes. Similarly, a factor in rising obesity rates is a 
sedentary lifestyle and automobile dependence; 60 
percent of Americans do not meet minimum daily 
exercise requirements. Making cities more walk-
able and bikeable would thus have multiple ben-
efits: improved personal fitness and weight loss; 
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reduced local air pollution and associated respirato-
ry illness; and reduced greenhouse gas emissions.312 

The United States has considerable capacity to 
adapt to climate change, but during recent extreme 
weather and climate events, actual practices have 
not always protected people and property. Vulner-
ability to extreme events is highly variable, with 
disadvantaged groups and communities (such as the 
poor, infirm, and elderly) experiencing consider-

able damage and disruptions to their lives. Adapta-
tion tends to be reactive, unevenly distributed, and 
focused on coping rather than preventing problems. 
Future reduction in vulnerability will require 
consideration of how best to incorporate planned 
adaptation into long-term municipal and public ser-
vice planning, including energy, water, and health 
services, in the face of changing climate-related 
risks combined with ongoing changes in population 
and development patterns.163,164 

Geographic Vulnerability of U.S. Residents to  
Selected Climate-Related Health Impacts

Maps indicating U.S. counties, or in some cases states, with existing vulnerability to climate-sensitive health out-
comes: a) location of hurricane landfalls; b) extreme heat events (defined by the Centers for Disease Control 
as temperatures 10 or more degrees F above the average high temperature for the region and lasting for sev-
eral weeks); c) percentage of population over age 65 (dark blue indicates that percentage is over 17.6 percent, light 
blue 14.4 to 17.5 percent); d) locations of West Nile virus cases reported in 2004. These examples demonstrate 
both the diversity of climate-sensitive health outcomes and the geographic variability of where they occur. Events 
over short time spans, in particular West Nile virus cases, are not necessarily predictive of future vulnerability.

CCSP SAP 4.6163
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Key Messages:
Population shifts and development choices are making more Americans • 
vulnerable to the expected impacts of climate change.
Vulnerability is greater for those who have few resources and few choices. • 
City residents and city infrastructure have unique vulnerabilities to • 
climate change.
Climate change affects communities through changes in climate-sensitive • 
resources that occur both locally and at great distances.
Insurance is one of the industries particularly vulnerable to increasing • 
extreme weather events such as severe storms, but it can also help 
society manage the risks.
The United States is connected to a world that is unevenly vulnerable to • 
climate change and thus will be affected by impacts in other parts of  
the world.

Climate change will affect society through impacts 
on the necessities and comforts of life: water, energy, 
housing, transportation, food, natural ecosystems, and 
health. This section focuses on some characteristics of 
society that make it vulnerable to the potential impacts 
of climate change and how the risks and costs may be 
distributed. Many impacts of climate change on society, 
for example, sea-level rise and increased water scarcity, 
are covered in other sections of this report. This section 
is not a comprehensive analysis of societal vulnerabili-
ties, but rather highlights key examples.

Because societies and their built environments have de-
veloped under a climate that has fluctuated within 
a relatively confined range of conditions, most 
impacts of a rapidly changing climate will pres-
ent challenges. Society is especially vulnerable to 
extremes, such as heat waves and floods, many of 
which are increasing as climate changes.313 And 
while there are likely to be some benefits and 
opportunities in the early stages of warming, as 
climate continues to change, negative impacts are 
projected to dominate.164

Climate change will affect different segments 
of society differently because of their varying 
exposures and adaptive capacities. The impacts 
of climate change also do not affect society in 

isolation. Rather, impacts can be exacerbated when 
climate change occurs in combination with the effects 
of an aging and growing population, pollution, poverty, 
and natural environmental fluctuations.164,172,274 Unequal 
adaptive capacity in the world as a whole also will pose 
challenges to the United States. Poorer countries are 
projected to be disproportionately affected by the im-
pacts of climate change and the United States is strongly 
connected to the world beyond its borders through 
markets, trade, investments, shared resources, migrat-
ing species, health, travel and tourism, environmental 
refugees (those fleeing deteriorating environmental 
conditions), and security.

Cedar Rapids, Iowa, June 12, 2008

Key Sources
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Population shifts and development 
choices are making more Americans 
vulnerable to the expected impacts of 
climate change. 

Climate is one of the key factors in Americans’ 
choices of where to live. As the U.S. population 
grows, ages, and becomes further concentrated 
in cities and coastal areas, society is faced with 
additional challenges. Climate change is likely to 
exacerbate these challenges as changes in tempera-
ture, precipitation, sea levels, and extreme weather 
events increasingly affect homes, communities, 
water supplies, land resources, transportation, ur-
ban infrastructure, and regional characteristics that 
people have come to value and depend on. 

Population growth in the United States over the 
past century has been most rapid in the South, near 
the coasts, and in large urban areas (see figure on 
page 55 in the Energy sector). The four most popu-
lous states in 2000 – California, Texas, Florida, and 
New York – accounted for 38 percent of the total 
growth in U.S. population during that time, and 
share significant vulnerability to coastal storms, 
severe drought, sea-level rise, air pollution, and ur-
ban heat island effects.313 But migration patterns are 
now shifting: the population of the Mountain West 
(Montana, Idaho, Wyoming, Nevada, Utah, Colo-
rado, Arizona, and New Mexico) is projected to in-
crease by 65 percent from 2000 to 2030, represent-
ing one-third of all U.S. population growth.274,314 
Southern coastal areas on both the Atlantic and 
the Gulf of Mexico are projected to continue to see 
population growth.313 

Overlaying projections of future climate change and 
its impacts on expected changes in U.S. population 
and development patterns reveals a critical insight: 
more Americans will be living in the areas that are 
most vulnerable to the effects of climate change.274

America’s coastlines have seen pronounced popu-
lation growth in regions most at risk of hurricane 
activity, sea-level rise, and storm surge – putting 
more people and property in harm’s way as the 
probability of harm increases.274 On the Atlantic 
and Gulf coasts where hurricane activity is preva-
lent, the coastal land in many areas is sinking while 
sea level is rising. Human activities are exacerbat-

ing the loss of coastal wetlands that once helped 
buffer the coastline from erosion due to storms. The 
devastation caused by recent hurricanes highlights 
the vulnerability of these areas.224 

The most rapidly growing area of the country is 
the Mountain West, a region projected to face more 
frequent and severe wildfires and have less water 
available, particularly during the high-demand 
period of summer. Continued population growth in 
these arid and semi-arid regions would stress water 
supplies. Because of high demand for irrigating ag-
riculture, overuse of rivers and streams is common 
in the arid West, particularly along the Front Range 
of the Rocky Mountains in Colorado, in Southern 
California, and in the Central Valley of California. 
Rapid population and economic growth in these 
arid and semi-arid regions has dramatically in-
creased vulnerability to water shortages (see Water 
Resources sector and Southwest region).274 

Many questions are raised by ongoing development 
patterns in the face of climate change. Will growth 
continue as projected in vulnerable areas, despite 
the risks? Will there be a retreat from the coastline 
as it becomes more difficult to insure vulnerable 
properties? Will there be pressure for the govern-
ment to insure properties that private insurers 
have rejected? How can the vulnerability of new 
development be minimized? How can we ensure 
that communities adopt measures to manage the 
significant changes that are projected in sea level, 
temperature, rainfall, and extreme weather events? 

Development choices are based on people’s needs 
and desires for places to live, economies that pro-
vide employment, ecosystems that provide services, 
and community-based social activities. Thus, the 
future vulnerability of society will be influenced 
by how and where people choose to live. Some 
choices, such as expanded development in coastal 
regions, can increase vulnerabilities to climate-
related events, even without any change in climate.

Vulnerability is greater for those who 
have few resources and few choices.  

Vulnerabilities to climate change depend not only 
on where people are but also on their circumstanc-
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es. In general, groups that are especially vul-
nerable include the very young, the very old, 
the sick, and the poor. These groups represent a 
more significant portion of the total population 
in some regions and localities than others. For 
example, the elderly more often cite a warm 
climate as motivating their choice of where 
to live and thus make up a larger share of the 
population in warmer areas.305

In the future (as in the past), the impacts of 
climate change are likely to fall disproportion-
ately on the disadvantaged.313  People with few 
resources often live in conditions that increase 
their vulnerability to the effects of climate 
change.172 For example, the experience with 
Hurricane Katrina showed that the poor and 
elderly were the most vulnerable because of 
where they lived and their limited ability to 
get out of harm’s way. Thus, those who had 
the least proportionately lost the most. And it is 
clear that people with access to financial resources, 
including insurance, have a greater capacity to 
adapt to, recover, or escape from adverse impacts 
of climate change than those who do not have such 
access.305, 316 The fate of the poor can be permanent 
dislocation, leading to the loss of social relation-
ships and community support networks provided 
by schools, churches, and neighborhoods. 

Native American communities have unique vul-
nerabilities. Native Americans who live on estab-
lished reservations are restricted to reservation 
boundaries and therefore have limited relocation 
options.219 In Alaska, over 100 villages on the coast 
and in low-lying areas along rivers are subject to 
increased flooding and erosion due to warming.315 
Warming also reduces the availability and acces-
sibility of many traditional food sources for Native 
Alaskans, such as seals that live on ice and caribou 
whose migration patterns depend on being able to 
cross frozen rivers and wetlands. These vulnerable 
people face losing their current livelihoods, their 
communities, and in some cases, their culture, 
which depends on traditional ways of collect-
ing and sharing food.132,220 Native cultures in the 
Southwest are particularly vulnerable to impacts of 
climate change on water quality and availability. 

City residents and city infrastructure 
have unique vulnerabilities to  
climate change.

Over 80 percent of the U.S. population resides in 
urban areas, which are among the most rapidly 
changing environments on Earth. In recent de-
cades, cities have become increasingly spread out, 
complex, and interconnected with regional and 
national economies and infrastructure.319 Cities 
also experience a host of social problems, includ-
ing neighborhood degradation, traffic congestion, 
crime, unemployment, poverty, and inequities in 
health and well-being.320 Climate-related changes 
such as increased heat, water shortages, and 
extreme weather events will add further stress to 
existing problems. The impacts of climate change 
on cities are compounded by aging infrastructure, 
buildings, and populations, as well as air pollu-
tion and population growth. Further, infrastructure 
designed to handle past variations in climate can 
instill a false confidence in its ability to handle 
future changes. However, urban areas also present 
opportunities for adaptation through technology, 
infrastructure, planning, and design.313 

As cities grow, they alter local climates through the 
urban heat island effect. This effect occurs because 
cities absorb, produce, and retain more heat than 
the surrounding countryside. The urban heat island 

Chalmette, Louisiana after Hurricane 
Katrina
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effect has raised average urban air temperatures 
by 2 to 5°F more than surrounding areas over the 
past 100 years, and by up to 20°F more at night.321 
Such temperature increases, on top of the general 
increase caused by human-induced warming, affect 
urban dwellers in many ways, influencing health, 
comfort, energy costs, air quality, water quality 
and availability, and even violent crime (which 
increases at high temperatures) (see Human Health, 
Energy, and Water Resources sectors).172,313,322,323

More frequent heavy downpours and floods in 
urban areas will cause greater property damage, a 
heavier burden on emergency management, in-
creased clean-up and rebuilding costs, and a grow-
ing financial toll on businesses and homeowners. 
The Midwest floods of 2008 provide a recent vivid 
example of such tolls. Heavy downpours and urban 
floods can also overwhelm combined sewer and 
storm-water systems and release pollutants to wa-
terways.313 Unfortunately, for many cities, current 

planning and existing infrastructure are designed 
for the historical one-in-100 year event, whereas 
cities are likely to experience this same flood level 
much more frequently as a result of the climate 
change projected over this century.146,164,324 

Cities are also likely to be affected by climate 
change in unforeseen ways, necessitating diversion 
of city funds for emergency responses to extreme 
weather.313 There is the potential for increased sum-
mer electricity blackouts owing to greater demand 
for air conditioning.325 For example, there were 
widespread power outages in Chicago during the 
1995 heat wave and in some parts of New York City 
during the 1999 heat wave. In southern California’s 
cities, additional summer electricity demand will 
intensify conflicts between hydropower and flood-
control objectives.164 Increased costs of repairs 
and maintenance are projected for transportation 
systems, including roads, railways, and airports, as 
they are negatively affected by heavy downpours 

Heat, Drought, and Stagnant Air Degrade Air Quality and Quality of Life

Heat waves and poor air quality already threaten the lives of thousands of people each year.292 Experience 
and research have shown that these events are interrelated as the atmospheric conditions that produce 
heat waves are often accompanied by stagnant air and poor air quality.326 The simultaneous occurrence of 
heat waves, drought, and stagnant air negatively affects quality of life, especially in cities. 

One such event occurred in the United States during the summer of 1988, causing 5,000 to 10,000 deaths 
and economic losses of more than $70 billion (in 2002 dollars).229,327 Half of the nation was affected by 
drought, and 5,994 all-time daily high temperature 
records were set around the country in July alone 
(more than three times the most recent 10-year 
average).328,329 Poor air quality resulting from the lack 
of rainfall, high temperatures, and stagnant conditions 
led to an unprecedented number of unhealthy air 
quality days throughout large parts of the country.327,329 
Continued climate change is projected to increase the 
likelihood of such episodes.68,330 

Interactions such as those between heat wave and 
drought will affect adaptation planning. For example, 
electricity use increases during heat waves due to 
increased air conditioning demand.330,331 During 
droughts, cooling water availability is at its lowest. 
Thus, during a simultaneous heat wave and drought, 
electricity demand for cooling will be high when power 
plant cooling water availability is at its lowest.340

The map shows the frequency of occurrence of stagnant 
air conditions when heat wave conditions were also 
present. Since 1950, across the Southeast, southern Great 
Plains, and most of the West, the air was stagnant more 
than 25 percent of the time during heat waves.

NOAA/NCDC333

Stagnation When Heat Waves Exist 
Summer, 1950 to 2007
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and extreme heat190 (see Transportation sector). 
Coping with increased flooding will require re-
placement or improvements in storm drains, flood 
channels, levees, and dams.

In addition, coastal cities are also vulnerable to 
sea-level rise, storm surge, and increased hurricane 
intensity. Cities such as New Orleans, Miami, and 
New York are particularly at risk, and would have 
difficulty coping with the sea-level rise projected 
by the end of the century under a higher emissions 
scenario.91,164 Remnants of hurricanes moving in-
land also threaten cities of the Appalachian Moun-
tains, which are vulnerable if hurricane frequency 
or intensity increases. Since most large U.S. cities 
are on coasts, rivers, or both, climate change will 
lead to increased potential flood damage. The larg-
est impacts are expected when sea-level rise, heavy 
runoff, high tides, and storms coincide.313 Analyses 
of New York and Boston indicate that the potential 
impacts of climate change are likely to be negative, 
but that vulnerability can be reduced by behavioral 
and policy changes.313,334-336 

Urban areas concentrate the human activities that 
are largely responsible for heat-trapping emissions. 
The demands of urban residents are also associated 
with a much larger footprint on areas far removed 
from these population centers.337 On the other hand, 
concentrating activities such as transportation can 
make them more efficient. Cities have a large role 
to play in reducing heat-trapping emissions, and 
many are pursuing such actions. For example, over 
900 cities have committed to the U.S. Mayors’ Cli-
mate Protection Agreement to advance emissions 
reduction goals.317 

Cities also have considerable potential to adapt to 
climate change through technological, institutional, 
structural, and behavioral changes. For example, a 
number of cities have warning programs in place 
to reduce heat-related illness and death (see Human 
Health sector). Relocating development away from 
low-lying areas, building new infrastructure with 
future sea-level rise in mind, and promoting water 
conservation are examples of structural and institu-
tional strategies. Choosing road materials that can 
handle higher temperatures is an adaptation option 
that relies on new technology (see Transportation 
sector). Cities can reduce heat loads by increasing 

reflective surfaces and green spaces. Some actions 
have multiple benefits. For example, increased 
planting of trees and other vegetation in cities has 
been shown to be associated with a reduction in 
crime,338 in addition to reducing local temperatures, 
and thus energy demand for air conditioning.

Human well-being is influenced by economic 
conditions, natural resources and amenities, public 
health and safety, infrastructure, government, and 
social and cultural resources. Climate change will 
influence all of these, but an understanding of the 
many interacting impacts, as well as the ways soci-
ety can adapt to them, remains in its infancy.305,339 

Climate change affects communities 
through changes in climate-sensitive 
resources that occur both locally and  
at great distances.

Human communities are intimately connected to 
resources beyond their geographical boundaries. 
Thus, communities will be vulnerable to the poten-
tial impacts of climate change on sometimes-distant 
resources. For example, communities that have de-
veloped near areas of agricultural production, such 
as the Midwest corn belt or the wine-producing 
regions of California and the Northwest, depend on 
the continued productivity of those regions, which 
would be compromised by increased temperature 
or severe weather.313 Some agricultural production 
that is linked to cold climates is likely to disappear 
entirely: recent warming has altered the required 
temperature patterns for maple syrup production, 

Rising Heat Index in Phoenix

The average number of hours per summer day in Phoenix 
that the temperature was over 100°F has doubled over the 
past 50 years, in part as a result of the urban heat island 
effect. Hot days take a toll on both quality of life and loss 
of life. Arizona’s heat-related deaths are the highest of any 
state, at three to seven times the national average.340,341

Baker et al.340
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shifting production northward from New England 
into Canada. Similarly, cranberries require a long 
winter chill period, which is shrinking as climate 
warms234 (see Northeast region). Most cities de-
pend on water supplies from distant watersheds, 
and those depending on diminishing supplies (such 
as the Sierra Nevada snowpack) are vulnerable. 
Northwest communities also depend upon forest 
resources for their economic base, and many  
island, coastal, and “sunbelt” communities depend 
on tourism. 

Recreation and tourism play important roles in the 
economy and quality of life of many Americans. 
In some regions tourism and recreation are major 
job creators, bringing billions of dollars to regional 
economies. Across the nation, fishing, hunting, 
skiing, snowmobiling, diving, beach-going, and 
other outdoor activities make important economic 
contributions and are a part of family traditions 
that have value that goes beyond financial returns. 
A changing climate will mean reduced opportuni-
ties for some activities and locations and expanded 
opportunities for others.305,342 Hunting and fish-
ing will change as animals’ habitats shift and as 
relationships among species in natural communities 
are disrupted by their different responses to rapid 
climate change. Water-dependent recreation in 
areas projected to get drier, such as the Southwest, 
and beach recreation in areas that are expected to 
see rising sea levels, will suffer. Some regions will 
see an expansion of the season for warm weather 
recreation such as hiking and bicycle riding.

Insurance is one of the industries 
particularly vulnerable to increasing 
extreme weather events such as severe 
storms, but it can also help society 
manage the risks. 

Insurance – the world’s largest industry – is one of 
the primary mechanisms through which the costs of 
climate change are distributed across society.344,351

Most of the climate change impacts described in 
this report have economic consequences. A signifi-
cant portion of these flow through public and pri-
vate insurance markets, which essentially aggregate 
and distribute society’s risk. Insurance thus pro-
vides a window into the myriad ways in which the 
costs of climate change will manifest, and serves as 
a form of economic adaptation and a messenger of 
these impacts through the terms and price signals it 
sends its customers.344

In an average year, about 90 percent of insured ca-
tastrophe losses worldwide are weather-related. In 
the United States, about half of all these losses are 
insured, which amounted to $320 billion between 
1980 and 2005 (inflation-adjusted to 2005 dollars). 
While major events such as hurricanes grab head-
lines, the aggregate effect of smaller events  
accounts for at least 60 percent of total insured 
losses on average.344 Many of the smallest scale 
property losses and weather-related life/health 
losses are unquantified.345

Escalating exposures to cata-
strophic weather events, coupled 
with private insurers’ withdraw-
al from various markets, are 
placing the federal government 
at increased financial risk as 
insurer of last resort. The Na-
tional Flood Insurance Program 
would have gone bankrupt after 
the storms of 2005 had they not 
been given the ability to borrow 
about $20 billion from the U.S. 
Treasury.172 For public and pri-
vate insurance programs alike, 
rising losses require a combina-
tion of risk-based premiums and 
improved loss prevention.

Recreational 
Activity 

Potential Impacts 
of Climate Change 

Estimated 
Economic Impacts

Skiing, Northeast 20 percent reduction in 
ski season length

$800 million loss per year, 
potential resort closures234

Snowmobiling, 
Northeast

Reduction of season 
length under higher 
emissions scenario91 

Complete loss of opportunities 
in New York and Pennsylvania 
within a few decades, 80 
percent reduction in season 
length for region by end of 
century234,342

Beaches, North  
Carolina

Many beaches are 
eroded, and some lost  
by 2080343

Reduced opportunities for 
beach and fishing trips,343 
without additional costs for 
adaptation measures

Examples of Impacts On Recreation
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While economic and demographic factors have no doubt 
contributed to observed increases in losses,346 these factors 
do not fully explain the upward trend in costs or numbers of 
events.344,347 For example, during the time period covered in the 
figure to the right, population increased by a factor of 1.3 while 
losses increased by a factor of 15 to 20 in inflation-corrected 
dollars. Analyses asserting little or no role of climate change in 
increasing the risk of losses tend to focus on a highly limited 
set of hazards and locations. They also often fail to account for 
the vagaries of natural cycles and inflation adjustments, or to 
normalize for countervailing factors such as improved pre- and 
post-event loss prevention (such as dikes, building codes, and 
early warning systems).348 

What is known with far greater certainty is that future increases 
in losses will be attributable to climate change as it increases 
the frequency and intensity of many types of extreme weather, 
such as severe thunderstorms and heat waves.131,350 

Insurance is emblematic of the increasing globalization of cli-
mate risks. Because large U.S.-based companies operate around 
the world, their customers and assets are exposed to climate 
impacts wherever they occur. Most of the growth in the insur-
ance industry is in emerging markets, which will structurally 
increase U.S. insurers’ exposure to climate risk because those 
regions are more vulnerable and are experiencing particularly 
high rates of population growth and development.351

The movement of populations into harm’s way creates a rising 
baseline of insured losses upon which the consequences of 
climate change will be superimposed. These observations re-
inforce a recurring theme in this report: the past can no longer 
be used as the basis for planning for the future. 

It is a challenge to design insurance systems that properly 
price risks, reward loss prevention, and do not foster risk 
taking (for example by repeatedly rebuilding flooded homes). 
This challenge is particularly acute in light of insurance mar-
ket distortions such as prices that inhibit insurers’ ability to 
recover rising losses, combined with information gaps on the 
impacts of climate change and adaptation strategies. Rising 
losses252 are already affecting the availability and affordability 
of insurance. Several million customers in the United States, 
no longer able to purchase private insurance coverage, are tak-
ing refuge in state-mandated insurance pools, or going with-
out insurance altogether. Offsetting rising insurance costs is 
one benefit of mitigation and adaptation investments to reduce 
the impacts of climate change.

Insured Losses from Catastrophes,  
1980 to 2005

Weather-related insurance losses in the United States 
are increasing. Typical weather-related losses today are 
similar to those that resulted from the 9/11 attack (shown 
in gray at 2001 in the graph). About half of all economic 
losses are insured, so actual losses are roughly twice those 
shown on the graph. Data on smaller-scale losses (many 
of which are weather-related) are significant but are not 
included in this graph as they are not comprehensively 
reported by the U.S. insurance industry.

US GAO352

There is a strong observed correlation be-
tween higher temperatures and the frequen-
cy of lightning-induced insured losses in the 
United States. Each marker represents ag-
gregate monthly U.S. lightning-related insur-
ance claims paid by one large national insurer 
over a five-year period, 1991-1995. All else 
being equal, these claims are expected to in-
crease with temperature.344,353,354

Mills344

Lightning-Related  
Insurance Claims
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Virtually all segments of the insurance industry 
are vulnerable to the impacts of climate change. 
Examples include damage to property, crops, for-
est products, livestock, and transportation infra-
structure; business and supply-chain interruptions 
caused by weather extremes, water shortages, and 
electricity outages; legal consequences;355 and 
compromised health or loss of life. Increasing risks 
to insurers and their customers are driven by many 
factors including reduced periods of time between 
loss events, increasing variability, shifting  
types and location of events, and widespread  
simultaneous losses. 

In light of these challenges, insurers are emerging 
as partners in climate science and the formulation 
of public policy and adaptation strategies.356 Some 
have promoted adaptation by providing premium 
incentives for customers who fortify their proper-
ties, engaging in the process of determining build-
ing codes and land-use plans, and participating in 
the development and financing of new technologies 
and practices. For example, the Federal Emergency 
Management Agency (FEMA) Community Rating 
System is a point system that rewards communities 
that undertake floodplain management activities 
to reduce flood risk beyond the minimum require-
ment set by the National Flood Insurance Pro-
gram. Everyone in these communities is rewarded 
with lower flood insurance premiums (−5 to −45 
percent).357 Others have recognized that mitigation 
and adaptation can work hand in hand in a coor-
dinated climate risk-management strategy and are 
offering “green” insurance products designed to 
capture these dual benefits.351,349

The United States is connected to a 
world that is unevenly vulnerable to 
climate change and thus will be affected 
by impacts in other parts of the world.

American society will not experience the potential 
impacts of climate change in isolation. In an in-
creasingly connected world, impacts elsewhere will 
have political, social, economic, and environmen-
tal ramifications for the United States. As in the 
United States, vulnerability to the potential impacts 
of climate change worldwide varies by location, 
population characteristics, and economic status. 

The rising concentration of people in cities is 
occurring globally, but is most prevalent in lower-
income countries. Many large cities are located in 
vulnerable areas such as floodplains and coasts.  
In most of these cities, the poor often live  
in the most marginal of these environments, in  
areas that are susceptible to extreme events, and 
their ability to adapt is limited by their lack of 
financial resources.172

In addition, over half of the world’s population – in-
cluding most of the world’s major cities – depends 
on glacier melt or snowmelt to supply water for 
drinking and municipal uses. Today, some locations 
are experiencing abundant water supplies and even 
frequent floods due to increases in glacier melt 
rates due to increased temperatures worldwide. 
Soon, however, this trend is projected to reverse as 
even greater temperature increases reduce glacier 
mass and cause more winter precipitation to fall as 
rain and less as snow.90 

As conditions worsen elsewhere, the number of 
people wanting to immigrate to the United States 
will increase. The direct cause of potential in-
creased migration, such as extreme climatic events, 
will be difficult to separate from other forces that 
drive people to migrate. Climate change also has 
the potential to alter trade relationships by chang-
ing the comparative trade advantages of regions or 
nations. As with migration, shifts in trade can have 
multiple causes.

Accelerating emissions in economies that are 
rapidly expanding, such as China and India, pose 
future threats to the climate system and already are 
associated with air pollution episodes that reach the 
United States.297 

Meeting the challenge of improving conditions for 
the world’s poor has economic implications for the 
United States, as does intervention and resolution 
of intra- and intergroup conflicts. Where climate 
change exacerbates such challenges, for example by 
limiting access to scarce resources or increasing in-
cidence of damaging weather events, consequences 
are likely for the U.S. economy and security.358 
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The Northeast has significant geographic and climatic diversity 
within its relatively small area. The character and economy of the 
Northeast have been shaped by many aspects of its climate including 
its snowy winters, colorful autumns, and variety of extreme events 
such as nor’easters, ice storms, and heat waves. This familiar climate 
has already begun changing in noticeable ways. 

Since 1970, the annual average temperature in the Northeast has 
increased by 2°F, with winter temperatures rising twice this much.150 
Warming has resulted in many other climate-related changes,  
including:

More frequent days with temperatures above 90°F • 
A longer growing season• 
Increased heavy precipitation • 
Less winter precipitation falling as snow and more as rain • 
Reduced snowpack • 
Earlier breakup of winter ice on lakes and rivers • 
Earlier spring snowmelt resulting in earlier peak river flows • 
Rising sea surface temperatures and sea level• 

Each of these observed changes is consistent with the changes expect-
ed in this region from global warming. The Northeast is projected to 
face continued warming and more extensive climate-related changes, 
some of which could dramatically alter the region’s economy, land-
scape, character, and quality of life. 

Over the next several decades, temperatures in the Northeast are 
projected to rise an additional 2.5 to 4°F in winter and 1.5 to 3.5°F 
in summer. By mid-century and beyond, however, today’s emissions 
choices would generate starkly different climate futures; the lower the emissions, the smaller the climatic 
changes and resulting impacts.150,359 By late this century, under a higher emissions scenario91: 

Winters in the Northeast are projected to be much shorter with fewer cold days and more precipitation. • 
The length of the winter snow season would be cut in half across northern New York, Vermont, New • 
Hampshire, and Maine, and reduced to a week or two in southern parts of the region. 
Cities that today experience few days above 100°F each summer would average 20 such days per sum-• 
mer, while certain cities, such as Hartford and Philadelphia, would average nearly 30 days over 100°F. 
Short-term (one- to three-month) droughts are projected to occur as frequently as once each summer in • 
the Catskill and Adirondack Mountains, and across the New England states.
Hot summer conditions would arrive three weeks earlier and last three weeks longer into the fall. • 
Sea level in this region is projected to rise more than the global average, see • Global and National Cli-
mate Change and Coasts sections for more information on sea-level rise (pages 25, 37, 150). 

Climate on the Move:
Changing Summers in New Hampshire

Yellow arrows track what summers are 
projected to feel like under a lower emis-
sions scenario,91 while red arrows track 
projections for a higher emissions scenario91 
(referred to as “even higher” on page 23). 
For example, under the higher emission 
scenario,91 by late this century residents of 
New Hampshire would experience a sum-
mer climate more like what occurs today in 
North Carolina.359 

Hayhoe et al.359  Fig. from Frumhoff et al.234
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Extreme heat and declining air 
quality are likely to pose increasing 
problems for human health, 
especially in urban areas.

Heat waves, which are currently rare in the 
region, are projected to become much more 
commonplace in a warmer future, with 
major implications for human health (see 
Human Health sector).163,68 

In addition to the physiological stresses as-
sociated with hotter days and nights,360 for 
cities that now experience ozone pollution 
problems, the number of days that fail to 
meet federal air quality standards is pro-
jected to increase with rising temperatures 
if there are no additional controls on ozone-
causing pollutants163,361 (see Human Health 
sector). Sharp reductions in emissions  
will be needed to keep ozone within  
existing standards.

Projected changes in summer heat (see figure 
below) provide a clear sense of how different the 
climate of the Northeast is projected to be under 
lower versus higher emissions scenarios. Changes 
of this kind will require greater use of air condi-
tioning (see Energy sector). 

Agricultural production, including dairy, 
fruit, and maple syrup, are likely to  
be adversely affected as favorable 
climates shift.

Large portions of the Northeast are likely to be-
come unsuitable for growing popular varieties of 
apples, blueberries, and cranberries under a higher 
emissions scenario.91,362,363 Climate conditions suit-
able for maple/beech/birch forests are projected to 
shift dramatically northward (see figure above), 
eventually leaving only a small portion of the 
Northeast with a maple sugar business.364

The dairy industry is the most important agricul-
tural sector in this region, with annual production 
worth $3.6 billion.365 Heat stress in dairy cows 
depresses both milk production and birth rates 
for periods of weeks to months.193,366 By late this 
century, all but the northern parts of Maine, New 
Hampshire, New York, and Vermont are projected 
to suffer declines in July milk production under the 
higher emissions scenario. In parts of Connecticut, 
Massachusetts, New Jersey, New York, and Penn-
sylvania, a large decline in milk production, up to 
20 percent or greater, is projected. Under the lower 
emissions scenario, however, reductions in milk 
production of up to 10 percent remain confined 
primarily to the southern parts of the region. 

Projected Days per Year over 90°F in Boston 

The graph shows model projections of the number of summer days 
with temperatures over 90°F in Boston, Massachusetts, under lower 
and higher (referred to as “even higher” on page 23) emissions sce-
narios.91 The inset shows projected days over 100°F.359

Hayhoe et al.359

Projected Shifts in Tree Species

Much of the Northeast’s forest is composed of the hardwoods maple, 
beech, and birch, while mountain areas and more northern parts of the 
region are dominated by spruce/fir forests. As climate changes over 
this century, suitable habitat for spruce and fir is expected to contract 
dramatically. Suitable maple/beech/birch habitat is projected to shift 
significantly northward under a higher emissions scenario (referred 
to as “even higher” on page 23),91 but to shift far less under a lower 
emissions scenario.91,363 Other studies of tree species shifts suggest even 
more dramatic changes than those shown here (see page 81).

Adapted from Iverson et al.364
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This analysis used average 
monthly temperature and hu-
midity data that do not capture 
daily variations in heat stress 
and projected increases in ex-
treme heat. Nor did the analy-
sis directly consider farmer 
responses, such as installation 
of potentially costly cooling sys-
tems. On balance, these projec-
tions are likely to underestimate 
impacts on the dairy industry.150

Severe flooding due to 
sea-level rise and heavy 
downpours is likely to 
occur more frequently.

The densely populated coasts 
of the Northeast face substan-
tial increases in the extent 
and frequency of storm surge, 
coastal flooding, erosion, 
property damage, and loss of 
wetlands.367,369 New York state alone has more than $2.3 trillion in insured coastal property.368 Much of this 
coastline is exceptionally vulnerable to sea-level rise and related impacts. Some major insurers have with-
drawn coverage from thousands of homeowners in coastal areas of the Northeast, including New York City.

Rising sea level is projected to increase the frequency and severity of damaging storm surges and flooding. 
Under a higher emissions scenario,91 what is now considered a once-in-a-century coastal flood in New York 
City is projected to occur at least twice as often by mid-century, and 10 times as often (or once per decade 

Increased Flood Risk in New York City

The light blue area above depicts today’s FEMA 100-year flood zone for the city (the area of the 
city that is expected to be flooded once every 100 years). With rising sea levels, a 100-year flood 
at the end of this century (not mapped here) is projected to inundate a far larger area of New 
York City, especially under the higher emissions scenario.91 Critical transportation infrastructure 
located in the Battery area of lower Manhattan could be flooded far more frequently unless 
protected. The increased likelihood of flooding is causing planners to look into building storm-
surge barriers in New York Harbor to protect downtown New York City. 234,370,371 

Kirshen et al.369; Fig. from Frumhoff et al.234

Adaptation:   Raising a Sewage Treatment Plant in Boston

Boston’s Deer Island sewage treatment plant was designed and 
built taking future sea-level rise into consideration. Because 
the level of the plant relative to the level of the ocean at the 
outfall is critical to the amount of rainwater and sewage that 
can be treated, the plant was built 1.9 feet higher than it would 
otherwise have been to accommodate the amount of sea-level 
rise projected to occur by 2050, the planned life of the facility. 

The planners recognized that the future would be different from 
the past and they decided to plan for the future based on the 
best available information. They assessed what could be easily and 
inexpensively changed at a later date versus those things that would be more difficult and expensive 
to change later. For example, increasing the plant’s height would be less costly to incorporate in the 
original design, while protective barriers could be added at a later date, as needed, at a relatively 
small cost.
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on average) by late this century. With a lower emis-
sions scenario,91 today’s 100-year flood is projected 
to occur once every 22 years on average by late  
this century.369 

The projected reduction in snow cover 
will adversely affect winter recreation 
and the industries that rely upon it. 

Winter snow and ice sports, which contribute some 
$7.6 billion annually to the regional economy, 
will be particularly affected by warming.342 Of 
this total, alpine skiing and other snow sports (not 
including snowmobiling) account for $4.6 billion 
annually. Snowmobiling, which now rivals skiing 
as the largest winter recreation industry in the na-
tion, accounts for the remaining $3 billion.372 Other 
winter traditions, ranging from skating and ice 
fishing on frozen ponds and lakes, to cross-country 
(Nordic) skiing, snowshoeing, and dog sledding, 
are integral to the character of the Northeast, and 
for many residents and visitors, its desirable quality 
of life.

Warmer winters will shorten the average ski and 
snowboard seasons, increase artificial snowmak-
ing requirements, and drive up operating costs. 
While snowmaking can enhance the prospects for 
ski resort success, it requires a great deal of water 
and energy, as well as very cold nights, which are 
becoming less frequent. Without the opportunity 

to benefit from snowmaking, the prospects for the 
snowmobiling industry are even worse. Most of the 
region is likely to have a marginal or non-existent 
snowmobile season by mid-century. 

The center of lobster fisheries is 
projected to continue its northward 
shift and the cod fishery on Georges 
Bank is likely to be diminished. 

Lobster catch has increased dramatically in the 
Northeast as a whole over the past three decades, 
though not uniformly.374,375 Catches in the south-
ern part of the region peaked in the mid-1990s, 
and have since declined sharply, beginning with 
a 1997 die-off in Rhode Island and Buzzards 
Bay (Massachusetts) associated with the onset of 
a temperature-sensitive bacterial shell disease, 
and accelerated by a 1999 lobster die-off in Long 
Island Sound. Currently, the southern extent of the 
commercial lobster harvest appears to be limited 
by this temperature-sensitive shell disease, and 
these effects are expected to increase as near-shore 
water temperatures rise above the threshold for 
this disease. Analyses also suggest that lobster 
survival and settlement in northern regions of the 
Gulf of Maine could be increased by warming 
water, a longer growing season, more rapid growth, 
an earlier hatching season, an increase in nursery 
grounds suitable for larvae, and faster development 
of plankton.376

Cod populations throughout the North Atlantic 
are adapted to a wide range of seasonal ocean 
temperatures, including average annual tem-
peratures near the seafloor ranging from 36 to 
54°F. Large populations of cod are generally 
not found above the 54°F threshold.377 Tem-
perature also influences both the location and 
timing of spawning, which in turn affects the 
subsequent growth and survival of young cod. 
Increases in average annual bottom tempera-
tures above 47°F lead to a decline in growth 
and survival.378,379 Projections of warming indi-
cate that both the 47°F and the 54°F thresholds 
will be met or exceeded in this century under 
a higher emissions scenario.234 Climate change 
will thus introduce an additional stress to an 
already-stressed fishery.377

Ski Areas at Risk 
under Higher Emissions Scenario91

The ski resorts in the Northeast have three climate-related criteria that 
need to be met for them to remain viable: the average length of the ski 
season must be at least 100 days; there must be a good probability of being 
open during the lucrative winter holiday week between Christmas and the 
New Year; and there must be enough nights that are sufficiently cold to 
enable snowmaking operations. By these standards, only one area in the 
region (not surprisingly, the one located farthest north) is projected to be 
able to support viable ski resorts by the end of this century under a higher 
emissions scenario (referred to as “even higher” on page 23).91,373

Scott et al.342; Fig. from Frumhoff et al.234
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Southeast
The climate of the Southeast is uniquely warm 
and wet, with mild winters and high humidity, 
compared with the rest of the continental United 
States. The average annual temperature of the 
Southeast did not change significantly over the 
past century as a whole. Since 1970, however, 
annual average temperature has risen about 2°F, 
with the greatest seasonal increase in tempera-
ture occurring during the winter months. The 
number of freezing days in the Southeast has 
declined by four to seven days per year for most 
of the region since the mid-1970s. 

Average autumn precipitation has increased 
by 30 percent for the region since 1901. The 
decline in fall precipitation in South Florida 
contrasts strongly with the regional average. 
There has been an increase in heavy downpours 
in many parts of the region,380,381 while the 
percentage of the region experiencing moder-
ate to severe drought increased over the past 
three decades. The area of moderate to severe 
spring and summer drought has increased by 12 
percent and 14 percent, respectively, since the mid-
1970s. Even in the fall months, when precipitation 
tended to increase in most of the region, the extent 
of drought increased by 9 percent.

Climate models project continued warming in all 
seasons across the Southeast and an increase in 
the rate of warming through the end of this cen-
tury. The projected rates 
of warming are more than 
double those experienced 
in the Southeast since 1975, 
with the greatest tempera-
ture increases projected 
to occur in the summer 
months. The number of very 
hot days is projected to rise 
at a greater rate than the av-
erage temperature. Under a 
lower emissions scenario,91 

average temperatures in the region are projected 
to rise by about 4.5°F by the 2080s, while a higher 
emissions scenario91 yields about 9°F of average 
warming (with about a 10.5°F increase in summer, 
and a much higher heat index). Spring and sum-
mer rainfall is projected to decline in South Florida 
during this century. Except for indications that 
the amount of rainfall from individual hurricanes 
will increase,68 climate models provide divergent 

Average Change in Temperature and Precipitation in the Southeast

Temperature Change in °F Precipitation change in %
1901-2008 1970-2008 1901-2008 1970-2008

Annual 0.3 1.6 Annual 6.0 -7.7
Winter 0.2 2.7 Winter 1.2 -9.6
Spring 0.4 1.2 Spring 1.7 -29.2
Summer 0.4 1.6 Summer -4.0 3.6
Fall 0.2 1.1 Fall 27.4 0.1

Observed temperature and precipitation changes in the Southeast are summarized above for two 
different periods.383 Southeast average temperature declined from 1901 to 1970 and then increased 
strongly since 1970.

Observed Changes in Precipitation  
1901 to 2007

While average fall precipitation in the Southeast increased by 30 percent since 
the early 1900s, summer and winter precipitation declined by nearly 10 percent 
in the eastern part of the region. Southern Florida has experienced a nearly 
10 percent drop in precipitation in spring, summer, and fall. The percentage 
of the Southeast region in drought has increased over recent decades.

NOAA/NCDC382
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results for future precipitation for the remainder of 
the Southeast. Models project that Gulf Coast states 
will tend to have less rainfall in winter and spring, 
compared with the more northern states in the region 
(see map on page 31 in the National Climate Change 
section). Because higher temperatures lead to more 
evaporation of moisture from soils and water loss 
from plants, the frequency, duration, and intensity of 
droughts are likely to continue to increase. 

The destructive potential of Atlantic hurricanes has 
increased since 1970, correlated with an increase in 
sea surface temperature. A similar relationship with 
the frequency of landfalling hurricanes has not been 
established98,384-387 (see National Climate Change sec-
tion for a discussion of past trends and future projec-
tions). An increase in average summer wave heights 
along the U.S. Atlantic coastline since 1975 has been 
attributed to a progressive increase in hurricane 
power.112,388 The intensity of Atlantic hurricanes is 
likely to increase during this century with higher 
peak wind speeds, rainfall intensity, and storm surge 
height and strength.90,112 Even with no increase in 
hurricane intensity, coastal inundation and shoreline 
retreat would increase as sea-level rise accelerates, 
which is one of the most certain and most costly con-
sequences of a warming climate.164

Change in Freezing Days per Year
1976 to 2007

Since the mid-1970s, the number of days per year in which the 
temperature falls below freezing has declined by four to seven days over 
much of the Southeast. Some areas, such as western Louisiana, have 
experienced more than 20 fewer freezing days. Climate models project 
continued warming across the region, with the greatest increases in 
temperature expected in summer, and the number of very hot days 
increasing at a greater rate than the average temperature. 

NOAA/NCDC389

Number of Days per Year with Peak Temperature over 90°F

The number of days per year with peak temperature over 90ºF is expected to rise significantly, especially under a higher 
emissions scenario91 as shown in the map above. By the end of the century, projections indicate that North Florida will 
have more than 165 days (nearly six months) per year over 90ºF, up from roughly 60 days in the 1960s and 1970s. The 
increase in very hot days will have consequences for human health, drought, and wildfires.

CMIP3-B117
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Projected increases in air and water 
temperatures will cause heat-related 
stresses for people, plants, and animals.

The warming projected for the Southeast during 
the next 50 to 100 years will create heat-related 
stress for people, agricultural crops, livestock, 
trees, transportation and other infrastructure, fish, 
and wildlife. The average temperature change is 
not as important for all of these sectors and natu-
ral systems as the projected increase in maximum 
and minimum temperatures. Examples of potential 
impacts include:

Increased illness and death due to greater • 
summer heat stress, unless effective adaptation 
measures are implemented.164

Decline in forest growth and agricultural crop • 
production due to the combined effects of ther-
mal stress and declining soil moisture.390

Increased buckling of pavement and • 
railways.217,222

Decline in dissolved oxygen in stream, lakes, • 
and shallow aquatic habitats leading to fish 
kills and loss of aquatic species diversity.
Decline in production of cattle and other • 
rangeland livestock.391 Significant impacts on 
beef cattle occur at continuous temperatures 
in the 90 to 100°F range, increasing in danger 
as the humidity level increases (see Agricul-
ture sector).391 Poultry and swine are primarily 
raised in indoor operations, so warming would 
increase energy requirements.193 

 
A reduction in very cold days is likely to reduce 
the loss of human life due to cold-related stress, 
while heat stress and related deaths in the sum-
mer months are likely to increase. The reduction 
in cold-related deaths is not expected to offset the 
increase in heat-related deaths (see Human Health 
sector). Other effects of the projected increases in 
temperature include more frequent outbreaks of 
shellfish-borne diseases in coastal waters, altered 
distribution of native plants and animals, local 
loss of many threatened and endangered species, 
displacement of native species by invasive species, 
and more frequent and intense wildfires.

Decreased water availability is very 
likely to affect the region’s economy as 
well as its natural systems.

Decreased water availability due to increased 
temperature and longer periods of time between 
rainfall events, coupled with an increase in societal 
demand is very likely to affect many sectors of the 
Southeast’s economy. The amount and timing of 
water available to natural systems is also affected 
by climate change, as well as by human response 
strategies such as increasing storage capacity 
(dams)142 and increasing acreage of irrigated crop-
land.392 The 2007 water shortage in the Atlanta re-
gion created serious conflicts between three states, 
the U.S. Army Corps of Engineers (which operates 
the dam at Lake Lanier), and the U.S. Fish and 
Wildlife Service, which is charged with protecting 
endangered species. As humans seek to adapt to 
climate change by manipulating water resources, 
streamflow and biological diversity are likely to be 
reduced.142 During droughts, recharge of ground-
water will decline as the temperature and spacing 
between rainfall events increase. Responding by 
increasing groundwater pumping will further stress 
or deplete aquifers and place increasing strain on 
surface water resources. Increasing evaporation 
and plant water loss rates alter the balance of runoff 
and groundwater recharge, which is likely to lead 
to saltwater intrusion into shallow aquifers in many 
parts of the Southeast.142

In Atlanta and Athens, Georgia, 2007 was the second driest year on 
record. Among the numerous effects of the rainfall shortage were 
restrictions on water use in some cities and low water levels in area 
lakes. In the photo, a dock lies on dry land near Aqualand Marina on 
Lake Lanier (located northeast of Atlanta) in December 2007.
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soil moisture and runoff to the coast are likely to 
be more variable. The salinity of estuaries, coastal 
wetlands, and tidal rivers is likely to increase in the 
southeastern coastal zone, thereby altering coastal 
ecosystems and displacing them farther inland if no 
barriers exist. More frequent storm surge flooding 
and permanent inundation of coastal ecosystems 
and communities is likely in some low-lying areas, 
particularly along the central Gulf Coast where the 
land surface is sinking.393,394 Rapid acceleration in 
the rate of increase in sea-level rise could threaten 
a large portion of the Southeast coastal zone. The 
likelihood of a catastrophic increase in the rate of 
sea-level rise is dependent upon ice sheet response 
to warming, which is the subject of much scientific 
uncertainty (see Global Climate Change section).90 
Such rapid rise in sea level is likely to result in the 
destruction of barrier islands and wetlands.257,390

Land Lost During 2005 Hurricanes

In 2005, 217 square miles of land and wetlands were lost to open water during hurricanes Rita and Katrina. The photos and 
maps show the Chandeleur Islands, east of New Orleans, before and after the 2005 hurricanes; 85 percent of the islands’ 
above-water land mass was eliminated.

USGS

USGS395

Sea-level rise and the likely increase in 
hurricane intensity and associated storm 
surge will be among the most serious 
consequences of climate change.

An increase in average sea level of up to 2 feet or 
more and the likelihood of increased hurricane 
intensity and associated storm surge are likely to 
be among the most costly consequences of cli-
mate change for this region (see National Climate 
Change section). As sea level rises, coastal shore-
lines will retreat. Wetlands will be inundated and 
eroded away, and low-lying areas including some 
communities will be inundated more frequently – 
some permanently – by the advancing sea. Current 
buildings and infrastructure were not designed 
to withstand the intensity of the projected storm 
surge, which would cause catastrophic damage. As 
temperature increases and rainfall patterns change, 
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Compared to the present coastal situation, for 
which vulnerability is quite high, an increase in 
hurricane intensity will further affect low-lying 
coastal ecosystems and coastal communi-
ties along the Gulf and South Atlantic coastal 
margin. An increase in intensity is very likely 
to increase inland and coastal flooding, coastal 
erosion rates, wind damage to coastal forests, 
and wetland loss. Major hurricanes also pose 
a severe risk to people, personal property, and 
public infrastructure in the Southeast, and this 
risk is likely to be exacerbated.393,394 Hurricanes 
have their greatest impact at the coastal mar-
gin where they make landfall, causing storm 
surge, severe beach erosion, inland flooding, 
and wind-related casualties for both cultural 
and natural resources. Some of these impacts 
extend farther inland, affecting larger areas. 
Recent examples of societal vulnerability to 
severe hurricanes include Katrina and Rita in 
2005, which were responsible for the loss of 
more than 1,800 lives and the net loss of 217 
square miles of low-lying coastal marshes and 
barrier islands in southern Louisiana.390,396

Ecological thresholds are expected to be crossed 
throughout the region, causing major disruptions 
to ecosystems and to the benefits they provide  
to people.

Ecological systems provide numerous important services 
that have high economic and cultural value in the Southeast. 
Ecological effects cascade among both living and physical 
systems, as illustrated in the following examples of ecologi-
cal disturbances that result in abrupt responses, as opposed to 
gradual and proportional responses to warming:

The sudden loss of coastal landforms that serve as a storm-• 
surge barrier for natural resources and as a homeland for 
coastal communities (such as in a major hurricane).254,390

An increase in sea level can have no apparent effect until • 
an elevation is reached that allows widespread, rapid salt-
water intrusion into coastal forests and freshwater aqui-
fers.398

Lower soil moisture and higher temperatures leading to in-• 
tense wildfires or pest outbreaks (such as the southern pine 
beetle) in southeastern forests;399 intense droughts leading 
to the drying of lakes, ponds, and wetlands; and the local 
or global extinction of riparian and aquatic species.142 Flooding damage in Louisiana due to Hurricane Katrina

Ocean surface temperature during the peak hurricane season, August through 
October, in the main development region for Atlantic hurricanes.397 Higher 
sea surface temperatures in this region of the ocean have been associated 
with more intense hurricanes. As ocean temperatures continue to increase 
in the future, it is likely that hurricane rainfall and wind speeds will increase in 
response to human-caused warming (see National Climate Change section).68

Sea Surface Temperature 
Atlantic Hurricane Main Development Region

August through October, 1900 to 2008

NOAA/NCDC397
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population of Florida more than doubled during 
the past three decades, and growth rates in most 
other southeastern states were in the range of 45 to 
75 percent (see population map, page 55). Future 
population growth and the quality of life for exist-
ing residents is likely to be affected by the many 
challenges associated with climate change, such as 
reduced insurance availability, increased insurance 
cost, and increases in water scarcity, sea-level rise, 
extreme weather events, and heat stress. Some of 
these problems, such as increasing heat and declin-
ing air quality, will be especially acute in cities.

Three different types of adaptation to sea-level rise are available for low-lying coastal areas.173,269 One 
is to move buildings and infrastructure farther inland to get out of the way of the rising sea. Another 
is to accommodate rising water through changes in building design and construction, such as elevating 
buildings on stilts. Flood insurance programs even require this in some areas with high probabilities 
of floods. The third adaptation option is to try to protect existing development by building levees 
and river flood control structures. This option is being pursued in some highly vulnerable areas of the 
Gulf and South Atlantic coasts. Flood control structures can be designed to be effective in the face 
of higher sea level and storm surge. 
Some hurricane levees and floodwalls 
were not just replaced after Hurricane 
Katrina, they were redesigned to 
withstand higher storm surge and  
wave action.401 

The costs and environmental impacts 
of building such structures can be 
significant. Furthermore, building 
levees can actually increase future 
risks.269 This is sometimes referred 
to as the levee effect or the safe-
development paradox. Levees that 
provide protection from, for example, 
the storm surge from a Category 
3 hurricane, increase real and 
perceived safety and thereby lead to 
increased development. This increased 
development means there will be greater damage if and when the storm surge from a Category 5 
hurricane tops the levee than there would have been if no levee had been constructed.252

In addition to levees, enhancement of key highways used as hurricane evacuation routes and 
improved hurricane evacuation planning is a common adaptation underway in all Gulf Coast states.217 
Other protection options that are being practiced along low-lying coasts include the enhancement 
and protection of natural features such as forested wetlands, saltmarshes, and barrier islands.390

Recent upgrades that raised the height of this earthen levee increased 
protection against storm surge in the New Orleans area.

Adaptation:   Reducing Exposure to Flooding and Storm Surge

A precipitous decline of wetland-dependent • 
coastal fish and shellfish populations due to the 
rapid loss of coastal marsh.400

Quality of life will be affected by 
increasing heat stress, water scarcity, 
severe weather events, and reduced 
availability of insurance for  
at-risk properties.

Over the past century, the southeastern “sunbelt” 
has attracted people, industry, and investment. The 
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Midwest
The Midwest’s climate is shaped by the presence of the 
Great Lakes and the region’s location in the middle of the 
North American continent. This location, far from the 
temperature-moderating effects of the oceans, contributes 
to large seasonal swings in air temperature from hot, humid 
summers to cold winters. In recent decades, a noticeable in-
crease in average temperatures in the Midwest has been ob-
served, despite the strong year-to-year variations. The largest 
increase has been measured in winter, extending the length 
of the frost-free or growing season by more than one week, 
mainly due to earlier dates for the last spring frost. Heavy 
downpours are now twice as frequent as they were a century 
ago. Both summer and winter precipitation have been above 
average for the last three decades, the wettest period in a 
century. The Midwest has experienced two record-breaking 
floods in the past 15 years.213 There has also been a decrease 
in lake ice, including on the Great Lakes. Since the 1980s, 
large heat waves have been more frequent in the Midwest 
than any time in the last century, other than the Dust Bowl 
years of the 1930s.112,283,402-404

During the summer, public health and quality 
of life, especially in cities, will be negatively 
affected by increasing heat waves, reduced air 
quality, and insect and waterborne diseases. In 
the winter, warming will have mixed impacts. 

Heat waves that are more frequent, more severe, and longer 
lasting are projected. The frequency of hot days and the 
length of the heat-wave season both will be more than twice 
as great under the higher emissions scenario91 compared to 
the lower emissions scenario.91,283, 402,403,405 Events such as 
the Chicago heat wave of 1995, which resulted in over 700 
deaths, will become more common. Under the lower emis-
sions scenario,91 such a heat wave is projected to occur every 
other year in Chicago by the end of the century, while under 
the higher emissions scenario,91 there would be about three 
such heat waves per year. Even more severe heat waves, such 
as the one that claimed tens of thousands of lives in Europe in 2003, are projected to become 
more frequent in a warmer world, occurring as often as every other year in the Midwest by the 
end of this century under the higher emissions scenario.91,283,403,406 Some health impacts can be 
reduced by better preparation for such events.288

Climate on the Move:
Changing Summers in the Midwest

Model projections of summer average temperature and 
precipitation changes in Illinois and Michigan for mid-
century (2040-2059), and end-of-century (2080-2099), 
indicate that summers in these states are expected to feel 
progressively more like summers currently experienced 
in states south and west. Both states are projected to get 
considerably warmer and have less summer precipitation.

Hayhoe et al.283
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During heat waves, high electricity demand combines with 
climate-related limitations on energy production capabili-
ties (see Energy Supply and Use sector), increasing the like-
lihood of electricity shortages and resulting in brownouts or 
even blackouts. This combination can leave people without 
air conditioning and ventilation when they need it most, as 
occurred during the 1995 Chicago/Milwaukee heat wave. In 
general, electricity demand for air conditioning is projected 
to significantly increase in summer. Improved energy plan-
ning could reduce electricity disruptions.

The urban heat island effect can further add to high local 
daytime and nighttime temperatures (see Human Health 
sector). Heat waves take a greater toll in illness and death 
when there is little relief from the heat at night. 

Another health-related issue arises from the fact that 
climate change can affect air quality. A warmer climate 
generally means more ground-level ozone (a component of 
smog), which can cause respiratory problems, especially for 
those who are young, old, or have asthma or allergies. Un-
less the emissions of pollutants that lead to ozone formation 
are reduced significantly, there will be more ground-level 
ozone as a result of the projected climate changes in the 
Midwest due to increased air temperatures, more stagnant 
air, and increased emissions from vegetation.283,291,402,403,408-410

Insects such as ticks and mosquitoes that carry diseases will survive winters more easily and produce larger  
populations in a warmer Midwest.283,402,403 One potential risk is an increasing incidence of diseases such as West Nile 

Number of 1995-like Chicago Heat Waves

Over the last three decades of this century, heat waves 
like the one that occurred in Chicago in 1995 are projected 
to occur about once every three years under the lower 
emissions scenario.91 Under the even higher emissions 
scenario, such events are projected to occur an average of 
nearly three times a year. In this analysis, heat waves were 
defined as at least one week of daily maximum temperatures 
greater than 90°F and nighttime minimum temperatures 
greater than 70°F, with at least two consecutive days 
with daily temperatures greater than 100°F and nighttime 
temperatures greater than 80°F.

 Hayhoe et al.407

Efforts to reduce urban heat island effects become even more important 
in a warming climate. The City of Chicago has produced a map of urban 
hotspots to use as a planning tool to target areas that could most benefit 

from heat-island reduction initiatives such as 
reflective or green roofing, and tree planting. 
Created using satellite images of daytime 
and nighttime temperatures, the map 
shows the hottest 10 percent of both day 
and night temperatures in red, and the 
hottest 10 percent of either day or night 
in orange.

The City is working to reduce urban 
heat buildup and the need for air 
conditioning by using reflective roofing materials. This thermal 
image shows that the radiating temperature of the City Hall’s 
“green roof” – covered with soil and vegetation – is up to 77°F 
cooler than the nearby conventional roofs.411

Adaptation:  Chicago Tries to Cool the Urban Heat Island

“Green roofs” are cooler than the 
surrounding conventional roofs. 



118 119

Global Climate Change Impacts in the United States Regional Climate Impacts: Midwest

118 119

Global Climate Change Impacts in the United States Regional Climate Impacts: Midwest

evaporation in winter, contributing to the decline. 
Under a lower emissions scenario,91 water levels 
in the Great Lakes are projected to fall no more 
than 1 foot by the end of the century, but under a 
higher emissions scenario,91 they are projected to 
fall between 1 and 2 feet.283 The greater the tem-

perature rise, the higher the likelihood 
of a larger decrease in lake levels.412 
Even a decrease of 1 foot, combined 
with normal fluctuations, can result in 
significant lengthening of the distance 
to the lakeshore in many places. There 
are also potential impacts on beaches, 
coastal ecosystems, dredging require-
ments, infrastructure, and shipping. 
For example, lower lake levels reduce 
“draft,” or the distance between the 
waterline and the bottom of a ship, 
which lessens a ship’s ability to carry 
freight. Large vessels, sized for pas-
sage through the St. Lawrence Sea-
way, lose up to 240 tons of capacity 
for each inch of draft lost.283,402,403,413 
These impacts will have costs, includ-
ing increased shipping, repair and 
maintenance costs, and lost recreation 
and tourism dollars.

virus. Waterborne diseases will present an increas-
ing risk to public health because many pathogens 
thrive in warmer conditions.163

In winter, oil and gas demand for heating will 
decline. Warming will also decrease the number of 
days with snow on the ground, which is expected 
to improve traffic safety.222 On the other hand, 
warming will decrease outdoor winter recreational 
opportunities such as skiing, snowmobiling, ice 
skating, and ice fishing.

Significant reductions in Great Lakes 
water levels, which are projected under 
higher emissions scenarios, lead to 
impacts on shipping, infrastructure, 
beaches, and ecosystems.

The Great Lakes are a natural resource of tre-
mendous significance, containing 20 percent of 
the planet’s fresh surface water and serving as the 
dominant feature of the industrial heartland of the 
nation. Higher temperatures will mean more evapo-
ration and hence a likely reduction in the Great 
Lakes water levels. Reduced lake ice increases 

Projected Changes in Great Lakes Levels
under Higher Emissions Scenario91

Average Great Lakes levels depend on the balance between precipitation (and 
corresponding runoff) in the Great Lakes Basin on one hand, and evaporation 
and outflow on the other. As a result, lower emissions scenarios91 with less 
warming show less reduction in lake levels than higher emissions scenarios.91 
Projected changes in lake levels are based on simulations by the NOAA Great 
Lakes model for projected climate changes under a higher emissions scenario.91

Hayhoe et al.283

Observed Changes in Great Lakes Ice Cover
Seasonal Maximum Coverage, 1973 to 2008

Reductions in winter ice cover lead to more evaporation, causing 
lake levels to drop even farther. While the graph indicates large year-
to-year variations, there is a clear decrease in the extent of Great 
Lakes ice coverage, as shown by the black trend line. 

 Updated from Assel414
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The likely increase in precipitation 
in winter and spring, more heavy 
downpours, and greater evaporation 
in summer would lead to more 
periods of both floods and  
water deficits.

Precipitation is projected to increase in win-
ter and spring, and to become more intense 
throughout the year. This pattern is expected 
to lead to more frequent flooding, increasing 
infrastructure damage, and impacts on human 
health. Such heavy downpours can overload 
drainage systems and water treatment facili-
ties, increasing the risk of waterborne diseases. 
Such an incident occurred in Milwaukee in 
1993 when the water supply was contaminated 
with the parasite Cryptosporidium, causing 
403,000 reported cases of gastrointestinal ill-
ness and 54 deaths.219 

In Chicago, rainfall of more than 2.5 inches 
per day is an approximate threshold beyond 
which combined water and sewer systems 
overflow into Lake Michigan (such events 
occurred 2.5 times per decade from 1961 to 
1990). This generally results in beach closures 
to reduce the risk of disease transmission. 
Rainfall above this threshold is projected to 
occur twice as often by the end of this century 
under the lower emissions scenario91 and three 

times as often under the higher emissions 
scenario.91,283,403 Similar increases are ex-
pected across the Midwest. 

More intense rainfall can lead to floods 
that cause significant impacts regionally 
and even nationally. For example, the Great 
Flood of 1993 caused catastrophic flood-
ing along 500 miles of the Mississippi and 
Missouri river systems, affecting one-
quarter of all U.S. freight (see Transporta-
tion sector).222,415-417 Another example was a 
record-breaking 24-hour rainstorm in July 
1996, which resulted in flash flooding in 
Chicago and its suburbs, causing extensive 
damage and disruptions, with some com-
muters not being able to reach Chicago for 

The Great Flood of 1993 caused flooding along 500 miles of the Mississippi 
and Missouri river systems. The photo shows the flood’s effects on U.S. 
Highway 54, just north of Jefferson City, Missouri.

Lower Water Levels in the Great Lakes

Reduced water levels in the Great Lakes will have interconnected 
impacts across many sectors, creating mismatches between water 
supply and demand, and necessitating trade-offs. Regions outside the 
Midwest will also be affected. For example, a reduction in hydropower 
potential would affect the Northeast, and a reduction in irrigation 
water would affect regions that depend on agricultural produce from 
the Midwest. 

Adapted from Field et al.164



120 121

Global Climate Change Impacts in the United States Regional Climate Impacts: Midwest

120 121

Global Climate Change Impacts in the United States Regional Climate Impacts: Midwest

three days (see Transportation sector).222 There 
was also a record-breaking storm in August 2007. 
Increases in such events are likely to cause greater 
property damage, higher insurance rates, a heavier 
burden on emergency management, increased 
clean-up and rebuilding costs, and a growing finan-
cial toll on businesses, homeowners, and insurers.

In the summer, with increasing evaporation rates 
and longer periods between rainfalls, the likelihood 
of drought will increase and water levels in rivers, 
streams, and wetlands are likely to decline. Lower 
water levels also could create problems for river 
traffic, reminiscent of the stranding of more than 
4,000 barges on the Mississippi River during the 
1988 drought. Reduced summer water levels are 
also likely to reduce the recharge of groundwater, 
cause small streams to dry up (reducing native fish 
populations), and reduce the area of wetlands in  
the Midwest.

While the longer growing season 
provides the potential for increased crop 
yields, increases in heat waves, floods, 
droughts, insects, and weeds will present 
increasing challenges to managing crops, 
livestock, and forests.

The projected increase in winter and spring precipi-
tation and flooding is likely to delay planting and 
crop establishment. Longer growing seasons and 
increased carbon dioxide have positive effects on 
some crop yields, but this is likely to be counterbal-
anced in part by the negative effects of additional 
disease-causing pathogens, insect pests, and weeds 
(including invasive weeds).193 Livestock produc-
tion is expected to become more costly as higher 
temperatures stress livestock, decreasing productiv-
ity and increasing costs associated with the needed 
ventilation and cooling equipment.193

Plant winter hardiness zones (each zone represents 
a 10°F change in minimum temperature) in the 
Midwest are likely to shift one-half to one full zone 

Observed and Projected Changes in Plant Hardiness Zones

Plant winter hardiness zones in the Midwest have already changed significantly 
as shown above, and are projected to shift one-half to one full zone every 30 
years, affecting crop yields and where plant species can grow. By the end of this 
century, plants now associated with the Southeast are likely to become established 
throughout the Midwest. In the graphic, each zone represents a 10°F range in the 
lowest temperature of the year, with zone 3 representing –40 to –30°F and zone 
8 representing 10 to 20°F. © 2006 by Arbor Day Foundation ®418 

CMIP3-B117
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about every 30 years. By the end of the century, 
plants now associated with the Southeast are likely 
to become established throughout the Midwest. 

Impacts on forests are likely to be mixed, with the 
positive effects of higher carbon dioxide and nitro-
gen levels acting as fertilizers potentially negated 
by the negative effects of decreasing air quality.243 
In addition, more frequent droughts, and hence fire 
hazards, and an increase in destructive insect pests, 
such as gypsy moths, hinder plant growth. Insects, 
historically controlled by cold winters, more easily 
survive milder winters and produce larger popu-
lations in a warmer climate (see Agriculture and 
Ecosystems sectors).

Native species are very likely to face 
increasing threats from rapidly changing 
climate conditions, pests, diseases,  
and invasive species moving in from 
warmer regions.

As air temperatures increase, so will water tem-
peratures. In some lakes, this will lead to an earlier 
and longer period in summer during which mixing 
of the relatively warm surface lake water with the 
colder water below is reduced.564 In such cases, this 
stratification can cut off oxygen from bottom layers, 
increasing the risk of oxygen-poor or oxygen-free 
“dead zones” that kill fish and other living things. 
In lakes with contaminated sediment, warmer 
water and low-oxygen conditions can more readily 
mobilize mercury and other persistent pollutants.565 
In such cases, where these increasing quantities 
of contaminants are taken up in the aquatic food 
chain, there will be additional potential for health 
hazards for species that eat fish from the lakes, 
including people.566

Populations of coldwater fish, such as brook trout, 
lake trout, and whitefish, are expected to decline 
dramatically, while populations of coolwater fish 
such as muskie, and warmwater species such as 
smallmouth bass and bluegill, will take their place. 
Aquatic ecosystem disruptions are likely to be 
compounded by invasions by non-native species, 
which tend to thrive under a wide range of environ-
mental conditions. Native species, adapted to a nar-
rower range of conditions, are expected to decline. 

All major groups of animals, including birds, 
mammals, amphibians, reptiles, and insects, will 
be affected by impacts on local populations, and 
by competition from other species moving into the 
Midwest region.70 The potential for animals to shift 
their ranges to keep pace with the changing climate 
will be inhibited by major urban areas and the pres-
ence of the Great Lakes.
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Great Plains

The Great Plains is characterized by strong 
seasonal climate variations. Over thousands 
of years, records preserved in tree rings, 
sediments, and sand deposits provide 
evidence of recurring periods of extended 
drought (such as the Dust Bowl of the 1930s) 
alternating with wetter conditions.97,419 

Today, semi-arid conditions in the western 
Great Plains gradually transition to a moister 
climate in the eastern parts of the region. 
To the north, winter days in North Dakota 
average 25°F, while it is not unusual to have 
a West Texas winter day over 75°F. In West 
Texas, there are between 70 and 100 days per 
year over 90°F, whereas North Dakota has 
only 10 to 20 such days on average.

Significant trends in regional climate are 
apparent over the last few decades. Average 
temperatures have increased throughout the region, with the largest changes occurring in winter months and 
over the northern states. Relatively cold days are becoming less frequent and relatively hot days more frequent.420 
Precipitation has also increased over most of the area.149,421

Temperatures are projected to continue to increase over 
this century, with larger changes expected under scenarios 
of higher heat-trapping emissions as compared to lower 
heat-trapping emissions. Summer changes are projected to 
be larger than those in winter in the southern and central 
Great Plains.108 Precipitation is also projected to change, 
particularly in winter and spring. Conditions are anticipated 
to become wetter in the north and drier in the south.

Projected changes in long-term climate and more frequent 
extreme events such as heat waves, droughts, and heavy 
rainfall will affect many aspects of life in the Great Plains. 
These include the region’s already threatened water 
resources, essential agricultural and ranching activities, 
unique natural and protected areas, and the health and 
prosperity of its inhabitants.

Summer Temperature Change 
by 2080-2099

Temperatures in the Great Plains are projected to increase 
significantly by the end of this century, with the northern 
part of the region experiencing the greatest projected 
increase in temperature.

CMIP3-B117

Observed and Projected Temperature Rise

The average temperature in the Great Plains already has increased roughly 1.5°F 
relative to a 1960s and 1970s baseline. By the end of the century, temperatures 
are projected to continue to increase by 2.5°F to more than 13°F compared 
with the 1960 to 1979 baseline, depending on future emissions of heat-trapping 
gases. The brackets on the thermometers represent the likely range of model 
projections, though lower or higher outcomes are possible.

CMIP3-A93
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Projected increases in temperature, 
evaporation, and drought frequency add 
to concerns about the region’s declining 
water resources.

Water is the most important factor affecting activi-
ties on the Great Plains. Most of the water used 
in the Great Plains comes from the High Plains 
aquifer (sometimes referred to by the name of its 
largest formation, the Ogallala aquifer), which 
stretches from South Dakota to Texas. The aquifer 
holds both current recharge from precipitation and 
so-called “ancient” water, water trapped by silt and 
soil washed down from the Rocky Mountains dur-
ing the last ice age.

As population increased in the Great Plains and 
irrigation became widespread, annual water 
withdrawals began to outpace natural recharge.422 

Today, an average of 19 billion gallons of 
groundwater are pumped from the aquifer each 
day. This water irrigates 13 million acres of land 
and provides drinking water to over 80 percent 
of the region’s population.423 Since 1950, aquifer 
water levels have dropped an average of 13 feet, 
equivalent to a 9 percent decrease in aquifer 
storage. In heavily irrigated parts of Texas, 
Oklahoma, and Kansas, reductions are much larger, 
from 100 feet to over 250 feet.

Projections of increasing temperatures, faster 
evaporation rates, and more sustained droughts 
brought on by climate change will only add more 
stress to overtaxed water sources.149,253,424,425 Current 
water use on the Great Plains is unsustainable, 
as the High Plains aquifer continues to be tapped 
faster than the rate of recharge.

Groundwater Withdrawals for Irrigation
1950 to 2005

Water Level Changes in the High Plains Aquifer
1950 to 2005

McGuire422

Irrigation is one of the main factors stressing water resources in the Great Plains. In parts of the region, more than 81 trillion gallons 
of water (pink areas on the left hand map) were withdrawn for irrigation in Texas, Oklahoma, and Kansas from 1950 to 2005. During 
the same time period, water levels in parts of the High Plains aquifer in those states decreased by more than 150 feet (red areas on 
the right hand map).
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The Dust Bowl: Combined Effects of Land Use and Climate

Over the past century, large-scale conversion of 
grasslands to crops and ranchland has altered the 
natural environment of the Great Plains.149 Irrigated 
fields have increased evaporation rates, reducing 
summer temperatures, and increasing local 
precipitation.427,428

The Dust Bowl of the 1930s epitomizes what can 
happen as a result of interactions between climate 
and human activity. In the 1920s, increasing demand 
for food encouraged poor agricultural practices. 
Small-scale producers ploughed under native 
grasses to plant wheat, removing the protective 
cover the land required to retain its moisture. 

Variations in ocean temperature contributed to a slight increase in air temperatures, just enough to disrupt 
the winds that typically draw moisture from the south into the Great Plains. As the intensively tilled soils 
dried up, topsoil from an estimated 100 million acres of the Great Plains blew across the continent. 

The Dust Bowl dramatically demonstrated the potentially devastating effects of poor land-use practices 
combined with climate variability and change.429  Today, climate change is interacting with a different set of 
poor land-use practices. Water is being pumped from the Ogallala aquifer faster than it can recharge. In 
many areas, playa lakes are poorly managed (see page 127). Existing stresses on water resources in the Great 
Plains due to unsustainable water usage are likely to be exacerbated by future changes in temperature and 
precipitation, this time largely due to human-induced climate change.

Dust Bowl of 1935 in Stratford, Texas 

Northern areas of the Great Plains are projected to experience a 
wetter climate by the end of this century, while southern areas are 
projected to experience a drier climate. The change in precipitation 
is compared with a 1960-1979 baseline. Confidence in the projected 
changes is highest in the hatched areas.

Projected Spring Precipitation Change  
by 2080s-2090s

CMIP3-B117The Great Plains currently experiences a sharp 
precipitation gradient from east to west, from 
more than 50 inches of precipitation per year 
in eastern Oklahoma and Texas to less than 
10 inches in some of the western parts of  
the region.

Average Annual 
Observed Precipitation

1971-2000

PRISM426
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Agriculture, ranching, and natural 
lands, already under pressure due to an 
increasingly limited water supply, are 
very likely to also be stressed by  
rising temperatures.

Agricultural, range, and croplands cover more than 
70 percent of the Great Plains, producing wheat, 
hay, corn, barley, cattle, and cotton. Agriculture is 
fundamentally sensitive to climate. Heat and water 
stress from droughts and heat waves can decrease 
yields and wither crops.430,431 The influence of long-
term trends in temperature and precipitation can be 
just as great.431 

As temperatures increase over this century, optimal 
zones for growing particular crops will shift. Pests 
that were historically unable to survive in the 
Great Plains’ cooler areas are expected to spread 
northward. Milder winters and earlier springs 
also will encourage greater numbers and earlier 
emergence of insects.149 Rising carbon dioxide 
levels in the atmosphere can increase crop growth, 
but also make some types of weeds grow even 
faster (see Agriculture sector).432

Projected increases in precipitation are unlikely 
to be sufficient to offset decreasing soil moisture 
and water availability in the Great Plains due to 
rising temperatures and aquifer depletion. In some 
areas, there is not expected to be enough water for 
agriculture to sustain even current usage.

With limited water supply comes increased 
vulnerability of agriculture to climate change. 
Further stresses on water supply for agriculture and 
ranching are likely as the region’s cities continue 
to grow, increasing competition between urban and 
rural users.433 The largest impacts are expected in 
heavily irrigated areas in the southern Great Plains, 
already plagued by unsustainable water use and 
greater frequency of extreme heat.149

Successful adaptation will require diversification of 
crops and livestock, as well as transitions from ir-
rigated to rain-fed agriculture.434-436 Producers who 
can adapt to changing climate conditions are likely 
to see their businesses survive; some might even 
thrive. Others, without resources or ability to adapt 
effectively, will lose out.

Climate change is likely to affect native 
plant and animal species by altering key 
habitats such as the wetland ecosystems 
known as prairie potholes or playa lakes.

Ten percent of the Great Plains is protected lands, 
home to unique ecosystems and wildlife. The 
region is a haven for hunters and anglers, with its 
ample supplies of wild game such as moose, elk, 
and deer; birds such as goose, quail, and duck; and 
fish such as walleye and bass. 

Climate-driven changes are likely to combine 
with other human-induced stresses to further 
increase the vulnerability of natural ecosystems to 
pests, invasive species, and loss of native species. 
Changes in temperature and precipitation affect 
the composition and diversity of native animals 
and plants through altering their breeding patterns, 
water and food supply, and habitat availability.149 
In a changing climate, populations of some pests 
such as red fire ants and rodents, better adapted to 
a warmer climate, are projected to increase.437,438 
Grassland and plains birds, already besieged by 
habitat fragmentation, could experience significant 
shifts and reductions in their ranges.439 

Urban sprawl, agriculture, and ranching practices 
already threaten the Great Plains’ distinctive 
wetlands. Many 
of these are home 
to endangered and 
iconic species. 
In particular, 
prairie wetland 
ecosystems provide 
crucial habitat 
for migratory 
waterfowl and 
shorebirds.

Ongoing shifts in the region’s population 
from rural areas to urban centers 
will interact with a changing climate, 
resulting in a variety of consequences.

Inhabitants of the Great Plains include a rising 
number of urban dwellers, a long tradition of rural 
communities, and extensive Native American 

Mallard ducks are one of the many 
species that inhabit the playa lakes, 
also known as prairie potholes.
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Shallow ephemeral lakes dot the Great Plains, 
anomalies of water in the arid landscape. In the 
north they are known as prairie potholes; in the 
south, playa lakes. These lakes create unique 
microclimates that support diverse wildlife and 
plant communities. A playa can lie with little or 
no water for long periods, or have several wet/
dry cycles each year. When it rains, what ap-
peared to be only a few clumps of short,  
dry grasses just a few days earlier suddenly 
teems with frogs, toads, clam shrimp, and 
aquatic plants. 

The playas provide a perfect home for migrat-
ing birds to feed, mate, and raise their young. 
Millions of shorebirds and waterfowl, including Canada geese, mallard ducks, and Sandhill cranes, 
depend on the playas for their breeding grounds. From the prairie potholes of North Dakota to the 
playa lakes of West Texas, the abundance and diversity of native bird species directly depends on 
these lakes.440,441 

Despite their small size, playa lakes and prairie potholes also play a critical role in supplying water 
to the Great Plains. The contribution of the playa lakes to this sensitively balanced ecosystem needs 
to be monitored 
and maintained in 
order to avoid un-
foreseen impacts 
on our natural 
resources. Before 
cultivation, water 
from these lakes 
was the primary 
source of recharge 
to the High Plains 
aquifer.442 But 
many playas are 
disappearing and 
others are threat-
ened by growing 
urban populations, 
extensive agricul-
ture, and other 
filling and tilling 
practices.443 In 
recent years, agricultural demands have drawn down the playas to irrigate crops. Agricultural waste 
and fertilizer residues drain into playas, decreasing the quality of the water, or clogging them so the 
water cannot trickle down to refill the aquifer. Climate change is expected to add to these stresses, 
with increasing temperatures and changing rainfall patterns altering rates of evaporation, recharge, 
and runoff to the playa lake systems.444

Adapted from PLJV445

Playa lakes in west Texas fill up after a heavy spring rain.

Playa Lakes and Prairie Potholes
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populations. Although farming and ranching remain 
primary uses of the land – taking up much of the 
region’s geographical area – growing cities provide 
housing and jobs for more than two-thirds of the 
population. For everyone on the Great Plains, though, a 
changing climate and a limited water supply are likely 
to challenge their ability to thrive, leading to conflicting 
interests in the allocation of increasingly scarce water 
resources.313,433

Native American communities
The Great Plains region is home to 65 Native American 
tribes. Native populations on rural tribal lands have 
limited capacities to respond to climate change.313 Many 
reservations already face severe problems with water 
quantity and quality – problems likely to be exacerbated 
by climate change and other human-induced stresses. 

Rural communities
As young adults move out of small, rural communities, 
the towns are increasingly populated by a vulnerable 
demographic of very old and very young people, 
placing them more at risk for health issues than 
urban communities. Combined effects of changing 
demographics and climate are likely to make it more 
difficult to supply adequate and efficient public health 
services and educational opportunities to rural areas. 
Climate-driven shifts in optimal crop types and 
increased risk of drought, pests, and extreme events 
will add more economic stress and tension to traditional 
communities.430,433

Urban populations
Although the Great Plains is not yet known for large 
cities, many mid-sized towns throughout the region 

are growing rapidly. One in four of the most rapidly 
growing cities in the nation is located in the Great 
Plains446 (see Society sector). Most of these growing 
centers can be found in the southern parts of the 
region, where water resources are already seriously 
constrained. Urban populations, particularly the young, 
elderly, and economically disadvantaged, may also be 
disproportionately affected by heat.447

New opportunities
There is growing recognition that the enormous wind 
power potential of the Great Plains could provide new 
avenues for future employment and land use. Texas 
already produces the most wind power of any state. Wind 
energy production is also prominent in Oklahoma. North 
and South Dakota have rich wind potential.191 

As climate change creates new environmental conditions, 
effective adaptation strategies become increasingly es-
sential to ecological and socioeconomic survival. A great 
deal of the Great Plains’ adaptation potential might be 
realized through agriculture. For example, plant species 
that mature earlier and are more resistant to disease and 
pests are more likely to thrive under warmer conditions. 

Other emerging adaptation strategies include dynamic 
cropping systems and increased crop diversity. In partic-
ular, mixed cropping-livestock systems maximize avail-
able resources while minimizing the need for external 
inputs such as irrigation that draws down precious water 
supplies.436 In many parts of the region, diverse cropping 
systems and improved water use efficiency will be key to 
sustaining crop and rangeland systems.448 Reduced water 
supplies might cause some farmers to alter the intensive 
cropping systems currently in use.193,219 

Adaptation:  Agricultural Practices to Reduce Water Loss and Soil Erosion

Conservation of water is critical to efficient crop production in areas where water can be scarce. 
Following the Dust Bowl in the 1930s, Great Plains farmers implemented a number of improved 
farming practices to increase the effectiveness of rainfall capture and retention in the soil and 
protect the soil against water and wind erosion. Examples include rotating crops, retaining crop 
residues, increasing vegetative cover, and altering plowing techniques.

With observed and projected increases in summer temperatures and in the frequency and intensity of heavy downpours, 
it will become even more important to protect against increasing loss of water and soil. Across the upper Great Plains, 
where strong storms are projected to occur more frequently, producers are being encouraged to increase the amount of 
crop residue left on the soil or to plant cover crops in the fall to protect the soil in the spring before crops are planted.

Across the southern Great Plains, some farmers are returning to dryland farming rather than relying on irrigation for their 
crops. Preserving crop residue helps the soil absorb more moisture from rain and eases the burden on already-stressed 
groundwater. These efforts have been promoted by the U.S. Department of Agriculture through research and extension 
efforts such as Kansas State University’s Center for Sustainable Agriculture and Alternative Crops.
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The Southwest region stretches from the southern 
Rocky Mountains to the Pacific Coast. Elevations 
range from the lowest in the country to among the 
highest, with climates ranging from the driest to 
some of the wettest. Past climate records based 
on changes in Colorado River flows indicate that 
drought is a frequent feature of the Southwest, with 
some of the longest documented “megadroughts” 
on Earth. Since the 1940s, the region has experi-
enced its most rapid population and urban growth. 
During this time, there were both unusually wet 
periods (including much of 1980s and 1990s) and 
dry periods (including much of 1950s and 1960s).449 
The prospect of future droughts becoming more 
severe as a result of global warming is a significant 
concern, especially because the Southwest contin-
ues to lead the nation in population growth.

Human-induced climate change appears to be well 
underway in the Southwest. Recent warming is 
among the most rapid in the nation, significantly 
more than the global average in some areas. This is 
driving declines in spring snowpack and Colorado 

River flow.34,160,161 Projections suggest continued 
strong warming, with much larger increases under 
higher emissions scenarios91 compared to lower 
emissions scenarios. Projected summertime tem-
perature increases are greater than the annual aver-
age increases in some parts of the region, and are 
likely to be exacerbated locally by expanding urban 
heat island effects.450 Further water cycle changes 
are projected, which, combined with increasing 
temperatures, signal a serious water supply chal-
lenge in the decades and centuries ahead.34,159

Water supplies are projected to become 
increasingly scarce, calling for trade-offs 
among competing uses, and potentially 
leading to conflict.

Water is, quite literally, the lifeblood of the South-
west. The largest use of water in the region is 
associated with agriculture, including some of the 
nation’s most important crop-producing areas in 
California. Water is also an important source of 
hydroelectric power, and water is required for the 
large population growth in the region, particu-
larly that of major cities such as Phoenix and Las 
Vegas. Water also plays a critical role in supporting 
healthy ecosystems across the region, both on land 
and in rivers and lakes. 

Water supplies in some areas of the Southwest are 
already becoming limited, and this trend toward 
scarcity is likely to be a harbinger of future water 
shortages.34,451 Groundwater pumping is lower-
ing water tables, while rising temperatures reduce 
river flows in vital rivers including the Colorado.34 
Limitations imposed on water supply by projected 
temperature increases are likely to be made worse 
by substantial reductions in rain and snowfall in the 
spring months, when precipitation is most needed 
to fill reservoirs to meet summer demand.151

A warmer and drier future means extra care will 
be needed in planning the allocation of water for 

Observed and Projected Temperature Rise

The average temperature in the Southwest has already 
increased roughly 1.5°F compared to a 1960-1979 baseline 
period. By the end of the century, average annual temperature 
is projected to rise approximately 4°F to 10°F above the 
historical baseline, averaged over the Southwest region. The 
brackets on the thermometers represent the likely range 
of model projections, though lower or higher outcomes  
are possible.

CMIP3-A93
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the coming decades. The Colorado Compact, negotiated in the 1920s, allocated the Colorado River’s water 
among the seven basin states. It was based, however, on unrealistic assumptions about how much water was 
available because the observations of runoff during the early 1900s turned out to be part of the greatest and 

longest high-flow period of the last five cen-
turies.452 Today, even in normal decades, the 
Colorado River does not have enough water 
to meet the agreed-upon allocations. During 
droughts and under projected future condi-
tions, the situation looks even bleaker. 

During droughts, water designated for agricul-
ture could provide a temporary back-up sup-
ply for urban water needs. Similarly, non-re-
newable groundwater could be tapped during 
especially dry periods. Both of these options, 
however, come at the cost of either current or 
future agricultural production. 

Water is already a subject of contention in 
the Southwest, and climate change – coupled 
with rapid population growth – promises 
to increase the likelihood of water-related 

Droughts are a long-standing feature of the Southwest’s climate. The droughts of the last 110 years 
pale in comparison to some of the decades-long “megadroughts” that the region has experienced over 
the last 2000 years.419 During the closing decades of the 1500s, for example, major droughts gripped 
parts of the Southwest.189 These droughts sharply reduced the flow of the Colorado River452,453 and 
the all-important Sierra Nevada headwaters for California,454 and dried out the region as a whole. As 
of 2009, much of the Southwest remains in a drought that began around 1999. This event is the most 
severe western drought of the last 110 years, and is being exacerbated by record warming.455 

Over this century, projections point to an increasing probability of drought for the region.90,115 Many 
aspects of these projections, including a northward shift in winter and spring storm tracks, are 
consistent with observed trends over recent decades.96,456,457 Thus, the most likely future for the 
Southwest is a substantially drier one (although there is presently no consensus on how the region's 
summer monsoon [rainy season] might change in the future). Combined with the historical record of 

severe droughts and the current 
uncertainty regarding the exact 
causes and drivers of these past 
events, the Southwest must 
be prepared for droughts that 
could potentially result from 
multiple causes. The combined 
effects of natural climate 
variability and human-induced 
climate change could turn out 
to be a devastating “one-two 
punch” for the region.

After Meko et al.453

Colorado River flow has been reconstructed back over 1200 years based primarily on 
tree-ring data. These data reveal that some droughts in the past have been more severe 
and longer lasting than any experienced in the last 100 years. The red line indicates 
actual measurements of river flow during the last 100 years. Models indicate that, in 
the future, droughts will continue to occur, but will become hotter, and thus more 
severe, over time.90 

Future of Drought in the Southwest

Percentage change in March-April-May precipitation for 2080-2099 compared to 
1961-1979 for a lower emissions scenario91 (left) and a higher emissions scenario91 
(right). Confidence in the projected changes is highest in the hatched areas. 

Projected Change in Spring Precipitation, 2080-2099

CMIP3-B117
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conflict. Projected temperature increases, com-
bined with river-flow reductions, will increase the 
risk of water conflicts between sectors, states, and 
even nations. In recent years, negotiations regard-
ing existing water supplies have taken place among 
the seven states sharing the Colorado River and 
the two states (New Mexico and Texas) sharing the 
Rio Grande. Mexico and the United States already 
disagree on meeting their treaty allocations of Rio 
Grande and Colorado River water. 

In addition, many water settlements between the 
U.S. Government and Native American tribes have 
yet to be fully worked out. The Southwest is home 
to dozens of Native communities whose status as 
sovereign nations means they hold rights to the 
water for use on their land. However, the amount 
of water actually available to each nation is deter-
mined through negotiations and litigation. Increas-
ing water demand in the Southwest is driving 
current negotiations and litigation of tribal water 
rights. While several nations have legally settled 
their water rights, many other tribal negotiations 
are either currently underway or pending. Compet-
ing demands from treaty rights, rapid development, 
and changes in agriculture in the region, exacer-
bated by years of drought and climate change, have 
the potential to spark significant conflict over an 
already over-allocated and dwindling resource.

Increasing temperature, drought, 
wildfire, and invasive species will 
accelerate transformation of  
the landscape.

Climate change already appears to be influenc-
ing both natural and managed ecosystems of the 
Southwest.455,458 Future landscape impacts are likely 
to be substantial, threatening biodiversity, pro-
tected areas, and ranching and agricultural lands. 
These changes are often driven by multiple factors, 
including changes in temperature and drought pat-
terns, wildfire, invasive species, and pests.

Conditions observed in recent years can serve as 
indicators for future change. For example, tempera-
ture increases have made the current drought in 
the region more severe than the natural droughts of 
the last several centuries. As a result, about 4,600 

square miles of piñon-juniper woodland in the Four 
Corners region of the Southwest have experienced 
substantial die-off of piñon pine trees.455 Record 
wildfires are also being driven by rising tempera-
tures and related reductions in spring snowpack 
and soil moisture.458 

How climate change will affect fire in the South-
west varies according to location. In general, total 
area burned is projected to increase.459 How this 
plays out at individual locations, however, depends 
on regional changes in temperature and precipita-
tion, as well as on whether fire in the area is cur-
rently limited by fuel availability or by rainfall.460 
For example, fires in wetter, forested areas are 
expected to increase in frequency, while areas 
where fire is limited by the availability of fine fuels 
experience decreases.460 Climate changes could 
also create subtle shifts in fire behavior, allowing 
more “runaway fires” – fires that are thought to 
have been brought under control, but then rekin-
dle.461 The magnitude of fire damages, in terms of 
economic impacts as well as direct endangerment, 
also increases as urban development increasingly 
impinges on forested areas.460,462 

Climate-fire dynamics will also be affected by 
changes in the distribution of ecosystems across the 
Southwest. Increasing temperatures and shifting 
precipitation patterns will drive declines in high-
elevation ecosystems such as alpine forests and 
tundra.459,463 Under higher emissions scenarios,91 
high-elevation forests in California, for example, 
are projected to decline by 60 to 90 percent be-
fore the end of the century.284,459 At the same time, 
grasslands are projected to expand, another factor 
likely to increase fire risk. 

As temperatures rise, some iconic landscapes of 
the Southwest will be greatly altered as species 
shift their ranges northward and upward to cooler 
climates, and fires attack unaccustomed ecosys-
tems which lack natural defenses. The Sonoran 
Desert, for example, famous for the saguaro cactus, 
would look very different if more woody species 
spread northward from Mexico into areas currently 
dominated by succulents (such as cacti) or native 
grasses.464 The desert is already being invaded 
by red brome and buffle grasses that do well in 
high temperatures and are native to Africa and the 
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Mediterranean. Not only do these noxious weeds 
out-compete some native species in the Sonoran 
Desert, they also fuel hot, cactus-killing fires. With 
these invasive plant species and climate change, 
the Saguaro and Joshua Tree national parks could 
end up with far fewer of their namesake plants.465 
In California, two-thirds of the more than 5,500 na-
tive plant species are projected to experience range 
reductions up to 80 percent before the end of this 
century under projected warming.466 In their search 
for optimal conditions, some species will move 
uphill, others northward, breaking up present-day 

ecosystems; those species moving southward to 
higher elevations might cut off future migration op-
tions as temperatures continue to increase.

The potential for successful plant and animal 
adaptation to coming change is further hampered 
by existing regional threats such as human-caused 
fragmentation of the landscape, invasive species, 
river-flow reductions, and pollution. Given the 
mountainous nature of the Southwest, and the asso-
ciated impediments to species shifting their ranges, 
climate change likely places other species at risk. 
Some areas have already been identified as possible 
refuges where species at risk could continue to live 
if these areas were preserved for this purpose.466 
Other rapidly changing landscapes will require 
major adjustments, not only from plant and animal 
species, but also by the region’s ranchers, foresters, 
and other inhabitants.

Increased frequency and altered timing 
of flooding will increase risks to people, 
ecosystems, and infrastructure. 

Paradoxically, a warmer atmosphere and an in-
tensified water cycle are likely to mean not only 
a greater likelihood of drought for the Southwest, 
but also an increased risk of flooding. Winter 
precipitation in Arizona, for example, is already 

A Biodiversity Hotspot

The Southwest is home to two of the world’s 34 designated “biodiversity hotspots.” These at-risk 
regions have two special qualities: they hold unusually large numbers of plant and animal species 
that are endemic (found nowhere else), and they have already lost over 70 percent of their native 
vegetation.467,468 About half the world’s species of plants and land animals occur only in these 34 
locations, though they cover just 2.3 percent of the Earth’s land surface. 

One of these biodiversity hotspots is the Madrean Pine-Oak Woodlands. Once covering 178 square 
miles, only isolated patches remain in the United States, mainly on mountaintops in southern Arizona, 
New Mexico, and West Texas. The greatest diversity of pine species in the world grows in this area: 
44 of the 110 varieties,469 as well as more than 150 species of oak.470 Some 5,300 to 6,700 flowering 
plant species inhabit the ecosystem, and over 500 bird species, 23 of which are endemic. More 
hummingbirds are found here than anywhere else in the United States. There are 384 species of 
reptiles, 37 of which are endemic, and 328 species of mammals, six of which are endemic. There are 
84 fish species, 18 of which are endemic. Some 200 species of butterfly thrive here, of which 45 are 
endemic, including the Monarch that migrates 2,500 miles north to Canada each year.471 Ecotourism 
has become the economic driver in many parts of this region, but logging, land clearing for agriculture, 
urban development, and now climate change threaten the region’s viability.

Change in Population 
from 1970 to 2008

The map above of percentage changes in county population 
between 1970 and 2008 shows that the Southwest has 
experienced very rapid growth in recent decades (indicated 
in orange, red, and maroon).

U.S. Census207
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not sustainable under current practices; efforts are 
underway to identify and implement adaptation 
strategies aimed at reducing these risks.476 

Unique tourism and recreation 
opportunities are likely to suffer. 

Tourism and recreation are important aspects of 
the region’s economy. Increasing temperatures will 
affect important winter activities such as down-
hill and cross-country skiing, snowshoeing, and 
snowmobiling, which require snow on the ground. 
Projections indicate later snow and less snow cov-
erage in ski resort areas, particularly those at lower 
elevations and in the southern part of the region.284 
Decreases from 40 to almost 90 percent are likely 
in end-of-season snowpack under a higher emis-
sions scenario91 in counties with major ski resorts 
from New Mexico to California.477 In addition 
to shorter seasons, earlier wet snow avalanches 
– more than six weeks earlier by the end of this 
century under a higher emissions scenario91 – could 
force ski areas to shut down affected runs before 
the season would otherwise end.478 Resorts require 
a certain number of days just to break even; cutting 
the season short by even a few weeks, particularly 
if those occur during the lucrative holiday season, 
could easily render a resort unprofitable.

Even in non-winter months, ecosystem degradation 
will affect the quality of the experience for hikers, 
bikers, birders, and others who enjoy the South-
west’s natural beauty. Water sports that depend on 
the flows of rivers and sufficient water in lakes and 
reservoirs are already being affected, and much 
larger changes are expected. 

Cities and agriculture face increasing 
risks from a changing climate.

Resource use in the Southwest is involved in a 
constant three-way tug-of-war among preserving 
natural ecosystems, supplying the needs of rapidly 
expanding urban areas, and protecting the lucrative 
agricultural sector, which, particularly in Califor-
nia, is largely based on highly temperature- and 
water-sensitive specialty crops. Urban areas are 
also sensitive to temperature-related impacts on air 

becoming more variable, with a trend toward both 
more frequent extremely dry and extremely wet 
winters.472 Some water systems rely on smaller 
reservoirs being filled up each year. More frequent 
dry winters suggest an increased risk of these 
systems running short of water. However, a greater 
potential for flooding also means reservoirs cannot 
be filled to capacity as safely in years where that 
is possible. Flooding also causes reservoirs to fill 
with sediment at a faster rate, thus reducing their 
water-storage capacities. 

On the global and national scales, precipitation 
patterns are already observed to be shifting, with 
more rain falling in heavy downpours that can lead 
to flooding.90,473 Rapid landscape transformation 
due to vegetation die-off and wildfire as well as 
loss of wetlands along rivers is also likely to reduce 
flood-buffering capacity. Moreover, increased 
flood risk in the Southwest is likely to result from a 
combination of decreased snow cover on the lower 
slopes of high mountains, and an increased fraction 
of winter precipitation falling as rain and therefore 
running off more rapidly.154 The increase in rain 
on snow events will also result in rapid runoff and 
flooding.474

The most obvious impact of more frequent flooding 
is a greater risk to human beings and their infra-
structure. This applies to locations along major riv-
ers, but also to much broader and highly vulnerable 
areas such as the Sacramento–San Joaquin River 
Delta system. Stretching from the San Francisco 
Bay nearly to the state capital of Sacramento, the 
Sacramento–San Joaquin River Delta and Suisun 
Marsh make up the largest estuary on the West 
Coast of North America. With its rich soils and 
rapid subsidence rates – in some locations as high 
as 2 or more feet per decade – the entire Delta re-
gion is now below sea level, protected by more than 
a thousand miles of levees and dams.475 Projected 
changes in the timing and amount of river flow, 
particularly in winter and spring, is estimated to 
more than double the risk of Delta flooding events 
by mid-century, and result in an eight-fold increase 
before the end of the century.476 Taking into account 
the additional risk of a major seismic event and 
increases in sea level due to climate change over 
this century, the California Bay–Delta Authority 
has concluded that the Delta and Suisun Marsh are 
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quality, electricity demand, and the health of  
their inhabitants.

The magnitude of projected temperature increases 
for the Southwest, particularly when combined 
with urban heat island effects for major cities such 
as Phoenix, Albuquerque, Las Vegas, and many 
California cities, represent significant stresses 
to health, electricity, and water supply in a re-
gion that already experiences very high summer 
temperatures.284,325,450 

If present-day levels of ozone-producing emis-
sions are maintained, rising temperatures also 
imply declining air quality in urban areas such as 
those in California which already experience some 
of the worst air quality in the nation (see Society 
sector).479 Continued rapid population growth is 
expected to exacerbate these concerns.

With more intense, longer-lasting heat wave events 
projected to occur over this century, demands for 
air conditioning are expected to deplete electricity 
supplies, increasing risks of brownouts and black-
outs.325 Electricity supplies will also be affected 
by changes in the timing of river flows and where 
hydroelectric systems have limited storage capacity 
and reservoirs (see Energy sector).480,481 

Much of the region's agriculture will experi-
ence detrimental impacts in a warmer future, 

particularly specialty crops in California such as 
apricots, almonds, artichokes, figs, kiwis, olives, 
and walnuts.482,483 These and other specialty crops 
require a minimum number of hours at a chill-
ing temperature threshold in the winter to become 
dormant and set fruit for the following year.482 
Accumulated winter chilling hours have already 
decreased across central California and its coastal 
valleys. This trend is projected to continue to the 
point where chilling thresholds for many key crops 
would no longer be met. A steady reduction in win-
ter chilling could have serious economic impacts on 
fruit and nut production in the region. California’s 
losses due to future climate change are estimated 
between zero and 40 percent for wine and table 
grapes, almonds, oranges, walnuts, and avocadoes, 
varying significantly by location.483 

Adaptation strategies for agriculture in Califor-
nia include more efficient irrigation and shifts 
in cropping patterns, which have the potential to 
help compensate for climate-driven increases in 
water demand for agriculture due to rising tem-
peratures.484 The ability to use groundwater and/or 
water designated for agriculture as backup sup-
plies for urban uses in times of severe drought is 
expected to become more important in the future as 
climate change dries out the Southwest; however, 
these supplies are at risk of being depleted as urban 
populations swell (see Water sector).

Adaptation:  Strategies for Fire

Living with present-day levels of fire risk, along with projected increases in risk, involves actions by 
residents along the urban-forest interface as well as fire and land management officials. Some basic 
strategies for reducing damage to structures due to fires are being encouraged by groups like National 
Firewise Communities, an interagency program that encourages wildfire preparedness measures 
such as creating defensible space around residential structures by thinning trees and brush, choosing 
fire-resistant plants, selecting ignition-resistant building materials and design features, positioning 
structures away from slopes, and working with firefighters to develop emergency plans.

Additional strategies for responding to the increased risk of fire as climate continues to change could 
include adding firefighting resources461 and improving evacuation procedures and communications 
infrastructure. Also important would be regularly updated insights into what the latest climate science 
implies for changes in types, locations, timing, and potential severity of fire risks over seasons to 
decades and beyond; implications for related political, legal, economic, and social institutions; and 
improving predictions for regeneration of burnt-over areas and the implications for subsequent fire 
risks. Reconsideration of policies that encourage growth of residential developments in or near forests 
is another potential avenue for adaptive strategies.462
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Northwest
The Northwest’s rapidly growing population, as 
well as its forests, mountains, rivers, and coastlines, 
are already experiencing human-induced climate 
change and its impacts.34 Regionally averaged 
temperature rose about 1.5°F over the past cen-
tury485 (with some areas experiencing increases 
up to 4°F) and is projected to increase another 3 
to 10°F during this century.486 Higher emissions 
scenarios would result in warming in the upper end 
of the projected range. Increases in winter precipi-
tation and decreases in summer precipitation are 
projected by many climate models,487 though these 
projections are less certain than those for tem-
perature. Impacts related to changes in snowpack, 
streamflows, sea level, forests, and other important 
aspects of life in the Northwest are already un-
derway, with more severe impacts expected over 
coming decades in response to continued and more 
rapid warming.

Declining springtime snowpack leads to 
reduced summer streamflows, straining 
water supplies.

The Northwest is highly dependent on temperature-
sensitive springtime snowpack to meet growing, 
and often competing, water demands such as mu-
nicipal and industrial uses, agricultural irrigation, 
hydropower production, navigation, recreation, and 
in-stream flows that protect aquatic ecosystems in-
cluding threatened and endangered species. Higher 
cool season (October through March) temperatures 
cause more precipitation to fall as rain rather than 
snow and contribute to earlier snowmelt. April 1 
snowpack, a key indicator of natural water storage 
available for the warm season, has already declined 
substantially throughout the region. The average 
decline in the Cascade Mountains, for example, 
was about 25 percent over the past 40 to 70 years, 
with most of this due to the 2.5°F increase in cool 
season temperatures over that period.108,488 Further 
declines in Northwest snowpack are projected to 
result from additional warming over this century, 

varying with latitude, elevation, and proximity to 
the coast. April 1 snowpack is projected to de-
cline as much as 40 percent in the Cascades by the 
2040s.489 Throughout the region, earlier snowmelt 
will cause a reduction in the amount of water avail-
able during the warm season.68

In areas where it snows, a warmer climate means 
major changes in the timing of runoff: streamflow 
increases in winter and early spring, and then 
decreases in late spring, summer, and fall. This shift 
in streamflow timing has already been observed over 
the past 50 years,252 with the peak of spring runoff 
shifting from a few days earlier in some places to as 
much as 25 to 30 days earlier in others.157 

This trend is projected to continue, with runoff 
shifting 20 to 40 days earlier within this centu-
ry.157 Reductions in summer water availability will 
vary with the temperatures experienced in differ-
ent parts of the region. In relatively warm areas on 
the western slopes of the Cascade Mountains, for 
example, reductions in warm season (April through 
September) runoff of 30 percent or more are pro-
jected by mid-century, whereas colder areas in the 
Rocky Mountains are expected to see reductions of 
about 10 percent. Areas dominated by rain rather 
than snow are not expected to see major shifts in the 
timing of runoff.492 

Trends in April 1 Snow Water Equivalent
1950 to 2002

April 1 snowpack (a key indicator of natural water storage 
available for the warm season) has declined throughout the 
Northwest. In the Cascade Mountains, April 1 snowpack de-
clined by an average of 25 percent, with some areas expe-
riencing up to 60 percent declines. On the map, decreasing 
trends are in red and increasing trends are in blue.491

University of
 Washington490
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Extreme high and low streamflows also are ex-
pected to change with warming. Increasing winter 
rainfall (as opposed to snowfall) is expected to lead 
to more winter flooding in relatively warm water-
sheds on the west side of the Cascades. The already 
low flows of late summer are projected to decrease 
further due to both earlier snowmelt and increased 
evaporation and water loss from vegetation. Pro-
jected decreases in summer precipitation would 
exacerbate these effects. Some sensitive watersheds 
are projected to experience both increased flood 
risk in winter and increased drought risk in sum-
mer due to warming.

The region’s water supply infrastructure was built 
based on the assumption that most of the water 
needed for summer uses would be stored naturally 
in snowpack. For example, the storage capacity in 
Columbia Basin reservoirs is only 30 percent of the 
annual runoff, and many small urban water sup-
ply systems on the west side of the Cascades store 
less than 10 percent of their annual flow.493 Besides 
providing water supply and managing flows for 
hydropower, the region’s reservoirs are operated for 
flood-protection purposes and, as such, might have 
to release (rather than store) large amounts of run-
off during the winter and early spring to maintain 
enough space for flood protection. Earlier flows 
would thus place more of the year’s runoff into the 
category of hazard rather than resource. An ad-
vance in the timing of snowmelt runoff would also 

increase the length of the summer dry period, with 
important consequences for water supply, ecosys-
tems, and wildfire management.157

One of the largest demands on water resources in 
the region is hydroelectric power production. About 
70 percent of the Northwest’s electricity is provided 
by hydropower, a far greater percentage than in 
any other region. Warmer summers will increase 
electricity demands for air conditioning and refrig-
eration at the same time of year that lower stream-
flows will lead to reduced hydropower generation. 
At the same time, water is needed for irrigated agri-
culture, protecting fish species, reservoir and river 
recreation, and urban uses. Conflicts between all of 
these water uses are expected to increase, forcing 
complex trade-offs between competing objectives 
(see Energy and Water sectors).487,494

Increased insect outbreaks, wildfires, 
and changing species composition in for-
ests will pose challenges for ecosystems 
and the forest products industry.

Higher summer temperatures and earlier spring 
snowmelt are expected to increase the risk of forest 
fires in the Northwest by increasing summer mois-
ture deficits; this pattern has already been observed 
in recent decades. Drought stress and higher tem-
peratures will decrease tree growth in most low- 
and mid-elevation forests. They will also increase 
the frequency and intensity of mountain pine beetle 
and other insect attacks,243 further increasing fire 
risk and reducing timber production, an important 
part of the regional economy. The mountain pine 
beetle outbreak in British Columbia has destroyed 
33 million acres of trees so far, about 40 percent of 
the marketable pine trees in the province. By 2018, 
it is projected that the infestation will have run 
its course and over 78 percent of the mature pines 
will have been killed; this will affect more than 
one-third of the total area of British Columbia’s 
forests495 (see Ecosystems sector). Forest and fire 
management practices are also factors in these in-
sect outbreaks.252 Idaho’s Sawtooth Mountains are 
also now threatened by pine beetle infestation.

In the short term, high elevation forests on the west 
side of the Cascade Mountains are expected to 

Shift to Earlier Peak Streamflow
Quinault River (Olympic Peninsula, northern Washington)

As precipitation continues to shift from snow to rain, by the 2040s, 
peak flow on the Quinault River is projected to occur in December, 
and flows in June are projected to be reduced to about half of what 
they were over the past century. On the graph, the blue swath 
represents the range of projected streamflows based on an increase 
in temperature of 3.6 to 5.4°F. The other lines represent streamflows 
in the early and late 1900s.487,494

University of Washington490
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see increased growth. In the longer term, forest 
growth is expected to decrease as summertime 
soil moisture deficits limit forest productivity, 
with low-elevation forests experiencing these 
changes first. The extent and species composi-
tion of forests are also expected to change as tree 
species respond to climate change. There is also 
the potential for extinction of local populations 
and loss of biological diversity if environmental 
changes outpace species’ ability to shift their 
ranges and form successful new ecosystems. 

Agriculture, especially production of tree fruit 
such as apples, is also an important part of the 
regional economy. Decreasing irrigation supplies, 
increasing pests and disease, and increased com-
petition from weeds are likely to have negative 
effects on agricultural production.

Salmon and other coldwater species 
will experience additional stresses as a 
result of rising water temperatures and 
declining summer streamflows.

Northwest salmon populations are at historically 
low levels due to stresses imposed by a variety of 
human activities including dam building, logging, 
pollution, and over-fishing. Climate change affects 
salmon throughout their life stages and poses an 
additional stress. As more winter precipitation falls 
as rain rather than snow, higher winter stream-
flows scour streambeds, damaging spawning nests 
and washing away incubating eggs. Earlier peak 
streamflows flush young salmon from rivers to 
estuaries before they are physically mature enough 
for the transition, increasing a variety of stresses 
including the risk of being eaten by predators. 
Lower summer streamflows and warmer water 
temperatures create less favorable summer stream 
conditions for salmon and other coldwater fish 
species in many parts of the Northwest. In addition, 
diseases and parasites that infect salmon tend to 
flourish in warmer water. Climate change also im-
pacts the ocean environment, where salmon spend 
several years of their lives. Historically, warm 
periods in the coastal ocean have coincided with 
relatively low abundances of salmon, while cooler 
ocean periods have coincided with relatively high 
salmon numbers.70, 563

Most wild Pacific salmon populations are extinct 
or imperiled in 56 percent of their historical range 
in the Northwest and California,496 and populations 
are down more than 90 percent in the Columbia 
River system. Many species are listed as either 
threatened or endangered under the Federal En-
dangered Species Act. Studies suggest that about 
one-third of the current habitat for the Northwest’s 
salmon and other coldwater fish will no longer be 
suitable for them by the end of this century as key 
temperature thresholds are exceeded. Because cli-
mate change impacts on their habitat are projected 
to be negative, climate change is expected to ham-
per efforts to restore depleted salmon populations.

Sea-level rise along vulnerable coastlines 
will result in increased erosion and the 
loss of land.

Climate change is projected to exacerbate many 
of the stresses and hazards currently facing the 
coastal zone. Sea-level rise will increase erosion of 
the Northwest coast and cause the loss of beaches 
and significant coastal land areas. Among the most 
vulnerable parts of the coast is the heavily popu-
lated south Puget Sound region, which includes 
the cities of Olympia, Tacoma, and Seattle, Wash-
ington. Some climate models project changes in 
atmospheric pressure patterns that suggest a more 
southwesterly direction of future winter winds. 
Combined with higher sea levels, this would accel-
erate coastal erosion all along the Pacific Coast.
Sea-level rise in the Northwest (as elsewhere) is 

Decreasing Habitat for Coldwater Fish 

Increasing air temperatures lead to rising water temperatures, which in-
crease stress on coldwater fish such as trout, salmon, and steelhead. August 
average air temperature above 70°F is a threshold above which these fish are 
severely stressed. Projected temperatures for the 2020s and 2040s under 
a higher emissions scenario suggest that the habitat for these fish is likely 
to decrease dramatically.486,497,568,569

University of 
Washington490
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determined by global rates of 
sea-level rise, changes in coastal 
elevation associated with local 
vertical movement of the land, 
and atmospheric circulation 
patterns that influence wind-
driven “pile-up” of water along 
the coast. A mid-range estimate 
of relative sea-level rise for the 
Puget Sound basin is about 13 
inches by 2100. However, higher 
levels of up to 50 inches by 
2100 in more rapidly subsiding 
(sinking) portions of the basin 
are also possible given the large 
uncertainties about accelerating 
rates of ice melt from Greenland 
and Antarctica in recent years 
(see Global and National Cli-
mate Change sections).498

An additional concern is landslides on coastal bluffs. The projected heavier winter rainfall suggests an 
increase in saturated soils and, therefore, an increased number of landslides. Increased frequency and/
or severity of landslides is expected to be especially problematic in areas where there has been intensive 
development on unstable slopes. Within Puget Sound, the cycle of beach erosion and bluff landslides will be 
exacerbated by sea-level rise, increasing beach erosion, and decreasing slope stability.

Adaptation:   Improved Planning to Cope with Future Changes

States, counties, and cities in the Northwest are beginning to develop strategies to adapt to climate 
change. In 2007, Washington state convened stakeholders to develop adaptation strategies for water, 
agriculture, forests, coasts, infrastructure, and human health. Recommendations included improved 
drought planning, improved monitoring of diseases and pests, incorporating sea-level rise in coastal 
planning, and public education. An implementation strategy is under development.

In response to concerns about increasing flood risk, King County, Washington, approved plans in 2007 to 
fund repairs to the county’s aging levee system. The county also will replace more than 57 “short-span” 
bridges with wider span structures that allow more debris and floodwater to pass underneath rather 
than backing up and causing the river to flood. The county has begun incorporating porous concrete and 
rain gardens into road projects to manage the effects of stormwater runoff during heavy rains, which are 
increasing as climate changes. King County has also published an adaptation guidebook that is becoming 
a model that other local governments can refer to in order to organize adaptation actions within their 
municipal planning processes.500

Concern about sea-level rise in Olympia, Washington, contributed to the city’s decision to relocate its 
primary drinking water source from a low-lying surface water source to wells on higher ground. The city 
adjusted its plans for construction of a new City Hall to locate the building in an area less vulnerable to 
sea-level rise than the original proposed location. The building’s foundation also was raised by 1 foot.

Northwest Cities at Risk to Sea-Level Rise

Highly populated coastal areas throughout Puget Sound, Washington, are vulnerable 
to sea-level rise. The maps show regions of Olympia and Harbor Island (both located 
in Puget Sound) that are likely to be lost to sea-level rise by the end of this century 
based on moderate and high estimates.

Petersen499
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Over the past 50 years, Alaska has warmed at 
more than twice the rate of the rest of the United 
States’ average. Its annual average temperature 
has increased 3.4°F, while winters have warmed 
even more, by 6.3°F.501 As a result, climate change 
impacts are much more pronounced than in other 
regions of the United States. The higher tempera-
tures are already contributing to earlier spring 
snowmelt, reduced sea ice, widespread glacier 
retreat, and permafrost warming.220,501 These ob-
served changes are consistent with climate model 
projections of greater warming over Alaska, 
especially in winter, as compared to the rest of  
the country. 

Climate models also project increases in pre-
cipitation over Alaska. Simultaneous increases 
in evaporation due to higher air temperatures, 
however, are expected to lead to drier condi-
tions overall, with reduced soil moisture.90 In the 
future, therefore, model projections suggest a 
longer summer growing season combined with an 
increased likelihood of summer drought  
and wildfires. 

Average annual temperatures in Alaska are 
projected to rise about 3.5 to 7°F by the middle 
of this century. How much temperatures rise later 
in the century depends strongly on global emis-
sions choices, with increases of 5 to 8°F projected 
with lower emissions, and increases of 8 to 13°F 
with higher emissions.91 Higher temperatures 
are expected to continue to reduce Arctic sea ice 
coverage. Reduced sea ice provides opportunities 
for increased shipping and resource extraction. At 
the same time, it increases coastal erosion522 and 
flooding associated with coastal storms. Reduced 
sea ice also alters the timing and location of 
plankton blooms, which is expected to drive major 
shifts of marine species such as pollock and other 
commercial fish stocks.527

Observed and Projected Temperature Rise

Alaska’s annual average temperature has increased 3.4ºF over the past 
50 years. The observed increase shown above compares the average 
temperature of 1993-2007 with a 1960s-1970s baseline, an increase of 
over 2ºF. The brackets on the thermometers represent the likely range 
of model projections, though lower or higher outcomes are possible. By 
the end of this century, the average temperature is projected to rise by 
5 to 13ºF above the 1960s-1970s baseline. 

CMIP3-A93

Fairbanks Frost-Free Season, 1904 to 2008

Over the past 100 years, the length of the frost-free season 
in Fairbanks, Alaska, has increased by 50 percent. The trend 
toward a longer frost-free season is projected to produce 
benefits in some sectors and detriments in others.

University of Alaska502
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Longer summers and higher 
temperatures are causing drier 
conditions, even in the absence of 
strong trends in precipitation.

Between 1970 and 2000, the snow-free season 
increased by approximately 10 days across 
Alaska, primarily due to earlier snowmelt in the 
spring.503,504 A longer growing season has potential 
economic benefits, providing a longer period of 
outdoor and commercial activity such as tourism. 
However, there are also downsides. For example, 
white spruce forests in Alaska’s interior are expe-
riencing declining growth due to drought stress505 
and continued warming could lead to widespread 
death of trees.506 The decreased soil moisture in 
Alaska also suggests that agriculture in Alaska 
might not benefit from the longer growing season.

Insect outbreaks and wildfires are 
increasing with warming. 

Climate plays a key role in determining the extent 
and severity of insect outbreaks and wildfires.506,507 
During the 1990s, for example, south-central 
Alaska experienced the largest outbreak of spruce 
beetles in the world.243,506 This outbreak occurred 
because rising temperatures allowed the spruce 
beetle to survive over the winter and to complete its 
life cycle in just one year instead of the normal two 
years. Healthy trees ordinarily defend themselves 
by pushing back against burrowing beetles with 
their pitch. From 1989 to 1997, however, the region 
experienced an extended drought, leaving the trees 
too stressed to fight off the infestation. 

Alaska Spruce Beetle Infestation 
Kenai Peninsula, 1972 to 1998

Warming in Alaska has caused insect outbreaks to increase. Red areas indicate spruce beetle infestations on the Kenai Peninsula.    
Over 5 million acres of Alaska spruce forests were destroyed.  

Berman et al.508
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also important to Native peoples who hunt and fish 
for their food in interior Alaska. Many villages 
are located adjacent to wetlands that support an 
abundance of wildlife resources. The sustainability 
of these traditional lifestyles is thus threatened by a 
loss of wetlands.

Thawing permafrost damages roads, 
runways, water and sewer systems, and 
other infrastructure.

Permafrost temperatures have increased throughout 
Alaska since the late 1970s.149 The largest increases 
have been measured in the northern part of the 
state.515 While permafrost in interior Alaska so far 
has experienced less warming than permafrost in 
northern Alaska, it is more vulnerable to thawing 
during this century because it is generally just 
below the freezing point, while permafrost in 
northern Alaska is colder. 

Land subsidence (sinking) associated with the 
thawing of permafrost presents substantial chal-
lenges to engineers attempting to preserve infra-
structure in Alaska.516 Public infrastructure at risk 
for damage includes roads, runways, and water 
and sewer systems. It is estimated that thawing 

Prior to 1990, the spruce budworm was not able to 
reproduce in interior Alaska.506 Hotter, drier sum-
mers, however, now mean that the forests there are 
threatened by an outbreak of spruce budworms.509 
This trend is expected to increase in the future 
if summers in Alaska become hotter and drier.506 
Large areas of dead trees, such as those left behind 
by pest infestations, are highly flammable and thus 
much more vulnerable to wildfire than living trees.

The area burned in North America’s northern forest 
that spans Alaska and Canada tripled from the 
1960s to the 1990s. Two of the three most exten-
sive wildfire seasons in Alaska’s 56-year record 
occurred in 2004 and 2005, and half of the most 
severe fire years on record have occurred since 
1990.510 Under changing climate conditions, the av-
erage area burned per year in Alaska is projected to 
double by the middle of this century.507 By the end 
of this century, area burned by fire is projected to 
triple under a moderate greenhouse gas emissions 
scenario and to quadruple under a higher emissions 
scenario.91 Such increases in area burned would 
result in numerous impacts, including hazardous 
air quality conditions such as those suffered by 
residents of Fairbanks during the summers of 2004 
and 2005, as well as increased risks to rural Native 
Alaskan communities because of reduced avail-
ability of the fish and game that make up their diet. 
This would cause them to adopt a more “Western” 
diet,511 known to be associated with increased risk 
of cancers, diabetes, and cardiovascular disease.512

Lakes are declining in area.

Across the southern two-thirds of Alaska, the 
area of closed-basin lakes (lakes without stream 
inputs and outputs) has decreased over the past 50 
years. This is likely due to the greater evapora-
tion and thawing of permafrost that result from 
warming.513,514 A continued decline in the area of 
surface water would present challenges for the 
management of natural resources and ecosystems 
on National Wildlife Refuges in Alaska. These 
refuges, which cover over 77 million acres (21 per-
cent of Alaska) and comprise 81 percent of the U.S. 
National Wildlife Refuge System, provide breeding 
habitat for millions of waterfowl and shorebirds 
that winter in the lower 48 states. Wetlands are 

Ponds in Alaska are Shrinking (1951 to 2000)
Yukon Flats National Wildlife Refuge

Ponds across Alaska, including those shown above in the northeastern 
interior of the state, have shrunk as a result of increased evaporation 
and permafrost thawing. The pond in the top pair of images shrunk 
from 180 to 10 acres; the larger pond in the bottom pair of images 
shrunk from 90 to 4 acres.

Riordan et al.514
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permafrost would add between $3.6 billion and $6.1 billion (10 to 
20 percent) to future costs for publicly owned infrastructure by 
2030 and between $5.6 billion and $7.6 billion (10 to 12 percent) 
by 2080.230 Analyses of the additional costs of permafrost thaw-
ing to private property have not yet been conducted.

Thawing ground also has implications for oil and gas drilling. As 
one example, the number of days per year in which travel on the 
tundra is allowed under Alaska Department of Natural Re-
sources standards has dropped from more than 200 to about 100 
days in the past 30 years. This results in a 50 percent reduction 
in days that oil and gas exploration and extraction equipment can 
be used.220,245 

Thawing permafrost can push natural ecosystems across thresh-
olds. Some forests in Alaska are literally toppling over as the 

permafrost beneath them thaws, undermining the 
root systems of trees (see photo next page).

Coastal storms increase risks to villages 
and fishing fleets.

Alaska has more coastline than the other 49 states 
combined. Frequent storms in the Gulf of Alaska 
and the Bering, Chukchi, and Beaufort Seas already 
affect the coasts during much of the year. Alaska’s 
coastlines, many of which are low in elevation, are 
increasingly threatened by a combination of the loss 
of their protective sea ice buffer, increasing storm 
activity, and thawing coastal permafrost.

Increasing storm activity in autumn in recent 
years520 has delayed or prevented barge operations 

Permafrost Temperature, 
1978 to 2008

Deadhorse, northern Alaska

Permafrost temperatures have risen throughout Alaska, 
with the largest increases in the northern part of the 
state. 

Brown and Romanovsky517

Changing Permafrost Distribution
Moderate Warming Scenario

The maps show projected thawing on the Seward Peninsula by the end 
of this century under a moderate warming scenario approximately half-
way between the lower and higher emissions scenarios91 described on 
page 23.

Busey et al.518

Adaptation:  Keeping Soil Around the Pipeline Cool

When permafrost thaws, it can cause the soil to sink or 
settle, damaging structures built upon or within that soil. 
A warming climate and burial of supports for the Trans-
Alaska Pipeline System both contribute to thawing of 
the permafrost around the pipeline. In locations on the 
pipeline route where soils were ice-rich, a unique above-
ground system was developed to keep the ground cool. 
Thermal siphons were designed to disperse heat to the 
air that would otherwise be transferred to the soil, and 
these siphons were placed on the pilings that support the 
pipeline. While this unique technology added significant 
expense to the pipeline construction, it helps to greatly 
increase the useful lifetime of this structure.519
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that supply coastal communities with fuel. 
Commercial fishing fleets and other marine 
traffic are also strongly affected by Bering Sea storms. High-wind events have become more frequent along 
the western and northern coasts. The same regions are experiencing increasingly long sea-ice-free seasons and 
hence longer periods during which coastal areas are especially vulnerable to wind and wave damage. Downtown 
streets in Nome, Alaska, have flooded in recent years. Coastal erosion is causing the shorelines of some areas 
to retreat at average rates of tens of feet per year. The ground beneath several native communities is literally 
crumbling into the sea, forcing residents to confront difficult and expensive choices between relocation and 
engineering strategies that require continuing investments despite their uncertain effectiveness (see Society 

sector). The rate of erosion 
along Alaska’s northeastern 
coastline has doubled over the 
past 50 years.522 

Over this century, an increase 
of sea surface temperatures 
and a reduction of ice cover 
are likely to lead to northward 
shifts in the Pacific storm 
track and increased impacts 
on coastal Alaska.523,524 
Climate models project the 
Bering Sea to experience the 
largest decreases in atmo-
spheric pressure in the North-
ern Hemisphere, suggesting 
an increase in storm activity 
in the region.90 In addition, the 
longer ice-free season is likely 
to make more heat and mois-
ture available for storms in the 
Arctic Ocean, increasing their 
frequency and/or intensity.

Annual Number of Storms at Barrow, Alaska, 1950-2004
(northernmost town in the United States)

The number of coastal storms has generally increased as the amount of ice along the 
coast has decreased. This increase threatens commercial activity and communities 
in Alaska. The blue line indicates the annual number of open-water storms, those 
occurring in primarily ice-free water (July to December). The purple line indicates the 
number of storms occurring when thick sea ice is present (January to June). The black 
and green lines are smoothed using 5-year averages. 

Barrow

University of Alaska525

Projected Coastal Erosion, 2007 to 2027  
Newtok, western Alaska

Many of Alaska’s coastlines are eroding rapidly; the disappearance of coastal 
land is forcing communities to relocate. The 2007 line on the image indicates 
where Newtok, Alaska’s shoreline had eroded to by 2007. The other lines 
are projected assuming a conservative erosion rate of 36 to 83 feet per year; 
however, Newtok residents reported a July 2003 erosion rate of 110 feet 
per year. 

U.S. Army Corps of Engineers521

Leaning trees in this Alaska forest tilt because the 
ground beneath them, which used to be perma-
nently frozen, has thawed. Forests like this are named 
“drunken forests.”



U.S. Global Change Research Program

144 PB

Global Climate Change Impacts in the United States Regional Climate Impacts: Alaska

the extent and location of the ice edge in spring. As 
the sea ice retreats, the location, timing, and spe-
cies composition of the plankton blooms changes, 
reducing the amount of food reaching the living 
things on the ocean floor. This radically changes 
the species composition and populations of fish and 
other marine life forms, with significant repercus-
sions for fisheries527 (see Ecosystems sector).

Over the course of this century, changes already 
observed on the shallow shelf of the northern 
Bering Sea are likely to affect a much broader por-
tion of the Pacific-influenced sector of the Arctic 
Ocean. As such changes occur, the most productive 
commercial fisheries are likely to become more 
distant from existing fishing ports and processing 
infrastructure, requiring either relocation or greater 
investment in transportation time and fuel costs. 
These changes will also affect the ability of Native 
Peoples to successfully hunt and fish for the food 
they need to survive. Coastal communities are 
already noticing a displacement of walrus and seal 
populations. Bottom-feeding walrus populations 
are threatened when their sea ice platform retreats 
from the shallow coastal feeding grounds on which 
they depend.528

Displacement of marine species will 
affect key fisheries.

Alaska leads the United States in the value of its 
commercial fishing catch. Most of the nation’s 
salmon, crab, halibut, and herring come from 
Alaska. In addition, many Native communities 
depend on local harvests of fish, walruses, seals, 
whales, seabirds, and other marine species for  
their food supply. Climate change causes signifi-
cant alterations in marine ecosystems with impor-
tant implications for fisheries. Ocean acidification 
associated with a rising carbon dioxide concentra-
tion represents an additional threat to coldwater 
marine ecosystems23,526 (see Ecosystems sector and 
Coasts region).

One of the most productive areas for Alaska 
fisheries is the northern Bering Sea off Alaska’s 
west coast. The world’s largest single fishery is the 
Bering Sea pollock fishery, which has undergone 
major declines in recent years. Over much of the 
past decade, as air and water temperatures rose, 
sea ice in this region declined sharply. Populations 
of fish, seabirds, seals, walruses, and other species 
depend on plankton blooms that are regulated by 

Marine Species Shifting Northward
1982 to 2006

As air and water temperatures rise, marine species are moving northward, affecting fisheries, ecosystems, and 
coastal communities that depend on the food source. On average, by 2006, the center of the range for the 
examined species moved 19 miles north of their 1982 locations.

Mueter and Litzow529
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Islands
Climate change presents the Pacific and Caribbean 
islands with unique challenges. The U.S. affili-
ated Pacific Islands are home to approximately 
1.7 million people in the Hawaiian Islands; Palau; 
the Samoan Islands of Tutuila, Manua, Rose, and 
Swains; and islands in the Micronesian archi-
pelago, the Carolines, Marshalls, and Marianas.530 
These include volcanic, continental, and limestone 
islands, atolls, and islands of mixed geologies.530 
The degree to which climate change and variability 
will affect each of the roughly 30,000 islands in the 
Pacific depends upon a variety of factors, including 
the island’s geology, area, height above sea level, 
extent of reef formation, and the size of its freshwa-
ter aquifer.531 

In addition to Puerto Rico and the U.S. Virgin 
Islands, there are 40 island nations in the Caribbean 
that are home to approximately 38 million people.532 
Population growth, often concentrated in coastal 
areas, escalates the vulnerability of both Pacific 
and Caribbean island communities to the effects of 
climate change, as do weakened traditional sup-
port systems. Tourism and fisheries, both of which 
are climate-sensitive, play a large economic role in 
these communities.530

Small islands are considered among the most vul-
nerable to climate change because extreme events 
have major impacts on them. Changes in weather 
patterns and the frequency and intensity of extreme 
events, sea-level rise, coastal erosion, coral reef 
bleaching, ocean acidification, and contamination 
of freshwater resources by salt water are among the 
impacts small islands face.533 

Islands have experienced rising temperatures and 
sea levels in recent decades. Projections for the rest 
of this century suggest:

Increases in air and ocean surface temperatures • 
in both the Pacific and Caribbean;90

An overall decrease in rainfall in the Carib-• 
bean; and
An increased frequency of heavy downpours • 
and increased rainfall during summer months 
(rather than the normal rainy season in winter 
months) for the Pacific (although the range of 
projections regarding rainfall in the Pacific is 
still quite large).

The number of heavy rain events is very likely to 
increase.90 Hurricane (typhoon) wind speeds and 
rainfall rates are likely to increase with continued 

Air temperatures have increased over the last 100 years in both the Pacific Island and Caribbean regions. Larger in-
creases are projected in the future, with higher emissions scenarios91 producing considerably greater increases. The 
shaded areas show the likely ranges while the lines show the central projections from a set of climate models.

Air Temperature Change, Observed and Projected, 1900 to 2100  
relative to 1960-1979 average

Pacific Islands Caribbean

Smith et al.72; CMIP3-A93
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warming.68 Islands and other low-lying coastal 
areas will be at increased risk from coastal inun-
dation due to sea-level rise and storm surge, with 
major implications for coastal communities, infra-
structure, natural habitats, and resources.

The availability of freshwater is likely to 
be reduced, with significant implications 
for island communities, economies,  
and resources. 

Most island communities in the Pacific and the 
Caribbean have limited sources of the freshwater 
needed to support unique ecosystems and biodiver-
sity, public health, agriculture, and tourism. Con-
ventional freshwater resources include rainwater 
collection, groundwater, and surface water.534 For 
drinking and bathing, smaller Pacific islands pri-
marily rely on individual rainwater catchment sys-
tems, while groundwater from the freshwater lens 
is used for irrigation. The size of freshwater lenses 
in atolls is influenced by factors such as rates of 
recharge (through precipitation), rates of use, and 
extent of tidal inundation.531 Since rainfall trig-
gers the formation of the freshwater lens, changes 
in precipitation, such as the significant decreases 
projected for the Caribbean, can significantly affect 
the availability of water. Because tropical storms 
replenish water supplies, potential changes in these 
storms are a great concern.

While it might initially be seen as a benefit, in-
creased rainfall in the Pacific Islands during the 
summer months is likely to result in increased 
flooding, which would reduce drinking water quali-
ty and crop yields.534 In addition, many islands have 
weak distribution systems and old infrastructure, 
which result in significant water leakage, decreas-
ing their ability to use freshwater efficiently. Water 
pollution (such as from agriculture or sewage), 
exacerbated by storms and floods, can contaminate 
the freshwater supply, affecting public health. Sea-
level rise also affects island water supplies by caus-
ing salt water to contaminate the freshwater lens 
and by causing an increased frequency of flooding 
due to storm high tides.531 Finally, a rapidly rising 
population is straining the limited water resources, 
as would an increased incidence and/or intensity of 
storms534 or periods of prolonged drought.

Island communities, infrastructure, and 
ecosystems are vulnerable to coastal 
inundation due to sea-level rise and 
coastal storms.

Sea-level rise will have enormous effects on many 
island nations. Flooding will become more frequent 
due to higher storm tides, and coastal land will be 
permanently lost as the sea inundates low- 
lying areas and the shorelines erode. Loss of land 

Freshwater Lens

Many island communities depend on freshwater 
lenses, which are recharged by precipitation. The 
amount of water a freshwater lens contains is 
determined by the size of the island, the amount of 
rainfall, rates of water withdrawal, the permeability 
of the rock beneath the island, and salt mixing due 
to storm- or tide-induced pressure. Freshwater 
lenses can be as shallow as 4 to 8 inches or as deep 
as 65 feet.534

Adapted from Burns534

Caribbean Precipitation Change 
1900 to 2100

Total annual precipitation has declined in the Caribbean 
and climate models project stronger declines in the fu-
ture, particularly under higher emission scenarios.91 Such 
decreases threaten island communities that rely on rainfall 
for replenishing their freshwater supplies. The shaded areas 
show the likely ranges while the lines show the central 
projections from a set of climate models.

CMIP3-A93
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will reduce freshwater supplies531 and affect living 
things in coastal ecosystems. For example, the 
Northwestern Hawaiian Islands, which are low-
lying and therefore at great risk from increasing sea 
level, have a high concentration of endangered and 
threatened species, some of which exist nowhere 
else.535 The loss of nesting and nursing habitat is 
expected to threaten the survival of already vulner-
able species.535

In addition to gradual sea-level rise, extreme high 
water level events can result from a combination 
of coastal processes.271 For example, the harbor 
in Honolulu, Hawaii, experienced the highest 
daily average sea level ever recorded in Septem-
ber 2003. This resulted from the combination of 
long-term sea-level rise, normal seasonal heating 
(which causes the volume of water to expand and 
thus the level of the sea to rise), seasonal high tide, 
and an ocean circulation event which temporarily 
raised local sea level.536 The interval between such 
extreme events has decreased from more than 20 
years to approximately 5 years as average sea level 
has risen.536

Hurricanes, typhoons, and other storm events, with 
their intense precipitation and storm surge, cause 
major impacts to Pacific and Caribbean island com-

munities, including loss of life, damage to infrastruc-
ture and property, and contamination of freshwater 
supplies.537 As the climate continues to warm, the 
peak wind intensities and near-storm precipitation 
from future tropical cyclones are likely to increase,90 
which, combined with sea-level rise, is expected to 
cause higher storm surge levels. If such events occur 
frequently, communities would face challenges in 
recovering between events, resulting in long-term 
deterioration of infrastructure, freshwater and agri-
cultural resources, and other impacts.246 

Adaptation:   Securing Water Resources

In the islands, “water is gold.” Effective adaptation to climate-related 
changes in the availability of freshwater is thus a high priority. While island 
communities cannot completely counter the threats to water supplies 
posed by global warming, effective adaptation approaches can help reduce 
the damage. 

When existing resources fall short, managers look to unconventional 
resources, such as desalinating seawater, importing water by ship, and 
using treated wastewater for non-drinking uses. Desalination costs are 
declining, though concerns remain about the impact on marine life, the 
disposal of concentrated brines that may contain chemical waste, and the large energy use (and associated 
carbon footprint) of the process.146 With limited natural resources, the key to successful water resource 
management in the islands will continue to be “conserve, recover, and reuse.”530

Pacific Island communities are also making use of the latest science. This effort started during the 1997 to 
1998 El Niño, when managers began using seasonal forecasts to prepare for droughts by increasing public 
awareness and encouraging water conservation. In addition, resource managers can improve infrastruc-
ture, such as by fixing water distribution systems to minimize leakage and by increasing freshwater  
storage capacity.530

A billboard on Pohnpei, in the Fed-
erated States of Micronesia, encour-
ages water conservation in prepara-
tion for the 1997 to 1998 El Niño. 

Extreme Sea-Level Days: Honolulu, Hawaii

Sea-level rise will result in permanent land loss and reductions in 
freshwater supplies, as well as threaten coastal ecosystems. “Extreme” 
sea-level days (with a daily average of more than 6 inches above the 
long-term average90) can result from the combined effects of gradual 
sea-level rise due to warming and other phenomena, including seasonal 
heating and high tides.

Firing and Merrifield536
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Critical infrastruc-
ture, including 
homes, airports, and 
roads, tends to be 
located along the 
coast. Flooding re-
lated to sea-level rise 
and hurricanes and 
typhoons negatively 
affects port facili-
ties and harbors, and 
causes closures of 

roads, airports, and bridges.538 Long-term infra-
structure damage would affect social services such 
as disaster risk management, health care, education, 
management of freshwater resources, and economic 
activity in sectors such as tourism and agriculture. 

Climate changes affecting coastal and 
marine ecosystems will have major 
implications for tourism and fisheries.

Marine and coastal ecosystems of the islands are 
particularly vulnerable to the impacts of climate 
change. Sea-level rise, increasing water tempera-
tures, rising storm intensity, coastal inundation  
and flooding from extreme events, beach erosion, 
ocean acidification, increased incidences of coral 
disease, and increased invasions by non-native 
species are among the threats that endanger the 
ecosystems that provide safety, sustenance, eco-
nomic viability, and cultural and traditional values 
to island communities.539

Tourism is a vital part of the economy for many 
islands. In 1999, the Caribbean had tourism-based 
gross earnings of $17 billion, providing 900,000 
jobs and making the Caribbean one of the most 
tourism dependent regions in the world.532 In the 
South Pacific, tourism can contribute as much as 
47 percent of gross domestic product.540 In Hawaii, 
tourism generated $12.4 billion for the state in 
2006, with over 7 million visitors.541 

Sea-level rise can erode beaches, and along with 
increasing water temperatures, can destroy or de-
grade natural resources such as mangroves and cor-
al reef ecosystems that attract tourists.246 Extreme 
weather events can affect transportation systems 

and interrupt communications. The availability of 
freshwater is critical to sustaining tourism, but is 
subject to the climate-related impacts described 
on the previous page. Public health concerns about 
diseases would also negatively affect tourism. 

Coral reefs sustain fisheries and tourism, have 
biodiversity value, scientific and educational value, 
and form natural protection against wave erosion.542 
For Hawaii alone, net benefits of reefs to the econo-
my are estimated at $360 million annually, and the 
overall asset value is conservatively estimated to be 
nearly $10 billion.542 In the Caribbean, coral reefs 
provide annual net benefits from fisheries, tourism, 
and shoreline protection services of between $3.1 
billion and $4.6 billion. The loss of income by 2015 
from degraded reefs is conservatively estimated at 
several hundred million dollars annually.532,543 

Coral reef ecosystems are particularly susceptible 
to the impacts of climate change, as even small 
increases in water temperature can cause coral 
bleaching,544 damaging and killing corals. Ocean 
acidification due to a rising carbon dioxide concen-
tration poses an additional threat (see Ecosystems 
sector and Coasts region). Coral reef ecosystems 
are also especially vulnerable to invasive species.545 
These impacts, combined with changes in the oc-
currence and intensity of El Niño events, rising sea 
level, and increasing storm damage,246 will have 
major negative effects on coral reef ecosystems.

Fisheries feed local people and island economies. 
Almost all communities within the Pacific Islands 
derive over 25 percent of their animal protein from 
fish, with some deriving up to 69 percent.546 For 
island fisheries sustained by healthy coral reef and 
marine ecosystems, climate change impacts exacer-
bate stresses such as overfishing,246 affecting both 
fisheries and tourism that depend on abundant and 
diverse reef fish. The loss of live corals results in 
local extinctions and a reduced number of reef  
fish species.547

Nearly 70 percent of the world’s annual tuna har-
vest, approximately 3.2 million tons, comes from 
the Pacific Ocean.548 Climate change is projected to 
cause a decline in tuna stocks and an eastward  
shift in their location, affecting the catch of  
certain countries.246

Coastal houses and an airport in the U.S.-
affiliated Federated States of Micronesia rely 
on mangroves’ protection from erosion and 
damage due to rising sea level, waves, storm 
surges, and wind.
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Approximately one-third of all Americans live in 
counties immediately bordering the nation’s ocean 
coasts.549,550 In addition to accommodating major cities, 
the coasts and the exclusive economic zone extend-
ing 200 miles offshore provide enjoyment, recreation, 
seafood, transportation of goods, and energy. Coastal 
and ocean activities contribute more than $1 trillion to 
the nation’s gross domestic product and the ecosystems 
hold rich biodiversity and provide invaluable servic-
es.551 However, intense human uses have taken a toll on 
coastal environments and their resources. Many fish 
stocks have been severely diminished by over-fishing, 
large “dead zones” depleted of oxygen have developed 
as a result of pollution by excess nitrogen runoff, toxic 
blooms of algae are increasingly frequent, and coral 
reefs are badly damaged or becoming overgrown with 
algae. About half of the nation’s coastal wetlands have 
been lost – and most of this loss has occurred during 
the past 50 years.

Global climate change imposes additional stresses 
on coastal environments. Rising sea level is already 
eroding shorelines, drowning wetlands, and threaten-
ing the built environment.43,224 The destructive po-
tential of Atlantic tropical storms and hurricanes has 
increased since 1970 in association with increasing 
Atlantic sea surface temperatures, and it is likely that 
hurricane rainfall and wind speeds will increase in 
response to global warming.112 Coastal water tempera-
tures have risen by about 2°F in several regions, and 

the geographic distributions of marine species have 
shifted.37,68,347 Precipitation increases on land have 
increased river runoff, polluting coastal waters with 
more nitrogen and phosphorous, sediments, and other 
contaminants. Furthermore, increasing acidification 
resulting from the uptake of carbon dioxide by ocean 
waters threatens corals, shellfish, and other living 
things that form their shells and skeletons from cal-
cium carbonate23 (see Ecosystems sector). All of these 
forces converge and interact at the coasts, making 
these areas particularly sensitive to the impacts of 
climate change.

Significant sea-level rise and storm surge 
will adversely affect coastal cities and 
ecosystems around the nation; low-lying 
and subsiding areas are most vulnerable.

The rise in sea level relative to the land surface in any 
given location is a function of both the amount of glob-
al average sea-level rise and the degree to which the 
land is rising or falling. During the past century in the 
United States, relative sea level changes ranged from 
falling several inches to rising as much as 2 feet.225 
High rates of relative sea-level rise, coupled with cut-
ting off the supply of sediments from the Mississippi 
River and other human alterations, have resulted in the 
loss of 1,900 square miles of Louisiana’s coastal wet-
lands during the past century, weakening their capacity 

Various forces of climate change at the coasts pose a complex array of management challenges and adaptation 
requirements. For example, relative sea level is expected to rise at least 2 feet in Chesapeake Bay (located 
between Maryland and Virginia) where the land is subsiding, threatening portions of cities, inhabited islands, 
most tidal wetlands, and other low-lying regions. Climate change also will affect the volume of the bay, its 
salinity distribution and circulation, as will changes in precipitation and freshwater runoff. These changes, in 
turn, will affect summertime oxygen depletion and efforts to reduce the agricultural nitrogen runoff that 
causes it. Meanwhile the warming of the bay’s waters will make survival there difficult for northern species 
such as eelgrass and soft clams, while allowing southern species and invaders riding in ships’ ballast water 
to move in and change the mix of species that are caught and must be managed. Additionally, more acidic 
waters resulting from rising carbon dioxide levels will make it difficult for oysters to build their shells and will 
complicate the recovery of this key species.553

Multiple Stresses Confront Coastal Regions
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to absorb the storm surge of hurricanes 
such as Katrina.552 Shoreline retreat is 
occurring along most of the nation’s 
exposed shores.

The amount of sea-level rise likely to 
be experienced during this century 
depends mainly on the expansion of 
the ocean volume due to warming and 
the response of glaciers and polar ice 
sheets. Complex processes control the discharges from polar ice sheets and 
some are already producing substantial additions of water to the ocean.554 
Because these processes are not well understood, it is difficult to predict 
their future contributions to sea-level rise.90,555 

As discussed in the Global Climate Change section, recent estimates of 
global sea-level rise substantially exceed the IPCC estimates, suggesting 
sea-level rise between 3 and 4 feet in this century. Even a 2-foot rise in 
relative sea level over a century would result in the loss of a large portion 
of the nation’s remaining coastal wetlands, as they are not able to build new 
soil at a fast enough rate.164 Accelerated sea-level rise would affect sea-
grasses, coral reefs, and other important habitats. It would also fragment 
barrier islands, and place into jeopardy existing homes, businesses, and 
infrastructure, including roads, ports, and water and sewage systems. Por-
tions of major cities, including Boston and New York, would be subject to 
inundation by ocean water 
during storm surges or even 
during regular high tides.234

More spring runoff and warmer coastal waters 
will increase the seasonal reduction in oxygen 
resulting from excess nitrogen from agriculture.

Coastal dead zones in places such as the northern Gulf of 
Mexico556 and the Chesapeake Bay557 are likely to increase 
in size and intensity as warming increases unless efforts 
to control runoff of agricultural fertilizers are redoubled. 
Greater spring runoff into East Coast estuaries and the Gulf 
of Mexico would flush more nitrogen into coastal waters 
stimulating harmful blooms of algae and the excess produc-
tion of microscopic plants that settle near the seafloor and 
deplete oxygen supplies as they decompose. In addition, all 
else being equal, greater runoff reduces salinity, which when 
coupled with warmer surface water increases the difference 
in density between surface and bottom waters, thus pre-
venting the replacement of oxygen in the deeper waters. As 
dissolved oxygen levels decline below a certain level, living 
things cannot survive. They leave the area if they can, and die 
if they cannot.

A “ghost swamp” in south Louisiana 
shows the effects of saltwater intrusion.

Dead Zones in the 
Chesapeake Bay

Climate change is likely to expand and intensify 
“dead zones,” areas where bottom water is de-
pleted of dissolved oxygen because of nitrogen 
pollution, threatening living things.

Wicks et al.558

Projected Sea-Level Rise
by 2100

Estimates of sea-level rise by the end 
of the century for three emissions 
scenarios.91 Intergovernmental Panel 
on Climate Change 2007 projections 
(range shown as bars) exclude changes 
in ice sheet flow.90 Light blue circles 
represent more recent, central estimates 
derived using the observed relationship 
of sea-level rise to temperature.103 Areas 
where coastal land is sinking, for example 
by as much as 1.5 feet in this century 
along portions of the Gulf Coast, would 
experience that much additional sea-level 
rise relative to the land.128

Meehl et al.90; Rahmstorf103
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Coastal waters are very likely to continue to warm by 
as much 4 to 8°F in this century, both in summer and 
winter.234 This will result in a northward shift in the 
geographic distribution of marine life along the coasts; 
this is already being observed.70,347 The shift occurs 
because some species cannot tolerate the higher tem-
peratures and others are out-competed by species from 
farther south moving in.270 Warming also opens the door 
to invasion by species that humans are intentionally or 
unintentionally transporting around the world, for ex-
ample in the ballast water carried by ships. Species that 
were previously unable to establish populations because 
of cold winters are likely to find the warmer conditions 
more welcoming and gain a foothold,567 particularly 
as native species are under stress from climate change 
and other human activities. Non-native clams and small 
crustaceans have already had major effects on the San 
Francisco Bay ecosystem and the health of its fishery 
resources.559

Higher water temperatures and ocean 
acidification due to increasing atmospheric 
carbon dioxide will present major additional 
stresses to coral 
reefs, resulting 
in significant die-
offs and limited 
recovery.

In addition to carbon 
dioxide’s heat-trapping 
effect, the increase in 
its concentration in the 
atmosphere is gradually 
acidifying the ocean. 
About one-third of the 
carbon dioxide emitted 
by human activities has 
been absorbed by the 
ocean, resulting in a de-
crease in the ocean’s pH. 
Since the beginning of 
the industrial era, ocean 
pH has declined demon-
strably and is projected 
to decline much more by 
2100 if current emissions 
trends continue. Further 
declines in pH are very 

likely to continue to affect the ability of living things 
to create and maintain shells or skeletons of calcium 
carbonate. This is because at a lower pH less of the dis-
solved carbon is available as carbonate ions (see Global 
Climate Change).70,259 

Ocean acidification will affect living things including 
important plankton species in the open ocean, mollusks 
and other shellfish, and corals.22,23,70,259 The effects on 
reef-building corals are likely to be particularly severe 
during this century. Coral calcification rates are likely 
to decline by more than 30 percent under a doubling of 
atmospheric carbon dioxide concentrations, with erosion 
outpacing reef formation at even lower concentrations.22 
In addition, the reduction in pH also affects photosyn-
thesis, growth, and reproduction. The upwelling of 
deeper ocean water, deficient in carbonate, and thus 
potentially detrimental to the food chains supporting 
juvenile salmon has recently been observed along the 
U.S. West Coast.259 

Acidification imposes yet another stress on reef-building 
corals, which are also subject to bleaching – the expul-
sion of the microscopic algae that live inside the corals 

Calcium Carbonate Saturation in Ocean Surface Waters

Corals require the right combination of tempera-
ture, light, and the presence of calcium carbon-
ate (which they use to build their skeletons). As 
atmospheric carbon dioxide levels rise, some of 
the excess carbon dioxide dissolves into ocean 
water, reducing its calcium carbonate saturation. 
As the maps indicate, calcium carbonate saturation 
has already been reduced considerably from its 
pre-industrial level, and model projections suggest 
much greater reductions in the future. The blue 
dots indicate current coral reefs. Note that under 
projections for the future, it is very unlikely that 
calcium carbonate saturation levels will be adequate 
to support coral reefs in any U.S. waters.219

NAST219
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and are essential to their survival – as a result of heat 
stress70 (see Ecosystems sector and Islands region). 
As a result of these and other stresses, the corals that 
form the reefs in the Florida Keys, Puerto Rico, Ha-
waii, and the Pacific Islands are projected to be lost if 
carbon dioxide concentrations continue to rise at their 
current rate.560 

Changing ocean currents will affect  
coastal ecosystems.

Because it affects the distribution of heat in the 
atmosphere and the oceans, climate change will af-
fect winds and currents that move along the nation’s 
coasts, such as the California Current that bathes the 
West Coast from British Columbia to Baja Califor-
nia.70 In this area, wind-driven upwelling of deeper 
ocean water along the coast is vital to moderation 
of temperatures and the high productivity of Pacific 
Coast ecosystems. Coastal currents are subject to 
periodic variations caused by the El Niño-Southern 
Oscillation and the Pacific Decadal Oscillation, which 

have substantial effects on the success of salmon and other fishery resources. Climate change is expected to 
affect such coastal currents, and possibly the larger scale natural oscillations as well, though these effects 
are not yet well understood. The recent emergence of oxygen-depletion events on the continental shelf off 
Oregon and Washington (a dead zone not directly caused by agricultural runoff and waste discharges such 
as those in the Gulf of Mexico or Chesapeake Bay) is one example.561 

Adaptation:  Coping with Sea-Level Rise

Adaptation to sea-level rise is already taking place in three main categories: (1) 
protecting the coastline by building hard structures such as levees and seawalls 
(although hard structures can, in some cases, actually increase risks and worsen 
beach erosion and wetland retreat), (2) accommodating rising water by elevating 
or redesigning structures, enhancing wetlands, or adding sand from elsewhere to beaches (the latter 
is not a permanent solution, and can encourage development in vulnerable locations), and (3) planned 
retreat from the coastline as sea level rises.269 

Several states have laws or regulations that require setbacks for construction based on the planned 
life of the development and observed erosion rates.371 North Carolina, Rhode Island, and South 
Carolina are using such a moving baseline to guide planning. Maine’s Coastal Sand Dune Rules 
prohibit buildings of a certain size that are unlikely to remain stable with a sea-level rise of 2 feet. The 
Massachusetts Coastal Hazards Commission is preparing a 20-year infrastructure and protection plan 
to improve hazards management and the Maryland Commission on Climate Change has recently made 
comprehensive recommendations to reduce the state’s vulnerability to sea-level rise and coastal storms 
by addressing building codes, public infrastructure, zoning, and emergency preparedness. Governments 
and private interests are beginning to take sea-level rise into account in planning levees and bridges,  
and in the siting and design of facilities such as sewage treatment plants (see Adaptation box in 
Northeast region).

Pacific Coast “Dead Zone”
2006 to 2007

Climate change affects coastal currents that moderate ocean 
temperatures and the productivity of ecosystems. As such, it is 
believed to be a factor in the low-oxygen “dead zone” that has 
appeared along the coast of Washington and Oregon in recent 
years.561 In the maps above, blue indicates low-oxygen areas and 
purple shows areas that are the most severely oxygen depleted.

PISCO; NOAA-NWFSC; OSU/COAS562
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Both mitigation and adaptation decisions are becoming 
increasingly necessary. Advancing our knowledge in the 
many aspects of science that affect the climate system 
has already contributed greatly to decision making on 
climate change issues. Further advances in climate 
science including better understanding and projections 
regarding rainfall, storm tracks, storm intensity, heat 
waves, and sea-level rise will improve decision  
making capabilities.

The focus below, however, is on advancing our knowl-
edge specifically on climate change impacts and those 
aspects of climate change responsible for these impacts 
in order to continue to guide decision making. 

Recommendation 1:  
Expand our understanding of climate 
change impacts.

There is a clear need to increase understanding of 
how ecosystems, social and economic systems, human 
health, and infrastructure will be affected by climate 
change in the context of other stresses. New understand-
ing will come from a mix of activities including sus-
tained and systematic observations, field and laboratory 
experiments, model development, and integrated impact 
assessments. These will incorporate shared learning 
among researchers, practitioners (such as engineers and 
water managers), and local stakeholders.

Ecosystems 
Ecosystem changes, in response to changes in climate 
and other environmental conditions, have already been 
documented. These include changes in the chemistry 
of the atmosphere and precipitation, vegetation pat-
terns, growing season length, plant productivity, animal 
species distributions, and the frequency and severity of 
pest outbreaks and fires. In the marine environment, 

changes include the health of corals and other living 
things due to temperature stress and ocean acidification. 
These observations not only document climate-change 
impacts, but also provide critical input to understanding 
how and why these changes occur, and how changes in 
ecosystems in turn affect climate. In this way, records 
of observed changes can improve projections of future 
impacts related to various climate change scenarios. 

In addition to observations, large-scale, whole-ecosys-
tem experiments are essential for improving projections 
of impacts. Ecosystem-level experiments that vary 
multiple factors, such as temperature, moisture, ground-
level ozone, and atmospheric carbon dioxide, would 
provide process-level understanding of the ways eco-
systems could respond to climate change in the context 
of other environmental stresses. Such experiments are 
particularly important for ecosystems with the greatest 
potential to experience massive change due to the cross-
ing of thresholds or tipping points.

Insights regarding ecosystem responses to climate 
change gained from both observations and experiments 
are the essential building blocks of ecosystem simula-
tion models. These models, when rigorously developed 
and tested, provide powerful tools for exploring the 
ecosystem consequences of alternative future climates. 
The incorporation of ecosystem models into an integrat-
ed assessment framework that includes socioeconomic, 
atmospheric and ocean chemistry, and atmosphere-
ocean general circulation models should be a major goal 
of impacts research. This knowledge can provide a base 
for research studies into ways to manage critical ecosys-
tems in an environment that is continually changing. 

Economic systems, human health, and the 
built environment
As natural systems experience variations due to a 
changing climate, social and economic systems will 
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be affected. Food production, water resources, forests, 
parks, and other managed systems provide life support 
for society. Their sustainability will depend on how well 
they can adapt to a future climate that is different from 
historical experience. 

At the same time, climate change is exposing human 
health and the built environment to increasing risks. 
Among the likely impacts are an expansion of the 
ranges of insects and other animals that carry diseases 
and a greater incidence of health-threatening air pollu-
tion events compounded by unusually hot weather as-
sociated with climate change. In coastal areas, sea-level 
rise and storm surge threaten infrastructure including 
homes, roads, ports, and oil and gas drilling and distri-
bution facilities. In other parts of the country, floods, 
droughts, and other weather and climate extremes pose 
increasing threats. 

Careful observations along with climate and Earth 
system models run with a range of emissions scenarios 
can help society evaluate these risks and plan actions to 
minimize them. Work in this area would include assess-
ments of the performance of delivery systems, such as 
those for regional water and electricity supply, so that 
climate change impacts and costs can be evaluated in 
terms of changes in risk to system performance. It will 
be particularly important to understand when the effects 
on these systems are extremely large and/or rapid, 
similar to tipping points and thresholds in ecosystems.

In addition, the climate change experienced outside the 
United States will have implications for our nation. A 
better understanding of these international linkages, 
including those related to trade, security, and large-scale 
movements of people in response to climate change,  
is desirable. 

Recommendation 2: 
Refine ability to project climate change, 
including extreme events, at local scales.

One of the main messages to emerge from the past 
decade of synthesis and assessments is that while 
climate change is a global issue, it has a great deal of 
regional variability. There is an indisputable need to 
improve understanding of climate system effects at 
these smaller scales, because these are often the scales 
of decision making in society. Understanding impacts at 

local scales will also help to target finite resources for 
adaptation measures. Although much progress has been 
made in understanding important aspects of this vari-
ability, uncertainties remain. Further work is needed on 
how to quantify cumulative uncertainties across spatial 
scales and the uncertainties associated with complex, 
intertwined natural and social systems. 

Because region-specific climate changes will occur in 
the context of other environmental and social changes 
that are also region-specific, it is important to continue 
to refine our understanding of regional details, espe-
cially those related to precipitation and soil moisture. 
This would be aided by further testing of models against 
observations using established metrics designed to 
evaluate and improve the realism of regional  
model simulations. 

Continued development of improved, higher resolution 
global climate models, increased computational capac-
ity, extensive climate model experiments, and improved 
downscaling methods will increase the value of geo-
graphically specific climate projections for decision 
makers in government, business, and the  
general population. 

Extreme weather and climate events are a key com-
ponent of regional climate. Additional attention needs 
to be focused on improved observations (made on the 
relevant time and space scales to capture high-impact 
extreme events) and associated research and analysis of 
the potential for future changes in extremes. Impacts 
analyses indicate that extreme weather and climate 
events often play a major role in determining climate-
change consequences. 

Recommendation 3: 
Expand capacity to provide decision makers 
and the public with relevant information on 
climate change and its impacts.

The United States has tremendous potential to create 
more comprehensive measurement, archive, and data-
access systems and to convey needed information that 
could provide great benefit to society. There are several 
aspects to fulfilling this goal: defining what is most 
relevant, gathering the needed information, expanding 
the capacity to deliver information, and improving the 
tools for decision makers to use this information to the 
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best advantage. All of these aspects should involve an 
interactive and iterative process of continual learning 
between those who provide information and those who 
use it. Through such a process, monitoring systems, 
distribution networks, and tools for using information 
can all be refined to meet user needs. 

For example, tools used by researchers that could also 
be useful to decision makers include those that analyze 
and display the probability of occurrence of a range of 
outcomes to help in assessing risks.

Improved climate monitoring can be efficiently 
achieved by following the Climate Monitoring Prin-
ciples recommended by the National Academy of 
Sciences and the Climate Change Science Strategic Plan 
in addition to integrating current efforts of governments 
at all levels. Such a strategy complements a long-term 
commitment to the measurement of the set of essential 
climate variables identified by both the Climate Change 
Science Program and the Global Climate Observing 
System. Attention must be placed on the variety of time 
and space scales critical for decision making.

Improved impacts monitoring would include informa-
tion on the physical and economic effects of extreme 
events (such as floods and droughts), available, for 
example, from emergency preparedness and resource 
management authorities. It would also include regular 
archiving of information about impacts.

Improved access to data and information archives could 
substantially enhance society’s ability to respond to 
climate change. While many data related to climate 
impacts are already freely and readily available to a 
broad range of users, other data, such as damage costs, 
are not, and efforts should be made to make them 
available. Easily accessible information should include 
a set of agreed-upon baseline indicators and measures 
of environmental conditions that can be used to track 
the effects of changes in climate. Services that provide 
reliable, well-documented, and easily used climate 
information, and make this information available to 
support users, are important.

Recommendation 4: 
Improve understanding of thresholds likely 
to lead to abrupt changes in climate or 
ecosystems.

Paleoclimatic data show that climate can and has 
changed quite abruptly when certain thresholds are 
crossed. Similarly, there is evidence that ecological 
and human systems can undergo abrupt change when 
tipping points are reached. 

Within the climate system there are a number of key 
risks to society for which understanding is still quite 
limited. Additional research is needed in some key 
areas, for example, identifying thresholds that lead to 
rapid changes in ice sheet dynamics. Sea-level rise is 
a major concern and improved understanding of the 
sensitivity of the major ice sheets to sustained warming 
requires improved observing capability, analysis, and 
modeling of the ice sheets and their interactions with 
nearby oceans. Estimates of sea-level rise in previous 
assessments, such as the recent Intergovernmental Panel 
on Climate Change 2007 report, did not fully quantify 
the magnitude and rate of future sea-level rise due to 
inadequate scientific understanding of potential insta-
bilities of the Greenland and Antarctic ice sheets. 

Tipping points in biological systems include the tem-
perature thresholds above which insects survive winter, 
and can complete two life cycles instead of one in a 
single growing season, contributing to infestations that 
kill large numbers of trees. The devastation caused by 
bark beetles in Canada, and increasingly in the U.S. 
West, provides an example of how crossing such a 
threshold can set off massive destruction in an ecosys-
tem with far-reaching consequences. 

Similarly, there is increasing concern about the 
acidification of the world’s oceans due to rising atmo-
spheric carbon dioxide levels. There are ocean acidity 
thresholds beyond which corals and other living things, 
including some that form the base of important marine 
food chains, will no longer be able to form the shells 
and other body structures they need to survive. Improv-
ing understanding of such thresholds is an important 
goal for future research.
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Recommendation 5:
Improve understanding of the most 
effective ways to reduce the rate and 
magnitude of climate change, as well as 
unintended consequences of such activities.

This report underscores the importance of reducing the 
concentrations of heat-trapping gases in the atmosphere. 
Impacts of climate change during this century and 
beyond are projected to be far larger and more rapid in 
scenarios in which greenhouse gas concentrations con-
tinue to grow rapidly compared to scenarios in which 
concentrations grow more slowly. Additional research 
will help identify the desired mix of mitigation options 
necessary to control the rate and magnitude of  
climate change. 
 
In addition to their intended reduction of atmospheric 
concentrations of greenhouse gases, mitigation options 
also have the potential for unintended consequences, 
which should also be examined in future research. For 
example, the production, transportation, and use of 
biofuels could lead to increases in water and fertilizer 
use as well as in some air pollutants. It could also create 
competition among land uses for food production, biofu-
els production, and natural ecosystems that provide 
many benefits to society. Improved understanding of 
such unintended consequences, and identification of 
those options that carry the largest negative impacts, 
can help decision makers make more informed choices 
regarding the possible trade-offs inherent in various 
mitigation strategies.

Recommendation 6:
Enhance understanding of how society can 
adapt to climate change.

There is currently limited knowledge about the ability 
of communities, regions, and sectors to adapt to future 
climate change. It is important to improve understand-
ing of how to enhance society’s capacity to adapt to a 
changing climate in the context of other environmental 
stresses. Interdisciplinary research on adaptation that 
takes into account the interconnectedness of the Earth 
system and the complex nature of the social, political, 
and economic environment in which adaptation deci-
sions must be made would be central to this effort.

The potential exists to provide insights into the possible 
effectiveness and limits of adaptation options that might 
be considered in the future. To realize this potential, 
new research would be helpful to document past re-
sponses to climate variability and other environmental 
changes, analyze the underlying reasons for them, and 
explain how individual and institutional decisions were 
made. However, human-induced climate change is 
projected to be larger and more rapid than any experi-
enced by modern society so there are limits to what can 
be learned from the past.

A major difficulty in the analysis of adaptation strate-
gies in this report has been the lack of information 
about the potential costs of adaptation measures, their 
effectiveness under various scenarios of climate change, 
the time horizons required for their implementation, 
and unintended consequences. These types of informa-
tion should be systematically gathered and shared with 
decision makers as they consider a range of adaptation 
options. It is also clear that there is a substantial gap 
between the available information about climate change 
and the development of new guidelines for infrastruc-
ture such as housing, transportation, water systems, 
commercial buildings, and energy systems. There are 
also social and institutional obstacles to appropriate 
action, even in the face of adequate knowledge. These 
obstacles need to be better understood so that they can 
be reduced or eliminated.

Finally, it is important to carry out regular assess-
ments of adaptation measures that address combined 
scenarios of future climate change, population growth, 
and economic development paths. This is an important 
opportunity for shared learning in which researchers, 
practitioners, and stakeholders collaborate using obser-
vations, models, and dialogue to explore adaptation as 
part of long-term, sustainable development planning. 
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Responding to changing conditions

Human-induced climate change is happening now, 
and impacts are already apparent. Greater impacts are 
projected, particularly if heat-trapping gas emissions 
continue unabated. Previous assessments have estab-
lished these facts, and this report confirms, solidifies, 
and extends these conclusions for the United States. It 
reports the latest understanding of how climate change 
is already affecting important sectors and regions. In 
particular, it reports that some climate change impacts 
appear to be increasing faster than previous assessments 
had suggested. This report represents a significant up-
date to previous work, as it draws from the U.S. Climate 
Change Science Program’s Synthesis and Assessment 
Products and other recent studies that examine how 
climate change and its effects are projected to continue 
to increase over this century and beyond. 

Climate choices

Choices about emissions now and in the coming years 
will have far-reaching consequences for climate change 
impacts. A consistent finding of this assessment is that 
the rate and magnitude of future climate change and 
resulting impacts depend critically on the level of global 
atmospheric heat-trapping gas concentrations as well as 
the types and concentrations of atmospheric particles 
(aerosols). Lower emissions of heat-trapping gases will 
delay the appearance of climate change impacts and 
lessen their magnitude. Unless the rate of emissions is 
substantially reduced, impacts are expected to become 
increasingly severe for more people and places. 

Similarly, there are choices to be made about adaptation 
strategies that can help to reduce or avoid some of the 
undesirable impacts of climate change. There is much 
to learn about the effectiveness of the various types of 
adaptation responses and how they will interact with 
each other and with mitigation actions. 

Responses to the climate change challenge will almost 
certainly evolve over time as society learns by doing. 
Determining and refining societal responses will be 
an iterative process involving scientists, policymakers, 
and public and private decision makers at all levels. 
Implementing these response strategies will require 
careful planning and continual feedback on the impacts 
of mitigation and adaptation policies for government, 
industry, and society.

The value of assessments

Science has revolutionized our ability to observe and 
model the Earth’s climate and living systems, to un-
derstand how they are changing, and to project future 
changes in ways that were not possible in prior genera-
tions. These advances have enabled the assessment of 
climate change, impacts, vulnerabilities, and response 
strategies. Assessments serve a very important function 
in providing the scientific underpinnings of informed 
policy. They can identify advances in the underlying 
science, provide critical analysis of issues, and highlight 
key findings and key unknowns that can guide decision 
making. Regular assessments also serve as progress 
reports to evaluate and improve policy making and other 
types of decision making related to climate change.
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Impacts and adaptation research includes complex 
human dimensions, such as economics, manage-
ment, governance, behavior, and equity. Compre-
hensive assessments provide an opportunity to 
evaluate the social implications of climate change 
within the context of larger questions of how com-
munities and the nation as a whole create sustain-
able and environmentally sound development paths.

A vision for future U.S. assessments

Over the past decade, U.S. federal agencies have 
undertaken two coordinated, national-scale efforts 
to evaluate the impacts of global climate change 
on this country. Each effort produced a report to 
the nation – Climate Change Impacts on the United 
States, published in 2000, and this report, Global 
Climate Change Impacts in the United States, 
published in 2009. A unique feature of the first 
report was that in addition to reporting the current 
state of the science, it created a national discourse 
on climate change that involved hundreds of sci-
entists and thousands of stakeholders including 

farmers, ranchers, resource managers, city planners, 
business people, and local and regional government 
officials. A notable feature of the second report is 
the incorporation of information from the 21 topic-
specific Synthesis and Assessment Products, many 
motivated by stakeholder interactions. 

A vision for future climate change assessments 
includes both sustained, extensive stakeholder 
involvement, and targeted, scientifically rigorous 
reports that address concerns in a timely fashion. 
The value of stakeholder involvement includes 
helping scientists understand what information 
society wants and needs. In addition, the problem-
solving abilities of stakeholders will be essential to 
designing, initiating, and evaluating mitigation and 
adaptation strategies and their interactions. The best 
decisions about these strategies will come when 
there is widespread understanding of the complex 
issue of climate change – the science and its many 
implications for our nation.
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I.  INTRODUCTION AND SUMMARY 
Extensive research shows that Washington and other western states already have 
experienced noticeable changes in climate and predicts that more change will 
occur in the future.1 Much of this change is having and will continue to have 
negative economic consequences. Some negative effects are readily recognized: 
warmer stream temperatures during summer stressing salmon and trout 
populations, prolonged drought destroying farmers’ crops, and rapidly growing 
insect populations attacking trees. In response, families, businesses, and 
communities are considering actions that would reduce the emissions of carbon 
dioxide and other greenhouse gases (GHGs) that contribute to climate change. 
Amid all this activity, many have concluded that such actions should not be 
undertaken because their costs are too great. They reach this conclusion, 
however, without first seeing what the costs would be of not taking these actions 
and allowing climate change to continue unabated.  

Until now, attempts to describe the costs of climate change have produced 
results that are too abstract to matter to most citizens. Some have estimated the 
global costs, but what does this mean to an average family in Washington? 
Others have looked at the costs that will materialize over the next several 
centuries, but what does that mean to people making decisions today? A few 
have attempted to describe the net costs of taking this or that action, but 
undermined their efforts by focusing mostly on describing the action and not 
providing a full, easily understandable description of the consequences of not 
taking it. 

The first step toward filling the gap was taken a few years ago by the Climate 
Leadership Initiative at the University of Oregon, which produced the first 
climate economic report for the State of Washington, Impacts of Climate Change on 
Washington’s Economy: A Preliminary Assessment of Risks and Opportunities.2 The 
study used information available at that time. The current report builds on that 
assessment and additional data available today. It illustrates some of the 
potential costs Washington’s families, businesses, and communities might incur 
over the next several decades if Washington, other states, the U.S., and other 
countries were to extend a business-as-usual approach to climate change. Under 
this approach, we assume behaviors do not change and the emissions of carbon 

                                                        

1 See, for example, the assessments of climate science and other reports prepared by the U.S. 
Climate Science Program: http://www.climatescience.gov, and the reports of the 
Intergovernmental Panel on Climate Change: http://www.ipcc.ch. 

2 Washington Economic Steering Committee and the Climate Leadership Initiative, Institute for a 
Sustainable Environment, University of Oregon. 2006. Impacts of Climate Change on Washington’s 
Economy: A Preliminary Assessment of Risks and Opportunities. November. Retrieved December 19, 
2008, from http://www.ecy.wa.gov/climatechange/economic_impacts.htm. The Institute 
produced a similar assessment of the impacts of climate change for the State of Oregon. See, 
Resource Innovations, Institute for a Sustainable Environment, University of Oregon. 2005. The 
Economic Impacts of Climate Change in Oregon: A Preliminary Assessment. October. Retrieved 
December 19, 2008, from http://climlead.uoregon.edu/publicationspress/Consensus_report.pdf 
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dioxide and other greenhouse gases would continue to grow at rates similar to 
those seen during recent years, leading to increases in global temperature such as 
those depicted in the high-emission scenarios described by the U.S. Climate 
Science Program, the Intergovernmental Panel on Climate Change (IPCC), and 
others.  

We take this approach with full recognition that it does not address all the 
potentially important effects of climate change on Washington’s economy. 
Moderate warming might have some positive economic effects for some 
Washingtonians, by boosting the output of some farmers, for example, or 
allowing some recreational activities to occur earlier in the spring and later in the 
autumn. Many of the most serious economic consequences of a business-as-usual 
approach to climate change will occur elsewhere, or beyond the next several 
decades, but still are important to today’s Washingtonians. As people in 
Washington become more familiar with the prospect of changes in climate they 
likely will take actions to mitigate the harm. All these concerns must be 
considered to have a complete picture of how climate change will affect 
Washington’s economy. This report provides only one piece of the picture: the 
potential gross costs that might materialize in this state over the next several 
decades, if societies here and elsewhere fail to address climate change by 
proceeding in a business-as-usual manner. 

To facilitate better understanding of our findings, we place each potential cost in 
a setting familiar to today’s Washingtonians, assuming that families, businesses, 
and communities will behave in the future essentially the same as they do today 
and that future prices relative to budgets will be essentially the same as today’s. 
That is, we assume that families, farms, and businesses will continue to go about 
their activities in a business-as-usual manner. Families will continue with 
consumption patterns similar to those of today, businesses will continue to 
produce products similar to their current ones, and communities will follow 
current behaviors to organize land-use, transportation, and other activities. In 
short, we provide an estimate of costs that might materialize if climate change is 
not reined in, not a forecast of how things will actually unfold. 

We anticipate that the information in this report will help families, businesses, 
and communities better understand the nature of the economic threats that 
climate change poses over the next several decades. We emphasize, however, 
that the scope of this report is limited. It illustrates only some of the potential 
costs that might materialize if Washington, other states, the U.S., and other 
countries were to fail to address climate change by carrying on in a business-as-
usual manner. Insufficient data currently exist, however, for us to account for all 
the potential costs. Hence, we encourage the reader to bear in mind that 
Washingtonians face substantial, multi-faceted costs in addition to those we 
describe here, both during the next several decades and beyond.  

Our analysis is structured as follows: in Section II, we present a conceptual 
framework for describing the potential negative economic effects of climate 
change. In Sections III and IV, we apply the framework and calculate 18 different 
types of potential costs. We divide these costs into two broad categories: the costs 
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produced by the effects of climate change, and the costs generated by some of the 
business-as-usual activities that contribute to climate change. In Section V, we 
discuss the potential implications for Washington’s households.  

The 19 costs we describe are already observable. Over time, they will be 
exacerbated by potential changes in temperature, precipitation and other climate 
characteristics, or by climate-related changes in the state’s ecosystems. The extent 
of the anticipated climate change is closely related to increases in the 
atmospheric concentration of carbon dioxide, which was about 260 to 280 parts 
per million (ppm) before the Industrial Revolution and has risen to about 385 
ppm today. Under our business-as-usual assumptions, the concentration would 
rise to about 400 ppm by 2020, 500 ppm by 2040, and 800 ppm by 2080.3 At these 
concentrations, climate modeling indicates that average global surface 
temperature could rise by more than 5°C (9°F) above pre-industrial levels by the 
end of this century (during the past century, the temperature rose 0.74°C (1.33°F), 
mostly in the past three decades).  

Economic costs would arise from undesirable changes in climate, ecosystems, or 
both. Higher temperatures would increase the incidence of heat-related health 
problems, for example, and ecosystem changes would reduce summertime 
stream flows. These and similar changes would impose economic costs on 
Washington’s families, businesses, and communities. In addition, 
Washingtonians would incur costs as they engage in practices that contribute to 
climate change, such as consuming electricity generated by burning coal and 
continuing with technologies and practices that waste energy. For each type of 
cost, we describe the mechanism that produces it, as well as the assumptions, 
data, and steps we take to calculate it.  

Figure 1 summarizes our findings, aggregating the 18 different costs into 9 
categories. By 2020, these costs total $3.8 billion per year. The major components 
of climate-change costs are potential health-related costs of about $1.3 billion per 
year, potential reductions in salmon populations, with a value of $530 million per 
year, and energy costs of about $220 million. In addition, continuing with the 
activities that contribute to climate change potentially would cost 
Washingtonians almost $1.4 billion per year in missed opportunities to 
implement energy-efficiency programs and about $19 million per year in health 
costs from burning coal. The combined total annual costs would increase with 
time, more than three-fold by 2080.  

If spread evenly, Washington’s households, on average, could incur annual costs 
of $1,250 per year by 2020. Of this amount, $540 relate to expenditures on energy, 

                                                        

3 These increases correspond to the A1FI scenario used by the Intergovernmental Panel on Climate 
Change (IPCC). The IPCC applies the label, business as usual, to another scenario, A2, but, since its 
development, it has understated the actual, business-as-usual emissions of greenhouse gases. 
Hence, we use the A1FI scenario, which we believe more closely represents the trajectory of 
emissions in a business-as-usual world. See, IPCC. 2007. Fourth Assessment Report. Retrieved 
January 22, 2009, from http://www.ipcc.ch/. 
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$440 relate to health-care costs, and $180 to the adverse effects of climate change 
on salmon populations. These costs are not negligible. The 2020 average of $1,250 
represents more than 2 percent of the current median household income in 
Washington. Analogously, the potential costs in 2040 represent more than 3 
percent of median household income and those in 2080 more than 5 percent of 
the income that half of the households in Washington earn in a year. 

We recognize that families, businesses, and communities in Washington may be 
able to offset or mitigate some of the potential costs in the near term by taking 
advantage of the potential economic benefits of climate change, such as increased 
production of some crops or reduced expenditures on heating, that might 
accompany moderate climate warming. Our aim, however, is not to describe this 
potential adjustment but to describe the potential consequences if such 
adjustments are not realized. Further investigation is required to determine the 
extent of these opportunities, but current evidence suggests they will not fully 

Figure 1. Potential Economic Costs in Washington Under a Business-as-Usual 
Approach to Climate Change, 2020, 2040, and 2080 (dollars per year) 

Potential Cost 2020 2040 2080 

Costs of Climate Change    

Increased Energy-Related Costs $222 million $623 million $1.5 million 

Reduced Salmon Populations $531 million $1.4 billion $3.0 billion 

Increased Coastal and Storm Damage  $72 million $150 million $352 million 

Reduced Food Production $35 million $64 million $364 million 

Increased Wildland Fire Costs $102 million $208 million $462 million 

Increased Health-Related Costs  $1.3 billion $2.2 billion $4.4 billion 

Lost Recreation Opportunities  $75 million $210 million $612 million 

Subtotal for Costs of Climate Change $2.3 billion $4.9 billion $10.7 billion 

Additional Costs from Business-as-Usual (BAU) Activities that Contribute to Climate Change 

Inefficient Consumption of Energy $1.4 billion $1.6 billion $2.2 billion 

Increased Health Costs from Coal-Fired Emissions $19 million $23 million $31 million 

Subtotal for Costs from BAU Activities $1.4 billion $1.6 billion $2.2 billion 

TOTAL $3.8 billion $6.5 billion $12.9 billion 

 Average Cost per Household per Year $1,250 $1,800 $2,750 
Source: ECONorthwest. 

Notes: These numbers illustrate different types of annual costs Washingtonians potentially would incur if society were to continue 
with a business-as-usual approach to climate change. There may be overlap between the values for some of the different types of 
costs. Nonetheless, adding the different types of costs probably seriously understates the total potential cost of climate change 
because the table excludes many additional types of climate-related costs that Washingtonians would incur under a business-as-
usual approach. The numbers do not indicate the net effect of climate change, as they do not represent a forecast of how the 
economy will respond to the different effects of climate change, or account for potential economic benefits that might materialize 
from moderate warming and other changes in climate.  
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offset the costs likely to materialize with large increases in atmospheric 
concentrations of GHGs. 

Similarly, we recognize that there may be some overlap among our cost 
estimates and, hence, double counting when they are summed. We’re confident, 
however, that the potential costs that are not included in the calculations more 
than offset the double-counts, if any, and that the total potential costs of a 
business-as-usual approach to climate change are larger—perhaps far larger—
than the amounts shown in Figure 1.  

Some of these additional costs likely would materialize inside Washington over 
the next several decades. Figure 2 summarizes some of these additional costs, for 
which we were unable to find adequate documentation to quantify in this report.  

Far greater costs might materialize elsewhere or in future centuries, the result of 
a business-as-usual approach to climate change over the next few decades. If 
temperatures rise to the maximum levels predicted under the business-as-usual 

Figure 2. Some Potential Economic Costs Not Incorporated in this Report 

Potential Unquantified Cost 

Reduced productivity of nearshore marine environments 

Increased cooling costs for commercial and industrial businesses 

Increased costs for air conditioning and refrigeration in transportation 

Increased costs to cope with greater variability in weather conditions 

Increased pumping costs to replace surface water with groundwater for irrigation 

Increased regulatory costs for protecting additional threatened and endangered species 

Increased management costs for controlling invasive species 

Increased costs associated with flood and wind damage from more frequent and intense storms 

Reduced value of certain crops, such as tree fruits and nursery stock 

Increased costs associated with agricultural pests and diseases related to climate change 

Increased costs associated with fish and wildlife diseases related to climate change 

Reduced value of certain crops due to water stress 

Increased costs for families and businesses that move in response to climate change  

Reduced productivity of rangelands 

Increased health care costs related to expanded range of tropical and sub-tropical diseases  

Increased health care costs related to increased incidence of water- and food-borne diseases 

Reduced recreation opportunities due to increased wildland fires 

Reduced boating and other recreation opportunities due to decreased streamflows 

Increased costs to bring warmer streams into compliance with water-quality standards  

Increased insurance costs for storms, fires, sea-level rise and other effects of climate change 
Source: ECONorthwest 
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scenario, billions of people in less-developed countries likely would endure 
increased thirst and starvation, thousands of species would face extinction, sea 
levels would rise several meters. and vast areas of the oceans could become 
essentially barren. To the extent that these distant effects matter to today’s 
Washingtonians, the potential costs would be far greater than we indicate.  
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II.  CONCEPTUAL FRAMEWORK  
This analysis is concerned with the climate-related economic costs families, 
businesses, and communities in Washington might incur over the next several 
decades under a business-as-usual approach to climate change. This approach 
has two major assumptions. One is that Washington, other states, the U.S., and 
other countries will not take effective actions to rein in emissions of greenhouse 
gases (GHGs) and continue to engage in activities that drive climate change. We 
use the A1FI scenario described by the Intergovernmental Panel on Climate 
Change (IPCC) to represent the future evolution of emissions and atmospheric 
concentrations for GHGs, as it seems to trace most closely the recent trends in 
emissions.4  

The other major assumption we make in this analysis is that Washington’s 
households, businesses, and communities will continue to engage in behaviors 
and adopt technologies similar to those of today. This assumption has several 
strengths. It reflects the social and economic inertia that arises, for example, 
insofar as there exists a large amount of residential, commercial-industrial, and 
public capital built with little or no regard for climate change, and modifying or 
replacing it likely will take considerable time. It also facilitates both the analysis 
and the communication of our findings. Limited by time and money, we lacked 
the ability to construct a scenario of how Washingtonians will behave over the 
next 10, 30, and 70 years that is both more suitable and understandable than the 
scenario we used, which assumes that, absent major effort to rein in climate 
change, most families, businesses, and communities will try to continue doing 
tomorrow what they are doing today.  

These assumptions yield illustrations of costs that might materialize if business-
as-usual activities continue, but fall far short of a worst-case depiction of what 
the costs of climate change might be. Numerous recent reports of scientific 
studies, not represented in the most recent assessment of climate prospects by 
the IPCC from 2007, signal a growing probability that emissions of GHGs and 
average surface temperatures might rise faster than previously anticipated. Other 
studies signal a growing probability that, whatever the increase in emissions and 
temperatures, the effects of climate change will be more severe. Forests will die 
more rapidly, oceans will become less productive, ice sheets will melt more 
rapidly, epidemics of disease and pests will spread more quickly, and more. At 
the same time, meaningful progress on efforts to rein in the global emissions of 
GHGs has been slow, and many in the state continue to oppose proposals to 

                                                        

4 A recent analysis by the MIT Joint Program on the Science and Policy of Global Change confirms 
our choice of using IPCC’s A1FI scenario to represent business-as-usual conditions. Its analysis of 
uncertainties in emissions, the climate-system’s sensitivity to emissions, and the economy predicts 
a high probability of warming at levels that correspond to the likely range of the A1FI scenario. See 
Sokolov, A.P., P.H. Stone, C.E. Forest, R. Prinn, et al. 2009. Probabilistic Forecast for 21st Century 
Climate Based on Uncertainties in Emissions (without Policy) and Climate Parameters. Report No. 169. 
January. 
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reduce GHG emissions here or to prepare for climate changes that cannot be 
avoided. 

In the following sections we first provide an overview of climate-related risks, 
and then describe ways in which climate change might impose economic harm 
on this state. We then outline the specific steps we have taken to produce the 
illustrations of specific types of potential economic harm that we present in 
Sections III and IV. 

A. Overview of Climate-Related Risks 
Rapidly accelerating emissions of carbon dioxide, methane, and other GHGs 
since the beginning of the 20th century have increased the average global 
temperature by about 0.74°C (1.33°F), and altered precipitation patterns.5 These 
changes in climate have had and will continue to have negative effects on the 
well being of current and future generations of humans.6 These effects are 
expected to worsen at an increasing rate as atmospheric concentrations of GHGs 
increase and global temperatures rise even further.7 Figure 3 illustrates, briefly 
and incompletely, the potential impacts of each incremental increase in average 
global temperature. 

Based on this evidence, many have concluded that society should aim to rein in 
emissions of GHGs so the rise in temperature does not exceed 2°C (3.6°F). There 
is considerable uncertainty underlying such conclusions, however. As we 
understand the scientific reports, this uncertainty suggests that the economic 
risks associated with the smaller increases in temperature (and, hence, with the 
lower levels of emissions of GHGs) are higher than they first appear, insofar as: 

• Once set in motion, the processes of climate change cannot easily be 
reversed, if at all. Temperatures will continue to rise in response to GHGs 

                                                        

5 Intergovernmental Panel on Climate Change. 2007. Fourth Assessment Report. Retrieved January 
22, 2009, from http://www.ipcc.ch/ 

6 See, for example, Intergovernmental Panel on Climate Change. 2007. Fourth Assessment Report. 
Retrieved January 22, 2009, from http://www.ipcc.ch/. Some believe climate change is important 
not only for what it does for humans, but for its effects on the environment, apart from people. 
They suggest economics should consider those values, and there are good arguments for doing so. 
There similarly are good reasons for considering spiritual and other measures of the value of 
climate change that lie outside the direct purview of economics. Here, however, we focus on the 
economic connections between climate change and people. We do so not just to keep our task from 
becoming intractable but also because this relationship underlies many, if not most, of the 
motivation for human actions to restrict emissions of greenhouse gases and to prepare for 
unavoidable changes in climate. We take a broad view, though, of the ways in which climate 
change might affect the economic dimensions of human standards of living and quality of life. 

7 Intergovernmental Panel on Climate Change. 2007. Fourth Assessment Report. Retrieved January 
22, 2009, from http://www.ipcc.ch/; Lynas, M. 2008. Six Degrees: Our Future on a Hotter Planet. 
New York: National Geographic Society; Stern, N. 2006. The Economics of Climate Change: The Stern 
Review. Cambridge, United Kingdom: Cambridge University Press. Retrieved October 30, 2006, 
from http://www.hm-treasury.gov.uk/independent_reviews/stern_review_economics_ 
climate_change/stern_review_report.cfm 
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already in the atmosphere, and additional GHG emissions will only 
reinforce the momentum. There may be no corrective actions available to 
arrest or reverse some of the processes, and their ecological and economic 
consequences, once they have been triggered. 

• Some major impacts of climate change are occurring faster than 
anticipated. Sea ice in the Arctic Ocean is melting at rates unforeseen by 
the IPCC in its 2007 integrated assessment of climate-related research 
through the early part of 2007.8 The melting of the sea ice means that solar 
energy that the ice would reflect now will be absorbed by open water, 

                                                        

8 Stroeve, J., M. Holland, W. Meir, T. et al. 2007. “Arctic Sea Ice Decline: Faster than Forecast.” 
Geophysical Research Letters 34: L09501, doi:10.1029/2007GL029703. 

Figure 3. Potential Impacts of Incremental Increases in Average Global Temperature  

1°C (1.8°F) Increased potential for prolonged drought, converting some parts of the American West to 
sandy deserts, on a scale much larger than the 1930s Dustbowl. 

2°C (3.6°F) Small mountain glaciers will disappear and mountain snowpack diminish, as will stream 
flows dependent on snow melt. Large areas of the oceans will become too acidic for 
organisms with calcium carbonate shells, and for many species of plankton, the basis of 
the marine food chain. Onset of irreversible melting of the Greenland ice sheet would 
raise sea levels by about seven meters. Heat waves similar to the most extreme in recent 
history likely would occur every year in many places. About one-third of all species around 
the globe may be driven to extinction. Increased risk of hunger for many communities, 
especially in Africa and Asia. 

3°C (5.4°F) An increase of this magnitude could be a tipping point that causes climate change to 
become uncontrollable. The middle areas of North America likely would become deserts. 
Extreme weather, such as hurricanes, may become more intense, doubling damage costs 
in the U.S. Millions, perhaps billions may face famine from extreme drought, flooding, and 
insect infestations. Perhaps 50 percent of species face extinction. 

4°C (7.2°F) The West Antarctic ice sheet may collapse and raise sea levels another five meters. Crop 
yields likely would continue to fall in many regions. Significant shortages of water may 
affect more than a billion people, as some areas may see runoff increase by one-third. 
Perhaps 50 percent of species face extinction. Conditions typical of the Sahara Desert 
probably will materialize across southern Europe.  

5°C (9.0°F) Entire regions of the Earth might see major declines in crop production and ecosystems 
unable to maintain their current form. Forest fires, droughts, flooding, and heat waves will 
increase in intensity. Increasing probability of abrupt, large-scale shifts in the climate 
system, e.g., tropical conditions, may materialize in Arctic regions. Rising sea level 
threatens major coastal cities. 

6°C (10.8°F) The Earth would experience climate conditions associated with a period, about 250 million 
years ago, that saw perhaps 95 percent of all species go extinct. 

Source: ECONorthwest, adapted from Intergovernmental Panel on Climate Change. 2007. Fourth Assessment Report. Retrieved 
January 22, 2009, from http://www.ipcc.ch/; Lynas, M. 2008. Six Degrees: Our Future on a Hotter Planet. New York: National 
Geographic Society; and Stern, N. 2006. The Economics of Climate Change: The Stern Review. Cambridge, United Kingdom: 
Cambridge University Press. Retrieved October 30, 2006, from http://www.hm-treasury.gov.uk/independent_reviews/ 
stern_review_economics_ climate_change/stern_review_report.cfm; and  
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further accelerating increases in temperature. Some ice structures in the 
Antarctic Peninsula also are melting faster than expected.9 The global sea 
level has been rising faster than expected, and recent analyses conclude 
during this century it will rise twice as much as IPCC predicted in 2007.10 
The processes that enable the oceans and other elements of the global 
ecosystem to remove GHGs from the atmosphere are slowing down 
faster than anticipated.11 Trees in the U.S. and Canada are dying at 
unforeseen rates, so that some forests, rather than increasing their 
removal of carbon dioxide from the atmosphere, are contributing the 
greenhouse gas to the atmosphere.12 

• Recent research suggests that, for a given concentration of GHGs in the 
atmosphere, the temperature will rise higher than previously anticipated. 
The 2007 report of the IPCC, for example, reported that, if carbon dioxide 
concentrations were to stabilize in the range of 350 to 400 ppm, warming 
likely would stabilize within the range of 2°C to 2.4°C (3.6°F to 4.3°F), but 
it warned that larger temperature increases might occur.13 Research not 
represented in the IPCC report looks more directly at the possibility that 
temperatures will increase faster than expected. The authors of one recent 
paper find that, if carbon dioxide concentrations stabilize at 450 ppm (or 
higher) there is a substantial probability that the increase in temperature 
will rise to 6°C (10.8°F).14  

• The atmospheric concentration of GHGs has been rising faster than 
expected.15 The acceleration stems from faster than expected burning of 

                                                        

9 Pritchard, H.D. and D.G. Vaughan. 2007. “Widespread Acceleration of Tidewater Glaciers on the 
Antarctic Peninsula.” Journal of Geophysical Research 112: F03S29. 

10 Rahmstorf, S., et al. 2007. “Recent Climate Observations Compared to Projections.” Science 
316(5825): 709; and Rohling, E.J., et al. 2008. “High Rates of Sea-Level Rise During the Last 
Interglacial Period.” Nature Geoscience 1: 38-42. 

11 Le Quéré, C., et al. 2007. “Saturation of the Southern Ocean CO2 Sink Due to Recent Climate 
Change.” Science 316(5832): 1735-1738. 

12 Van Mantgem, P.J., N.L. Stephenson, J.C. Byrne, et al. 2009. “Widespread Increase of Tree 
Mortality Rates in the Western United States.” Science. 323:521-524. January 23; and Kurz, W.A., 
C.C. Dymond, G. Stinson, G.J. Rampley, et al. 2009. “Mountain Pine Beetle and Forest Carbon 
Feedback to Climate Change.” Nature. 452:987-990. April 24. 

13 Solomon, S., D. Qin, M. Manning, M. Marquis, et al. (eds.). 2007. Climate Change 2007: The 
Physical Science Basis. Intergovernmental Panel on Climate Change Working Group I. New York: 
Cambridge University Press. An average global temperature increase of 2°C to 2.4°C (3.6°F to 
4.3°F) would mean higher temperature increases over land and in some regions. Scientists 
anticipate that the increase in temperatures over land will be larger than the global average 
increase, perhaps as great as two times larger, because land absorbs more heat than the oceans. 

14 Hansen, J., et al. 2008. “Target Atmospheric CO2: Where Should Humanity Aim?” Retrieved 
January 14, 2009, from http://www.columbia.edu/~jeh1/2008/TargetCO2_ 20080407.pdf  

15 Raupach, M.R., et al. 2007. “Global and Regional Drivers of Accelerating CO2 Emissions.” 
Proceedings of the National Academy of Sciences 104(24): 10288-10293. 
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fossil fuels for electricity, transportation and other purposes, but also 
from other contributing factors, such as a slowing in oceanic absorption 
of carbon dioxide and unexpected releases of methane, a potent GHG, 
trapped in soils.16 Several authorities have warned of the potential 
consequences. The authors of one study of past changes in climate 
concluded, for example, that warmer temperatures likely would 
accelerate the emission of GHGs into the atmosphere, and “promote 
warming by an extra 15 to 78 percent on a century scale” relative to the 
projections presented by the IPCC.17  

• Leading researchers are urgently calling for faster and steeper 
curtailment of GHG emissions to prevent catastrophic damage from 
climate change. The International Energy Agency has observed that, 
given the recent rapid increases in the burning of fossil fuels, the average 
global temperature will rise 6°C (10.8°F) unless there is a quick and 
rigorous change in policy.18 The head of Britain’s Met Office recently 
warned that, if emissions keep rising, the average temperature could 
increase by more than 5°C (9°F) by the end of the century.19 Some 
scientists conclude that, to sustain climatic and ecological conditions 
similar to those that have existed during the development of human 
civilization, society must do more than just arrest growth in the 
atmospheric concentration of GHGs, it will have to be reduce them below 
the current level, with the concentration of carbon dioxide falling to no 
more than 350 ppm within the next several decades.20 

Not all of these (and many related) impacts would occur immediately. There is 
considerable uncertainty about how long it would take for some of the impacts to 
materialize, but some of the most extreme impacts likely would not materialize 

                                                        

16 Park, G.-H., K. Lee, and P. Tishchenko. 2008. “Sudden, Considerable Reduction in Recent Uptake 
of Anthropogenic CO2 by the East/Japan Sea.” Geophysical Research Letters 35: L23611, .; Le Quéré, 
C., M. Raupach, P. Ciais, T. Conway, et al. 2008. “Carbon Budget 2007.” Global Carbon Project. 
Retrieved January 6, 2009, from http://www.globalcarbonproject.org/carbontrends/index.htm; 
and Canadell, J.G., C. Le Quéré, M.R. Raupach, C. B. Field, et al. 2007. “Contributions to 
Accelerating Atmospheric CO2 Growth from Economic Activity, Carbon Intensity, and Efficiency 
of Natural Sinks.” Proceedings of the National Academy of Science 104 (47): 18899-18870. For additional 
references, see http://www.globalcarbonproject.org/carbontrends/index.htm#References. 

17 Scheffer, M., V. Brovkin, and P.M. Cox. 2006. “Positive Feedback between Global Warming and 
Atmospheric CO2 Concentration Inferred from Past Climate Change.” Geophysical Research Letters 
33, L10702, DOI: 10.1029/2005GL025044. 

18 International Energy Agency. 2008. Energy Technology Perspectives: Scenarios and Strategies to 2050, 
Executive Summary. Retrieved January 15, 2009, from http://www.iea.org/Textbase/npsum/ 
ETP2008SUM.pdf 

19 Pope, V. 2008. “Met Office Warn of ‘Catastrophic Rise’ in Temperature.” (London) Times Online. 
December 19. Retrieved January 14, 2009, from http://www.timesonline.co.uk/tol/news/ 
environment/article5371682.ece 

20 Hansen, J., et al. 2008. “Target Atmospheric CO2: Where Should Humanity Aim?” Retrieved 
January 14, 2009, from http://www.columbia.edu/~jeh1/2008/TargetCO2_ 20080407.pdf 
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for decades or centuries. This delay does not, however, mean that the far-distant 
impacts have no economic relevance today. Decisions now that affect the 
atmospheric concentration of GHGs may set in motion climate-relate processes 
that lead to irreversible consequences. Moreover, current Washington residents 
may have strong feelings, and thus realize a marked reduction in their economic 
well-being, knowing that today’s decisions might have catastrophic 
consequences for future generations. 

Having recognized the importance of these more distant and extreme effects, we 
now set them aside, and focus on the task at hand: describing the business-as-
usual potential harm of climate change for families, businesses, and communities 
in Washington over the next several decades. In the next section we describe the 
general mechanisms through which such harm can materialize in this context. 

B. Climate Change and the Economy  
Figure 4 illustrates some of the potential changes in climate expected over the 
next two decades. The top two maps depict the average annual temperature (left) 
and heat waves (right), and the bottom two maps depict the annual average 
precipitation (left) and extreme precipitation (right) expected by about 2030, 
relative to conditions in about 1990, under a middle-of-the-road scenario 
regarding future emissions of GHGs and their impacts. These anticipated 
changes point toward some of the ways that climate change can impose harm on 
the western states. The lower left map, for example, shows that the southwestern 
region can expect reductions—marked reductions in some areas—in 
precipitation, while some of the northern parts of the region likely will see 
precipitation increase. Individually and together, these maps indicate the 
potential for some or all in the region to realize economic harm through any 
number of mechanisms: increased droughts and floods, higher air-conditioning 
costs to cope with higher temperatures, higher incidence of morbidity and 
mortality for those without access to air conditioning, more frequent wildfires, 
loss of habitat for important species—the list is perhaps without end.21 Moreover, 
under a business-as-usual scenario, the physical changes depicted in Figure 4, 
and thus the resulting economic impacts, would likely be magnified. 

To provide some structure for thinking about the different ways in which climate 
changes can produce economic harm, Figure 5 identifies different types of 
change that can generate harm and the different ways in which harm might 
materialize. In some cases, the harm can originate directly from a change in the 
climate itself, through changes in temperature, precipitations, or storms and 
other extreme events. An increase in heat waves, for example, might increase the 
incidence of heat-related human illness and death,22 high temperatures plus 
                                                        

21 We understand that the results from the temperature models generally are more robust than the 
results from the precipitation models. Nonetheless, most models generally support the 
expectations indicated by the lower left map in Figure 4. 

22 See, for example, Kalkstein, L.S. and J.S. Greene. 2007. An Analysis of Potential Heat-Related 
Mortality Increases in U.S. Cities under a Business-as-Usual Climate Change Scenario. Environment 
America. September 6. Retrieved January 13, 2008, from http://www.environmentamerica.org/ 
uploads/Js/tF/JstFE5oHrsQJi5ifIA931Q/Heat-Mortality_Report_.pdf 
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reduced precipitation might reduce the productivity of crops that wither under 
drought conditions,23 and higher flooding from more severe storms might 
damage property, disrupt commerce, and take lives.24 

                                                        

23 See, for example, Hatfield, J., et al. 2008. “Agriculture.” The Effects of Climate Change on Agriculture, 
Land Resources, Water Resources, and Biodiversity in the United States. U.S. Climate Change Science 
Program and the Subcommittee on Global Change Research. Washington D.C., USA. 

Figure 4. Expected Changes in Annual Temperature, Heat Waves … 

 

… Annual Precipitation and Extreme Precipitation, 2030 Relative to 1990 

 
Source: Tebaldi, C., K. Hayhoe, J.M. Arblaster, and G.A. Meehl. 2006. “Going to the Extremes; An 
Intercomparison of Model-Simulated Historical and Future Changes in Extreme Events.” Climatic Change 
79(3-4): 185-211. Adapted by Lawrence Buja and Julie Arblaster. Retrieved January 21, 2009, from 
http://www.cgd.ucar.edu/ccr/climate_change_gallery_test/ 

Note: Please refer to the original source for definitions and descriptions of units displayed in each figure. 
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In other cases, climate change indirectly diminishes well-being by inducing 
changes in ecosystems or social systems. Warmer temperatures have been 
associated, for example, with ecosystem changes, such as epidemic outbreaks of 
insects that kill pine trees and reduce the productivity of the timber industry,25 
rises in sea level that erode ocean-front property and increase the cost of 
maintaining coastal homes and highways,26 and contractions of fish habitat that 
diminish salmon populations and eliminate opportunities for recreational 
fishing.27 Climate-related changes in social systems that can diminish economic 
well-being might arise if families and businesses conclude they must move to 
avoid the effects of climate change, or if the costs of climate change fall 
disproportionately on poor families and communities, diminishing their 
prospects for climbing out of poverty.  

The bottom of Figure 5 illustrates that climate-related economic harm can occur 
in several ways. This summary illustrates each mechanism in greater detail: 

• Reduction in human health and other constituents of quality of life. 

Hotter temperatures can increase human mortality; reductions in 
stream flows can reduce boating, fishing, and other recreational 
opportunities. 

• Reduction in the value of assets or in the level of income. 

Increased flooding from climate-related storms can reduce the value 
of exposed properties and disrupt employment for workers at 
commercial and industrial enterprises in low-lying areas. 

• Increase in climate-related expenditures and, hence, decrease in income 
available for other purposes. 

Households, businesses, and government are likely to increase 
spending on health-related issues in response to higher temperatures, 
leaving less money for discretionary household spending, business 
investment and profits, and government services. 

                                                                                                                                                       

24 See, for example, Munich Re Group. 2008. Catastrophe Figures for 2008 Confirm that Climate 
Agreement is Urgently Needed. December 29. Retrieved January 16, 2009, from 
http://www.munichre.com/ en/press/press_releases/2008/2008_12_29_press_release.aspx 

25 See, for example, Carroll, A., S. Taylor, J. Regniere, and L. Safranyik. 2004. “Effects of Climate 
Change on Range Expansion by the Mountain Pine Beetle in British Columbia.” In T.L. Shore, J.E. 
Brooks, and J.E. Stone, (eds.) Mountain Pine Beetle Symposium: Challenges and Solutions. October 30-
31, 2003, Kelowna, British Columbia, Canada. Natural Resources Canada, Canadian Forest Service, 
Pacific Forestry Centre, Victoria, British Columbia, Information Report BC-X-399. Pp. 223-232. 

26 See, for example, Mote, P., A. Petersen, S. Reeder, et al. 2008. Sea Level Rise in the Coastal Waters of 
Washington State. University of Washington Climate Impacts Group and the Washington 
Department of Ecology. January. 

27 See, for example, United States Environmental Protection Agency. 1995. Ecological Impacts from 
Climate Change: An Economic Analysis of Freshwater Recreational Fishing. EPA Report No. 220-R-95-
004. April. 
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• Reduction in the value of goods and services derived from the ecosystem. 

Changes in climate can diminish an ecosystem’s ability to provide 
valuable goods and services, such as those illustrated in Figure 5. The 
reduced supply of ecosystem goods and services can reduce the 
quality of life in a community and increase costs for families, 
businesses, and governments. 

Figure 5. Changes in Climate Can Have Negative Effects on the Economy 
Over the Next Several Decades  

Changes in Climate…   
Higher Temperatures 
Increases in short- and long-run temperatures. 

Changes in Precipitation 
Decreases or increases in snow or rain, and shifts in 
seasonal precipitation patterns. 

Increases in Extreme Events 
More frequent or more severe storms, droughts, heat waves. 

Climate-Related Changes in Ecosystems  
Losses of habitat for species of concern, increases in 
undesired species (diseases and pests), reductions in 
ecosystemsʼ ability to produce desired goods and services. 

Climate-Related Changes in Social Systems 
Increases in climate-related expenditures, behaviors, and 
institutions, including migrations of population and 
economic activity away from areas facing high climate-
related risks. 

…can lead to…  Economic Harm  
Economic Costs 
Reductions in the value of goods and services  
available to society. 

Negative Economic Impacts 
Reductions in jobs, income, and related variables. 

Increases in Risk and Uncertainty 
Risk: Higher probability that harmful events will materialize in the 
future, or that harmful events will become more severe, or both. 
Uncertainty: Diminished ability to anticipate the future. 

Increases in Unprecedented Economic Conditions 
Information costs, adaptation costs, and increased economic 
impacts. 

Increases in Undesirable Distribution of Economic Well-Being 
The effects of climate change accrue in a manner people consider 
to be unfair and inappropriate.  
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• Loss of employment or reduction in employment opportunities. 

Workers may be harmed when climate-related events, such as floods 
or wildland fires, cause them to lose their jobs and incomes. The 
indirect effects of climate change also may lead to similar outcomes, 
as businesses move away from areas affected by drought to areas 
with greater availability of water.  

• Increase in risk or uncertainty about future economic conditions. 

All else equal, the economic well-being of most families, businesses, 
and communities is diminished when they experience higher risk, i.e., 
a higher probability of having bad things happen to them, and greater 
uncertainty about the probability that such events will occur. The 
prospect of climate change increases both.  

• Increase in unprecedented economic conditions. 

Preparation for and adaptation to new conditions will generate new 
costs that were not necessary to address similar concerns in the past. 
Climatic, environmental, and economic variations in the past provide 
reference for families, businesses and communities to anticipate 
impacts and adapt their activities. Insofar as climate change generates 
conditions not experienced in the past, preparation and adaptation 
will be more costly in terms of requiring new information, 
institutions, infrastructure, and behaviors.  

• Undesirable shift in the distribution of wealth, income, and other 
indicators of economic well-being. 

Many Americans may experience harm when climate change, or 
changes in ecosystems and social systems that stem from it, generate 
economic benefits for one group while imposing costs on another, 
especially if the latter is poor or otherwise disadvantaged. Similar 
harm may occur if changes in climate cause the extinction of species 
or the loss of notable landscapes and other natural resources so they 
will not be available to future generations. 

Washingtonians potentially will incur additional costs not as a result of changes 
in climate but from activities that contribute to climate change. We examine two 
of these. One is the cost households and businesses would incur by continuing 
with technologies and behaviors that inefficiently use energy, even though more-
efficient alternatives are available at little or no cost. The other is the health-
related cost individuals and families would incur by being exposed to harmful 
pollutants produced by burning coal to produce electricity. 

The analysis we present in Section III focuses on the potential economic costs of 
changes in climate, ecosystems, and social systems. Washingtonians potentially 
will incur additional costs not as a result of changes in climate but from activities 
that contribute to climate change. We examine two of these in Section IV. One is 
the cost households and businesses would incur by continuing with technologies 
and behaviors that inefficiently use energy, even though more-efficient 
alternatives are available at little or no cost. The other is the health-related cost 
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individuals and families would incur by being exposed to harmful pollutants 
produced by burning coal to produce electricity. In the following section, we 
describe our analytical approach to quantifying these costs. 

C.  Calculating the Business-As-Usual Potential 
Economic Harm 

Our objective is to illustrate the potential economic harm to families, business, 
and communities in Washington over the next several decades under conditions 
likely to materialize if society continues to conduct its affairs without an effective 
program to rein in GHGs. We call this the business-as-usual potential economic 
harm.  

The reasoning underlying the calculation is straightforward. We begin with a 
credible, quantitative estimate of a climate-related potential worsening in some 
factor (public health, agricultural production, energy costs, etc.) that contributes 
to the economic well being of families, businesses, or communities in 
Washington. We then multiply this times a credible estimate of the per-unit 
value of the factor. The product is an initial estimate of the potential harm per 
year.  

We complete our calculations by adjusting the initial estimate to represent 
business-as-usual expectations for three target years: 2020, 2040, and 2080. This 
adjustment may have three steps. First, if the literature provides estimates of the 
quantitative impact of climate change for years other than a target year (2020, 
2040, or 2080), we linearly interpolate to get a value for a target year when it falls 
between two values available from the literature, or linearly extrapolate when it 
falls outside them. For example, the maps in Figure 3 show expected changes in 
climate from 1990 to 2030. If we were to use the underlying data for our 
calculation, we would interpolate to find the expected change in 2020, and 
extrapolate to find the expected change in 2040 and 2080. The values would be 
70, 125, and 225 percent of the 1990 to 2030 change. We anticipate that linear 
interpolative and extrapolative adjustments likely understate and overstate the 
impact in the target year, respectively, as the underlying climate relationships 
apparently are nonlinear. 

Second, we adjust the initial estimate to account for business-as-usual conditions. 
This adjustment is required because most of the studies that offer a quantitative 
estimate of the impact of future climate change employ a scenario of emissions, 
temperature, and climate that assumes business-as-usual behaviors will not 
continue (i.e., society begins to act to rein in emissions). Other studies employ 
middle-of-the-road assumptions about the sensitivity of temperature and climate 
to GHG emissions, and thus potentially underestimate the possible effects of 
climate change. Accordingly, we adjust our initial estimate of the potential harm 
to reflect more closely what it would be under a business-as-usual scenario, 
based on differences among scenario assumptions of CO2 concentrations in a 
given time period. For this exercise, we employ Scenario A1FI, as represented by 
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the IPCC.28 We anticipate that using this scenario may still understate the 
potential harm under business-as-usual conditions, as actual emissions in recent 
years have exceeded the level embedded in the scenario, and recent research 
suggests the climate and ecosystem may be more sensitive than previously 
anticipated to increases in greenhouse gases. Figure 6 lists the adjustment factors 
applicable to the calculations we present in Section III. As Figure 6 shows, the 
differences between A1FI and the other emission scenarios are fairly small for 
2020 and 2040 but they increase substantially by 2080. 

Third, we adjust for anticipated changes in population. This adjustment is 
appropriate, for example, when a study estimates the future impact of higher 
temperatures on human morbidity, expressed as a change in the death rate per 
hundred-thousand population. We adjust the population of Washington, 
assuming it will experience population growth at the rates estimated by the state 
through 2030, and for the nation as a whole by the Bureau of Census after 2030.29  

The product of these steps is a representation of the potential future cost in 
Washington over the next several decades if the global society should extend a 
business-as-usual approach to addressing issues associated with climate change. 
We anticipate that our results will provide a useful introduction to the potential 
economic consequences of climate change, at a spatial and temporal scale that is 
useful for many Washingtonians. We also anticipate that our results will provide 
a useful basis for future investigations to describe these other facets of the 
economic consequences of climate change: 

                                                        

28 IPCC, Data Distribution Centre. 2008. “Carbon Dioxide: Projected Emissions and 
Concentrations.” December 5. Retrieved January 22, 2009, from http://www.ipcc-
data.org/ddc_co2.html 

29 U.S. Department of Commerce, Census Bureau, Population Division. 2000. Annual Projections of 
the Total Resident Population as of July 1: Middle, Lowest, Highest, and Zero International Migration 
Series, 1999 to 2100. February 14. Retrieved January 16, 2009, from http://www.census.gov/ 
population/projections/nation/summary/np-t1.txt 

Figure 6. Adjustment Factors for Estimating the Business-As-Usual 
Impacts of Climate Change from Initial Estimates Based on 
Other Scenarios 

Adjustment to 
A1FI from… 

2020 2040 2080 

A1B 0.9929 1.0265 1.2311 

A2 1.0000 1.0286 1.1447 

B1 1.0121 1.0886 1.4879 

B2 1.0221 1.1126 1.4293 

IS92a 1.0048 1.0611 1.2825 
Source: ECONorthwest, with data from IPCC. 2008. Carbon Dioxide: Projected Emissions and 
Concentrations. Retrieved on January 16, 2009, from http://www.ipcc-data.org/ddc_co2.html 
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• A full assessment of all the potential near-term costs in this region, 
encompassing the many costs that are too poorly understood to describe 
today.  

• An assessment of the potential costs that might materialize outside this 
region and beyond the next several decades.  

• An estimate of the present expected value of the overall potential cost of 
climate change, reflecting the many alternative ways in which climate 
change might play out and the probability that each will occur.  

• A comparison of the potential costs and benefits associated with different 
levels of GHG emissions, actions to rein in emissions, or actions to 
prepare for and adjust to changes in climate that cannot be avoided. 

• An estimate of the costs associated with continued dependence on foreign 
oil, including payments to foreign countries. 

• A forecast of what the economy will look like in the future. Such a 
product would require information about all the potential costs and 
benefits of climate change, the climate-related actions society might take, 
and the probabilities associated with different potential outcomes. 

Some of the potential costs, called market costs, would materialize as reductions 
in cash: lower disposable incomes for households, net revenues for businesses, 
and financial resources for communities. Increased expenditures to cope with 
climate-related illness, for example, would lower household incomes, while 
reductions in workers’ productivity could also reduce business earnings and 
public tax revenues. Other potential costs, called non-market costs, would not 
have an immediate cash effect on incomes, earnings, and public finance. Much of 
the cost associated with potential reductions in salmon populations, for example, 
reflects the public’s desire to ensure that salmon will be available for future 
generations to enjoy. Both market and non-market costs are important.  

This analysis does not capture all likely costs of climate change for Washington. 
Insufficient data are available to provide estimates for all of the potential effects 
scientists have identified, not to mention other effects not yet identified. In 
addition, Washingtonians likely will experience costs that materialize beyond the 
state’s border: as climate change leads to damage from heat waves, droughts, 
and storms elsewhere in the country and the world, for example, tax dollars and 
voluntary contributions will flow out of the state to provide assistance. Today’s 
Washingtonians also will incur some costs from manifestations of climate change 
that would occur beyond this century. Many Washingtonians strongly want to 
pass to future generations the beaches, salmon populations, and skiing 
opportunities that exist today, for example, and will experience reductions in 
economic well-being should climate change make this unlikely, if not impossible. 
For all these reasons, we are confident that the actual potential costs of climate 
change in Washington are larger than the amounts we have calculated.  



 

Climate Leadership Initiative 14 ECONorthwest  

III. THE POTENTIAL ECONOMIC COSTS ASSOCIATED WITH 
THE EFFECTS OF CLIMATE CHANGE 

In this section we present our illustrative calculations of the business-as-usual, 
potential economic costs to families, businesses, and families in Washington of 
climate change over the next several decades. In Section IV, we present another 
set of costs resulting from activities associated with the business-as-usual 
pathway that contribute to climate change. For each type of cost in this section 
and in Section IV, we present this information: 

Description:  We provide a short description of the potential cost, and the 
change(s) in climate, ecosystems, or social systems that likely will generate it. To 
facilitate the presentation, we organize the potential costs into these categories: 

A. Energy  E. Forest and Range Production 

B. Fish and Wildlife F. Recreation 

C. Flood and Storm Damage G. Public Health 

D. Food Production 

Assumptions, Data, and Calculation: We describe our assumptions, 
identify the information we use to quantify the business-as-usual potential cost 
and estimate its economic value, and demonstrate how we make the calculation. 

Results:  We report each potential annual cost under a business-as-usual 
scenario in 2020, 2040, and 2080. Our findings represent the costs expressed in 
today’s dollars, that Washingtonians potentially would bear if they, in concert 
with others around the world, do not take meaningful action and climate change 
occurs as represented by the A1FI scenario from the IPCC.  

We anticipate that our results generally understate the potential economic costs 
climate change would impose on Washingtonians if they and the residents of 
other states and nations continue in a business-as-usual manner. The degree of 
understatement increases the further one looks into the future. As atmospheric 
concentrations of GHGs increase, it becomes increasingly likely that higher 
temperatures will trigger processes that bring about even faster change in climate 
and initiate irreversible changes in ecosystems and social systems. 

We recognize that families, businesses, and communities in Washington may be 
able to offset or mitigate some of the potential costs in the near term by taking 
advantage of the potential economic benefits of climate change, such as increased 
production of some crops or reduced expenditures on heating, that might 
accompany moderate climate warming. Our aim, however, is not to describe this 
potential adjustment but to describe the potential consequences if such 
adjustments are not realized. Further investigation is required to determine the 
extent of these opportunities, but current evidence suggests they will not fully 
offset the costs likely to materialize with large increases in atmospheric 
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concentrations of GHGs. Similarly, adaptation opportunities may not offset the 
costs of small increases, or even the costs of increases that already have occurred. 
In sum, our results do not represent a forecast of what will happen, but a 
description of what might happen. We do not present a forecast because doing so 
would inject into the calculations many variables about which little is known, at 
odds with our objective to provide results that are defensible, comprehensible, 
and useful. 
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A. Energy 

1. Reduced Hydropower Generation 
Description 
Climate models indicate that changes in the Pacific Northwest’s climate likely 
will cause runoff to increase in winter and decrease in summer, reducing value 
of hydropower produced by the region’s hydroelectric facilities. This reduction 
in value would ensue due to a mismatch between energy demand, which will 
increase in summer, and hydropower supplies, which would be lower at the 
same time. 

Assumptions, Data, and Calculation 
We apply the findings of a recent regional assessment, which concludes that 
climate-related changes in streamflow could reduce the annual average 
production of the hydropower system in the Pacific Northwest by 664 megawatts 
(MW) in 2020, and 2,033 MW in 2040. We assume the trend will continue and 
extrapolate to estimate the potential effect in 2080. We estimate Washington’s 
share of the potential reduction in productive capacity to be 355 MW by 2020, 
1,100 MW by 2040, and 2,150 MW by 2080, assuming that its current share of 
production will persist. We estimate the value of the reduction in the production 
of energy assuming the forgone generation otherwise would have produced 
electrical energy year-round and applying $48.25 per MW-hour as the estimated 
bulk electricity price.a 

Results  

 
References and Notes 
a Northwest Power and Conservation Council. 2005. The Fifth Northwest Electric Power and 
Conservation Plan; Appendix N. Retrieved on December 12, 2008, from 
http://www.nwcouncil.org/energy/ powerplan/5/Default.htm 

Potential Value of Reduction in Hydropower Generation 

2020 2040 2080 

$150 million $473 million $1.12 billion 
Source: ECONorthwest 
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2. Increased Energy Consumption for Residential Indoor 
Air Cooling 

Description 
Higher temperatures during summer months will induce residential consumers 
to spend more money on air conditioning, decreasing the amount they can spend 
on other things.  

Assumptions, Data, and Calculation 
A regional assessment concludes that average July-August temperatures will 
increase 2.9°C (5.2°F) by 2040, and the associated increases in air conditioning 
will increase average regional residential demand for energy from the power 
system by about 200 megawatts (MW).a We linearly interpolate to estimate the 
increase in 2020 and extrapolate to estimate the increase in 2080. Assuming that 
Washington’s 2000 share of regional consumption in 2000 will extend into the 
future, the additional average demand will be about 47 MW by 2020, 110 MW by 
2040, and 280 MW by 2080. We use the average monthly residential prices in 
Washington between 1990 and 2008 for July and August to estimate consumers’ 
additional cooling costs.b 

Results  

This calculation does not include additional expenditures for commercial or 
industrial consumers, which we expect to be small relative to the potential 
increase in Washingtonians’ home electricity bills. 

References and Notes 
a Northwest Power and Conservation Council. 2005. The Fifth Northwest Electric Power and 
Conservation Plan; Appendix N. Retrieved on December 12, 2008, from 
http://www.nwcouncil.org/energy/ powerplan/5/Default.htm 

b Energy Information Administration. 2008. Current and Historical Monthly Retail Sales, Revenue and 
Average per Kilowatthour by State and by Sector (Form EIA-826). Retrieved January 15, 2009, from 
http://www.eia.doe.gov/cneaf/electricity/page/sales_ revenue.xls. 

Potential Value of Increased Energy Costs for Air Conditioning 

2020 2040 2080 

$28 million $65 million $164 million 
Source: ECONorthwest 
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3. Increased Energy Loss During Transmission 
Description 
Higher temperatures during climate-related heat waves will increase the amount 
of energy lost during electricity-transmission lines. During heat waves, the 
resistance of overloaded transmission lines increases, causing the grid to convert 
more electricity into heat, which wastes energy.a 

Assumptions, Data, and Calculation 
We assume summertime consumption of electricity in 2008 will increase in 
accord with the rate projected by the Energy Information Administration for 
Washington.b We apply a middle-of-the-road estimate of the potential growth in 
heat-wave days from 1990 to 2030;c linearly interpolate and extrapolate to 
estimate the number of additional days in 2020, 2040, and 2080; and adjust the 
numbers to estimate what the impact would be under a business-as-usual 
scenario of climate change. If the additional transmission-line losses during a 
heat-wave day equal about one-quarter of the electricity being transmitted,a the 
annual losses would total 678,000 MW-hours by 2020, 1.3 million MW-hours by 
2040, and 3.75 million MW-hours by 2080. We assume the average summertime 
wholesale price of electricity, $65 per MW-hour in 2008 dollars, will apply in the 
future.d 

Results  

References and Notes 
a Ackerman, F. and E.A. Stanton. 2008. The Cost of Climate Change: What We’ll Pay If Global Warming 
Continues Unchecked. Natural Resources Defense Council. May. Retrieved January 20, 2009, from 
http://www.nrdc.org/globalwarming/cost/cost.pdf 

b Energy Information Administration. 2008. EERE State Activities and Partnerships: Electric Power and 
Renewable Energy in Washington. Retrieved January 23, 2009, from http://apps1.eere.energy.gov/ 
states/electricity.cfm/state=WA 

c Tebaldi, C., K. Hayhoe, J.M. Arblaster, and G.A. Meehl. 2006. “Going to the Extremes: An 
Intercomparison of Model-Simulated Historical and Future Changes in Extreme Events.” Climatic 
Change 79(3-4): 185-211. Adapted by Lawrence Buja and Julie Arblaster. Retrieved January 21, 2009, 
from http://www.cgd.ucar.edu/ccr/climate_change_ gallery_test/ 

d Energy Information Administration. 2008. Current and Historical Monthly Retail Sales, Revenue and 
Average per Kilowatthour by State and by Sector (Form EIA-826). Retrieved January 15, 2009, from 
http://www.eia.doe.gov/cneaf/electricity/page/sales_ revenue.xls 

Potential Value of Energy Lost in Transmission During Heat Waves 

2020 2040 2080 

$44 million $85 million $241 million 
Source: ECONorthwest 
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4. Other Potential Costs of Climate Change Related to 
Energy 

Description 
Climate change undoubtedly will affect other parts of Washington’s energy 
system but there is little research to substantiate the magnitude of these impacts. 
For instance, a recent report showed that industry may increase its energy 
consumption on days with high temperatures, people may consume higher 
amounts of gasoline due to increased use of air conditioning in their cars, and 
trucks that transport perishables may increase their fuel use to refrigerate their 
cargoes. Equally uncertain is how much farmers’ energy demand will increase on 
hot days when they ramp up irrigation to maintain soil moisture.a Other 
potential costs include damages to electricity-transmission equipment during 
floods and storms, which are expected to become more frequent and intense 
because of climate changeb and costs associated with an increased probability of 
blackouts. A study by researchers at Los Alamos National Laboratory found that 
an increase in air temperature of 1.5°C (2.7°F) would increase the probability of a 
blackout occurring from 1 time per year to 8-10 times per year. The researchers 
estimated economic loss associated with this increased probability at 1 percent of 
gross state product.c 

References and Notes 
a Scott, M.J. and Y.J. Huang. 2007. “Effects of Climate Change in Energy Use in the United States.” 
In Wilbanks, T.J., V. Bhatt, D.E. Bilello (eds.). Effects of Climate Change on Energy Production and Use 
in the United States. A Report by the U.S. Climate Change Science Program and the subcommittee 
on Global Change Research. 

b Bull, S.R., D.E. Bilello, J. Eckmann, et al. 2007. “Effects of Climate Change on Energy Production 
and Distribution in the United States.” In Wilbanks, T.J., V. Bhatt, D.E. Bilello (eds.). Effects of 
Climate Change on Energy Production and Use in the United States. A Report by the U.S. Climate 
Change Science Program and the subcommittee on Global Change Research. 

c Personal communication with Gary Geernaert, Director, Institute of Geophysics and Planetary 
Physics, Los Alamos National Laboratory. February 6, 2009. 
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B. Fish and Wildlife 

1. Reduced Salmon Habitat and Populations 
Description 
Warmer stream temperatures resulting from increased global temperatures 
reduce the amount of habitat that can viably support salmon, reducing salmon 
populations.  

Assumptions, Data, and Calculation 
We assume salmon populations will decline proportionate to expected losses of 
suitable aquatic habitat. An assessment of stream temperatures under an A2 
emissions scenario indicates increased warming might reduce salmon habitat in 
Washington by 5, 13, and 22 percent by 2030, 2060, and 2090, respectively.a We 
interpolate and adjust the percentages to reflect the potential changes in 2020, 
2040, and 2080, as well as the A1FI scenario. To determine the value of the loss of 
salmon, we rely on a study of Washingtonian’s willingness to pay for changes in 
the size of anadromous fish runs.b The methodology in this study was vetted and 
adopted by a panel of economists for Washington State’s Columbia River 
Initiative, who recommended that “any reliable estimates of impacts on salmon 
and steelhead should be assigned values based upon the methodology.”c Using 
results from Layton et al., we derive the value Washingtonians place on the 
potential loss of salmon populations in Washington in 2020, 2040, and 2080, 
adjusting for growth in households over time. 

Results  

These results are based on an analysis of the value of increasing salmon stocks, 
which diminishes as fish populations become more robust. Climate change 
impacts reduce stocks, which should lead to an increasing, rather than 
decreasing value as salmon become more rare. Consequently, these estimates 
likely understate the value of salmon losses. The results also probably understate 
the total impact of climate change on salmon populations, because they overlook 
stresses from potential changes in ocean conditions, climate-related increases in 
disease, and reduced effectiveness of habitat restoration efforts, among other 
effects.d They also may not fully account for ecosystem goods and services other 
than salmon that would be lost as changes in climate affect salmon habitat. 

Potential Value of Reduced Salmon Populations 

2020 2040 2080 

$531 million $1.4 billion $3 billion 
Source: ECONorthwest 
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References and Notes 
a O’Neal, K. 2002. Effects of Global Warming on Trout and Salmon in U.S. Streams. Defenders of 
Wildlife and Natural Resources Defense Council. May. 

b Layton, D.F., G.M. Brown, and M.L. Plummer. 1999. Valuing Multiple Programs to Improve Fish 
Populations. April. Retrieved January 24, 2009, from http://www.econ.washington.edu/user/ 
gbrown/valmultiprog.pdf 

c Huppert, D., G. Green, W. Beyers et al. 2004. Economics of Columbia River Initiative. Washington 
Department of Ecology and CRI Economics Advisory Committee. January 12. 

d See, for example, Battin, J., M.W. Wiley, M.H. Ruckelshaus et al. 2007. “Projected Impacts of 
Climate Change on Salmon Habitat Restoration.” Proceedings of the National Academy of Sciences 104 
(16): 6720-6725. Retrieved January 23, 2009, from http://www.pnas.org/content/104/16/ 
6720.full.pdf+html; Independent Scientific Advisory Board. 2007. Climate Change Impacts on 
Columbia River Basin Fish and Wildlife. ISAB Climate Change Report ISAB 2007-2. Northwest Power 
and Conservation Council. May 11; and Richter, A. and S.A. Kolmes. 2005. “Maximum 
Temperature Limits for Chinook, Coho, and Chum Salmon, and Steelhead Trout in the Pacific 
Northwest.” Reviews in Fisheries Science 13: 23-49. 
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2. Other Potential Costs Related to Impacts of Climate 
Change on Fish and Wildlife 

Description 
Increased temperatures and changes in precipitation are likely to impact many 
species, other than salmon in Washington. Scientists have found evidence that 
climate change can result in changes in species’ range, abundance, phenology 
(timing of an event, such as migration), morphology and physiology, and 
community composition, biotic interactions and behavior.a Many of these 
impacts on populations and ecosystems would potentially result in economic 
harm. For example, sea level rise, changes in ocean currents, and increases in 
ocean acidity are likely to impact the species and ecological communities in 
Washington’s coastal and near-shore environments, including coastal wetlands 
and rocky intertidal areas. Disruptions in these ecosystems could adversely affect 
Washington’s commercial and recreation fishing industries.b Temperature 
increases also are likely to disrupt montane ecosystems, particularly those 
associated with glaciers and snowpack. Some invasive species and pests, which 
have historically been limited by temperature or moisture, may be able to expand 
their range and pose new threats to native populations of fish and wildlife.c Data 
are not available, however, to allow us to estimate the costs associated with these 
and other potential fish and wildlife-related impacts. 

References and Notes 
a Root, T.L. and S.H. Schneider. 2002. “Climate Change: Overview and Implications for Wildlife.” 
In S.H. Schneider and T.L. Root (eds.). Wildlife Responses to Climate Change: North American Case 
Studies. Island Press: Washington D.C. 

b Stanford, E. 2002. “Community Responses to Climate Change: Links Between Temperature and 
Keystone Predation in a Rocky Intertidal System.” In S.H. Schneider and T.L. Root (eds.). Wildlife 
Responses to Climate Change: North American Case Studies. Island Press: Washington D.C. 

c Janetos, A.C. 2008. “Chapter 5: Biodiversity.” In Backlund, P., A. Janetos, and D. Schimel. 2008. 
The Effects of Climate Change on Agriculture, Land Resources, Water Resources, and Biodiversity in the 
United States. Synthesis and Assessment Product 4.3. U.S. Climate Change Science Program and the 
Subcommittee on Global Change Research. May. 
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C. Flood and Storm Damage 

1. Costs Related to Sea-Level Rise 
Description 
Rising global temperature leads to increased sea levels, which will inundate 
valuable property and structures. 

Assumptions, Data, and Calculation 
No direct estimates of the value of coastal property damage due to sea-level rise 
exist for Washington, so we apply estimates for California.a,b After adjusting for 
differences in general coastline length, median home value, and coastal 
population density, the potential damage for Washington in 2070 would be $74 
million per year, under the A2 scenario for future emissions and climate change.c 
Hence, we linearly interpolate and extrapolate to obtain estimates for 2020, 2040, 
and 2080, and adjust to represent the A1FI scenario.  

Results 

These results embody considerable uncertainty, as there exists no direct 
measurement of the potential damage from climate-related increases in sea level 
and storm surges. We do not adjust for the current tectonic trend of uplift for 
northwestern Olympic peninsula, subsidence for south Puget Sound, and little 
noticeable movement for the rest of Washington coastline.d The estimate does not 
account for the interactive effects of higher sea levels and increased storm surges 
that would further increase damages. Sea-level rise and increased storm surges 
would generate increased risk of flood and storm damage for inland areas 
reached by the tides such as downtown Olympia, Tacoma, Seattle, and other 
urban areas.  

References and Notes 
a Neumann, J., D. Hudgens, J. Herr, and J. Kassakian. 2003. “Market Impacts of Sea Level Rise on 
California Coasts.” 2003. Appendix XIII in Wilson, T., L. Williams, J. Smith, and R. Mendelsohn, 
Global Climate Change and California: Potential Implications for Ecosystems, Health, and the Economy. 
Consultant report 500-03-058CF to the Public Interest Energy Research Program, California Energy 
Commission. 

b Kahrl, R. and D. Roland-Holst. 2008. California Climate Risk and Response. Research Paper No. 
08102801. University of California. November. Retrieved January 23, 2009, from 
http://are.berkeley.edu/~dwrh/CERES_Web/Docs/California%20Climate%20Risk%20and%20R
esponse.pdf.  

c Washington’s general coastline is 19 percent as long as California’s, its 2000 median home value 
was 80 percent, and its 2008 coastal population density is 50 percent. National Oceanic and 

Potential Value of Property Damage from Sea Level Rise 

2020 2040 2080 

$21 million $44 million $97 million 
Source: ECONorthwest 
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Atmospheric Administration. 2004. Population Trends Along the Coastal United States: 1980-
2008.Retrieved February 6, 2009, from http://oceanservice.noaa.gov/programs/mb/ 
supp_cstl_population.html. 

d Mote P., Petersen A., Reeder S., Shipman H., and Whitely-Binder L. 2008. Sea Level Rise in the 
Coastal Waters of Washington State. A report by the University of Washington Climate Impacts 
Group and the Washington Department of Oceanography.  
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2.  Costs Related to Extreme Weather Events 
Description 
Climate change is expected to increase storm severity and the frequency of 
extreme storm events, including high winds, flooding, lightning and fire. Storm 
events will have direct property-damage effects, as well as increased storm-
related injuries and fatalities.a 

Assumptions, Data, and Calculation 
The National Oceanic and Atmospheric Administration’s National Weather 
Service and National Climatic Data Center collect information on fatalities, 
injuries, property damage, and crop damage resulting from extreme weather 
events, including weather-influenced wildfires. b The U.S. Climate Change 
Science Program provides rough estimates for increases in extreme weather 
events, including an increase in frequency of extreme precipitation events by 2.5 
times under the A1B scenario by 2100. Wildfire forecasts for the west follow 
similar increases rates with two to five times the acreage burnt at the end of the 
20th century by late in the 21st century.c Using the average total property and crop 
damage estimates from 1996 to 2007, we linearly interpolate an increase in these 
impacts 2.5 times by 2100 for 2020, 2040 and 2080, and adjust for the A1FI 
scenario. We do not monetize fatalities and injuries, but the increase by 2080 
would be 20 fatalities and 58 injuries due to extreme weather events. These 
include heat-related effects that are further described in the Public Health section 
below. 

Results 

References and Notes 
a U.S. Climate Change Science Program. 2008. Weather and Climate Extremes in a Changing 
Climate: Regions of Focus: North America, Hawaii, Caribbean, and U.S. Pacific Islands. In Karl, 
T.R., G.A. Meehl, C.D. Miller, S.J. Hassol, A.M. Waple and W.L. Murray (eds.). Weather and Climate 
Extremes in a Changing Climate.  Synthesis and Assessment Product 3.3. Washington, DC. 

b Consistent damage cost estimates are available from 1996-2007. National Weather Service and 
National Climatic Data Center. 1996-2008. “Summary of Hazardous Weather Fatalities, Injuries and 
Damage Costs by State.” Natural Hazard Statistics. Accessed February 3, 2009 from 
http://www.weather.gov/os/hazstats.shtml#. Adjusted to 2008 dollars. 

c Mckenzie, D., Z. Gedalof, D. Peterson, and P. Mote. 2004. “Climatic Change, Wildfire, and 
Conservation.” Conservation Biology 18: 890-902. 

Potential Value of Property and Crop Damage from Extreme Weather 
Events 

2020 2040 2080 

$51 million $106 million $255 million 
Source: ECONorthwest 
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3. Other Potential Costs from Climate-Related Sea-Level 
Rise and Extreme Weather 

Description 
The combined impact of multiple storm and ocean effects from climate change is 
likely to be greater than the sum of the individual impacts, as interactions 
increase severity. Similarly, damages from storm events tend to increase relative 
to storm severity more than linearly.a Thresholds exist in current infrastructure 
designed to protect property and people from storm impacts.  

Sea-level rise and extreme weather events will impact natural structures and 
functions and the resulting ecosystem services communities rely upon. Storm 
events increase erosion, create landslides, damage forests and habitat, and injure 
wildlife. 

References and Notes 
a U.S. Climate Change Science Program. 2008. “Weather and Climate Extremes in a Changing 
Climate: Regions of Focus: North America, Hawaii, Caribbean, and U.S. Pacific Islands.” In Karl, 
T.R., G.A. Meehl, C.D. Miller, S.J. Hassol, A.M. Waple and W.L. Murray (eds.). Weather and Climate 
Extremes in a Changing Climate. Washington, DC. 
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D. Food Production 

1. Reduced Beef Production 
Description 
Higher temperatures slow the rate of growth for beef cattle and reduce the 
production and sales of ranches and feedlots.  

Assumptions, Data, and Calculation 
We assume ranchers and feedlot operators will continue the practices of 2007 and 
that prices will remain at 2007 levels, which produced sales of $732 million.a We 
also assume that the temperature increases accompanying a doubling of carbon 
dioxide emissions would increase the time required for a cow to reach finished 
weight in a feedlot in the western United States by 2.5 percent; a tripling might 
increase the time by 15 percent.b The potential harm equals the value of annual 
beef production times the percentage loss of production from climate change, 
adjusted to reflect potential doubling of carbon dioxide emissions by 2040 and 
tripling by 2080, under scenario A1FI. 

Results  

Potential losses would be greater if ranchers tried to expand their production, so 
that higher temperatures would affect the maturation of a larger number of 
animals. Also, additional beef production losses, especially for range-fed cattle, 
may occur as range productivity declines with increasing temperatures and 
reduced water availability during summer months.c 

References and Notes 
a United States Department of Agriculture, National Agricultural Statistics Service. 2008. Meat 
Animals Production, Disposition, and Income: 2007 Summary. April. 

b Frank, K.L. 2001. Potential Effects of Climate Change on Warm Season Voluntary Feed Intake and 
Associated Production of Confined Livestock in the United States. Masters of Science Thesis. Kansas 
State University, Manhattan. As cited in Backlund, P., A. Janetos, and D. Schimel. 2008. The Effects 
of Climate Change on Agriculture, Land Resources, Water Resources, and Biodiversity in the United States. 
Synthesis and Assessment Product 4.3. U.S. Climate Change Science Program and the 
Subcommittee on Global Change Research. May. 

c Backlund, P., A. Janetos, and D. Schimel. 2008. The Effects of Climate Change on Agriculture, Land 
Resources, Water Resources, and Biodiversity in the United States. Synthesis and Assessment Product 
4.3. U.S. Climate Change Science Program and the Subcommittee on Global Change Research. May. 

Potential Value of Reduced Beef Production 

2020 2040 2080 

$11.6 million $18.3 million $91.5 million 
Source: ECONorthwest 
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2. Reduced Wheat Production 
Description 
Temperatures above 5°C (9°F) reduce the yields of winter wheat production. 

Assumptions, Data, and Calculation 
We assume farmers will continue with the practices that produced the 2007 crop 
and that prices will remain at 2007 levels, which produced a crop worth about 
$822 million.a We apply the results of a study that indicates wheat production in 
eastern Washington will decline by approximately 20 percent with a 5°C (9°F) 
increase in global mean temperature, and an atmospheric carbon-dioxide 

concentration of 365 ppm.b We extrapolate and adjust this finding to estimate the 
potential reduction in production under the A1FI scenario in 2080, the only one 
of our target years that would experience a temperature increase of at least 5°C 
(9°F). The potential harm equals the value of the potential reduction in wheat 
production.  

Results 

We do not include costs for 2020 and 2040, because reduced wheat production 
does not occur until temperatures reach approximately 5°C (9°F). This 
magnitude of temperature increase is not expected to occur in the A1FI scenario 
until the later part of the 21st century. 

References and Notes 
a U.S. Department of Agriculture, National Agricultural Statistics Service. 2008. U.S. & All States 
Data – Winter Wheat [2007, Value of Production, All Winter Wheat, Washington]. 

b Brown, R.A. and N.J. Rosenberg. 1999. “Climate Change Impacts on the Potential Productivity of 
Corn and Winter Wheat in their Primary United States Growing Regions.” Climatic Change 41: 73-
107. Although the authors hold carbon dioxide concentrations constant to control for any so-called 
fertilization effect, in which higher concentrations of CO2 accelerate plant growth, they conclude 
that even at concentrations of carbon dioxide at 750 ppm, a 5°C (9°F) increase in temperature 
causes wheat yields to decline.  

Potential Value of Reduced Wheat Production 

2020 2040 2080 

-- -- $164 million 
Source: ECONorthwest 
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3. Reduced Agricultural Output in the Yakima Basin 
Description 
Decreased summer water supplies negatively impact irrigated agriculture in the 
Yakima basin, that comprises a great number of high-value crops. 

Assumptions, Data, and Calculation 
A recent study of the impact of climate change on the irrigated agriculture in the 
Yakima Valley found that water shortages in spring and summer reduce the crop 
yields by $66 million by 2060.a The results were modeled under a scenario similar 
to A1B, with temperature increases of 2ºC (3.6ºF) and CO2 concentrations of 560 
ppm, assuming no adaptation other than early planting. We linearly interpolate 
and extrapolate to estimate these losses in 2020, 2040, and 2080 and adjust the 
numbers to estimate what the impact would be under a business-as-usual 
approach to climate change. The authors of the study recognize that their results 
are probably underestimates since the analysis does not account for damages to 
fruit trees and grape vines from low-water years that carry over into the future. 

Results 

References and Notes 
a Scott, M.J., L.W. Vail, C. Stöckle, and A. Kemanian. No date. Climate Change Impact on Agriculture 
in the Yakima Valley, Washington State. Battelle Pacific Northwest Division. Working Paper.  

Potential Value of Reduced Agricultural Output in the Yakima Basin 

2020 2040 2080 

$23 million $46 million $108 million 
Source: ECONorthwest 

 



 

Climate Leadership Initiative 30 ECONorthwest  

4.  Other Potential Costs from the Effects of Climate 
Change on Food Production 

Description 
Changes in precipitation and temperature are likely to impact Washington’s 
agricultural industry in ways other than those reported above. For example, 
higher temperatures may reduce the yield or cease production altogether in some 
regions of some additional crops, such as grapes, apples, cherries, and potatoes. 
Changes in temperature may also increase the occurrence of pests and plant 
diseases, requiring famers to expend more resources on pest and disease 
management.a Increased evaptranspiration and reduced availability water 
supplies may lead to reductions in yield for a variety of crops due to water stress. 
Insufficient data are available, however, to allow us to estimate the costs 
associated with these and other potential food-production-related impacts. 

References and Notes 
a Hatfield, J.L. 2008. “Chapter 2: Agriculture.” In Backlund, P., A. Janetos, and D. Schimel. 2008. The 
Effects of Climate Change on Agriculture, Land Resources, Water Resources, and Biodiversity in the United 
States. Synthesis and Assessment Product 4.3. U.S. Climate Change Science Program and the 
Subcommittee on Global Change Research. May. 
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E. Forest and Range Production 

1. Lost Forest Assets from Wildland Fires 
Description 
Wildland fires become more frequent and severe as climate change increases 
temperatures and aridity, and accelerates tree mortality from insects and disease. 
When forests burn, they lose their ability to produce many goods and services, 
but data are available only to estimate the loss assuming the forest would be 
managed to produce timber. 

Assumptions, Data, and Calculation 
Projections for climate-related changes in temperature and precipitation suggest 
that, relative to the 20th century, wildfires in Washington will burn 50 percent 
more acreage per year by 2020 and double the acreage by 2040.a On average, 
73,000 acres of federal land burned annually from 1988 to 1999.b We assume that, 
if non-federal lands burned at the same rate, the average would have been 
166,000 acres. State and federal land make up 63 percent of all forestland in 
Washington.c A 50 percent increase in acreage burned by 2020 would be a 
marginal increase of 84,000 acres, and a 100 percent increase by 2040 would be a 
marginal increase of 166,000 acres. We assume the value of lost goods and 
services when a forest burns is at least $1,000 per acre, a general estimate for the 
value of lost timber.d We use the projected increase in burn rates for the A2 
scenario, which we linearly extrapolate for A1FI and 2080. 

Results 

These results do not include the value of ecosystem services distinct from the 
production of timber that would be lost with increased forest fires. The loss of 
structures to fire is included under extreme weather events because the data are 
collected by the National Weather Service and aggregated with other weather-
related structural losses. 

References and Notes 
a Mckenzie, D. Z. Gedalof, D. Peterson, and P. Mote. 2004. “Climatic Change, Wildfire, and 
Conservation.” Conservation Biology 18: 890-902. 

b Climate Leadership Initiative, Institute for a Sustainable Environment, University of Oregon. 
2006. Impacts of Climate Change on Washington’s Economy: A Preliminary Assessment of Risks and 
Opportunities. Retrieved February 6, 2009, from http://www.ecy.wa.gov/climatechange/ 
economic_impacts.htm 

c National Association of State Foresters. 2006 State Forestry Statistics. 
http://www.stateforesters.org/files/2006%20State%20Forestry%20Statistics-Web-Final.pdf 

d Titus, J.G. 1992. “The Costs of Climate Change to the United States.” In: Majumdar, S.K., L.S. 
Kalkstein, B. Yarnal, E.W. Miller, and L.M. Rosenfeld (eds). Global Climate Change: Implications, 
Challenges, and Mitigation Measures. Pennsylvania Academy of Sciences. 

Potential Value of Lost Forest Assets from Increased Forest Fires 

2020 2040 2080 

$84 million $171 million $380 million 
Source: ECONorthwest 
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2. Increased Control Expenditures Related to Wildland Fire 
Description 
Wildfires become more frequent and severe as climate change increases 
temperatures and aridity, and accelerates tree mortality from insects and disease. 
As wildland fires become more widespread Washingtonians will incur 
additional fire-control costs. 

Assumptions, Data, and Calculation 
Projections for forests in Washington based on temperature and precipitation 
suggest that wildland fires will impact 50 percent more acreage than during the 
20th century by 2020 and a doubling by 2040.a We assume suppression costs will 
increase proportional to acres burned, fire suppression costs will increase as well, 
or alternatively.b We base our calculation on these rates and historical 
expenditures.c 

Results 

References and Notes 
a Mckenzie, D. Z. Gedalof, D. Peterson, and P. Mote. 2004. “Climatic Change, Wildfire, and 
Conservation.” Conservation Biology 18: 890-902. 

b National Association of State Foresters. 2006 State Forestry Statistics. 
http://www.stateforesters.org/files/2006%20State%20Forestry%20Statistics-Web-Final.pdf 

c Climate Leadership Initiative, Institute for a Sustainable Environment, University of Oregon. 
2006. Impacts of Climate Change on Washington’s Economy: A Preliminary Assessment of Risks and 
Opportunities. Retrieved February 6, 2009, from http://www.ecy.wa.gov/climatechange/ 
economic_impacts.htm 

Potential Value of Increased Control Expenditures for Wildland Fires 

2020 2040 2080 

$18 million $37 million $82 million 
Source: ECONorthwest 
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3.  Other Potential Costs from the Effects of Climate 
Change on Forests and Range 

Description 
Numerous studies based on climate forecasts as well as impacts already 
occurring indicate that climate change is likely to increase the forest damages 
resulting from disease and pests such as the mountain pine beetle. Mountain 
pine beetle populations are historically held in check by cold winters. As the 
frequency of cold winters decreases, the mountain pine beetle’s exponential 
growth rate goes unfettered and leads to rapid and widespread tree mortality, as 
seen throughout the western United States and Canada.a The mountain pine 
beetle is now beginning to show a potential to jump to non-pine species after 
locally exhausting the supply of pines. Mountain pine beetles could conceivably 
impact the majority of remaining forest in Washington. Mountain pine beetles 
can interact with other effects that stress forests in Washington such as increased 
temperatures and decreased soil moisture to hasten tree mortality.b 

Lost forest will lead to lost ecosystem services for Washintonians, such as water 
filtration, water storage and air filtration. The City of Portland, Oregon avoids 
purchasing a $200 million filtration treatment system for its water supply by 
protecting 102 square miles of its watershed. This equates to an avoided cost 
benefit of $3,000 per acre for water filtration services.c We do not make an 
estimate of the total value of ecosystem services lost with forest loss because 
there currently are not equivalent identifications of demand for the state of 
Washington as a whole. While the forest value from Portland is likely high for 
most forest in Washington, it is a value for only one ecosystem service, and as the 
population grows, demand for these services will increase as well. 

References and Notes 
a Carroll, A.L., J. Régnière, J.A. Logan et al. 2006. Impacts of Climate Change on Range Expansion by the 
Mountain Pine Beetle. Working Paper No. 2006-14. Canadian Forest Service, Natural Resources 
Canada, Pacific Forestry Centre. Retrieved May 18, 2007, from http://mpb.cfs.nrcan.gc.ca/ 
research/projects/1-02_e.html  

b van Mantgem, P.J., N.L. Stephenson, J.C. Byrne, et al. 2009. “Widespread Increase of Tree 
Mortality Rates in the Western United States.” Science 323: 5913. 

c ECONorthwest, with data from the Portland Water Bureau, http://www.portlandonline.com/ 
water/index.cfm?c=29784; and Krieger, D. 2001. Economic Value of Forest Ecosystem Services: A 
Review. The Wilderness Society. 
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F. Public Health 

1. Increased Low-Altitude Ozone 
Description 
Increased temperatures favor the production of low-altitude ozone, which 
negatively impacts the health of humans that live in urban areas and creates 
costs associated with increased rates of morbidity, premature mortality, and lost 
worker productivity.a  

Assumptions, Data, and Calculation of Mortality  
We apply findings from an assessment of the A2 scenario, which indicate 
elevated ozone levels related to climate change could increase nonaccidental 
mortality by 0.27 percent by 2050.b We linearly interpolate and extrapolate to 
estimate the effects in 2020, 2040, and 2080, then adjust for higher temperatures 
expected in the A1FI scenario. We assume that, absent climate change, 
nonaccidental mortality would rise proportional to future increases in 
Washington’s metropolitan population and estimate that the higher ozone 
concentrations would increase annual mortality by 56 deaths in 2020, 128 in 2040, 
and more than 335 in 2080.c We estimate the value of the additional premature 
deaths using EPA’s current estimate of the value of a statistical life.d 

To calculate the potential costs of increased morbidity we rely on the results of 
an employee survey, that estimated expenditures associated with conditions, 
such as allergies, asthma, and other respiratory affections, incurred by 
employees, including those who do not suffer from the particular condition.e 
Using these results, we first estimate what the costs would be absent climate 
change by assuming that current costs of hospitalization for conditions related to 
ozone in metropolitan areas will increase proportionate to expected growth in 
Washington’s labor force. We then apply the results from a study that concluded 
current hospitalization costs related to high ozone concentrations in California 
might triple under the A2 scenario,f and make adjustments to reflect the higher 
temperatures expected under the A1FI scenario. The results represent the 
potential increases in medical costs for 2020, 2040, and 2080.  

To estimate the value of increases in lost productivity as more workers become ill 
from climate-related increases in ozone concentrations, we rely on the findings of 
the same employee surveye and first assume that, absent climate change, current 
levels of lost productivity in metropolitan areas would grow proportional to 
expected growth in Washington’s labor force. We then apply the results of a 
study that estimated the productivity losses in California related to ozone could 
increase 62 percent under the A2 scenario,f and make adjustments to reflect the 
higher temperatures expected under the A1FI scenario. The results represent the 
potential increases in workers’ lost productivity for 2020, 2040, and 2080. 
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Results  

The calculation of increased morbidity costs does not account for costs that 
would occur outside a hospital (in-patient or emergency room) or for the effects 
of higher ozone concentrations on all sensitive groups, like children and elderly. 

A newly released assessment of the impacts of climate change in Washington by 
the Climate Impacts Group similarly finds that higher temperatures will lead to 
increased ozone concentrations, which in turn will result in increased mortality 
in the state. The report’s forecast is higher than our estimates giving us 
confidence that probably the impacts of climate-induced increases in ozone 
concentrations will be at least equal to those we calculate above. The assessment 
also does not estimate increased costs of morbidity and lost productivity related 
to higher ozone levels.g 

EPA’s value of statistical life represents the value that people, on average, are 
willing to pay to avoid premature mortality from exposure to harm, be it 
pollution, accidents, etc. Researchers have argued that a more appropriate 
measure to value a life is the willingness to accept fatal consequences of exposure 
to harm. This value is usually higher than the willingness to pay.h This means 
that the total value of increased mortality from high ozone concentrations, that 
we estimate above, understate the actual value society places on deaths froom 
climate change. 

References and Notes 
a Ebi, K.L., J. Balbus, P.L. Kinney et al. 2008. “Effects of Global Change on Human Health.” In J.L. 
Gamble, ed., Analyses of the Effects of Global Change on Human Health and Welfare and Human Systems. 
Washington, D.C.: U.S. Climate Change Science Program and the Subcommittee on Global Change 
Research. U.S. Environmental Protection Agency. Retrieved December 23, 2008, from 
http://www.climatescience.gov/Library/sap/sap4-6/final-report/sap4-6-final-all.pdf. 

b Bell, M.L., R. Goldberg, C. Hogrefe et al. 2007. “Climate Change, Ambient Ozone, and Health in 
50 U.S. Cities.” Climatic Change 82: 61-76. 

Potential Health-Related Costs from Increased Low-Altitude Ozone 

2020 2040 2080 

Value of Premature Deaths  

$388 million $882 million $2.3 billion 

Value of Increased Morbidity  

$70 million $86 million $126 million 

Value of Lost Productivity   

$731 million $892 million $1.3 billion 

TOTAL   

$1.2 billion $1.9 billion $3.7 billion 
Source: ECONorthwest 
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c Washington State Department of Health, Center for Health Statistics. 2006. Death Data. Table A1: 
Age-Adjusted Mortality Rates and Life Expectancy by Sex for Residents. Retrieved on January 6, 2009, 
from http://www.doh.wa.gov/EHSPHL/CHS/chs-data/death/dea_VD.htm; Office of Financial 
Management. 2008. Annual April 1 Population and Components of Population Change: 1990 to 2030. 
Retrieved on January 6, 2009, from http://www.ofm.wa.gov/pop/stfc/stfc2008/stfc2008 
components.xls; and Office of Financial Management. 2007. Washington State County Growth 
Management Population Projections: 2000 to 2030. Retrieved on January 13, 2009, from 
http://www.ofm.wa.gov/pop/gma/gmhsingle.xls 

d Borenstein, S. 2008. American Life Worth Less Today. July 10. Associated Press. Retrieved on 
December 23, 2008, from http://www.huffingtonpost.com/2008/07/10/american-life-worth-
less_n_112030.html 

e Goetzel, R.Z., S.R. Long, R.J. Ozminkowski et al. 2004. “Health, Absence, Disability, and 
Presenteeism Cost Estimates of Certain Physical and Mental Health Conditions Affecting U.S. 
Employers.” Journal of Occupational and Environmental Medicine 46: 398-412. 

f Kahrl, F. and D. Roland-Holst. 2008. California Climate Risk and Response. Department of 
Agricultural and Resource Economics, University of California Berkeley. November. Retrieved 
January 7, 2009, from http://are.berkeley.edu/~dwrh/CERES_Web/Docs/California%20Climate 
%20Risk%20and%20Response.pdf. 

g Jackson, J.E., M.G. Yost, C. Karr, et al. 2009. “Public Health Impacts of Climate Change in 
Washington State: Projected Mortality Risks Due to Heat Events and Air Pollution.” In Washington 
Climate Change Impacts Assessment. Climate Impacts Group. Retrieved February 11, 2009, from 
http://cses.washington.edu/cig/files/waccia/wacciafullreport.pdf 

h See, for example, Guria, J., J. Leung, M. Jones-Lee, and G. Loomes. 2005. “The Willingness to 
Accept Value of Statistical Life Relative to the Willingness to Pay Value: Evidence and Policy 
Implications.” Environmental and Resource Economics 32: 113-127. 
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2. Increased Heat Waves 
Description 
Additional heat waves (days with temperatures consistently above a threshold 
specific to different geographic areas) are expected to increase mortality rates 
and medical costs of those already suffering from cardiovascular, 
cerebrovascular, and respiratory diseases.a They also will reduce work 
productivity, household productivity, and the value of leisure time. 

Assumptions, Data, and Calculation 
We apply to the entire Washington state the results of a recent study, which 
estimated climate-related heat waves would cause an additional 14 deaths in 
Portland, Oregon, by 2055 under the A2 scenario,b and make adjustments to 
estimate the number of additional deaths in 2020, 2040, and 2080 under the A1FI 
scenario. We estimate the value of the additional premature deaths using EPA’s 
current estimate of the value of a statistical life.c 

To calculate additional medical and other costs, we multiplied Washington’s 
expected future populations times the per capita daily costs for hospitalization, 
emergency-room visits, and follow-up medical costs during the 2006 heat wave 
in California.d We estimate the additional climate-related costs by applying the 
results of a study that projected Washington would experience an additional 14 
heat-wave days by 2030 under the A1B scenarioe and making adjustments to 
estimate the number of additional deaths in 2020, 2040, and 2080 under the A1FI 
scenario.  

Results  

Heat-wave statistics show they cause more deaths than all other natural disasters 
in the US. Death certificates systematically fail to represent high temperatures as 
the death cause during heat waves, however, and a full accounting would 
increase the mortality numbers, perhaps by 54 percent.f 

Potential Value of Health-Related and Other Costs of Heat Waves  

2020 2040 2080 

Value of Premature Deaths  

$114 million $263 million $618 million 

Value of Increased-Medical Care Costs  

$15 million $31 million $86 million 

Value of Other Costs  

$1 million $3 million $8 million 

TOTAL   

$130 million $297 million $712 million 
Source: ECONorthwest 
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Recently the Climate Impacts Group of the University of Washington released 
anassessment of the impacts of climate change in Washington. The authors 
similarly find that higher temperatures will lead to increased heat waves, which 
in turn will result in increased mortality in the state. The report’s forecast is 
higher than our estimates giving us confidence that probably the impacts of 
climate-induced heat waves will be at least equal to those we calculate above. 
The assessment also does not estimate increased costs of morbidity and lost 
productivity related to higher ozone levels.g 

EPA’s value of statistical life represents the value that people, on average, are 
willing to pay to avoid premature mortality from exposure to harm, be it 
pollution, accidents, etc. Researchers have argued that a more appropriate 
measure to value a life is the willingness to accept fatal consequences of exposure 
to harm. This value is usually higher than the willingness to pay.h This means 
that the total value of increased mortality from high ozone concentrations, that 
we estimate above, understate the actual value society places on deaths froom 
climate change. 

References and Notes 
a Knowlton, K., M. Rotkin-Ellman, G. King et al. 2009. “The 2006 California Heat Waves: Impacts 
on Hospitalizations and Emergency Department Visits.” Environmental Health Perspectives 117: 61-
67. 

b Kalkstein, L.S. and J.S. Greene. 2007. An Analysis of Potential Heat-Related Mortality Increases in U.S. 
Cities under a Business-as-Usual Climate Change Scenario. Environment America. September 6. 
Retrieved January 13, 2008, from http://www.environmentamerica.org/uploads/Js/tF/ 
JstFE5oHrsQJi5ifIA931Q/Heat-Mortality_Report_.pdf. 

c Borenstein, S. 2008. American Life Worth Less Today. July 10. Associated Press. Retrieved on 
December 23, 3008, from http://www.huffingtonpost.com/2008/07/10/american-life-worth-
less_n_112030.html 

d Srinivasan, T. 2008. Cost of Excess Hospitalization and Emergency Department Visits for the 2006 
California Heat Wave. Natural Resources Defense Council. August 28. Retrieved January 11, 2009, 
from http://docs.nrdc.org/health/files/hea_08082601a.pdf. 

e Tebaldi, C., K. Hayhoe, J.M. Arblaster, and G.A. Meehl. 2006. “Going to the Extremes: An 
Intercomparison of Model-Simulated Historical and Future Changes in Extreme Events.” Climatic 
Change 79(3-4): 185-211. Adapted by Lawrence Buja and Julie Arblaster. Retrieved January 21, 2009, 
from http://www.cgd.ucar.edu/ccr/climate_change_gallery_test/. 

f Luber, G.E. and C.A. Sanchez. 2006. “Heat-Related Deaths—United States, 1999-2003.” Morbidity 
and Mortality Weekly Report 55 (29): 796-798. Retrieved January 13, 2009, from 
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5529a2.htm 

g Jackson, J.E., M.G. Yost, C. Karr, et al. 2009. “Public Health Impacts of Climate Change in 
Washington State: Projected Mortality Risks Due to Heat Events and Air Pollution.” In Washington 
Climate Change Impacts Assessment. Climate Impacts Group. Retrieved February 11, 2009, from 
http://cses.washington.edu/cig/files/waccia/wacciafullreport.pdf 

h See, for example, Guria, J., J. Leung, M. Jones-Lee, and G. Loomes. 2005. “The Willingness to 
Accept Value of Statistical Life Relative to the Willingness to Pay Value: Evidence and Policy 
Implications.” Environmental and Resource Economics 32: 113-127. 
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3. Other Potential Costs from the Efffects of Climate 
Change on Human Health  

Description 
Impacts of climate change on human health are not restricted to those caused by 
high levels of ozone or heat. Studies have shown that climate change will make 
wider areas hospitable to vectors that produce diseases, such as the West Nile 
virus, encephalitis, and Lyme disease. At the same time, water- and food-borne 
diseases likely will increase in incidence and cases of Giardia, salmonellosis, E. coli 
will become more frequent.a 

We have found no data to quantify these future impacts associated with climate 
change but the lack of quantifiable information does not mean that the value is 
zero.  

References and Notes 
a Ebi, K.L., J. Balbus, P.L. Kinney et al. 2008. “Effects of Global Change on Human Health.” In J.L. 
Gamble, ed., Analyses of the Effects of Global Change on Human Health and Welfare and Human Systems. 
Washington, D.C.: U.S. Climate Change Science Program and the Subcommittee on Global Change 
Research. U.S. Environmental Protection Agency. Retrieved December 23, 2008, from 
http://www.climatescience.gov/Library/sap/sap4-6/final-report/sap4-6-final-all.pdf. 
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G. Recreation  

1. Reduced Opportunities for Snow-Related Recreation 
Description 
Higher temperatures reduce snowfall and accumulation, shortening the ski 
season, degrading skiing conditions, and reducing the value associated with the 
ski industry.  

Assumptions, Data, and Calculation 
We assume that, absent climate change, downhill skiing participation would 
grow from the 2006 ski season level, 2,137,930 skier-days,a at the same rate as the 
general population is expected to grow, and that the average expenditures and 
consumer surplus per skier day would remain at $70b and $28c per day, 
respectively. We assume that the ski season will shrink 14 percent by 2020 and 30 
percent by 2040,d based on a temperature increase rate associated with business-
as-usual emissions. We assume the number of user-days, expenditures, and 
consumer surplus shrinks proportionately. We linearly extrapolate to estimate 
the reductions for 2080. The potential harm equals the number of user-days times 
the expenditures and consumer surplus per day times the percentage loss of 
recreation opportunity from climate change.  

Results  

Industry officials suggest that once the snow-recreation season is shortened to 
the extent indicated for 2080, snow-related recreation businesses, and the 
downhill skiing businesses in particular, likely would not be viable and would 
close.e 

References and Notes 
a Washington State Parks. 2007. Market and Economics Analysis for the Mt. Spokane Ski and Snowboard 
Park Master Facilities Plan. April. 

b Berry, M. 2008. Overview of the U.S. Ski Industry. National Ski Areas Association. June 27. 

c Loomis, J. and J. Crespi. 1999. “Estimated Effects of Climate Change on Selected Outdoor 
Recreation Activities in the United States.” In Mendelsohn, R. and J. Neumann (eds.). The Impact of 
Climate Change on the United States Economy. Cambridge University Press: Cambridge, UK. 

d Casola, J.H., J.E. Kay, A.K. Snover et al. 2005. Climate Impacts on Washington's Hydropower, Water 
Supply, Forests, Fish, and Agriculture. Climate Impacts Group, University of Washington, Seattle 

e Zimmerman, G., C. O’Brady, and B. Hurlbutt. 2006. Climate Change: Modeling a Warmer Rockies and 
Assessing the Implications. The 2006 Colorado College State of the Rockies Report Card. 

Potential Value of Reduced Downhill Skiing Recreation 

2020 2040 2080 

$35.5 million $90.6 million $247 million 
Source: ECONorthwest 
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2. Reduced Opportunities for Cold-Water Angling  
Description 
Increased stream temperatures reduce the amount of habitat that can viably 
support salmon, reducing the contribution of cold-water angling to the economy.  

Assumptions, Data, and Calculation 
We assume the value of cold-water angling will decline proportionate to 
expected losses of aquatic habitat for salmon and trout. An assessment of the A2 
emissions scenario indicates increased warming might reduce salmon habitat in 
Washington by 5, 13, and 22 percent by 2030, 2060, and 2090, respectively.a We 
interpolate and adjust the percentages to reflect the A1FI scenario, and apply 
them to 3,526,000,b the number of stream-based angling days in Washington in 
2006, to estimate the reductions in angling in 2020, 2040, and 2080. We adjust for 
population growth in 2020, 2040, and 2080 and value the reductions applying the 
estimated consumer surplus and expenditures per salmon-angler per day: $140c 
and $118,b respectively.  

Results  

These results may overstate the potential harm by applying values associated 
with salmon angling to trout angling. They probably underestimate the total 
harm from climate change, insofar as it also might lead to degraded ocean 
conditions, increased incidence of disease, and other factors that would affect 
future salmon and trout populations.d  

References and Notes 
a O’Neal, K. 2002. Effects of Global Warming on Trout and Salmon in U.S. Streams. Defenders of 
Wildlife and Natural Resources Defense Council. May. 

b U.S. Fish and Wildlife Service. 2008. 2006 National Survey of Fishing, Hunting, and Wildlife-
Associated Recreation: Washington. Report No. FHW/06-WA. April. 

c Ransom, M.M. 2001. Economic Impacts of Salmon Fishing. U.S. Department of Agriculture, Natural 
Resources Conservation Service. February 12. 

d Battin, J., M.W. Wiley, M.H. Ruckelshaus, et al. 2007. “Projected Impacts of Climate Change on 
Salmon Habitat Restoration.” Proceedings of the National Academy of Sciences of the United States of 
America 104 (16): 6720-6725. from http://www.pnas.org/content/104/16/6720.full.pdf+html; 
Independent Scientific Advisory Board. 2007. Climate Change Impacts on Columbia River Basin Fish 
and Wildlife. ISAB Climate Change Report ISAB 2007-2. Pacific Northwest Power and Conservation 
Council. May 11; and Richter, A. and S.A. Kolmes. 2005. “Maximum Temperature Limits for 
Chinook, Coho, and Chum Salmon, and Steelhead Trout in the Pacific Northwest.” Reviews in 
Fisheries Science 13: 23-49. 

Potential Value of Reduced Cold-Water Angling 

2020 2040 2080 

$35.7 million $107 million $356 million 
Source: ECONorthwest 
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3. Reduced Opportunities for Reservoir Recreation  
Description 
Increased temperatures and changes in precipitation are predicted to affect the 
way the Columbia River reservoir system is operated, reducing water levels and 
opportunities for reservoir recreation in some years on Lake Roosevelt, which is 
formed by Grand Coulee Dam.  

Assumptions, Data, and Calculation 
We assume the value of reservoir recreation on Lake Roosevelt will decline 
proportionate to the expected loss of years in which storage levels are sufficient 
to support summer recreation. Reservoir reliability decreased from baseline 
levels in response to climate change, as modeled under a scenario similar to the 
B1 scenario, by 2 percent in 2020, 5 percent in 2040, and 2 percent in 2080.a We 
adjust the percentages to reflect the A1FI scenario, and apply them to 1,804,000,b 
the average number of reservoir-recreation days for Lake Roosevelt between 
1987 and 1993. We adjust for population growth in 2020, 2040, and 2080, and 
value the reductions applying the estimated consumer surplus per recreation 
day: $72.c  

Results  

References and Notes 
a Payne, J.T., A.W. Wood, A.F. Hamlet, R.N. Palmer, and D.P. Lettenmaier. 2004. “Mitigating the 
Effects of Climate Change on the Water Resources of the Columbia River Basin.” Climatic Change 
62: 233-256. 

b U.S. Army Corps of Engineers, North Pacific Division. 1995. Columbia River System Operation 
Review: Final Environmental Impact Statement. Appendix J: Recreation. Report No. DOE/EIS-0170. 
November. 

c U.S. Army Corps of Engineers, North Pacific Division. 1995. Columbia River System Operation 
Review: Final Environmental Impact Statement. Appendix O: Economic and Social Impact. Report No. 
DOE/EIS-0170. November. 

Potential Value of Reduced Reservoir Recreation 

2020 2040 2080 

$3.8 million $12.2 million $8.8 million 
Source: ECONorthwest 
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4. Other Potential Costs from the Effects of Climate 
Change on Recreation  

Description 
Increased wildland fires will potentially reduce recreation opportunities during 
summer months. Forest closures during wildland fire events and exceptionally 
dry, high-risk fire seasons may limit the area, and thus opportunities, available 
for activities, such as hiking, mountain biking, wildlife watching, and scenic 
driving. Post-fire landscapes may provide more limited or lower-quality 
recreation experiences.a,b 

Low water levels in streams, especially in late summer, may also reduce some 
water-related recreation opportunities, such as river rafting and kayaking. As 
peak flows shift earlier in the season due to earlier snowmelt, they may not 
longer overlap with the summer season in which many people enjoy river 
recreation. Lower flows during peak summer months may limit boating on 
certain stretches of river and lower the quality of the recreation experience.c 

Though insufficient data are available to quantify these impacts, research 
elsewhere suggests that they have the potential to reduce the value (expenditures 
and consumer surplus) of forest-based and water-related recreation in 
Washington. 

References and Notes 
a Starbuck, C.M., R.P. Berrens, and M. McKee. 2006. “Simulating Changes in Forest Recreation 
Demand and Associated Economic Impacts Due to Fire and Fuels Management Activities.” Forest 
Policy and Economics 8: 52-66. 

b Scott, D., G. Wall, and G. McBoyle. 2005. “Chapter 7: Climate Change and Tourism and Recreation 
in North America: Exploring Regional Risks and Opportunities.” In C. M. Hall and J. Higham 
(eds.) Tourism, Recreation and Climate Change. Aspects of Tourism. Clevedon: Channel View 
Publications. 

c Mickelson, K.E., and A.F. Hamlet. 2008. “Effects of Climate Change on White-Water Recreation on 
the Salmon River, Idaho.” American Geophysical Union, Fall Meeting. 
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IV. THE POTENTIAL ECONOMIC COSTS ASSOCIATED WITH 
ACTIVITIES THAT CONTRIBUTE TO CLIMATE CHANGE 

In this section, we describe costs that are produced by activities associated with 
the business-as-usual pathway that contribute to climate change. Although these 
are not costs resulting directly from the effects of climate change per se, they 
represent important sources of economic harm society incurs by proceeding with 
business-as-usual activities. 

A. Wasteful Use of Energy  
Description 
Consumers incur costs by using technologies and behaviors that are less efficient 
in their use of energy than available substitutes. 

Assumptions, Data, and Calculation 
We assume Washington’s consumption of electricity and natural gas in 2007a will 
increase at rates estimated by the Energy Information Administrationb for 
Washington and use percentages reported by several studiesc to estimate the 
amount of energy Washingtonians will waste by not implementing cost-effective 
programs and technologies to increase energy efficiency. We estimate the value 
of the expenditures on wasted energy using recent average prices.d 

Results  

References and Notes 
a Energy Information Administration. 2008. Current and Historical Monthly Retail Sales, Revenue and 
Average per Kilowatthour by State and by Sector (Form EIA-826). Retrieved January 15, 2009, from 
http://www.eia.doe.gov/cneaf/electricity/page/sales_revenue.xls; and Energy Information 
Administration. 2008. Washington Natural Gas Consumption by End Use: 2002-2007. Retrieved 
January 28, 2009, from http://tonto.eia.doe.gov/dnav/ng/ng_cons_sum_dcu_SWA_a.htm. 

b Energy Information Administration. 2008. EERE State Activities and Partnerships: Electric Power and 
Renewable Energy in Washington. Retrieved January 23, 2009, from http://apps1.eere.energy.gov/ 
states/electricity.cfm/state=WA 

c Nadel, S., A. Shipley, R.N. Elliott. 2004. The Technical, Economic and Achievable Potential for Energy 
Efficiency in the U.S.-A Meta Analysis of Different Studies. American Council for an Energy-Efficient 
Economy. 

d Energy Information Administration. 2008. Current and Historical Monthly Retail Sales, Revenue and 
Average per Kilowatthour by State and by Sector (Form EIA-826). Retrieved January 15, 2009, from 
http://www.eia.doe.gov/cneaf/electricity/page/sales_revenue.xls; and Energy Information 
Administration. 2008. Washington Natural Gas Prices: 2002-2007. Retrieved from 
http://tonto.eia.doe.gov/dnav/ng/ng_pri_sum_dcu_SWA_a.htm 

Potential Value of Wasted Electricity and Natural Gas 

2020 2040 2080 

$1.41 billion $1.64 billion $2.22 billion 
Source: ECONorthwest  
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B. Emissions from the Generation of Coal-Fired 
Electricity  

Description 
Burning coal to generate electricity in Washington will impose health-related 
spillover costs on Washingtonians, i.e., costs not reflected in the price of the 
electricity. 

Assumptions, Data, and Calculation 
The TransAlta Centralia Coal Plant, Washington’s only coal-fired power plant, 
which has a generating capacity of 1,404 megawatts (MW), emitted about 2,000 
metric tons of sulfur dioxide and 8,000 metric tons of nitrogen oxide in 2006.a The 
health-related externality costs associated with these pollutants are $2,556 per ton 
for sulfur dioxide, $1,505 per ton for nitrogen oxides.b We assume that, in a 
business-as-usual future, emissions would continue at these rates and that coal-
fired electricity generation in Washington would grow at the expected rate for 
total electricity consumption, 0.8 percent per year.c The potential harm is the sum 
of the cost of the health-related spillover costs for the three pollutants. 

Results  

These results likely underestimate the total health-related spillover costs 
associated with coal-fired electricity generation, insofar as they do not include 
other harmful pollutants, such as particulate matter, mercury, volatile organic 
compounds, and carbon monoxide. 

References and Notes 
a Energy Information Administration. 2008. U.S. Electric Power Industry Estimated Emissions (EIA-767 
and EIA 906). Retrieved January 23, 2009, from http://tonto.eia.doe.gov/state/ 
SEP_MoreEnviron.cfm. 

b Northwest Environmental Defense Center. 2008. “Breakdown of PGE Boardman Pollution.” PGE 
Boardman Coal-Fired Power Plant. Retrieved January 23, 2009, from http://www.lclark.edu/org/ 
nedc/pge.html. 

c Matthews, H.S. and L.B. Lave. 2000. “Applications of Environmental Valuation for Determining 
Externality Costs.” Environmental Science and Technology. 34 (8) 1390-1395. Values converted to 
equivalent 2008 dollars.  

d U.S. Department of Energy, Energy Efficiency and Renewable Energy. 2008. Electricity Power and 
Renewable Energy in Washington. Retrieved January 23, 2009, from http://apps1.eere.energy.gov/ 
states/electricity.cfm/state=WA 

Potential Value of Health-Related Spillover Costs of Coal-Fired Electricity 

2020 2040 2080 

$19.2 million $22.5 million $30.7 million 
Source: ECONorthwest 
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V.  POTENTIAL ECONOMIC COSTS PER HOUSEHOLD 

The preceding sections illustrate some specific types of potential economic costs 
Washingtonians as a whole would face if Washington, other states, the U.S., and 
other nations adopt a business-as-usual approach to climate change. Here, we 
scale down our findings to illustrate the potential costs per household.  

In 2005, Washington had 2.45 million households.30 We assume this number will 
grow at the same rates projected for Washington’s population through 2030 and 
at the rates projected for the U.S. population from 2030 until 2080, reaching 3.0 
million in 2020, 3.56 million in 2040, and 4.70 million in 2080. Dividing these 
numbers into the estimates of statewide potential costs from the preceding 
section for each of these years yields the per-household costs shown in Figure 7. 
These costs are not negligible; based on the median income of a household in 
Washington in the 2005-2007 period,31 these costs represent 2 percent of 
household earnings in 2020, 3 percent in 2040, and 5 percent in 2080. 

 

 

                                                        

30 U.S. Census Bureau. 2006. “Selected Social Characteristics: Washington.” 2005 American 
Community Survey. Retrieved January 30, 2009, from http://www.census.gov/acs/www/ 
Area%20Sheets/Area%20Sheet%20WA.doc. 

31 U.S. Census Bureau. No date. “Washington-Fact Sheet—American FactFinder.” 2005-2007 
American Community Survey. Retrieved January 26, 2009, from http://factfinder.census.gov/ 
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Figure 7. Potential Economic Costs Per Household in Washington Under a Business-
As-Usual Approach to Climate Change, 2020, 2040, and 2080  
(Dollars per Year) 

Potential Cost 2020 2040 2080 

Costs of Climate Change    

Increased Energy-Related Costs $74  $175  $319  

Reduced Salmon Populations $177  $393  $638  

Increased Coastal Damage  $24  $42  $75  

Reduced Food Production $12  $18  $77  

Increased Wildland Fire Costs $34  $58  $98  

Increased Health-Related Costs  $433  $618  $936  

Lost Recreation Opportunities  $25  $59  $130  

Subtotal for Costs of Climate Change $779  $1,363  $2,275  

Additional Costs from Business-as-Usual (BAU) Activities that Contribute to Climate Change 

Inefficient Consumption of Energy $466  $449  $468  

Increased Health Costs from Coal-Fired Emissions $6  $6  $7  

Subtotal for Costs from BAU Activities $473  $456  $475  

Average Cost per Household per Year $1,252  $1,819  $2,750  
Source: ECONorthwest. 

Notes: These numbers illustrate different types of annual cost Washingtonians potentially would incur if society were to continue 
with a business-as-usual approach to climate change. There may be overlap between the values for some of the different types of 
cost. Nonetheless, adding the different types of costs probably seriously understates the total potential cost of climate change 
because the table excludes many additional types of climate-related costs that Washingtonians would incur under a business-as-
usual approach. The numbers do not indicate the net effect of climate change, as they do not represent a forecast of how the 
economy will respond to the different effects of climate change, or account for potential economic benefits that might materialize 
from moderate warming and other changes in climate.  
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Oiled Wildlife 

Response 

Introduction 
Oil spills affect wildlife.  Whether the spill occurs on 
land, in saltwater or in freshwater, there is a strong 
possibility that wildlife will be impacted.  Birds are the 
most commonly impacted animal during an oil spill but 
animals such as sea otters, river otter, raccoons, 
muskrats, seals, and killer whales can also be 
affected.  Oiled wildlife response operations are 
generally coordinated by the United States Fish and 
Wildlife Service. 

Background 
Wildlife rescue activities in Washington, Oregon, and 
Idaho are guided by the Wildlife Response Plan in 
Chapter 9970 of the Northwest Area Contingency 
Plan.  The Wildlife Response Plan describes how the personnel and 
equipment used to respond to oiled wildlife will be mobilized under 
the direction of the Wildlife Branch.  The Wildlife Branch is located 
within the Operations Section of the Incident Command and is 
responsible for all oiled wildlife response activities, personnel, and 
equipment.   

Effects of Oil on Wildlife 
Oil is toxic to animals when ingested and can cause chemical burns 
when it comes in contact with skin and eyes.  It can also cause fur 
and feathers to become matted.  Animals that do not possess 
blubber rely on their fur or feathers to insulate them from the cold 
water and weather of the Pacific Northwest.  Without the insulation 
provided by their fur or feathers, these animals become vulnerable 
to hypothermia which can lead to death.  There are a number of 
variables that affect animal survival rates once they become oiled.  
These variables can include; the species impacted, the type of oil, 

the time of year, 
the amount 
of time it 
takes to 
recover an 
oiled animal, 
and the 
quality of 
care that the 
animal 
receives 
after being 
recovered. 

 

 

 

Harbor Seal Pup – Photo by Barry Troutman  

Common Murres – WDFW Photo        

Reporting  
Oiled Wildlife 
Visibly oiled wildlife 
observed in Washington 
should be reported to the 
Washington Emergency 
Management Division at 1-
800-258-5990.  Oiled 
wildlife observed in Oregon 
should be reported to the 
Oregon Emergency 
Response System at 1-800-
452-0311.  Reporting 
information should include 
the date and time of the 
observation, the number 
and location of the animals 
observed, and their ability to 
fly or move.  The 
information that you submit 
will be forwarded to the 
appropriate agencies.   

 

http://www.rrt10nwac.com/Files/NWACP/9970_Northwest%20Wildlife%20Response%20Plan.pdf
http://www.rrt10nwac.com/NWACP/Default.aspx
http://www.rrt10nwac.com/NWACP/Default.aspx


 Oiled Wildlife Capture 
Oiled wildlife capture and 
rehabilitation should not be 
attempted by the general 
public; it should be left to 
those who have the proper 
training, permits, and 
facilities.  Untrained 
individuals who attempt to 
capture animals risk 
personal injury to 
themselves, potential for 
disease transmission from 
animals to humans, and 
injury to the animals.    

 

Response Actions 
An oiled wildlife response requires personnel with specialized 
training, experience, and facilities to effectively capture and 
rehabilitate animals.  The spill size and location, time of year, and 
the type of oil all play a significant role in determining the complexity 
of the response.  The primary activities associated with a wildlife 
response include search and capture, field stabilization, 
transportation to the rehabilitation center, rehabilitation, and release.  
Hazing (scaring) animals is used in certain situations to attempt to 
move un-oiled animals away from oiled areas.  Once oiled, it may 
take days before an animal has become weak enough that it can be 
captured.  Generally speaking the capture crews are able to capture 
birds and smaller marine and terrestrial mammals such as sea 
otters, seal pups, muskrat, etc.  Reptiles are caught on occasion as 
well.  Unfortunately, there are no emergency facilities for treating 
large cetaceans (whales, dolphins, and porpoises) and large 
pinnipeds (seals and sea lions) exposed to oil.  

Planning and Preparation 
Having pre-existing facilities, trained personnel, and a plan to use 
them in place before a spill can greatly improve the success of a 
response.  Oiled wildlife response involves a lot of people, 
equipment, time, and coordination.  Being prepared before a spill 
happens is critical to maintaining the ability to respond quickly and 
efficiently during a spill.  Preparation includes the development of 
wildlife response facilities/equipment, training personnel, use of 
wildlife care volunteers, and practicing (drilling) how these resources 
will be used during a spill.  Tabletop drills are used to practice the 
organizational/administrative aspects of a response.  Equipment 
drills ensure that the equipment is ready to be used. 

Wildlife response personnel come from various state and federal 
agencies, the responsible party, professional wildlife and spill 
response organizations, and/or citizen volunteers.  
Facility resources in the Northwest are comprised 
primarily of two mobile oiled wildlife rehabilitation 
facilities.  Each mobile facility has a planning capacity 
of 100 birds (based on common murres and a 
“modeled” spill event) and can be deployed and setup 

anywhere within Washington State within 24 hours.  
The PAWS Wildlife Center in Lynnwood Washington 
and the West Sound Wildlife Shelter on Bainbridge 
Island are also capable of handling a small number of 
oiled animals. 

Wildlife Care Volunteers 
When there are significant impacts to wildlife from 
spills, there may be a need to use citizen volunteers.  
When volunteers are used during a spill response they 
are coordinated by the Incident Command and are 
assigned roles that are appropriate to their training.  

The Northwest Area Committee 
policy on use of volunteers gives 
preference to those who have 
received previous training and are 
affiliated with an existing 
volunteer organization.  Pre-
trained, affiliated volunteers will 
be contacted and used before 
untrained and unaffiliated 
volunteers.  If you are interested 
in becoming a volunteer for oiled 
wildlife response please send an 
email to 
oilwildlifevolunteers@ecy.wa.gov. 

Mallard Duck Being Washed  

– WDFW Photo 

mailto:oilwildlifevolunteers@ecy.wa.gov


 

March 2012 Errata 

Page 17 – Corrections indicated in red 

Table 7. Recreational shellfish catch (pounds) in                           
Washington in 2006, by species group and catch region 

SPECIES 
GROUP 

NORTH 
PUGET 
SOUND 

SOUTH 
PUGET 
SOUND 

STRAIT COAST COLUMBIA 
RIVER TOTAL 

Dungeness 
Crab 

798,104 381,692 39,755 -- -- 1,219,551 

Shrimp 21,388 82,683 1,850 -- -- 105,921 

Razor 
clams 

-- -- -- 3,601,000 -- 3,601,000 

Other 
clams 

92,704 252,964 -- -- -- 345,668 

Oysters 19,106 632,988 -- -- -- 652,094 

Notes: 

All values are in pounds except for oysters, which are in number of oysters. 

Columbia River region includes the Columbia River and all tributaries, including the Snake River. 

Source: Preliminary data for the Sport Catch Report provided by WDFW (Kraig pers. Comm.) 
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ES-1

“To allow us to fully educate the public on the importance of fishing, I would like 
the Commission to summarize the economic benefit that our commercial and 
recreational fisheries provide the state. While sustainable fishing practices must be 
consistent with conservation needs of the fish, both fisheries have an important 
economic role, particularly in our rural communities.” 

This study was conducted with the express purpose 
of addressing the request from Governor Gregoire 
to explore the economic importance of the non-
treaty commercial and recreational fisheries in 
the State of Washington. The study is designed to 
summarize the overall economic benefits of Wash-
ington’s non-treaty commercial and recreational 
fisheries for 2006.  Although the study estimates 
net economic values and economic impacts of 
both commercial and recreational fisheries, it is 
not sufficiently comprehensive and the values are 
not estimated with adequate precision to warrant 
a comparative analysis of the two fisheries.  Some 
components of net economic values were not 
quantified and, in the case of economic impacts, 
the effects associated with the spending by state 
resident anglers are fundamentally different from 
the effects generated by non-resident recreational 
anglers and by commercial fishers.

Study Conclusions
Ultimately, our findings indicate that commercial 
and recreational fisheries not only contribute em-
ployment and personal income, but also contrib-
ute in several other significant ways to Washing-
ton’s economy, as well as to its residents’ quality 
of life. 

In terms of economic impacts, commercial and 
recreational fishing conducted in Washington 
fisheries directly and indirectly supported an esti-
mated 16,374 jobs and $540 million in personal 
income in 2006. When viewed in the context of 
the Washington state economy, these levels of 
employment and earnings account for about 0.4 
percent of total statewide employment and about 
0.2 percent of total statewide personal income in 
2006.

Recreational fishing generates the larger share of 
economic impacts, supporting 12,850 jobs or 
more than three-quarters of the fishing-related 
jobs in 2006.  Of the jobs supported by recre-
ational anglers, state residents accounted for more 
than 90 percent of the spending that supports 
these jobs.

While the spending by non-resident anglers con-
tributes to the tourism economy in Washington 
State, spending by resident anglers serves to di-
rect discretionary consumer spending toward fish-
ing-related goods and services. As a consequence, 
spending by non-resident anglers plays a more 
pivotal role in supporting the state economy than 
does the spending by resident anglers. 

Governor Christine Gregoire’s Request

Final Report:
Economic Analysis of the Non-Treaty Commercial and Recreational 
Fisheries in Washington State

Executive Summary



Aquaculture – $81.1

West Coast Offshore – $5.9

Washington Fisheries – $65.1

Excluded Catch Area – $22.1

Harvest value from Washington fisheries and other commercial landings in
2006 (in millions of dollars)

Groundfish – $9.6

Pacific Halibut – $0.4

Highly Migratory Species – $3.8

Salmon – $9.5

Other Anadromous
and Eggs – $0.2

Shellfish – $41.1

Coastal Pelagic Species – $0.5

Executive Summary (cont.)
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The non-treaty commercial fishery in Washington 
waters also contributes an estimated $38 million in 
net economic values (net income or profits), allow-
ing commercial fishers to participate in a livelihood 
that has been passed down from generation to gen-
eration. And, recreational fisheries generate an esti-
mated $424 million in net economic values (over 
and above expenditures) to the estimated 725,000 
residents who live and fish in Washington, suggest-
ing that sport fishing substantially contributes to 
anglers’ quality of life.

Detailed Summary of Finding
Our study focuses specifically on fishing activity in 
state waters in 2006, and considers two widely used 
but distinctly different economic measures: 

Net economic values and 

Economic impacts 

Net economic values measure the net (or surplus) 
value to commercial and sport anglers who partici-
pate in the fisheries. For sport anglers, net economic 
values measure an angler’s willingness to pay over 
and above actual out-of-pocket costs to fish. For 
commercial fishers, net economic values represent 
the profit (or net income) from fishing. Economic 
impacts, on the other hand, measure the jobs and 
personal income that are directly and indirectly sup-
ported statewide by sport and commercial fishing 
activity.

Commercial Fishery 
Washington State’s commercial fishing industry is 
structured around a multi-species fishery. Ground-
fish, halibut, albacore, salmon, and shellfish are all 
major species groups important to the industry. In 
2006, non-tribal commercial fish landings from 
Washington fisheries totaled nearly 109.4 million 
pounds, generating $65.1 million in ex-vessel value 
(i.e. the price received by commercial fishers for fish 

◗

◗

 Harvest value from Washington fisheries in 2006 by species group
(in millions of dollars)

landed at the dock) for fish harvesters. Although 
groundfish produced the greatest share of landings 
(about 54%), shellfish generated the greatest share 
of ex-vessel value (63%).

As indicated above, this study focuses on the fisher-
ies in Washington waters only, which represent only 
one part of a much larger commercial fishing indus-
try in Washington State. But the commercial fishing 
industry in Washington has other vital components, 
including harvesting by western Washington tribes; 
harvesting in distant waters including Alaska, Or-
egon and Canada; and aquaculture operations.

In terms of regional catch, the Coastal area is by 
far the largest contributor to commercial fish har-
vesting in Washington, accounting for 85 percent 
of total pounds landed and 63 percent of total ex-
vessel value. Grays Harbor County—producing 
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0 1 2 3 4 5 6 7 8

Recreational
Saltwater Days

Recreational
Freshwater Days

Expenditures on
Fishing-Related

Equipment – $549.9

Trip-Related
Expenditures – $354.9

Recreational fishing expenditures in Washington State in 2006 (millions of 
dollars)

Fishing for trout was the most popular freshwater 
fishing activity (48% of all angler days in Washing-
ton State), followed by fishing for salmon (23%), 
steelhead (12%), and black bass (12%). An estimat-
ed 538,000 anglers participated in freshwater fish-
ing in Washington State in 2006, accounting for 7.5 
million angler days.

Recreational anglers in Washington State spent an 
estimated $904.8 million in 2006 on fishing-related 
equipment and trip-related items. Trip-related ex-
penditures, including food, lodging, transportation, 
and other trip expenses, totaled $354.9 million, and 
expenditures on fishing-related equipment totaled 
about $549.9 million. 

Executive Summary (cont.)
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King Salmon

Recreational fishing days in Washington State in 2006 (millions of days)

$19.3 million in landings from Washington fisher-
ies—is the state’s largest commercial port area, and 
accounted for nearly 30 percent of the total value of 
landings from Washington fisheries in 2006. Other 
port counties with significant shares of commercial 
harvest values include Whatcom County (21%), 
King County (9%), Skagit County (7%), and Clal-
lam County (5%).

Seafood processing also contributes significantly to 
the value of Washington’s commercial fisheries. In-
cluding in-state processing, the wholesale value of 
fishery products caught in Washington waters was 
an estimated $101 million in 2006. Groundfish 
accounted for about 61 percent of this value, and 
shellfish accounted for about 21 percent.

Recreational Fishery
An estimated 824,000 anglers fished (finfishing and 
shellfishing) in Washington State in 2006. About 
88 percent of these anglers were state residents, and 
12 percent were nonresidents. State residents fished 
about 8.5 million days (about 93% of all fishing days 
in Washington) and nonresidents fished 615,000 
days (about 7% of all fishing days).

In addition to finfishing, shellfishing is a popular ac-
tivity in Washington State, primarily along the Pa-
cific Coast and the shoreline of Puget Sound.  Both 
Dungeness crab harvesting in North Puget Sound 
waters and clamming for razor clams along the Pa-
cific Coast shoreline are very popular with state resi-
dents.

In 2006, an estimated 286,000 anglers sport fished 
in marine waters in Washington, accounting for 1.5 

million saltwater angler days. Salmon was the most 
popular target species, comprising 52 percent of the 
saltwater angler days. On about 35 percent of angler 
days shellfish was the target, and on the remaining 
12 percent of days other saltwater species were the 
major focus.  
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Section 1

Final Report: Economic Analysis of the Non-Treaty Commercial and Recreational Fisheries in the State of Washington

INTRODUCTION

This economic study of the non-
treaty commercial and recreational 
fisheries in the state of Washington 
was commissioned by the Washing-
ton State Department of Fish and 
Wildlife (WDFW).  The impetus for 
the study was provided by Governor 
Chris Gregoire in a request to the 
Washington Fish and Wildlife Com-
mission, as stated in the following:

“Economic Benefits:  To allow us 
to fully educate the public on the 
importance of fishing, I would like 
the Commission to summarize the 
economic benefit that our com-
mercial and recreational fisheries 
provide the state.  While sustain-
able fishing practices must be 
consistent with conservation needs 
of the fish, both fisheries have an 
important economic role, particu-
larly in our rural communities.” 

This report addresses the Govenor’s study guidance. More 
specifically, the report addresses the following objectives: 

identify affected fisheries and their beneficiaries

establish the conceptual foundation (net economic values and 
economic impacts) for assigning value to the beneficiaries

characterize sport fishing activity in terms of catch and 
effort by species groups for the 2006 base year

establish statewide economic values (net economic 
values) and impacts (jobs, earnings) associated 
with sport fisheries for the 2006 base year 

characterize commercial fishing activity in terms 
of harvest by species groups and by port

establish statewide economic values (net economic 
values) and impacts (jobs, earnings) associated with 
commercial fisheries for 2006 base year 

◗

◗

◗

◗

◗

◗

As stated in the study objectives, 
both net economic values and eco-
nomic impacts are addressed in the 

report.  Net economic values and 
economic impacts are two widely 
used but distinctly different econom-
ic measures.  Net economic values 
measure the net (or surplus) value to 
commercial and sport anglers associ-

ated with participating in the fisher-
ies.  For sport anglers, net economic 
values measure an angler’s additional 
willingness to pay to fish over and 
above actual out-of-pocket costs.  For 
commercial fishers, net economic 



Net economic values (NEVs) 
and economic impacts 
provide information that helps 
decisionmakers answer different 
questions.  Because NEVs are 
monetary measures of economic 
welfare, they are used to evaluate 
the economic efficiency of policy 
or program changes.  Benefit-cost 
analysis is a widely used analytical 
tool for evaluating the economic 
efficiency of policy actions, such as 
changing hatchery production or 
reallocating fish harvest among user 
groups.  Decisions are reached on 
whether the benefits of proposed 
changes in existing policy would 
exceed the costs of the proposed 
action.  Economic impacts, on the 
other hand, provide decision makers 
with information on how policy 
changes affect economic activity, 
as measured in terms of jobs and 
personal income, in communities, 
regions, or even at the state or 
national level.  Because economic 
impacts are measures of economic 
activity, the information is important 
in the context of local and regional 
economic development goals.  
For example, a major increase in 
hatchery capacity and operations 
could result in increasing the number 
of jobs and personal income in areas 
targeted for economic development, 
thereby contributing to achieving local 
economic development objectives.          

forts to assemble data from the 
commercial fishing license and 
catch database, and from WDFW’s 
Sport Catch Report made pulling 
this report together in short order 
possible.  Also, a special thanks to 
Craig Burley for keeping all the 
parts moving at all times that al-
lowed us to meet a tight schedule. 

values mostly represent the profit (or 
net income) from fishing.  Economic 
impacts, on the other hand, measure 
the jobs and personal income that are 
supported by sport and commercial 
fishing activity.  Both commercial 
and sport fishing are widely recog-
nized as important industries to the 
state of Washington, making signifi-
cant contributions that support local, 
regional, and the state economy.  

Although this study focuses on 
the values that fisheries provide to 
users (commercial fishers and sport 
anglers) of the resources, it should be 
acknowledged that protecting fishery 
resources, particularly those resources 
that may be threatened or endan-
gered, has value to persons who don’t 
directly use (or even consume) fish-
ery resources.  These values are often 
referred to as non-use or passive use 
values.  Although non-use values are 
not included for evaluation in this 
study, it is important to acknowledge 
them and to understand that a more 
comprehensive accounting of all of 
the social and economic values of 
Washington fisheries would attempt 
to address them more thoroughly.  
Because there is considerable debate 
within the economics profession 
concerning the theory and legitimacy 
of measuring these values, further 
examination of them here is con-
sidered beyond the study scope. 

The focus of this study is on 
statewide economic values and 
impacts.  Although the study focus 
is statewide, the approach used to 
develop these values and impacts is 
based on regional building blocks of 
information that also shed light on 
the regional importance of fisher-

ies throughout the state. The study 
regions include Puget Sound (includ-
ing North Puget Sound, South Puget 
Sound, and the Strait of Juan de 
Fuca), the coast (from Cape Flattery 
to the mouth of the Columbia Riv-
er), and the Columbia River (includ-
ing the river and its tributaries below 
Bonneville Dam and the vast inland 
watershed above the dam).  These 
regions are highlighted in Figure 1.

This study is limited to estimating 
economic values and impacts as-
sociated with non-tribal fisheries in 
Washington waters only.  Fisheries 
that are excluded from assessment 
include the fisheries of the western 
Washington treaty tribes; distant 
water fisheries, including the Alas-
kan and Canadian fisheries; catch 
landed in Washington from harvest 
areas south of the seaward exten-
sion of the Washington-Oregon 
land border; fisheries where Wash-
ington home-port vessels deliver to 
other states; and fish products from 
aquaculture operations in Wash-
ington State.  As described in more 
detail in Section 4, these additional 
commerical fishery components 
contribute substantially to the overall 
value of the commercial fishing 
industry in Washington as well as 
to the state economy.  Therefore, it 
is important to recognize that the 
economic values and impacts of the 
commercial fisheries described in 
Section 2 of this report represent 
only a piece of a much larger in-
dustry in the state of Washington.       

Lastly, a note about those who 
were instrumental in assembling 
the information that serves as the 
report foundation.  We wish to 
thank Lee Hoines and Eric Kraig 
of the WDFW whose tireless ef-

�
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Dungeness crab

�Final Report: Economic Analysis of the Non-Treaty Commercial and Recreational Fisheries in Washington State

Section 2

COMMERCIAL FISHERIES 

This section presents an 
overview of the commercial 

fishing industry and fishing 
activity, followed by descriptions 
of pounds landed and ex-vessel 
value of fish commercially 
harvested in 2006, which are 
characterized by species group, 
by catch region, and by port 
county of origin.  The economic 
impacts generated by the 
commercial fishery also are 
described at the state level.  

rockfish, lingcod, and sablefish. 
Washington fishers must rely on a 
number of different fisheries that are 
seasonal and fluctuate from year to 
year for their livelihoods.  Addition-
ally, many Washington-based com-
mercial fishing enterprises, including 
harvesters, processors and support 
businesses, rely to a great extent 
on the catch of Alaskan and other 
distant water fish that is delivered to 
Washington ports for processing and 
distribution to world markets.  All of 
these fisheries contribute to a wide 
range of commercial activities that 
have economic and social signifi-
cance to those engaged in commer-
cial fishing, including fish buyers and 
processors, suppliers of commercial 
fishing equipment and services, and 
fishing communities that depend on 
these fisheries.  Seafood harvesters 
use a variety of fishing gear that falls 
under the broad categories of net 
gear, dredge gear, pot gear, gear that 
uses hooks and lines, and other gear.

In the Puget Sound area (see Figure 
1), major commercial fishing ports 
are located in Seattle, Bellingham 
Bay, and Blaine. Ports are also 
located in Friday Harbor, Ana-
cortes, La Conner, Everett, Tacoma, 
Olympia, and Shelton.  Seattle has 
traditionally served as an important 
entry port for Alaska, and many of 
the large seafood catcher-processors 
participating in Alaskan fisheries are 
based there. Blaine and Bellingham, 
both north of Seattle, are important 
ports for groundfish vessels, with 
about one-third of the Puget Sound 

Industry and Activity Overview

The Washington commercial fish-
ing industry is structured around a 
multi-species fishery.  Major species 
groups important to the state’s fish-
ing industry are groundfish, halibut, 
salmon, albacore, and shellfish.  Im-
portant species within the groundfish 
category include whiting, flatfish, 



Table 1.  Pounds of commercial fish landings from
Washington non-treaty fisheries in 2006, by species group

SpecieS Group and Major SpecieS poundS
Landed 

percenT of
ToTaL

Groundfish (excluding Pacific Halibut)

Pacific whiting ��,066,7�9 86.�

Sablefish �,��9,�63 3.6

Sole (Dover and petrale) �,646,374 �.8

Spiny dogfish �,079,�07 �.8

Other groundfish 3,306,06� �.6

                                        Total Groundfish 59,217,924 100.0

Pacific Halibut

                                   Total Pacific Halibut 135,868 100.0

Coastal Pelagic Species

Sardines 7,3�4,4�� 89.3

Herring (bait) 44�,437 �.4

Other pelagic species 433,��6 �.3

Total Coastal Pelagic Species 8,233,078 100.0

Highly Migratory Species

Albacore tuna 4,799,70� 99.9

Other highly migratory species �,96� <0.�

Total Highly Migratory Species 4,802,666 100.0

Salmon

Chum     8,�73,08� 7�.�

Sockeye �,���,6�6 ��.4

Chinook 97�,8�� 8.8

Coho ���,640 4.7

Pink* – –

                                             Total Salmon 11,020,228 100.0

Other Anadromous and Eggs

Sturgeon 9�,��6 �8.�

Mixed shad 60,366 38.�

Columbia River smelt �,866 3.7

Eggs – chum �63 0.�

           Total Other Anadromous and Eggs 158,621 100.0

Shellfish

Dungeness crab �7,�06,�37 66.3

Pink shrimp 4,986,709 �9.3

Geoduck clams �,47�,�98 9.6

Other shellfish �,��4,�98 4.7

                                 Total Shellfish 25,789,641 99.9

GRAND TOTAL 109,358,026

* The pink salmon fishery occurs during odd-numbered years only.  The average annual catch (pounds landed) 
of pink salmon caught in Washington waters in 2001, 2003, and 2005 was 5,238,586 pounds.

Source: WDFW license and fish ticket database (Hoines pers. comm.)
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Section 2 (cont.)

port group’s fishing vessels home 
ported in Bellingham in 2001. In 
terms of the distribution of differ-
ent sized vessels, Puget Sound is 
consistent with the West Coast as 
a whole, with about two-thirds of 
the vessels under 40 feet; however, 
one of the two vessels over 150 feet 
participating in West Coast fisheries 
is based in Seattle. (NMFS 2005)

Along the Strait of Juan de Fuca, 
ports are located in Port Townsend, 
Sequim, Port Angeles, and Neah 
Bay.  Port Angeles is the deliv-
ery port for the bulk of limited 
entry fixed gear and open access 
groundfish vessels in the Strait of 
Juan de Fuca region.  Ports along 
Washington’s coast include La 
Push, Copalis Beach, Grays Harbor, 
Westport, Willapa Bay, and Ilwaco. 

The seafood distribution chain 
begins with deliveries by the har-
vesters (ex-vessel landings) to the 
shoreside networks of buyers and 
processors, and includes the linkage 
between buyers and processors and 
seafood markets. Most Washington 
commercial landings are delivered 
to shore-based processors and are 
processed within the state, although 
a portion of the catch is handled by 
at-sea processors on factory ships.  
On-shore processing capacity has 
been consolidating in recent years.

Several companies have left the 
market or have chosen to quit the 
business entirely. This has led to 
trucking fish from certain landing 
ports communities for processing. 
Therefore, landings do not neces-
sarily indicate processing activity in 
those communities. Some proces-



Table 2.  Value (ex-vessel) of commercial fish landings from
Washington fisheries in 2006, by species group

SpecieS Group and Major SpecieS ex-veSSeL
vaLue

percenT of
ToTaL

Groundfish (excluding Pacific Halibut)

Sablefish $4,307,�3� 44.8

Pacific whiting $3,0��,8�8 3�.�

Sole (Dover and petrale) $990,6�� �0.3

Other groundfish $�,�9�,��� �3.�

                                        Total Groundfish $9,618,867 100.0

Pacific Halibut

                                   Total Pacific Halibut $407,382 100.0

Coastal Pelagic Species

Sardines     $3��,�7� 6�.7

Herring (bait) $�48,007 �9.3

Other pelagic species $4�,08� 8.9

      Total Coastal Pelagic Species $504,664 99.9

Highly Migratory Species

Albacore tuna $3,777,0�4 �00.0

Other highly migratory species – –

Total Highly Migratory Species $3,777,024 100.0

Salmon

Chum     $4,739,�0� 49.9

Chinook $�,���,6�� �6.9

Sockeye $�,49�,�8� ��.7

Coho $7��,4�� 7.�

Pink* – –

                                             Total Salmon $9,495,556 100.0

Other Anadromous and Eggs

Sturgeon $�8�,9�7 94.8

Columbia River smelt $9,��7 4.9

Eggs – chum $6�� 0.3

Mixed shad $� –

           Total Other Anadromous and Eggs $193,168 100.0

Shellfish

Dungeness crab $�9,�67,�3� 7�.9

Geoduck clams $7,9�7,798 �9.4

Pink shrimp $�,�89,�34 3.9

Other shellfish $�,987,99� 4.8

                                            Total Shellfish $41,102,562 100.0

GRAND TOTAL $65,099,232

* The pink salmon fishery occurs during odd-numbered years only.  The average annual value of pink salmon 
caught in Washington waters in 2001, 2003, and 2005 was $547,525.

Source: WDFW license and fish ticket database (Hoines pers. comm.)
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sors in Washington receive land-
ings from both Washington and 
Alaska fisheries. (NMFS 2005)

Fish Harvesting and 
Ex-Vessel Value

Non-tribal commercial fish land-
ings from Washington fisheries 
totaled nearly 109.4 million pounds 
in 2006, generating $65.1 million in 
ex-vessel value (i.e., the price received 
by commercial fishers for fish landed 
at the dock) for fish harvesters.  As 
Table 1 shows, landings are grouped 
into seven major species groups, 
including groundfish, Pacific halibut, 
coastal pelagic species, highly migra-
tory species, salmon, other anadro-
mous species and eggs, and shellfish. 

In term of pounds landed, the 
groundfish group, with 59.2 million 
pounds in landings, is Washington’s 
largest fishery, accounting for 54 
percent of the commercial catch 
from Washington waters.  Within 
this species group, Pacific whiting 
accounts for more than 85 percent of 
total groundfish landings. Landings 
of groundfish generated $9.6 mil-
lion in ex-vessel value for harvesters 
in 2006, with landings of sablefish 
and Pacific whiting contributing 
substantially to this total (Table 2).

Although the groundfish species 
group produces the greatest share 
of landings, the shellfish species 
group, with 25.8 million pounds 
in landings, generates the great-
est share of ex-vessel value.  The 
$41.1 million in shellfish landings 
accounted for 63 percent of total 
ex-vessel value, compared to 15 
percent for the groundfish group, 
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attributable to total landings from 
Washington waters in 2006.  Within 
the shellfish group, Dungeness crab 
accounts for more than two-thirds 
of landings and ex-vessel value, 
as shown in Tables 1 and 2.

Albacore is the most important 
highly migratory species. In 2006, 
albacore landings from Washington 
waters totaled 4.8 million pounds 
and about $3.8 million in ex-vessel 
values. Of the coastal pelagic species, 
sardines are the most important.

Salmon is a major contributor to 
the Washington commercial fishing 
industry.  In 2006, salmon landings 
from Washington waters totaled 11.0 
million pounds and $9.5 million 
in ex-vessel value, accounting for 
10.1 percent of the total landings 
and 14.6 percent of the total ex-
vessel value generated by landings 
across all species groups. Within 
the salmon species group, chum 
salmon accounted for three-quar-
ters of salmon landings and about 
half the ex-vessel value. Despite 
accounting for only 8.8 percent of 
pounds landed within this group, 
Chinook contributed more than a 
quarter of the total value of salmon 
landings from Washington waters.

Smaller contributions to Wash-
ington’s overall commercial fishery 
are made by the “other anadromous 
species and eggs group” and Pacific 
halibut.  As Tables 1 and 2 show, 
the “other anadromous species 
and eggs group” produced about 
159,000 pounds of landings, valued 
at $193,200, in 2006.  Within this 
group, sturgeon and shad landings 
accounted for the vast majority of 

landings and value.  Pacific halibut 
landings from Washington waters 
totaled 135,900 pounds, generating 
$407,400 in ex-vessel value in 2006.

Landings and the associated value 
of those landings from Washington 
fisheries in 2006 are shown by catch 
region in Table 3.  The Coastal 
catch area is by far the largest con-
tributor to the overall Washington 
fishery, accounting for 85 percent 
of pounds landed and 63 percent of 
ex-vessel value.  Within the Coastal 
catch region, landings of groundfish 
(including Pacific halibut, highly 
migratory species, and coastal pelagic 
species) and shellfish species are the 
biggest contributors.  Combined, 
these two species groups accounted 
for nearly 99 percent of the pounds 
landed in the catch region and 95 
percent of the ex-vessel value.  Most 
of the remaining value of the catch 
in the coastal catch area is gener-
ated by landings of salmon.

Outside of the coastal catch re-
gion, the North and South Puget 
Sound catch regions were the largest 
contributors to the overall Wash-
ington commercial fishery in 2006. 
The North Puget Sound catch area 
contributed nearly 7 percent of the 
pounds landed within the overall 
fishery and 14 percent of its ex-
vessel value (Table 3).  The South 
Puget Sound catch contributed a 
larger share to the overall Washing-
ton fishery, producing 9 percent of 
landed pounds and 19 percent of 
ex-vessel value.  Within both catch 
regions, the salmon species group is 
a much bigger contributor to land-
ings and ex-vessel values than it is in 
the other catch regions.  The value 

of salmon landings totaled $3.8 
million in the South Puget Sound 
area and $2.9 million in the North 
Puget Sound area, accounting for 40 
percent and 27 percent, respectively, 
of the value of all salmon landings 
within the overall Washington com-
mercial fishery.  Within both the 
North and South Puget Sound catch 
regions, salmon landings accounted 
for nearly one-third of the value of 
all landings.  Shellfish, however, was 
the larger contributor to ex-vessel 
value in both areas, accounting for 
about two-thirds of total ex-vessel 
value within both the North and 
South Puget Sound catch regions.

Within the Strait of Juan de Fuca 
catch region, which accounted 
for 0.8 percent of pounds landed 
and 1.7 percent of ex-vessel value 
within the overall Washington 
fishery, shellfish and groundfish are 
the major contributors.  Shellfish 
produced 83 percent of the catch 
area’s total pounds landed and 
94 percent of its ex-vessel value.  
Groundfish accounted for most of 
the remaining landings and value 
within the catch area (Table 3).

The Lower Columbia River catch 
region, which accounted for 0.6 
percent of the landings and 1.8 per-
cent of the ex-vessel value within the 
overall Washington fishery, is domi-
nated by the catch of salmon spe-
cies (Table 3).  Harvests of salmon 
produced 84 percent of both the 
pounds landed and ex-vessel value of 
the total catch in the Lower Colom-
bia River catch region.  The Upper 
Columbia River, which is primar-
ily a recreational and tribal fishery, 
produced 8,400 pounds of non-
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Table 4.  Value (ex-vessel) of commercial fish landings from
Washington fisheries in 2006, by port county of origin (in thousands of dollars)

SpecieS 
Group 

porT counTy of oriGin

cLaLLaM  cLark cowLiTz
GrayS 

HARbOR
iSLand

jeffer-
Son

kinG kiTSap MaSon pacific

Groundfish� $�,4�6.7 – – $�,�70.0 $0.� $�4.0 $�04.4 – $3�.0 $�,480.�

Salmon $603.� $43.4 $3��.� $��3.� $�6.9 $��7.3 $�,39�.9 – $�.3 $�,068.�

Other
Anadramous
and Eggs

$0.00� – $�0.7 $8.0 – – $�.0 – – $�6.9

Shellfish $�,036.� – $3.8 $�3,470.6 $64.9 $�,�97.0 $4,48�.7 $�90.7 $�4.6 $7,384.�

TOTAL $3,096.3 $43.4 $380.0 $19,262.1 $82.3 $1368.3 $5,979.0 $190.7 $90.0 $1,099.0

SpecieS 
Group 

porT counTy of oriGin
STaTe ToTaL

pierce
San 

juan
SkaGiT

Sno-
HOMiSH

tHuR-
STon

WAHkiA-
kuM

WHAt-
coM

OtHER

Groundfish� $���.7 – $�7.7 $77.9 $4.4 – $4,674.� – $�4,307.9

Salmon $�06.8 $�8.4 $�93.0 $679.� $��8.� $380.4 $3,404.� $63.� $9,49�.6

Other
Anadramous
and Eggs

$0.� – – – – $7�.6 – $0.4 $�93.�

Shellfish $�,9�0.4 $�07.� $3,730.4 $6�9.� $�,309.0 $�04.9 $�,4�7.9 $0.0� $4�,�0�.�

TOTAL $2,150.4 $135.6 $4,353.1 $1,376.2 $1,471.9 $560.9 $13,506.5 $63.5 $65,099.1

cLaLLaM  La Push, Neah Bay,  
 Port  Angeles, Sequim

cLark   Ridgefield, Vancouver,  
 Washougal

cowLiTz  Longview

GRAyS HARbOR Aberdeen, Bay City,  
 Westport 

iSLand Coupeville, Deer  
 Harbor, Whidbey Island

jefferSon Port Townsend

kinG Seattle

kiTSap Poulsbo, Bremerton

MaSon Shelton

pacific Bay Center, Chinook,  
 Ilwaco, Nahcotta,   
 Raymond, South   
 Bend, Tokeland

pierce Tacoma

San juan Friday Harbor

SkaGiT La Conner

SnOHOMiSH Everett

tHuRStOn Olympia

WAHkiAkuM Cathlamet,   
 Skamokawa

WHAtCOM Bellingham Bay, Blaine,  
 Point Roberts

Counties include the following ports:

Source:  WDFW License and Fish Ticket Database

Notes:
� Includes Pacific halibut, highly migratory species, and coastal pelagic species.
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tribal commercial landings in 2006, 
primarily carp caught by commercial 
fishers who do not sell their catch. 

The value of commercial fish land-
ings from Washington fisheries for 
counties with commercial ports is 
shown in Table 4.  Grays Harbor 
County, with $19.3 million in land-
ings from Washington fisheries, is the 
state’s largest commercial port area, 
accounting for nearly 30 percent 
of the total value of landings from 
Washington fisheries in 2006.  Other 
port counties with significant shares 
of statewide commercial harvest 
values include Whatcom County 
(21%), King County (9%), Skagit 
County (7%), and Clallam County 
(5%).  From a species perspective, 
groundfish harvest values are largest 
in Grays Harbor County, Whatcom 
County, and Pacific County.  Shell-
fish is also a large contributor to the 
commercial catch landed in Grays 
Harbor County, as it also is in What-
com County and Pacific County.  
Salmon landings from Washington’s 
fishery are largest in Whatcom, 
King, and Pacific counties.

Economic Values and Impacts

The economic benefits of 
Washington’s commercial fishery 
are measured in terms of the net 
economic values and economic 
impacts of commercial fish-
ing and seafood processing.

Net economic value (NEV) is 
a gauge of the amount of wealth 
generated for participants in the 
commercial fisheries.  For this study, 
NEV for the commerical fishery is 
characterized by the gross revenue 

generated by commercial fishing and 
processing minus the costs to harvest 
and process seafood. In other words, 
NEV represents the profits to com-
mercial harvesters and processors.

The economic impacts of Washing-
ton’s commercial fishery are char-
acterized by the economic output 
(revenues) of the commercial fishing 
harvesting and processing sectors 
and by the employment and per-
sonal income directly and indirectly 
generated by those activities. The 
methods used to assess net eco-
nomic values and economic impacts 
are described in Appendix B.

Net Economic Values
As discussed previously, the com-

mercial harvest of fish and shellfish 
from Washington waters generated 
about $65.1 million in ex-vessel val-
ue for harvesters in 2006.  Processing 
the seafood produced by this harvest 
generated an estimated $101.0 mil-

lion in wholesale value for companies 
located in Washington (Table 5).  
About 61 percent of this value was 
attributable to the harvest of ground-
fish species; 21 percent was generated 
by processing of shellfish species.

The NEV (or profit) for harvest-
ers and processors generated by 
the 2006 harvest from Washington 
waters was estimated to total $38.0 
million (Table 5).  Shellfish harvest-
ing and processing was the great-
est contributor to these benefits, 
accounting for 46 percent of total 
NEV.  NEV generated by the har-
vesting and processing of groundfish 
and salmon species contributed 32 
percent and 19 percent, respectively, 
to total NEV. While NEV is positive 
in the aggregate, it may mask what 
is happening at an individual fishery 
level or business level. For example, 
some local harvesters or processors 
likely were operating at a loss in 
2006, but, in the aggregate, these 



Table 5.  Net economic values and economic effects generated by the
Washington commercial fishery in 2006

FiSHERy1

revenue2 perSonaL incoMe3 eMpLoyMenT4

neT econoMic 
vaLue5

HARVEStER proceSSor HARVEStER proceSSor ToTaL jobS
percenT 
of ToTaL

Groundfish $�3,90� $3�,437 $�8,77� $��,970 $4�,74� 993 �8% $��,��6

Pacific halibut $407 $486 $�87 $76 $663 �6 0.4% $�96

Salmon $9,496 $�6,6�4 $��,370 $8,93� $��,30� �07 �4% $7,09�

Other anad-
romous and 
eggs

$�93 $�,838 $�,90� $�,49� $4,393 �0� 3% $�,�38

Shellfish $4�,�03 $49,636 $�3,93� $��,98� $79,9�6 �,903 �4% $�7,484

Total $65,100 $101,021 $88,567 $59,456 $148,022 3,524 100% $38,024

Notes: All dollars are in thousands.
�  Fisheries are for Pacific Ocean harvests within the EEZ, excluding Dungeness crab harvested off the Oregon coast and all other commercial inland fisheries that are  
 landed onshore. Aquaculture and tribal harvests also are excluded.
�  Harvester revenue (ex-vessel revenue) are what harvesters receive when selling their retained catch. Processor revenue is the wholesale value of seafood products.
3  Personal income consists of total personal income generated by harvester and processor activities, including the indirect and induced multiplier effects.
4  Jobs are the number of full- and part-time jobs using Bureau of Economic Analysis estimates for wage and salary earnings and proprietorship earnings in Washington
   in 2006.
�  Net economic value is the prorated profitability of vessels and processors active in the Washington fishery.

Source: TRG 2008.
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losses were being offset by the profits 
of other harvesters or processors. 

Economic Impacts
Fishing vessels, processors, and 

industry-support businesses generate 
economic activity throughout Wash-
ington State. The estimated econom-
ic impacts, including the personal 
income and jobs, generated by the 
harvesting and processing of seafood 
from Washington waters in 2006 
are shown in Table 5.  The personal 
income generated by this activity is 
estimated to total $148.0 million, 
including $88.6 million in personal 
income from harvesting activities 
and $59.4 million from processing 
activities.  These income estimates 
include personal income earned in 
other sectors of the Washington 
economy generated by purchases of 
inputs by seafood harvesters and pro-

cessors and by the spending of their 
employees on goods and services. 

Employment generated by seafood 
harvesting and processing attribut-
able to catch from Washington wa-
ters is estimated to total 3,524 full-
and part-time jobs in 2006 (Table 
5).  Most of these jobs are generated 
by the catch and harvest of shellfish, 
groundfish, and salmon.  It should be 
noted that many seafood harvesting 
and processing jobs are seasonal and 
part time, and that the total number 
of jobs in the commercial fishing and 
processing industries likely exceeds 
the estimated jobs shown in Table 
5.  The economic effects generated 
by harvests from Washington waters 
represent a small part of Washing-
ton’s economy, but are important 
at the community level along the 

Washington Coast, the Strait of Juan 
de Fuca, and the Puget Sound areas.

Of the species groups shown in 
Table 5, the shellfish fishery ac-
counted for the highest share (54%) 
and the halibut fishery the smallest 
share (0.4%) of the total personal 
income and jobs directly and indi-
rectly generated by harvests from 
Washington waters.   Salmon spe-
cies accounted for about 14 per-
cent of total income and jobs.
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Section 3

King Salmon

RECREATIONAL FISHERIES

This section presents an 
overview of recreational 

fishing in Washington State, 
followed by a description of 
recreational catch and effort 
by species group and catch 
area.  Angler expenditures, net 
economic values and economic 
impacts of recreational fishing at 
the state level also are described.

fished about 8.5 million days, or 
about 93 percent of all fishing days 
in Washington. Non-residents fished 
615,000 days in Washington, or 
about 7 percent of all fishing days 
in the state.  (USFWS 2008)

Marine fishing and shellfishing 
in Washington State occurs along 
more than 500 miles of Pacific coast 
shoreline and more than 2,000 
combined miles of Puget Sound, 
San Juan Islands, Strait of Juan de 
Fuca and Hood Canal shoreline (see 
Figure 1). Sport fishing opportuni-
ties also are available in more than 
4,000 rivers and streams (stretch-
ing over 50,000 miles), 7,000 lakes 
(over 2,500 at alpine elevations) and 
200 reservoirs. (WDFW 2008)

Many lakes in the state are open 
year around, but the spring lake 
fishing “opener” on the last Satur-
day in April signals the traditional 
start of freshwater fishing activity. 
WDFW estimates that as many as 

500,000 anglers fish on that week-
end alone. Other waters are man-
aged with different seasons, often 
to protect nesting waterfowl or for 
other biological reasons.  To meet 
fishing demand, WDFW hatcher-
ies stock about 22 million trout and 
kokanee fry annually.  Trout (and 
kokanee) fishing highlights include:  

Trout fishing, especially for 
rainbows in lowland lakes, is 
usually best in spring and fall 
when the water is cool (but not 
frigid).  Larger, deeper lakes 
can be good for trout all year.

◗

Activity Overview

According to the U.S. Fish and 
Wildlife Service, 824,000 state 
resident and non-residents (16 years 
old and older) fished in Washing-
ton State in 2006. Of this total, 
725,000 anglers (88 percent) were 
state residents, and 98,000 anglers 
(12 percent) were non-residents.  
Anglers fished a total of 9.1 million 
days in Washington, an average of 
12 days per angler. State residents 
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June and July are usually best for 
kokanee (a landlocked or non-
anadromous sockeye salmon)

Many alpine or high elevation 
lakes are stocked with cutthroat, 
rainbow and golden trout 
between June and October. 
Eastern brook trout, lake trout 
and brown trout have been 
introduced to add diversity 
to the stocking program. 

Rivers and streams generally open 
June 1, after trout have had a chance 
to spawn and most anadromous sal-
monid smolts (juvenile salmon, steel-
head, sea-run cutthroat, and char) 
migrate to saltwater. Most rivers and 
streams are managed to produce wild 
trout, salmon and steelhead. Conse-
quently, few rivers and streams are 
stocked with hatchery reared trout.   

Mountain whitefish are popular 
stream catches in winter when they 
gather in schools to spawn. Some 
streams have special “whitefish-only” 
winter seasons.  Walleye fishing in 
Columbia River reservoirs is a year 
around opportunity, with most 
trophy class fish caught in late winter 
and early spring months.  As temper-
atures rise, warmwater species such 
as bass, crappie, sunfish, and catfish 
provide other angling prospects.

Angling opportunities for anad-
romous fish such as steelhead and 
salmon vary widely according to 
area, time of year, and status of the 
particular run or species. Open 
seasons for marine fish, anadromous 
fish and shellfish sometimes are set 
or adjusted during the year. High-
lights of fishing for anadromous 
species and shellfishing include:

◗

◗

Fishing opportunities for smelt 
(eulachon) on the Columbia 
River and its tributaries depend 
on annual smelt abundance. 
North Coast and Puget Sound 
fisheries for other smelts, 
such as surf and longfin, also 
vary with the run size.

Shad runs in the lower 
Columbia River peak in late 
May through early July, with 
several million shad passing 
Bonneville Dam annually. 

Sturgeon fishing on the 
Columbia River has been 
growing in popularity, 
thereby requiring more 
restrictive measures. Harvest 
quotas are often reached and 
published regulations are 
changed during the season. 

Open seasons for lingcod, 
halibut and rockfish vary among 
the 13 marine areas to protect 
the populations of these species. 
Other marine bottomfish are 
generally available year around. 

Oysters, clams, shrimp and 
crab are in their prime in 
the spring during daytime 
low tides on Puget Sound 
and Hood Canal beaches. 

In addition to its more publicized 
fish planting programs, WDFW also 
manages stocking programs designed 
to enhance shellfishing opportunities 
for species such as clams and oysters.

◗

◗

◗

◗

◗

Catch and Effort
Anglers in Washington State catch 

finfish in marine and fresh waters 
and harvest shellfish along marine 
shorelines.  About two-thirds of the 
catch of bottomfish are caught in 
coastal waters and the remaining 
third caught in the marine waters 
of Puget Sound (Table 6).  Salmon 
are caught in both fresh waters and 
marine waters, with about 60 percent 
of the salmon catch occurring in 
marine waters.  Puget Sound salmon 
account for about 60 percent of all 
salmon caught in marine waters.  
In fresh waters, 57 percent of the 
salmon was caught in Puget Sound 
streams and 38 percent was caught in 
the Columbia River and its tributar-
ies.  Most of the steelhead (74%) 
and almost all of the sturgeon (95%) 
caught in Washington waters in 
2006 were caught in the Columbia 
River and its tributaries.  Although 
catch numbers are not available 
for trout and other inland species, 
about 22 million trout and kokanee 
(land-locked salmon) are stocked 
annually in inland streams and lakes. 

Shellfishing is a popular activ-
ity along the Pacific Coast and the 
shoreline of Puget Sound.  As shown 
in Table 7, harvesting Dunge-
ness crab is very popular in North 
Puget Sound waters, accounting 
for more than 85 percent of the 
statewide catch.  Most (78%) of 
the spot shrimp harvested by rec-
reational shellfishers is caught in 
South Puget Sound waters.  Razor 
clams are only harvested on coastal 
beaches but is a highly popular 
activity, with tens of thousands of 
clammers heading to the coast on 
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weekends when razor clamming is 
open (Kraig pers. comm).  Other 
clamming and oyster harvesting 
occurs mostly on shoreline beaches 
in the South Puget Sound area.

According to the U.S. Fish and 
Wildlife Service (2008), 286,000 
anglers participated in sport fish-
ing in marine waters in Washington 
State in 2006, and accounted for 1.5 
million saltwater angler days (Table 
8).  Trout was the most popular 
freshwater target species, followed 
by salmon, steelhead, and black bass.  
Of the saltwater species, salmon ac-
counted for 52 percent of all saltwa-
ter angler days, followed by shellfish 
(35% of saltwater angler days) and 
other saltwater species (13%).

Table 7. Recreational shellfish catch (pounds) in
Washington in 2006, by species group and catch region 

SpecieS
Group

nORtH
puGeT
Sound

SOutH
puGeT
Sound

STraiT coaST coLuMbia 
river ToTaL

Dungeness
crab 3,330,004 �7�,�67 �6�,�40 — — 3,86�,7��

Shrimp �3,��0 87,996 �,9�0 — — ��3,466

Razer 
clams — — — 3,60�,000 — 3,60�,000

Other 
clams 93,038 ���,6�8 — — — 34�,666

Oysters �9,��9 63�,966 — — — 6��,09�

Notes:      
All values are in pounds except for oysters, which are in number of oysters.

Columbia River region includes the Columbia River and all tributaries, including the Snake River.

Source: Preliminary data for the Sport Catch Report provided by WDFW (Kraig pers. comm)

Table 6. Recreational finfish catch (numbers of fish) in
Washington in 2006, by species group and catch region 

CAtCH REGiOn

SpecieS
Group

puGeT 
Sound coaST coLuMbia

river
unknown

area ToTaL

bottomfish ���,4�7 �9�,��� — — 407,608

Pacific Halibut �,7�7 6,977 69� — �0,400

Albacore — �8,94� — — �8,94�

Salmon

  Marine 6�,4�3 43,0�7 — — �08,4�0

  Freshwater 98,�76 7,�86 6�,8�7 �,��7 �7�,806

Steelhead ��,709 ��,4�� 80,�94 477 �08,89�

Sturgeon �03 4�6 ��,69� �8� �6,�36

Total 292,095 387,153 162,498 1,886 843,636

Notes:
Columbia River region includes the Columbia River and all tributaries, including the Snake River.

Bottomfish catch in area 4b is included in the coastal region.

Albacore landings in Washington include fish caught in marine waters off the southern coast of Washington 
and northern coast of Oregon.  All trips originated  from ports in Ilwaco and Westport. Includes albacore 
caught by charter fleet only.

Source: Preliminary data for the Sport Catch Report and other catch data provided by WDFW (Kraig pers. 
comm).

This section describes the economic 

values and impacts associated with 

sport fishing activity in Washing-

ton State. First, the expenditures 

that anglers make to participate in 

recreational fishing in Washington 

State are described.  Second, the 

net economic values associated 

with sport fishing, which represent 

the value that anglers place on 

sport fishing over and above their 

expenditures, are identified.  Lastly, 

economic impacts, as measured by 

statewide jobs and earnings, associ-

ated with sport fishing activity and 

angler spending are presented. 

Economic Values and Impacts 

Expenditures and net economic val-
ues are two widely used but distinctly 
different economic measures of sport 
fishing. Whereas angler expenditures 
represent out-of-pocket costs that 
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Table 9.  Trip and equipment expenditures for sport fishing in
Washington in 2006 by resident and nonresident anglers

(in thousands of dollars)

Type of expendiTure

reSidenT
anGLerS

non-reSidenT
anGLerS

aLL anGLerS in 
WASHintOn2

trip-related expenditures

  Food and lodging $104,600 $13,278 $117,878 

  Transportation $97,508 $22,623 $120,130 

  Boating costs� $71,482 $�,�36 $73,6�9

  Other trip costs $36,686 $6,567 $43,253 

Total trip-related
expenditures $310,276 $44,604 $354,880 

Equipment expenditures $467,469 $18,477 $549,915  

Total expenditures $777,745 $63,081 $904,795  

Notes:    
� Boating costs for non-residents were estimated based on available data.
� Expenditures for equipment and total expenditures by all anglers in Washington do not equal the sum of         
values from resident and non-resident anglers because these values were derived from different samples.

Source: USFWS 2008
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anglers incur to participate in sport 
fishing, net economic values (often 
referred to as “consumer surplus”) 
represent the net or surplus amount 
that anglers would (theoretically) 
be willing to spend to participate 
in sport fishing.  Economic im-
pacts measure the importance of 
the “sport fishing economy.”

Angler Expenditures
According to the U.S. Fish and 

Wildlife Service (2008), all fishing-
related expenditures in Washington 
State totaled about $905 million 
in 2006 (Table 9). Trip-related 
expenditures, which include food, 
lodging, transportation, and other 
trip expenses, totaled $355 million, 
or about 39 percent of all fishing 
expenditures. Expenditures for food 
and lodging were $118 million and 
transportation expenditures were 
$120 million. Other trip expenses, 
such as equipment rental, bait, and 
cooking fuel, totaled $117 million. 
Each angler spent an average of $482 
on trip-related costs during 2006.

Anglers spent about $550 mil-
lion on equipment in Washington 
in 2006, 60 percent of all fishing 
expenditures. Fishing equipment 
(rods, reels, line, etc.) spending 
totaled $139 million, 29 percent 
of the equipment total. Auxiliary 
equipment expenditures (tents, 
special fishing clothes, etc.) and 
special equipment expenditures 
(boats, vans, etc.) amounted to $347 
million, or about 71 percent of the 
equipment total. Special and auxil-
iary equipment are items that were 
purchased for fishing but could be 
used in activities other than fish-
ing.  The purchase of other items, 

such as magazines, membership 
dues, licenses, permits, stamps, 
and land leasing and ownership, 
amounted to $64 million—7 per-
cent of all fishing expenditures. 

Net Economic Values
Net economic values measure the 

monetary value that anglers place on 
sport fishing over and above what 
they actually spend to participate 
in the fisheries. These values are the 
appropriate measure of economic 
value for a wide range of analyses 
(including benefit-cost analysis) 
that quantify and compare benefits 
and costs. Total user benefits from 
sport fisheries are calculated as the 
summation of anglers’ willing-
ness to pay across all individuals 
who participate in sport fishing.  

Net economic values associated 
with sport fishing typically are de-
termined based on the value of an 

angler day (or trip).  Angler surveys 
often are used to estimate these val-
ues.  Values differ by type of activity, 
including species sought, mode of 
fishing (e.g., shore fishing or fishing 
from a boat), and angler success.   As 
described in Appendix A, net eco-
nomic values for recreational fisheries 
focus on sport anglers only, and are 
estimated based on a review of previ-
ous studies of anglers’ net willing-
ness to pay for fishing opportunities. 
For this study, the following per day 
values are used to estimate the net 
economic value of sport fishing:

Salmon fishing in marine 
waters, $58/day

Other fishing in marine 
waters, $60/day

Shellfish harvesting, $43/day

Trout fishing, $50/day

◗

◗

◗

◗
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Salmon/steelhead fishing 
in freshwaters, $58/day

Other coldwater fishing 
in freshwaters, $45/day

Warmwater fishing, $30/day 

Based on these per day values and 
on the number of angler days report-
ed in Table 8, net economic values 
for sport fishing in Washington State 
are estimated at $462.0 million in 
2006, including $380.2 million for 
freshwater fishing and $81.8 mil-
lion for saltwater fishing. At $145.9 
million, fishing for trout generates 
the greatest amount of net economic 
values, followed by salmon (both 
saltwater and freshwater) at $129.4 
million, steelhead at $51.3 million, 
and black bass at $39.4 million.   

Economic Impacts
The economic impacts gener-

ated by sport fishing activity can be 
traced from anglers who purchase 
goods and services, to the creation 
of statewide jobs and earnings that 
are supported by these purchases.  
Anglers purchase gasoline and food, 
stay at motels and campgrounds, and 
purchase other goods and services 
in communities throughout the 
state.  This spending directly sup-
ports jobs and generates earnings in 
fishing-related sectors, and indirectly 
generates jobs and earnings in many 
other sectors of the economy as the 
directly-affected businesses and their 
employees spend in the local econo-
my.  In effect, angler purchases result 
in three types of economic impacts 
on regional and the state economy:

Direct impacts: the first round 
effect of angler-related spending 

◗

◗

◗

◗

(e.g., increase in food sales, 
income to food store owners, 
wages paid to store employees).

Indirect impacts: the ripple 
effect of additional rounds 
of re-spending of the initial 
angler-related expenditures 
(i.e., the effects of purchases of 
additional goods and services 
by other firms in sectors 
supplying goods and services 
to food stores, such as food 
wholesalers and transporters).

Induced impacts: further 
ripple effects generated by 
employees in directly and 
indirectly affected businesses 
spending some of their wages 
in other businesses (i.e., food 
store employees spend part of 
their wages in local businesses 
whose owners and employees 
also spend in the local area).

Together, these three effects con-
stitute the total impact on sales, 
employment and income resulting 
from angler spending.  The magni-
tude and location of the impacts are 

◗

◗

affected by the number of anglers, 
amount of spending, and where 
anglers make their purchases.

In 2006, anglers accounted for 
more than 9 million angler days in 
the state and generated an estimated 
$355 million in trip-related spend-
ing and $549 million in equipment 
expenditures. Direct impacts of this 
spending on the state economy in-
clude supporting an estimated 7,950 
jobs and $165.7 million in personal 
income (Table 10).  Accounting for 
the multiplier effect (indirect and 
induced impacts) increases the total 
statewide number of jobs to 12,850 
and $392.9 million in personal in-
come.  Business sectors substantially 
affected by angler spending include 
food and lodging (1,383 direct jobs 
supported), transportation (304 di-
rect jobs supported), sporting goods 
(4,961 direct jobs supported), rec-
reation equipment rental (92 direct 
jobs supported), and recreation ser-
vices (1,149 direct jobs supported).  

Because spending by non-resi-
dent anglers is part of the tourism 
industry in Washington State, it 
is important to highlight the im-
pact that angler spending by non-
resident visitors have on the state 
economy.  As shown in Table 10, 
spending by non-resident anglers 
directly support 509 jobs statewide 
and indirectly support an additional 
374 jobs through the multiplier 
effect.  Spending by non-resident 
anglers also directly generates 
$13.1 million and indirectly gener-
ates an additional $17.4 million in 
personal income for persons work-
ing in recreation-related sectors.     
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Table 10. Estimated economic impacts of sport fishing in Washington waters in 2006

AnGLER CAtEGORy/
SecTor

jobS1 perSonaL incoMe2

direcT 
jobS3 ToTaL jobS3 percenT of 

ToTaL
direcT

incoMe3
ToTaL

 incoMe3
percenT of 

ToTaL

Resident Anglers

Food & Lodging4 �,��7 �,600 �4% $�8,838 $37,�83 ��%

Transportation� �47 �84 �% $9,707 $��,33� 3%

Sporting goods6 4,��7 4,�4� 38% $7�,64� $76,079 ��%

Recreation equipment 
rental7 79 84 �% $�,464 $�,6�0 �%

Recreation services8 �,��� �,�78 �0% $�8,��4 $�8,846 8%

Other sectors9 38 3,896 3�% $830 $�90,0�9 ��%

Total 6,960 11,283 100% $145,704 $346,082 100%

non-Resident Anglers:

Food & Lodging4 ��9 �93 ��% $3,960 $4,7�3 ��%

Transportation� 7� 79 9% $3,473 $3,6�� ��%

Sporting goods6 �78 �80 �0% $3,�89 $3,��7 ��%

Recreation equipment 
rental7 �8 �8 �% $��� $36� �%

Recreation services8 77 80 9% $�,894 $�,948 6%

Other sectors9 � 333 38% $49 $�6,670 ��%

Total 509 883 100% $13,116 $30,544 100%

All Anglers:

Food & Lodging4 �,383 �,807 �4% $3�,499 $4�,968 ��%

Transportation� 304 346 3% $��,9�9 $�3,806 4%

Sporting goods6 4,96� 4,989 39% $88,989 $89,486 �3%

Recreation equipment 
rental7 9� 98 �% $�,86� $3,036 �%

Recreation services8 �,�49 �,�78 9% $�8,��6 $�8,86� 7%

Other sectors9 6� 4,43� 34% $�,�37 $���,738 �4%

Total 7,950 12,850 100% $165,701 $392,896 100%

Notes:
� Represents the number of full- and part-time jobs.
� Represents employee compensation and proprietors income in thousands of 2006 dollars.
3 Values for All Anglers do not equal the sum of values from Resident Anglers and Non-Resident Anglers because these values were derived from different samples.
4 Represents employment and income generated by visitor trip spending in food stores, eating and drinking places, and hotels, motels, and other businesses
  providing accommodations.
� Represents employment and income generated by visitor trip spending on airfare, public transportation, and private transportation.
6 Represents employment and income generated by visitor spending during and apart from fishing trips on fishing equipment (e.g., bait, tackle, rods and reels) in
  sporting goods stores.
7  Represents employment and income generated by visitor trip spending on rental of recreation equipment.
8 Represents employment and income generated by visitor trip spending on recreation services (e.g., boat launching and mooring, guides).
9 Represents employment and income directly and indirectly generated in all other sectors of the Washington state economy.

Source: IMPLAN model runs using trip and equipment expenditures estimates for fishing in Washington in 2006 by resident and non-resident anglers as inputs.
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ECONOMIC IMPORTANCE OF COMMERCIAL AND 
RECREATIONAL FISHERIES IN WASHINGTON

This study evaluated the econom-
ic values and impacts of com-

mercial and recreational fisheries in 
Washington State.  Although the es-
timates of these measures are concep-
tually consistent for the two fisheries, 
comparing the results between the 
fisheries is not appropriate for several 
reasons.  In the case of net economic 
values, some components were not 
quantified, such as surplus values to 
consumers associated with the com-
mercial harvest or non-use values.  In 
the case of economic impacts, the 
impacts associated with the spend-
ing by state resident anglers, which 
comprise more than 90 percent of 
the total recreational effects, are fun-
damentally different in terms of con-
tribution to the state economy from 
the effects generated by non-resident 

recreational anglers and by commer-
cial fishers.  Overall, the study is not 
sufficiently comprehensive and the 
values are not estimated with ad-
equate precision to warrant a com-
parative analysis of the two fisheries.

As described in Sections 2 and 3, 
commercial and recreational fish-
ing activity in Washington waters 

directly and secondarily supported 
an estimated 16,374 jobs and 
$540.0 million in personal income 
in 2006.  As shown in Figure 2, 
recreational fishing generated an 
estimated 12,850 jobs of which 
spending by resident anglers sup-
ported 11,918 jobs and non-resi-
dent spending supported 932 jobs.  
Commercial fishing and processing 

Figure 2.  Statewide jobs supported by commercial and
recreational fisheries in 2006

Commercial Fisheries
(WA waters only) – 3,524 Jobs

Recreational Fisheries,
Non-resident Anglers – 932 Jobs

Recreational Fisheries, Resident Anglers – 11,918 Jobs
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in Washington waters generated 
an estimated 3,524 jobs in 2006.  

When viewed in the context of 
the Washington State economy, 
the total levels of employment and 
earnings accounted for about 0.4 
percent of total statewide employ-
ment and about 0.2 percent of 
total statewide personal income in 
2006.  Unlike spending by non-
resident anglers that contributes 
to the tourism economy, spending 
by resident anglers serves to direct 
discretionary consumer spending 
towards fishing-related goods and 
services. When the spending and 
associated economic effects gener-
ated by resident angler spending are 
excluded, commercial and non-resi-
dent recreational fishing accounts 
for about 0.1 percent of statewide 
employment and less than 0.1 per-
cent of statewide personal income. 

Although the contribution of 
Washington’s commercial and 
recreational fisheries to the overall 
state economy is relatively small, the 
contributions to individual sectors 
of the state’s economy are more 
important.  Spending by recre-
ational anglers generates important 
economic contributions to several 
key sectors of the state’s economy, 
including an estimated 0.6 per-
cent of statewide jobs in the food 
and lodging sector, 0.9 percent of 
the jobs in the transportation sec-
tor, 21.7 percent of the jobs in the 
sporting goods retailing sector, and 
4.7 percent of the jobs in the amuse-
ment and recreation services sector.

In terms of the contribution that 
Washington commercial fisher-

ies made to the state economy, it 
should be emphasized that this study 
focuses on the commercial fisheries 
in Washington waters. Other com-
ponents of the commercial fishing 
industry in Washington include 
harvesting by western Washington 
tribes; fish harvesting in distant 
waters including Alaska, Oregon and 
Canada; and aquaculture operations.

 The value of commercial landings 
from Washington waters only totaled 
$65.1 million, which accounts for 
about 22 percent of the total jobs 
and 15 percent of the total personal 
income in the state’s overall com-
mercial fishing and seafood process-
ing sector.  As reported by TRG 
(2008), the 2006 harvest value for 
three prominent commercial fisher-
ies not included in this study are:

West Coast offshore Pacific 
whiting fishery. This fishery 
is prosecuted by motherships, 
catcher vessels, and catcher-
processor vessels that home-
port in Puget Sound localities.  
The offshore catch areas for 

◗

this fishery extends from 
the U.S.–Canada border to 
north of San Francisco.  The 
estimated harvest value by the 
11 catcher vessels that hail 
from Washington ports was 
$2.9 million in 2006.  The 
estimated harvest value by 
the nine catcher-processors 
that hail from Washington 
ports was $8.9 million.  

Oregon Coast catch area.  
Species harvested south of 
the Washington-Oregon land 
boundary but delivered to 
Washington ports include 
albacore tuna ($11.4 million), 
Dungeness crab ($2.5 million), 
sablefish ($1.2 million) Pacific 
whiting ($1.0 million), and 
pink shrimp ($0.5 million).  

Alaska and other non-West 
Coast mainland waters.  These 
fisheries include a predominant 
Pacific halibut fishery, in which 
the landing value of harvests 
in 2006 was $6.2 million, 
representing 74 percent of 

◗

◗

148.0

346.1

30.6

0.0 50.0 100.0 150.0 200.0 250.0 300.0 350.0 400.0

Commercial
Fisheries

(WA waters only)

Recreational
Fisheries,

Resident Anglers

Recreational
Fisheries,

Non-resident
Anglers

Income

Figure 3.  Statewide income generated by commercial and recreational 
fisheries in 2006 (in millions of dollars)
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all Pacific halibut delivered 
in Washington in 2006.

Additionally, aquaculture ac-
counted for $81.1 million of 
commercial harvest value.  

Spending by resident and non-
resident anglers in Washington is 
part of a billion dollar sport fish-
ing industry in Washington State 
that supports a network of retail 
and wholesale businesses.  In 2006, 
anglers spent an estimated $550 mil-
lion on fishing equipment and made 
about $355 million in trip-related 
costs.  Spending by non-resident 
anglers (estimated at $63.1 million 
in 2006) is part of an important 
tourism industry in Washington that 
has been valued at nearly $14 billion 
in 2006 (Dean Runyan Associates).  

In addition to commercial and 
recreational angler spending, fish-
ing-related expenditures also are 
made annually by governmental and 
non-governmental agencies for edu-
cation, research, management, and 
enforcement of the fishing industries.  

Lastly, it must be recognized that, 
in addition to the employment and 
personal income contributions to the 
regional and state economy, these 
fisheries contribute in other impor-
tant ways to Washington’s economy 
and the quality of life of its residents. 
The commercial fishery in Washing-
ton waters contributes an estimated 
$38 million in net economic values 
(net income) to commercial fishers, 
allowing them to participate in a 
livelihood that has been passed down 
from generation to generation. Ad-
ditionally, sport fishing opportunities 

generate an estimated $424 million 
in net economic values (surplus 
value over and above expenditures) 
to the estimated 725,000 resident 
anglers in Washington.  And finally, 
the working waterfronts that serve 
both Washington and distant water 
fisheries are an integral part of many 
communities.  These waterfronts 
attract visitors wanting to experience 
and see lively commerce activities 
in a backdrop of expansive harbor 
views.  Although this economic study 
is more narrowly focused on the eco-
nomic values to commercial fishers 
and sport anglers, the broader social 
and economic values supported by 
the commercial and recreational 
fisheries must be acknowledged. 

Figure 4.  Harvest value from Washington fisheries and other commercial 
landings in 2006 (in millions of dollars)

Aquaculture – $81.1

West Coast Offshore – $5.9

Washington Fisheries – $65.1

Excluded Catch Area – $22.1
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Appendix A
NET ECONOMIC VALUES FOR RECREATIONAL FISHING

[Note: Much of the material in 
this appendix is drawn from a 
report prepared by the U.S. FWS 
(2003) that describes results from 
a special contingent valuation 
study as part of the 2001 National 
Survey of Fishing, Hunting, and 
Wildlife-Associated Recreation.] 

In 2006, an estimated 824,000 an-
glers fished in Washington State. 

These anglers spent $349.9 million 
on trips to participate in sport fish-
ing. Expenditures are a useful indica-
tor of the importance of sport fish-
ing activities to local, regional, and 
national economies. However, they 
do not measure the economic ben-
efit to either the individual partici-
pant or, when aggregated, to society.

Net economic values associated 
with sport fishing include values 
that recreational fisheries generate 
for both consumers (anglers) and 
producers of goods and services that 
sell to anglers. Net economic value 
to consumers is measured by the 
dollar amount that anglers would be 
willing to pay over and above what 
they actually pay to participate in 
sport fishing.  Net economic value to 
producers (e.g., charter boat opera-
tors, guides, and other sport fishing-
related businesses) is measured by 
the net income (or profit) generated 
by sales to recreational anglers.

For this study, only net economic 
values to consumers (sport anglers) 
are evaluated. It is assumed that 

the net income to producers would 
occur elsewhere in the economy if 
anglers changed their spending be-
havior.  For example, if sport anglers 
no longer have opportunities to sport 
fish for salmon in Puget Sound, 
the net income to sport fishery-re-
lated producers associated with the 
reduction in angler spending would 
shift to producers of other goods 
and services as anglers shift their 
spending patterns. Consequently, 
there would be no net change in net 
income from a state perspective.

Expenditures and net economic val-
ues are two widely used but distinctly 
different measures of the economic 
value of recreational fisheries. Net 
willingness to pay, or “consumer 

surplus,” is the accepted measure of 
economic value for a wide range of 
analyses that seek to quantify benefits 
and costs. The total benefit to anglers 
is the summation of willingness to 
pay across all fishing participants.  

There is a direct relationship be-
tween expenditures and net econom-
ic value, as shown in Figure A-1.  A 
demand curve for a representative 
angler is shown in the figure. An 
individual angler’s demand curve 
provides the number of trips that the 
angler would take per year at differ-
ent trip costs. The downward sloping 
demand curve represents the angler’s 
marginal willingness to pay per trip 
and indicates that each additional 
trip is valued less by the angler than 
the preceding trip. All other factors 
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Appendix A (cont.)

being equal, the lower the cost per 
trip (vertical axis) the more trips the 
angler will take (horizontal axis). The 
cost of an angling trip serves as an 
implicit price for fishing because a 
market price generally does not exist 
for this activity. At $60 per trip, the 
angler would choose not to fish, but 
if fishing trips were free, the angler 
would take 16 fishing trips.  At a cost 
per trip of $20, the angler takes 10 
trips, with a total willingness to pay 
$375 (area acde in Figure A-1). 

Total willingness to pay is the total 
value that the angler places on par-
ticipation. The angler will not take 
more than 10 trips because the cost 
per trip ($20) exceeds what he would 
pay for an additional trip. For each 
trip between zero and 10, however, 
the angler would actually have been 
willing to pay more than $20 (the 
demand curve, showing marginal 
willingness to pay, lies above $20).  
The difference between what the an-
gler is willing to pay and what is ac-
tually paid is the net economic value. 

In this simple example, therefore, 
net economic value is $175 [($55 
– $20) × 10 ÷ 2)] (triangle bcd in 
Figure A-1) and angler expenditures 
are $200 ($20 × 10) (rectangle abde 
in Figure A-1). Thus, the angler’s 
total willingness to pay is composed 
of net economic value and total 
expenditures. Net economic value 
is simply total willingness to pay 
minus expenditures. The relation-
ship between net economic value and 

expenditures is the basis for asserting 
that net economic value is an appro-
priate measure of the benefit an indi-
vidual derives from participation in 
an activity and that expenditures are 
not the appropriate benefit measure.  
Expenditures are out-of-pocket ex-
penses on items an angler purchases 
in order to fish. The remaining value, 
net willingness to pay (net economic 
value), is the economic measure of 
an individual’s satisfaction after all 
costs of participation have been paid. 

For this study, net economic values 
to sport anglers is estimated based 
on the findings of previous studies 
focused on estimating net economic 
values for different sport fishing 
activities. These values are sum-
marized in Table A-1, with specific 
values used to estimate the value of 
freshwater and saltwater fishing for 
different species highlighted.   All 
values in Table A-1 are presented 
in 2006 values.   In addition to the 
values reported in Table A-1, net 
economic values for trout fishing 
($50/angler day) were derived from 
the U.S. FWS’s special report (2003) 
cited at the beginning of this ap-
pendix.  The per-day values used to 
estimate the net economic values 
for sport fishing were as follows:

Salmon fishing in marine 
waters, $58/day

Other fishing in marine 
waters, $60/day

◗

◗

Shellfish harvesting, $43/day

Trout fishing, $50/day

Salmon/steelhead fishing 
in freshwaters, $58/day

Other coldwater fishing 
in freshwaters, $45/day

Warmwater fishing, $30/day 

These per day values were ap-
plied to the number of angler 
days to derive estimates of total 
net economic values for all an-
glers in Washington State.

   

 

◗

◗

◗

◗

◗
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Table A-1.  Net economic values for sport fishing, by type of fishing and region

Note:
All values presented in the table have been converted to a 2006 base year.

Source: Derived from Boyle et. al 1997
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ANALYZING THE ECONOMIC IMPACTS OF 
COMMERCIAL AND RECREATIONAL FISHERIES

Appendix B

input-output analysis was 
used to analyze the economic 

impacts of the commercial and 
recreational fisheries.   This 
appendix describes the models, 
data, and underlying assumptions 
used in these analyses.  The 
description of the analytical 
methods for commercial fisheries, 
including estimating net income 
values, is mostly based on 
information provided by The 
Research Group (2008) for this 
study. 

ployment and income for the af-
fected industries within a study area.  
(Minnesota IMPLAN Group 2000).

Commercial Fisheries 
Analysis

For analyzing the economic im-
pacts of the commercial fisheries, the 
Fishery Economic Assessment Model 
(FEAM) was used.  FEAM gener-
ates measures of regional economic 
impacts (REI) measured by personal 
income and measures of commercial 
harvesting and primary processing 
business profitability1.   The REIs 
are the result of the fishing industry 
business spending within the defined 
region.  The spending is payments to 
labor and for other costs associated 
with prosecuting fisheries, process-
ing a product and readying it for 
distribution, and the capital costs for 
vessels and processing plants.  The 
defined region for this study is the 
state of Washington.  The FEAM 
uses economic input-output relation-
ships to multiply the fishing industry 
spending through all businesses and 
households that are touched by the 
direct (first round spending by the 
fishing industry), indirect (spending 
by suppliers to the fishing indus-
try), and induced (re-spending by 
households that have received money 

through wages or proprietor income) 
effects from the fishing industry2.   
Because the FEAM results are pay-
ments to labor for all sectors of the 
economy, a calculation of jobs (both 
full-time and part-time) can be 
developed using the region’s average 
wage and proprietorship income.

For this study, FEAM is useful 
because it provides factors for the 
REI and net income value (NEV) 
producer measures per harvest 
pound.  NEV is a social welfare 
quantity that is a gauge of the 
amount of wealth generated to the 
nation from the fishing industry 
activity.  These factors are specific to 
vessel and processor stratifications.  
For example, a vessel stratification 
includes the many species caught 
using certain gear types by a ves-
sel that is predominantly engaged 
as a crabber vessel, and a processor 
stratification includes seafood prod-
uct types (such as fresh and picked 
crab) produced from those harvests.  

The FEAM is a matrix that marries 
the many vessel and processor strati-
fications that are found in the Wash-
ington fishing industry.  The matrix 
is static.  Changes that might occur 
from different market conditions, 
such as the price paid to harvesters or 

Input-output analysis is a means of 
examining relationships within an 
economy, both between businesses 
and between businesses and final 
consumers.  It captures all monetary 
market transactions for consumption 
in a given period.  The primary input 
variable for input-output analysis 
is the dollar value of purchases of 
products or services for final use (i.e., 
final demand), which drive input-
output models.  Industries respond 
to meet demands directly by supply-
ing goods or indirectly by supply-
ing goods and services to industries 
responding directly to final demand 
changes.  The primary output 
variables are predicted estimates in 
direct, indirect, and induced em-

1. The FEAM was developed by William Jensen and Hans D. Radtke for Alaska and U.S. West Coast. The model has been updated many times and is currently used 
by the Pacific Fishery Management Council (PFMC) for preparation of fishery management plans. An economic theory description of the FEAM can be found in 
Seung and Waters (2005).

2. The I/O model used in the FEAM is the IMpact Analysis for PLANning (IMPLAN) model offered by the Minnesota IMPLAN Group Inc., St. Paul, Minnesota.
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prices received by processors for cer-
tain products, are not reflected in the 
matrix.  In this study, the incremen-
tal factors are being applied to only 
a small portion of the commercial 
fishing industry in the state (i.e., har-
vest from Washington waters only).

The measures of business profit-
ability (business net income) are 
itemized for a suite of vessel and 
processor types.  The profitability 
and other variable and fixed costs 
from the business types can be used 
to estimate NEV.  The total dimen-
sion of NEV includes consumer 
seafood value and the revenue cre-
ated from the fishing and processing 
activity minus costs to undertake 
the activity and minus opportunity 
cost of the resources employed (i.e., 
what if something else were done 
with those resources instead of the 
activity?).  The consumer seafood 
value is the difference in what a 
consumer would pay for seafood less 
what is actually paid for the seafood 
provided from the activity.  It is a 
measure of net willingness-to-pay 
(WTP) and is sometimes called 
consumer surplus; as such, it is a 
conceptual value that can only be 
found through consumer surveys.  

The difference between the fish-
ing industry revenues raised and 
actual and opportunity costs is 
sometimes called producer surplus.  
The estimation of opportunity costs 
in the producer surplus equation 
is difficult because it also requires 
surveying industry participants.  It 
is another measure that is acknowl-
edged, but usually either is borrowed 
and adapted from other studies or 

omitted from the calculation.

In FEAM, the fishery sectors ex-
ist at a level of stratification that 
is appropriate for predicting the 
economic impacts coming from a 
change in landings of a particular 
species, changes in landings by a 
specific vessel type, or landings at 
a particular port area. FEAM is a 
production-oriented model which 
is able to estimate the impacts of 
changes in harvesting sectors. The 
FEAM consists of two submodels. 
The first submodel calculates rev-
enues and expenditures of harvest-
ing and processing industries. The 
second submodel is the IMPLAN 
model. The regional economic 
impacts are calculated by multiply-
ing revenues and expenditures by the 
multipliers in the IMPLAN model. 
In FEAM, the harvesting sector is 
disaggregated by type of vessels, 
and the processing sector by type of 
processors. For each of the harvesting 
and processing subsectors, FEAM 
provides data on output by species, 
value added components, and use 
of intermediate inputs. Value added 
components include labor income 
(crew share, processing workers’ 
income, and administrative salaries), 
capital income (operating income), 
and indirect business taxes (fish 
taxes and business/property taxes).

In FEAM, harvesters and proces-
sors purchase primary inputs (labor 
and capital) and intermediate inputs. 
The intermediate inputs include 
vessel/engine repair, fuel and sup-
plies, insurance, and other goods and 
services. Processors also purchase fish 
from the harvesting sector. Revenues 

from both the harvesting and pro-
cessing sectors are then allocated 
to (i) expenditures on intermedi-
ate inputs, (ii) labor income (crew 
shares, income to processing work-
ers, and administrative workers), 
and (iii) capital income (operating 
income, income to owners of ves-
sels and processing facilities). The 
expenditure on intermediate inputs 
can be divided into different vari-
able and fixed expenditure categories 
such as vessel/engine repair, fuel 
and lubricants, supplies, insurance, 
and other goods and services.

The multiplier for each expenditure 
category is calculated as the weighted 
average of the IMPLAN multipli-
ers for the corresponding sector(s). 
The weight is calculated as the ratio 
of the amount of the expenditure 
allocated to a given IMPLAN sec-
tor to the total expenditure in the 
category. The multipliers for these 
expenditure categories thus calcu-
lated are used to estimate changes 
in regional income from a change in 
fishery sectors’ output level. Simi-
larly, household income (expendi-
ture), consisting of labor income 
and capital income, can be allocated 
to IMPLAN sectors. The multiplier 
for household income (expendi-
ture) is calculated as the weighted 
average of the IMPLAN multipliers 
for the corresponding sector(s).

It is important to note that the 
REI measure for the small portion 
of the fishing industry activity be-
ing assessed should be considered 
an economic contribution within 
the overall effects from the fishing 
industry.  It is an annualized estimate 
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for conditions as they occurred in 
the year 2006.  If the activity were 
for some reason taken away, it may 
be there would be adjustments that 
would ameliorate the loss one way or 
another and show a different impact.  
For these reasons, the REI estimates 
shown here have fairly qualified 
use as a comparison to the fishing 
industry in other points in time.

The FEAM version being used to 
develop the REI and NEV is de-
scribed in greater detail in Davis 
(2003).  This FEAM version was 
populated using the particular year 
2006 harvests that are included in 
this study.  The harvest data are from 
PacFIN downloads3.  Those particu-
lar harvests represent about one-
quarter of the ex-vessel revenues gen-
erated by the vessels in Washington’s 
fishing fleet that make West Coast 
offshore and onshore deliveries.  The 
spending that occurs in the Washing-
ton economy from these particular 
harvests is about five to six percent 
of the total fishing industry spending 
when Alaska and other distant water 
fisheries and private aquaculture are 
included.  Washington’s total fish-
ing industry economic contributions 
from West Coast fisheries in 2004 
is described in TRG (2006).  The 
distant water fisheries effects are 
discussed in NRC (1986 and 1999) 
and more recently TRG (2007).

A summary list of assumptions 
used to generate the commercial REI 
and NEV estimates are as follows:  

Only harvesting and primary 
processing effects are assessed.  
Processed products can 
enter seafood distribution 
channels that can generate 
additional economic effects 
in Washington’s economy.  
Management, enforcement, 
and research activity is not 
included in the economic 
effects measurements.

The economic effects are a 
contribution measure that 
may have substitutes if the 
included fisheries are taken 
away.  Harvesters might be able 
to pursue other West Coast 
or distant water fisheries and 
processors may have access to 
other catches.  The substitutes 
may have different industry 
input-output and export-
import relationships, and 
therefore, the effect on the 
economy of the substituted 
activities may be different.

The economic effects are static 
and not necessarily linear.  That 
is, if the included fisheries are 
more or less than shown, the 
proportional difference in REI 
and NEV may be different.  The 
model does not include industry 
behavior dimensions, such 
as would undoubtedly occur 
if there was a shift in prices 
received for seafood products 
or prices paid to harvesters.

The total value of seafood 
products associated with the 

◗

◗

◗

◗

included fisheries is based 
solely on what the seafood 
actually sells for.  In other 
words, the difference in 
what a consumer would be 
willing to pay and actually 
pays is assumed to be zero.

Those that work in commercial 
harvesting and processing 
businesses are motivated 
by the enjoyment of their 
careers and do not compare 
their participation with 
other employment prospects.  
Moreover, the harvesting 
and processing businesses do 
not necessarily have other 
profit making opportunities.  
Therefore, the opportunity 
costs from participating in 
the harvesting and processing 
of the included fisheries 
are assumed to be zero

The economic effects from the 
movement of fish resources 
between commercial and 
recreational user groups 
cannot be assessed with the 
modeled estimates.  Showing 
economic benefits from 
changes in allocations would 
require close examination of 
spending on a per unit basis 
and in aggregate before any 
conclusions could be reached.

The calculation of NEV 
included a portion of fixed 
costs and labor costs that 
were not discounted.  If other 
assumptions were made about 

◗

◗

◗
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3. The Pacific Coast Fisheries Information Network (PacFIN) is a database program sponsored by the PSMFC.  West Coast states, British Columbia, and Alaska fish 
ticket information is regularly uploaded to a central database.  The database assists fish management and enforcement for federally managed fisheries.  It also as-
sists in fish resource research and investigations.  Additional information is available at: http://www.psmfc.org.
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alternative uses of capital 
and/or there were alternative 
employment opportunities, 
NEV might be significantly 
lower than the estimates shown.

Only commercial REI and NEV 
“use” benefits are calculated.  
There may be other non-use and 
non-market benefits associated 
with commercial fisheries that 
would be additive to the use 
benefits.  For example, there 
may be tourists who are drawn 
to working waterfronts, and 
their spending may generate 
economic contributions and 
add to economic wealth.  There 
may be (positive or negative) 
passive use values associated 
with commercial harvests that 
should be taken into account in 
the NEV calculation.  Passive 
use values are associated 
with people wanting the fish 
resource to exist but who may 
not actually use the resource.

Recreational Fisheries 
Analysis 

The analysis of economic impacts 
of the recreational fisheries was 
conducted using the IMPLAN 
economic input-output model and 
the 2006 data set for Washington 
State.  IMPLAN (Impact Analysis 
for PLANning) is a computer-driven 
input-output model originally devel-
oped by the USDA Forest Service in 
cooperation with the Federal Emer-
gency Management Agency and the 
USDI Bureau of Land Management 
to assist the Forest Service in land 
and resource management planning.   
The IMPLAN system has been in use 

◗

since 1979, evolving from a main-
frame, non-interactive application to 
a menu-driven microcomputer pro-
gram that is completely interactive. 
(Minnesota IMPLAN Group 2000)

The IMPLAN system comprises 
two components: the software and 
the database.  The software performs 
the necessary calculations, using 
study area data, to create regional 
and state input-output models.  The 
databases, which are available at the 
county and zip code area level, and 
which are periodically revised using 
updated socioeconomic data, pro-
vide all the information needed to 
create the IMPLAN models.  The 
primary input variables needed to 
conduct an impact analysis us-
ing IMPLAN are estimates of final 
demand for products or services.  

For evaluating the economic 
impacts of recreational fisheries in 
Washington State, angler spending 
identified in Table 10 was first disag-
gregated to appropriate expenditure 
categories based on spending profiles 
identified in Southwick Associ-
ates 2007.  These results were then 
inputted to corresponding sectors in 
the IMPLAN model.  The follow-
ing IMPLAN sectors, with types of 
expenditures imputted to them, were 
used for the IMPLAN model runs:

Food and beverage stores 
(used for food expenditures)

Food services and 
drinking places (used for 
food expenditures)

Hotels and motels—including 
casino hotels (used for 
lodging expenditures)

◗

◗

◗

Air transportation (used 
for airfare transportation 
expenditures)

State and local government 
passenger transit (used 
for public transportation 
expenditures)

Gasoline stations (used 
for private transportation 
expenditures)

Sporting goods, hobby, 
books, and music stores (used 
for fishing and recreation 
equipment expenditures)

General and consumer goods 
rental (used for equipment 
rental expenditures)

Other amusement, gambling, 
and recreational industries 
(used for boat launching, 
mooring, guides, and land 
use fee expenditures)

Other sectors: all other 
sectors of the Washington 
State economy

Recreational spending estimates 
were inputted into the IMPLAN 
model separately for expenditures 
made by all anglers, by resident 
anglers, and by non-resident an-
glers.  The output of the model-
ing runs included estimates of 
direct, indirect, and induced 
levels of employment and per-
sonal income at the state level.

◗

◗

◗

◗

◗

◗

◗
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EXECUTIVE SUMMARY 
Cluster Overview 
Washington State’s Maritime industry is rooted in the State’s rich history of timber 
production, its location as a trade hub, and its proximity to some of the world’s most 
productive fisheries. The Maritime Cluster includes core sectors Passenger Water 
Transportation; Ship and Boat Building; Maintenance and Repair; Maritime Logistics and 
Shipping; Fishing and Seafood Processing; and Military and Federal Operations. 
Companies in the cluster range from owner-operated boatbuilding firms, to Fortune 500 
global logistics companies employing thousands in Washington and elsewhere. 

Ship and Boat Building, Maintenance and Repair, Fishing and Seafood Processing, and 
Maritime Logistics and Shipping are the oldest and most established sectors in the state. 
The region’s competitive advantage in both sectors stems from Washington’s 
geographical location. As a trading hub linking the rest of the U.S. to Alaska, Canada, 
and Asia, Washington’s Maritime Logistics and Shipping sector moves goods across the 
globe efficiently. Additionally, Washington’s natural resources have supported the 
success of Washington’s economy throughout the history of the State.  

Despite the maturity of the industry, newer areas of the cluster, such as the cruise 
industry, have only just begun to take advantage of the region’s strengths for their 
businesses. Innovation drives growth in each sector of Washington’s Maritime. Research 
and resource management has transformed Washington and Alaska’s fisheries from 
endangered to some of the best managed in the world. Technological advances have 
allowed commercial seafood processors to more efficiently use and capitalize total catch 
of fish – in the words of one company, they now make two fish out of one. Lighter 
building materials (first aluminum, now composites) have enabled boat and ship builders 
to construct stronger, cheaper, and safer vessels for their customers.  

The Maritime Cluster relies on a robust and concentrated support system to fuel its 
growth. This includes everything from fueling operations to research, naval architects, 
marinas, accountants, Maritime lawyers, cold storage, boat dealers, and Public Ports. 
Maritime Support Services industries facilitate global movement of export goods and 
maintain and create new distribution channels. Each company in the cluster benefits 
from the agglomeration of close-by Maritime Support Services firms.  

Federal Government spending in the form of contracts to Naval shipyards accounts for 
much of Ship and Boat Building, Maintenance and Repair in Washington – nearly one 
quarter of all Maritime jobs in the state are located in Kitsap County, home to Puget 
Sound Naval Shipyard. The Coast Guard and NOAA have a significant footprint in 
Washington, and they are substantial buyers of goods and services related to Ship and 
Boat Building, Maintenance and Repair in Washington. 

Measures and Impacts 
Direct Impacts 

In 2012 Washington’s Maritime Cluster employed more than 57,700 people directly in 
the state, and was responsible for $15.2 billion in gross business income in 2012 
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(Exhibit E1). Maritime Logistics and Shipping was the largest Maritime employer in the 
state in 2012; the sector accounted for some 29% of Maritime employment. Boat and 
Ship Building, Repair, and Maintenance was close behind, employing 28.6% of the total 
for the cluster. The third largest sector in terms of employment was Fishing and Seafood 
Products, with 27% of total employment. 

Fishing and Seafood Processing accounted for nearly 60% of total revenues, and 
Maritime Logistics and Shipping was the second largest contributor, at nearly 25% of 
total revenues. Revenues cluster-wide have grown an average of 6.4% per year, while 
Maritime Logistics and Shipping saw the highest growth rate of 10.2%. 

Indirect and Induced Impacts 

Indirect and induced Maritime jobs account for another 90,000 jobs, for a total impact of 
148,000 Washington jobs. The direct contribution of Maritime’s $15.2 billion in gross 
business income generates another $14.8 billion in induced and indirect output, for a 
total contribution effect of $30 billion to Washington’s economy .  

Wages 

The Maritime Cluster paid a total of over $4 billion in wages in 2012 (Exhibit E1). The 
three largest contributors were Boat and Ship Building, Repair, and Maintenance ; Fishing 
and Seafood Products; and Logistics and Shipping; all contributing nearly 30% to the 
cluster total.  

Maritime Subsectors 
The Maritime Cluster consists of core activities in Passenger Water Transportation; Boat 
and Ship Building, Repair, and Maintenance; Maritime Logistics and Shipping; Fishing 
and Seafood Products; and Maritime Support Services.  

Passenger Water Transportation 

Passenger Water Transportation includes recreational cruise lines, Washington State 
Ferries and other ferries, water taxis, and recreational fishing,  sailing, and diving charters. 
A Port of Seattle Study found that cruise ship passengers were responsible for $145 
million in direct output in 2007, and that Washington’s ferries served 12 million 
passengers.  

Boat and Ship Building, Repair, and Maintenance 

Boat and Ship Building, Repair, and Maintenance includes new construction of 
commercial, recreation, and military vessels, maintenance, refurbishment and overhaul, 
and modernization. While commercial companies in the sector tend to be larger but 
smaller in number, companies serving the recreational sector are smaller but more 
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numerous. Included in this subsector are more than 11,000 civilian jobs at the Puget 
Sound Naval Shipyards in Bremerton.  

Exhibit E1. Summary of Maritime Impacts, Washington State, 2012 

Core Sectors 
Employer 

Establishments 
Wages  

($ millions)1 Jobs2 

Gross 
Business 
Income 

($millions) 

Passenger Water Transportation 130 $262.8  4,500        $544.5  

Boat and Ship Building, Repair, 
and Maintenance 

150 $1,163.8  16,500        $1,489.7  

Maritime Support Services 300 $387.7  4,600 $864.2 
Fishing and Seafood Processing 720 $1,113.4 15,400        $8,592.6 
Maritime Logistics and Shipping 800 $1,156.0  16,700        $3,722.4  
Total 2,100 $4,083.7  57,700      $15,213.3  

Source: Bureau of Labor Statistics (2013), Washington State Employment Security 
Department (2013), U.S. Department of Labor Bureau of Labor Statistics, U.S. Census 
(2013). Includes covered private and public jobs, and sole proprietors. 

Maritime Logistics and Shipping 

Maritime Logistics and Shipping includes Port and harbor operations, deep and shallow 
water goods movement, inland water freight transport, and refrigerated warehousing and 
storage. This sector includes many support firms and services, such as Maritime 
construction firms who contract with the Ports, and longshoremen.  

Fishing and Seafood Products 

Fishing and Seafood Products includes commercial and recreational fishermen, seafood 
processing firms, aquaculture and fish farming, and wholesale and retail seafood markets. 
Alaska’s distant-water commercial fishing fleet is home ported in Puget Sound, and the 
economic impact of this is very large; the sector is one of the largest single employers in 
the Maritime Cluster, despite a decline between 1990 and 2000. Since 2000, covered 
employment in the sector has remained very steady. 

Maritime Support Services 

These services include support for commercial, recreational, and defense-related 
Maritime, including boat dealers, marinas, fueling and lubricant businesses, to naval 
architects, engineers, parts suppliers, and construction, to professional services such as 
attorneys and accountants, and federally-funded support involving NOAA and the Army 

                                                 
 

1 Does not include benefits. 
2 Employment contains self-employer data for which the latest year available is 2011. 2012 self -
employment estimates are based on a five-year average by sector. 
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Corps of Engineers. The growth of the cluster depends on these suppliers for their 
services and goods.  

Military and Federal Operations 

Military Operations includes activities related to defense, research, boat building, and 
water rescue undertaken by the Navy and Coast Guard. Puget Sound Naval Shipyard is 
the largest employer in the defense arena of this sector, with over 11,000 employees in 
2013, and an even larger footprint of subcontractors.  3 The federal government drives 
significant demand for shipbuilding and maintenance, and of those agencies, the Navy is 
by far the largest employer, with 53,000 active duty employees, and a total payroll of 
nearly $3 billion.  

Workforce Concentration and Profile 
Retaining and recruiting workforce is a top priority for those in the cluster, according to 
stakeholders. Existing workers in the Fishing and Seafood Products, and Boat and Ship 
Building, Repair and Maintenance sectors have sometimes worked in their field or 
company for generations, and employers understand the importance of taking care of 
their personnel. Still, stakeholders spoke to the difficulty of recruitment in the cluster at 
all levels of education and training which they attributed to a lack of publ ic knowledge of 
the industry. Unskilled jobs that used to be held by teenagers, such as seafood 
processing, are now being replaced by J-1 visa holders.  

Exhibit E2. Top Five Washington Maritime Occupations by Average 
Annual Openings, 2016-2021 

 

  

                                                 
 

3 Employment for Puget Sound Naval Shipyard is included in the Boat and Ship Building, Repair, a nd 
Maintenance sector. 

Rank Occupation Openings
1 Meat, Poultry, and Fish Cutters and Trimmers 173              
2 Sailors and Marine Oilers 140              
3 Fishers and Related Fishing Workers 123              
4 Laborers and Freight, Stock, and Material Movers, Hand 117              
5 Captains, Mates, and Pilots of Water Vessels 108              
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INTRODUCTION 
Background and Purpose 
Washington State has long held a presence in Maritime activities. This project serves as a 
quantitative and qualitative assessment of the Maritime Cluster in Washington State. The 
study illuminates the Cluster’s strengths and growth potential, and supports targeted 
economic development policy and initiatives. 

Methods 
The analysis relies on custom data analysis, interpretation of secondary data sources and 
perspectives and insights from local industry leaders gathered through individual 
interviews and small group discussions, including the Maritime Skills Working Group 
with the Workforce Development Council. Data reported and the sources of information 
are as follows: 

 Information on Maritime firms, jobs, occupations and wages from Washington 
State Employment Security Department (ESD)’s Quarterly Census of 
Employment and Wage data (QCEW data), including custom data summaries 
provided by the Puget Sound Regional Council (PSRC) and data assembled from 
Hoovers establishment database.  

 Business revenues and taxable retail sales from the Washington State Department 
of Revenue. 

 Bureau of Labor Statistics Occupational Demand, unemployment claims from 
Washington State Employment Security Department (ESD), and Integrated 
Postsecondary Education Data System (IPEDS).  

Organization of Report 
The report is organized as follows:  

 Cluster Overview. A description of the Maritime Cluster, including a cluster 
map displaying graphically the far-reaching connections of the industry within the 
regional economy. A review of the history of Maritime in Washington and review 
of previous studies of the cluster in Washington. 

 Measures and Impacts. A quantitative analysis of the Maritime Cluster, 
including estimates of jobs, retail sales, revenues, imports and state-wide 
economic impacts.  

 Maritime Subsectors. More detailed discussion of each subsector, including 
subsector-specific metrics and company profiles.  

 Workforce Assessment and Talent Pipeline. An overview of workforce trends 
and forecasts, as well as education and demographic characteristics.  

 Summary. An interpretation of the overall significance of the cluster and 
implications for the future of the industry. 
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CLUSTER OVERVIEW 
Key events in the history of Washington’s Maritime Cluster are shown in the Maritime 
timeline (Exhibit 1). The exhibit presents a chronology of major additions to Maritime 
activity in Washington State, many of which remain vibrant today, as featured in this 
report. The history stems from the Hudson’s Bay Company and pioneering of the 
Columbia River, to construction of early 20 th century industrial shipyards and historic 
infrastructure development in the Lake Washington Ship Canal, to the advent of Seafair, 
salmon and fishery management challenges, and finally, technological changes that define 
modern Maritime Cluster economic activity. 

Today’s Maritime Cluster can be segmented into six key subsectors, described as follows 
and illustrated in the Cluster Map in Exhibit 2. 

Ship and Boat Building, Maintenance and Repair. This subsector includes activities 
related to the building of commercial and recreational vessels, and the maintenance and 
repair of existing vessels. Commercial ships include fishing and transport boats, tugs and 
barges. Recreational vessels include yachts and sailboats. Maintenance and repair can 
include work on vessel interiors and exteriors as well as mechanics and electrical.  

Maritime Logistics and Shipping. This subsector includes activity related to the 
shipping of goods by water, including container and bulk shipping, trans-ocean, 
shoreline and river freighting as well as break bulk shipping of goods. Tug and barge 
services comprise another activity area within Maritime Logistics and Shipping. Storage 
and warehousing of goods as well as Ports are in included in this subsector.  

Passenger Water Transportation. This subsector includes activities related to the 
movement of people over water for transportation, including transportation for 
recreation. The Washington State Ferry system is included in this category, as is 
economic activity related to cruise ships, water-bound tours and other charter activity. 

Fishing and Seafood Processing. The Fishing and Seafood Processing subsector 
includes all activity related to the catching and processing of fish including finfish and 
shellfish, as well as aquaculture and recreational fishing. This subsector captures Fishing 
and Seafood Processing activity that occurs in Alaska on Washington registered vessels 
by Washington pay rolled employees.  

Maritime Support Services. Support Services includes technical and professional 
services, such as civil engineering firms that provide marine Terminal and Port design 
and construction, naval architecture, design, financial and legal services that support 
business activity in Maritime, as well as federally-funded Maritime support activities 
involving NOAA and the Army Corps of Engineers. Additional Support Services include 
supply and wholesaling in propulsion, electrical, hydraulic and safety systems, boat 
dealers and marinas, parts suppliers, interior builders, and fuelers.  

Military Operations. The Puget Sound Naval Shipyard in Bremerton leads federal 
employers in Washington State, including enlisted and civilian employees. Other military 
operations exist throughout the state, such as the U.S. Coast Guard, for example.  
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Exhibit 1. Washington State Maritime Heritage, 1850 - 2013  
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Exhibit 2. Maritime Cluster Map 
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Workforce Assessment and Talent Pipeline. Workforce training and development 
activity includes public and private institutions, both accredited and non-accredited, 
which supply coursework, training and certification for careers and occupations in the 
Maritime sector. The Talent Pipeline combines potential supply of an occupation in 
Maritime with demand to better understand workforce for the sector.  

Industry Data Definitions 
Measuring impacts using existing data require use of industry and occupations group 
codes established by government agencies and data providers. This report looks at the 
Cluster from industry leaders’ perspectives and demonstrates the linkages that go beyond 
the rigid definitions provided by established economic codes.  

While this study defines some sectors of Maritime relatively neatly and inclusively as a 
collection of NAICS codes, other sectors are not as easy to define this way. For example, 
Ship and Boat Building, Maintenance and Repair is fairly inclusively defined as two 
NAICS codes, Ship Building and Repairing, and Boat Building. Because of their NAICS 
definitions, this study assumes that all of the establishments, employees, and revenues 
reported for these NAICS are associated with Maritime activity in Washington. 
However, other sectors are more difficult to define in the same manner. One example is 
that of Professional Services. Accountants, attorneys, and engineers all support Maritime, 
and some firms are entirely dedicated to the industry, but not all these firms can be 
attributed to Maritime.  

Rather than rely solely on NAICS codes, this study employs a variety of data sources to 
tell the story of each sector and its contribution to the industry. Exhibit 3 presents a 
summary of how this study defines each Maritime sector. Some sectors are defined by a 
collection of NAICS codes while others include a combination of NAICS codes along 
with an inventory of establishments known to provide services to the Maritime sector. 
The sector of professional Maritime Support Services is defined by this study to 
comprise of an inventory of establishments known to provide services to the Maritime 
sector. While this study cannot include all establishments that exist in each sector, it does 
aim to include the great majority. 
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Exhibit 3. Key Maritime Sectors and Basis of Definition 

 

Sector Basis of Definition 

Passenger Water Transportation NAICS codes 

Ship and Boat Building, Repair, 
and Maintenance NAICS codes 

Maritime Logistics and Shipping NAICS codes 

Fishing and Seafood Processing NAICS codes 

Maritime Support Services NAICS codes, establishment-
level data 

Military and Federal Operations Corps/Department-level data 
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MEASURES AND IMPACTS 
The Maritime Cluster in Washington State is large, pays good wages, and drives 
economic development across the state. This section provides the measures and data 
necessary to understand the breadth and significance of the economic impact of 
Maritime activity in Washington. 

Establishments 
In 2012, there were 2,090 establishments with covered employment identified as 
belonging to the Maritime Cluster. Private sector establishments with covered employees 
totaled 1,930 in 2012. The largest number of establishments was in Maritime Logistics 
and Shipping (800), followed by Fishing and Seafood Processing (720). The private 
sector count is down from an estimated recent historic peak of 2,408 in 2000, though it 
has leveled off in recent years. Exhibits 4 and 5 illustrate more recent trends in total 
establishment numbers in establishments and private sector establishment by subsector 
of Maritime.  

Exhibit 4. Maritime Employer Establishments, Washington State,  
2007 – 2012 

Source: Community Attributes Inc.; Washington State Employment Security Department 
(2013). Excludes sole-proprietors.  

 

Establishments 

Fishing and Seafood 
Processing 

Passenger Water 
Transportation 

Boat and Ship Building, 
Maintenance and Repair 

Maritime Support 
Services 

Maritime Logistics and 
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Exhibit 5. Private Sector Establishment Count by Category, Washington 
State, 2000 – 2012 

 

Sources: Community Attributes Inc., Washington State Employment Security Department 
(2013), U.S. Department of Labor Bureau of Labor Statistics (2013).4 

  

                                                 
 

4 Maritime Logistics and Shipping, Fishing and Seafood Processing, and Passenger Water Transportation 
contain imputed values. See individual sections of this report for more information on imputation.  
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Jobs 
The Maritime Cluster directly employed 57,700 workers across the state in 2012, 
including private sector firms, sole proprietorships, and public sector entities (Exhibit 
6). Of this, more than 16,700 workers were employed in Maritime Logistics and 
Shipping, followed by nearly 16,500 in Ship and Boat Building, Maintenance and Repair; 
the latter includes 5,480 workers in private sector firms across the state. Employment in 
private sector Maritime firms totaled more than 39,000 in 2012 (Exhibit 7). 

Exhibit 6. Maritime Jobs by Subsector, 2007 – 2012 

 

Source: Community Attributes Inc.; Washington State Employment Security Department 
(2013). Includes Public and Private sectors and Self-Employed workers. 
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Exhibit 7. Private Sector Jobs by Subsector, Washington State, 2000 – 2012 

 

Sources: Community Attributes Inc., Washington State Employment Security 
Department (2013), U.S. Department of Labor Bureau of Labor Statistics (2013).5 

Maritime Support Services employed at least 4,500 workers in 2012 (Exhibit 7). These 
activities include naval architecture firms, suppliers, boat dealers and marinas, parts 
wholesalers, direct engineering services, as well as law firms, accountants, and other 
professional services. 

  

                                                 
 

5 Maritime Logistics and Shipping, Fishing and Seafood Processing, and Passenger Water Transportation 
contain imputed values. See individual sections of this report for more information on imputation.  
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Approximately 4,800 workers were self-employed in 2011, and thus not included in 
covered employment estimates. The overwhelming majority of these workers are 
described as in fishing activities—either for finfish or shellfish (Exhibit 8). 

Exhibit 8. Non-Employer Firms in Maritime Core Sectors, 2007- 2011 

NAICS 
Code Maritime Subsector Activity Description 2007 2008 2009 2010 2011 

1141 
Fishing and Seafood 
Processing Fishing 4,102 4,150 4,265 4,353 4,470 

483 
Passenger Water 
Transportation Water transportation 208 207 209 392 187 

441222 
Maritime Support 
Services Boat dealers 141 124 123 134 111 

31171 
Fishing and Seafood 
Processing 

Seafood product preparation 
and packaging 63 44 47 39 37 

44522 
Fishing and Seafood 
Processing Fish and seafood markets 32 33 42 30 34 

TOTAL 
  

4,546 4,558 4,686 4,948 4,839 
 

Source: U.S. Census (2010). 

Wages by Subsector 
Wage and salary disbursements in 2012 among Maritime establishments (covered and 
self-employed) totaled an estimated $4.1 billion; scaling to include work-associated 
benefits, estimated total income totaled $5.1 billion. 

The average annual salary before benefits among Maritime workers was $70,800 in 20126, 
though this varied by activity area within the cluster. In 2012, federal employment in 
Ship Building and Repair activities across three sites in Washington State included 10,970 
employees earning an average annual salary of more than $79,000; more recent f igures 
show employment at the Puget Sound Naval Shipyards to have reached more than 
11,200 (as of August 2013). The estimated average annual wage among workers engaged 
in Fishing and Seafood Processing was $72,300 in 2012, but this included an average 
annual wage of $116,428 for finfish fishing (based on an annualized rate) compared with 
$65,800 for shellfish fishing. Likewise, the average annual wage for covered workers in 
Ship and Boat Building, Maintenance and Repair was $70,500, but among private sector 
employees the annual wage was less than $53,600. More data on wages by occupation are 
presented in subsequent sections.  

                                                 
 

6 This estimate is total wages divided by total jobs (Exhibit E1) 
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Business Revenues 
Maritime Cluster businesses generated directly more than $15.2 billion in gross business 
income within Washington in 2012 (Exhibit 9), including nearly $8.6 billion in Fishing 
and Seafood Processing (including direct fishing activities and value-added food 
processing and canning as well as product distribution). 

Ship and Boat Building, Maintenance and Repair reported nearly $1.5 billion in sales, 
including $133 million in foreign exports in 2012. Added to these activities are those of 
other manufacturers, wholesalers, and engineering firms in support of Ship and Boat 
Building, Maintenance and Repair. For instance, on-shore engineering and construction 
firms, as part of Maritime Support Services, generated $246.8 million in sales in 2012; 
these activities include port infrastructure design and construction. 

Between 2009 and 2012, Maritime business revenues (adjusted for inflation) have grown 
on average 6.4% per year (based on a compound annual growth rate, or “CAGR”).  
During this period, Maritime Logistics and Shipping revenues grew at an annual rate of 
10.2% (Exhibit 9). 

Exhibit 9. Maritime Gross Business Income,  
Washington State (in 2012 dollars), 2000 – 2012 

 
Sources: Community Attributes Inc.; Washington State Department of Revenue; U.S. 
Bureau of Economic Analysis. 
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Indirect and Induced Impacts 
The Maritime Cluster meets the definition of a basic industry, a term from economic base 
theory that means the majority of output by Maritime firms is sold as exports, either to 
other regions of the U.S. or abroad, and is thus a net importer of income into the state. 
Collectively, the Maritime Cluster supported—directly and through indirect and induced 
impacts—148,000 jobs,7 representing a jobs multiplier of 2.6, shown in Exhibit 10. For 
every one Maritime job in Washington, an additional 1.6 additional jobs are supported by 
Maritime activities. Every million dollars of output generated among Maritime firms 
supported 9.7 jobs throughout the state economy. 

Approximately 66,200 jobs were supported via induced impacts, for example, jobs 
resulting from the spending of new labor income associated with Maritime activities. 
Across Maritime activities, an estimated $3.9 billion in direct purchases were made in 
2012, equivalent to 26% of total output for Maritime activities. For each dollar of output 
generated by Maritime firms, an additional $0.95 in output is supported elsewhere in 
Washington.8 

Impacts vary by Maritime activity. For example, Fishing and Seafood Processing 
supported—directly and through indirect and induced effects—nearly 33,500 jobs across 
the state, representing a total jobs multiplier of 3.0. Overall, for every million dollars in 
output generated directly by Fishing and Seafood Processing, nearly 4 jobs are supported 
elsewhere throughout the state economy. Ship and Boat Building, Maintenance and 
Repair supported a total of nearly 30,000 jobs in 2012, while for every dollar of output in 
Maritime Support Services, 5.6 jobs were supported across the state. 

Impacts also reflect port activities. For instance, Washington’s ports contract with 
numerous construction, structural engineering, and geotechnical and environmental 
firms in support of new terminal construction and repair—between 2011 and 2013, at 
least 126 firms engaged in this kind of work for the Ports of Seattle and Tacoma.  

The federal government likewise drives economic activity via its larger employment 
footprint and the purchasing of goods and services from Washington-based companies. 
The Puget Sound Naval Shipyards, based in Bremerton, awarded nearly $200 million in 
maintenance and repair contracts for work performed in Washington, with the majority 
of these projects awarded to Washington-based businesses (and roughly 75% for 
technical assistance and services). The Navy and Coast Guard are also major purchasers 

                                                 
 

7 Total impacts in this study refer to indirect impacts associated with first round purchases, for example, 
impacts through suppliers, as well as induced impacts through labor income and additional jobs, income, 
and output resulting from the spending of this income within Washington State. 
8 Included in model estimates was a scaling up of wage and salary disbursements for 2012 by 25% to 
capture additional benefits associated with labor income in the input-output modeling process, for 
example, health insurance benefits. The 25% estimate is considered a conservative estimate of these 
additional income-associated benefits. 
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of Maritime hardware manufactured in Washington, including high performance 
aluminum boats manufactured by Bremerton-based Safe Boats International and Seattle-
based Kvichak Marine Industries. 

Exhibit 10. Summary of Maritime Industry Economic Impacts, 2012 

 

Sources: Community Attributes Inc.; Washington State Office of Financial Management 
(2013).  

Fiscal Impacts 
The economic activity generated by the Maritime Cluster also supports tax revenues. In 
2012, Maritime firms directly contributed $79.5 million in state tax payments, including 
$29.0 million in business & occupation (B&O) taxes and $36.1 million in remitted sales 
tax. Maritime logistics and shipping paid $32.0 million in state taxes, followed by 
Maritime support services with $20 million in payments. 

Economy-wide, Maritime activities supported—via direct, indirect, and induced 
impacts—an estimated $351.5 million in state tax revenues in 2012 (Exhibit 11). These 
revenues include an estimated $179.2 million in sales tax revenues, $119.0 million in 
business and occupation taxes (B&O), and $53.3 million in other taxes.9 Fishing and 
Seafood Processing alone contributed, directly and via indirect and induced effects, an 
estimated $135.7 million in tax revenues to the state. 

  

                                                 
 

9 In order to estimate business & occupation (B&O) taxes using estimated business output, the effective 
B&O tax rate was derived by comparing B&O tax payments by sector as a percentage of total output; a 
similar approach was applied to use taxes, fees, and sales tax. A more detailed explanation can be found in 
the Appendix. 

Jobs
Labor Income 
(billions USD)

Sales   
(billions USD)

Direct 57,700        5.1                      15.2                
Indirect 24,100        1.2                      4.7                  
Induced 66,200        3.4                      10.1                

Total 148,000      9.6                      30.0                

Multipliers
Totals jobs/direct job in maritime 2.6

Total jobs per $million direct output 9.7
Total income per $ direct output 0.6
Total output per $ direct output 2.0
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Exhibit 11. Maritime Cluster Fiscal Impacts, 2012 (millions USD) 

 

Source: Community Attributes Inc.; Washington State Office of Financial Management; 
Washington State Department of Revenue.  

Statewide Reach of Maritime  
The largest concentration of Maritime activities (as of 2012) is within the Central Puget 
Sound region. Approximately 41% of all direct Maritime employment is located in King 
County, with another 24% in Kitsap and 8% in Pierce (Exhibit 12).10 

Establishments are slightly more evenly distributed by county, with many smaller 
Maritime businesses operating in areas outside of King, Pierce, and Kitsap Counties. For 
instance, Snohomish and Whatcom Counties are home to 6% and 7%, respectively, of 
establishments statewide, while Skagit and Grays Harbor each have approximately 5%. 
Conversely, while Kitsap County is home to nearly one quarter of Maritime jobs in 
Washington State, the vast majority of these positions are with one employer, the Puget 
Sound Naval Shipyards. Roughly 40% of Maritime establishments are situated in King 
County, with another 9% in Pierce. 

While Eastern Washington does not have direct access to the ocean and/or Puget 
Sound, there are a variety of activities along the Snake and Columbia Rivers and inland 
either directly engaged in or in support of Maritime Logistics and Shipping and boat 
manufacturing. In 2012, an estimated 139 such Maritime establishments employing more 
than 2,200 workers were located across eighteen of the twenty counties that constitute 
Eastern Washington.11

                                                 
 

10 Percentages are based on public and private sector employment by NAICS codes, and thus excludes 
self-employed workers and customized estimates for additional Maritime Support Services. The latter 
constitutes an estimated 2% of all covered employment, but is concentrated in King, Pierce, and Kitsap 
counties. 
11 Counties considered part of Eastern Washington are: Adams, Asotin, Benton, Chelan, Columbia, 

Douglas, Ferry, Franklin, Garfield, Grant, Kittitas, Klickitat, Lincoln, Okanogan, Pend Oreille, Spokane, 
Stevens, Walla Walla, Whitman, and Yakima. 

 

Direct Payments Total Impact
B&O 29.0$               119.0$          
Sales Tax 36.1$               179.2$          
Other tax revenues 14.5$               53.3$            
Total 79.5$               351.5$          
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Exhibit 12. Maritime Jobs, Washington State, 2012 

  
Sources: Community Attributes; Washington State Employment Security Department (2013). 
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Exhibit 13. Maritime Establishments and Employees, Washington State, 2012 

 
Sources: Community Attributes; Washington State Employment Security Department (2013); Hoovers (2013).  
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MARITIME SUBSECTORS 
In this study, businesses and organizations belonging to the Maritime Cluster are defined 
as those engaged in at least one of the following: 1) Fishing and Seafood Processing; 2) 
Ship and Boat Building, Maintenance and Repair; 3) Maritime Shipping and Logistics; 4) 
Passenger Water Transportation; and 5) Maritime Support Services. 

The linkages between each of these segments of the cluster help drive economic growth 
and the sustained strength of the cluster. For instance, ship and boat builders provide 
direct support to the commercial fishing fleet and ferry system through the manufacture, 
maintenance, upgrading, and repair of fishing boats. Likewise, the federal government 
procures patrol boats as well as technical services in support of activities at the Puget 
Sound Naval Shipyard in Bremerton. Naval architecture, structural design, and 
geotechnical engineering firms along with construction firms do significant contract work 
for the ports and boat builders. 

As shown in earlier sections, Exhibit 2 demonstrates the breadth and scope of these 
forward, backward, and lateral linkages. In the sections below, each major segment of the 
Maritime Cluster in Washington is discussed in further detail, using both quantitative 
sources and qualitative information gathered from interviews and third party resources.  

Passenger Water Transportation 
Passenger Water Transportation includes state ferry operations and private ferries, as well 
as private cruise industry operations based in Washington, for the purposes of this study. 
Examples of occupations included in the sector include ship engineers, sailors and marine 
oilers, laborers, general and operations managers, and captains, mates, and pilots of water 
vessels. The occupations are analyzed in a subsequent section on Workforce Assessment.  

The number of Water Transportation Establishments, shown in Exhibit 14, have held 
steady at 130, with the exception of an increase to 140 in 2009. Jobs in Water 
Transportation are at a recent high point of 4,300 (Exhibit 15). In 2012, Washington had 
4,300 jobs in Water Transportation. Gross business incomes are down in 2012 from their 
peak of $607 million, as shown in Exhibit 16. Total gross business incomes were $550 
million in 2012.  
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Exhibit 14. Passenger Water Transportation Establishments,    
Washington State, 2007 – 2012 

 

 

Source: Community Attributes, Washington State Employment Security Department 
(2013), U.S. Department of Labor Bureau of Labor Statistics (2013). 12 

Exhibit 15. Passenger Water Transportation Jobs, Washington State, 2007 – 
2012 

 

Source: Community Attributes, Washington State Employment Security  Department (2013), U.S. 
Department of Labor Bureau of Labor Statistics (2013).13 

                                                 
 

12 Notes: 483114 is imputed for 1990-2002 using method #1; 483212 is imputed for 1990-2000 using 

method #3; 483112 is imputed for 2000-2008 using method #1 (see Appendix B). 
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Jobs 
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Exhibit 16. Gross Business Income in Water Transportation, Washington 
State, 2000 – 2012  

 

Sources: Community Attributes Inc.; Washington State Department of Revenue; U.S. 
Bureau of Economic Analysis.14 

  

                                                                                                                                                   
 

13 Notes: 483114 1990-2002 was imputed for 1990-2002 using method #3, for 2004 using method #2; 

483212 was imputed for 1990-2000 using method #3; 483112 was imputed for 1990-2000, 2005-2007, & 
2009-2012 using method #1. See Appendix B for more information on imputation. 

 
14 483112 was imputed for 1994, 1996-2001, 2003, & 2012 using method #3. See Appendix B for more 
information on imputation. 

Millions $ (2012) 

$550 
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Washington State Ferries 

Washington State is home to the largest passenger and vehicle ferry system in the United 
States. Twenty-two vessels carry an annual average of 12 million passengers between 20 
ports of call (Exhibit 17). The ferry system carries passengers as far south as the Port of 
Tacoma and as far north as Sidney, British Columbia. Washington State Ferries employs 
more than 1,500 employees.  

Ferry routes are administered by the Washington State Department of Transportation 
(WSDOT) as a marine highway system. The routes with the highest total annual ridership 
are Bainbridge Island-Seattle, Mukilteo-Clinton, and Edmonds-Kingston.  

Exhibit 17. Annual Total WSDOT Ferry Ridership, 2012 

 

Source: 2012 Annual Washington State Ferries Traffic Statistics. 

  

Ferry Vehicles Passengers 

Mukilteo-Clinton 2,090,426 1,744,541 
Edmonds-Kingston 2,025,025 1,782,910 
Seattle-Bainbridge Island 1,940,639 4,177,878 
Fauntleroy-Vashon 1,105,064 822,742 
Seattle-Bremerton 641,728 1,687,594 
Fauntleroy-Southworth 478,004 319,578 
Tahlequah-Pt. Defiance 383,224 266,594 
Anacortes-Friday Harbor 328,436 458,156 
Pt. Townsend-Keystone 323,192 360,752 
Anacortes-Orcas 264,174 288,892 
Anacortes-Lopez 151,312 144,580 
Southworth-Vashon 91,100 69,978 
Interisland 86,950 - 
Anacortes-Sidney B.C. 42,581 72,683 
Anacortes-Shaw 16,992 15,322 
Interisland-Sidney 5,607 14,422 
Total 9,974,454 12,226,622 
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County Operated Ferries 

Several public entities operate ferry service to transport passengers across Washington’s 
bodies of water. The King County Ferry District was established in 2007 by the King 
County Council to expand transportation options for King County residents. It currently 
operates two passenger only routes as the King County Water Taxi. Routes transport 
passengers from Pier 50 in downtown Seattle to either Vashon Island or West Seattle. In 
2012 ridership on the West Seattle route totaled over 249,000 passengers. The Vashon 
Island Route carried nearly 178,000 in the same year. 

Skagit County operates the Guemes Island Ferry which transports an annual average of 
400,000 people and 200,000 vehicles between Guemes Island and Anacortes. The ferry 
provides the only link to the mainland for the island’s permanent and part -time residents. 
The run between Guemes Island and Anacortes is about 0.7 mile, and the crossing time is 
approximately five minutes. The M.V. Guemes was constructed in 1979, and has a 
capacity of 22 passenger vehicles and 102 passengers. 

Pierce County operates the Steilacoom-Anderson Island Ferry. In 2012, nearly 88,000 
passengers and over 95,000 vehicles travelled between Steilacoom and Ketron and 
Anderson Islands. The two vessels, the M/V Christine Anderson and M/V Steilacoom II, 
provide the only link to the mainland for the two islands’ permanent and part -time 
residents. The run between Anderson Island and Steilacoom is 3.5 miles, and a round trip 
takes approximately one hour. There are 10 to 14 daily runs, with four daily runs on a 
triangular route run from Steilacoom to both Ketron and Anderson Islands. The M.V. 
Christine Anderson was built in 1994, and the M.V. Steilacoom II in 2006. Each has a 
capacity of 54 cars and 250-300 passengers. 

Whatcom County operates the Lummi Island Ferry which provides passenger and 
vehicles transport between Gooseberry Point and Lummi Island. The ferry service 
provides the only link to the mainland for the island’s permanent and part -time residents. 
In 2012 ridership totaled 182,000 passengers and 109,000 vehicles. The run between 
Gooseberry Point and Lummi Island is about 0.9 mile, and the crossing time is 
approximately five minutes. The M.V. Whatcom Chief was constructed in 1962, and has a 
capacity of 20 vehicles and 103 passengers. 

Wahkiakim County operates the Wahkiakum County Ferry across the Columbia River, 
transporting an annual average of 100,000 passengers and 50,000 vehicles between Puget 
Island, Washington and Westport, Oregon. The Wahkiakum Ferry provides the only 
interstate connection across the Columbia River between the Astoria-Megler Bridge (43 
miles to the west) and the Longview Bridge (26 miles to the east). The run between Puget 
Island and Westport, Oregon, is about 1.5 miles, and the crossing time is approximately 
ten minutes. The M.V. Wahkiakum was constructed in 1962, and has a capacity of 12 
vehicles and 76 passengers. 

Other Ferries  

The Colville Confederated Tribes operate the Gifford-Inchelium Ferry, which in 2009 
transported 166,000 people across Roosevelt Lake on the upper Columbia River between 
Inchelium, Washington, and SR 25. 
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Kitsap Transit operates a passenger only ferry between Port Orchard and Bremerton. In 
2012, the Kitsap Transit Foot Ferry carried over 437,000 passengers.  

Washington State Department of Transportation operates a ferry across Roosevelt Lake 
on the Columbia River. This route, the Keller Ferry, represents the only WSDOT ferry 
operations east of the Cascade Mountains. This route connects the northern and southern 
segments of SR 21. In the summer of 2013 the Martha S. vessel was retired, with a month 
long suspension of ferry service until a new vessel, the Sanpoil, could replace it.  

The privately owned and operated Lady of the Lake company operates year-round 
transportation on Lake Chelan serving Stehekin, Holden Village, the North Cascades 
National Park, and other points along Lake Chelan. These small communities are not 
accessible by road, and the Lady of the Lake provides the most consistent form of 
transportation and freight in and out of these areas. 

Cruise Industry 

Cruise activity in Washington State is primarily centered in the Port of Seattle, where two 
piers provide berths for large cruise ships. The Bell Street Pier Cruise Terminal at Pier 66 
is located in Seattle’s downtown core and can accommodate vessels up to  1600 ft. in 
length. This pier is used by Norwegian Cruise Line and Oceania Cruises. Smith Cove 
Cruise Terminal at Pier 91, which opened in 2009, has two berths of 1200 ft. each and is 
home to Carnival Line, Celebrity Cruises, Holland America Line, Princess Cruises, and 
Royal Caribbean.  

Cruise ship activity in Seattle is typified by seven-day cruises through Alaska’s inside 
passage, and passenger boardings increased rapidly in the mid-2000s along with more 
ships visiting Seattle (Exhibit 18). Currently leading all U.S. cruise homeports on the 
West Coast in passenger volume and number of ship calls, the Port of Seattle calculates 
that the cruise business is responsible for more than 4,004 jobs, $381 million in annual 
business revenue, and nearly $16.8 million annually in state and local tax revenues (Port of 
Seattle, 2013). Each vessel call generates almost $2.1 million for the local economy. 
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Exhibit 18. Port of Seattle Cruise Ship Passengers Boardings,  
1999-2012

 

Source: Port of Seattle Cruise Folio, 2013. 

Seven cruise companies make ports of call in Seattle. Of these, Holland America Line, a 
subsidiary of Carnival Corp., is headquartered in Seattle. Holland America Lines holds a 
fleet of 15 ships, and they offer 500 cruises to 320 ports worldwide (Holland America, 
2013); their total fleet capacity accommodates over 23,000 passengers. In 2013 Holland 
America Lines will make 44 dockings in Seattle, comprising 23% of the total docking for 
the year. Holland America employs over 10,000 people worldwide, 1,300 of whom work 
at the Seattle headquarters.  

The presence of cruise ships in Washington precedes statehood. Steamship lines operated 
passenger service for transport and recreation as early as 1867, following the purchase of 
Alaska from Russia. Service primarily transported passengers between the Port of Seattle 
and Alaska, as well as to the Far East. Anchored by the Pacific Steamship and Alaskan 
Steamship Companies, ships transported passengers on sightseeing cruises of Alaska’s 
inland passage as well as workers bound for Alaska’s booming fisheries and prospectors 
headed to the Yukon gold mining fields. 

The City of Seattle Office of Economic Development estimated the direct output impact 
of cruise ship passenger spending to be $145 million, with a total output impact of $234 
million in 2007. Regarding employment, they attributed 1,675 jobs to cruise ship 
passenger spending directly, with a total impact of 3,142 jobs (City of Seattle Office of 
Economic Development, 2009). The Port of Seattle estimated local purchases related to 
passenger activity at the Seattle Seaport net of airport impacts created by cruise 
passengers; they estimated that passengers generated $33.4 million in local purchases in 
2007 (Port of Seattle, 2009). 

Passengers 
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Sight Seeing Cruises 

Additional overnight cruising activity in Washington State includes itineraries that take 
passengers around the San Juan Islands, and Salish Sea, and up the rivers and waterways 
of inland Washington. Cruises up the Columbia and Snake Rivers, highlight the history of 
American westward expansion and pioneering, and many companies offer tours that 
provide opportunities to visit the Gorge’s abundant wineries.  

Single day sightseeing opportunities aboard ships abound in Washington State. Argosy 
Cruises offers day-trips through Elliot Bay, Lake Union, Lake Washington, the Hiram M. 
Chittenden Locks, and other destinations near the greater Seattle area. Single day 
excursions are available along the Washington Pacific Coast, throughout the Salish Sea, 
and along Washington’s rivers. The San Juan Islands are a world renowned tourist 
destination, and opportunities for water-bound tourism flourish.  

Whale watching tours are a particularly popular water-based tourism industry in 
Washington, operating throughout the Salish Sea and offering opportunities to view Orca 
and other whale populations as well as marine wildlife. A 2010 study on the economic 
impacts of whale watching in Washington estimated that 150,000 people took water -
bound trips to whale watch in 2008. Approximately 30 companies operate water-bound 
tours for whale watching, ranging from larger motorized vessels to smaller sea kayaking 
trips.  

Other Passenger Water Transportation Activities in Washington State 

 Lake Chelan Recreation Inc. Doing business as Lady of the Lake, the privately-
held company operates year-round passenger transportation on Lake Chelan; 
serving Stehekin, Holden Village, the North Cascades National Park, and other 
points along Lake Chelan. These small communities are not accessible by road, 
and the Lady of the Lake provides the most consistent form of transportation and 
freight in and out of these areas.  

 Alaska Marine Highway. Alaska Marine Highway System operates a route which 
transports passengers and vehicles between the Bellingham Cruise Terminal as far 
north as Skagway, Alaska. This service operates on a weekly schedule, with two 
arrivals and departures in the summer months. Between 2002 and 2011 this route 
transported an annual average of nearly 15,000 passengers. Headquartered in 
Ketchikan, Alaska, Alaska Marine Highways operates Washington services out of 
Bellingham.  

 Norseman Maritime Charters. Norseman Maritime Charters provides vessel 
based research charters throughout the Pacific Ocean. Based in Mercer Island, 
Norseman Maritime Charters was founded in 2005 and operates two vessels 
designed to accommodate extensive research and expedition charters. Norseman 
Maritime Charters provides charters to private and public sector clients, including 
educational institutions. The company employs 11 people.   
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Ship and Boat Building, Maintenance and Repair  
Shipbuilding and repair has a long history in the state, capitalizing on the state’s rich 
history in the timber industry. Initially Washington’s natural harbors were utilized for 
timber transport, but as Seattle established itself as a trade and shipping center for Asia 
and the North Pacific, demand for shipbuilding soared (Seattle Municipal Archives). In 
1873, the Northern Pacific Railroad chose Tacoma as the western terminus of its 
transcontinental line, which established Tacoma as a center for trade (Port of Tacoma, 
2013). Soon, shipyards such as Martinolich Shipbuilding Company, Mojean Ericson 
Shipyard, and Moran Brothers Shipyard, and Puget Sound Bridge and Dredging Company 
had established themselves along the harbors of Puget Sound (Findlay, 2008). 

Exhibits 19, 20 and 21 show recent trends in this subsector, with the most volatility 
shown in business revenues (Exhibit 21). Recreational boatbuilding was the more volatile 
activity within this sector, which is more affected by shifts in the economy than 
commercial or military boatbuilding.  

Exhibit 19. Ship and Boat Building, Maintenance and Repair 
Establishments, Washington State, 2007 – 2012 

 

Source: Community Attributes, Washington State Employment Security Department 
(2013), U.S. Department of Labor Bureau of Labor Statistics (2013). 

  

Establishments 
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Exhibit 20. Ship and Boat Building, Maintenance and Repair Jobs,     
Washington State, 2007 – 2012 

 

Source: Community Attributes, Washington State Employment Security Department 
(2013), U.S. Department of Labor Bureau of Labor Statistics (2013).  

 

  

Jobs 
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Exhibit 21. Gross Business Income in Ship and Boat Building, 
Maintenance and Repair, Washington State, 2000 – 2012  

 

Sources: Community Attributes Inc.; Washington State Department of Revenue; U.S. 
Bureau of Economic Analysis. 

Commercial and Industrial Boatbuilding 

The largest boatbuilding activity in the State is at Puget Sound Naval Shipyard, located 
adjacent to the city of Bremerton on Sinclair Inlet, with 11,288 civilian employees 
reported in September 2013. Established in 1891, it was the first dry-dock and repair 
facility in the Northwest capable of handling large ships. The shipyard played a key part in 
the Allied war effort during World War I, it repaired Pacific Fleet warships damaged in 
battle during World War II, and it helped modernize aircraft carriers. Today, it is the 
largest and most diverse shipyard on the West Coast (McClary, 2003). 

Todd Shipyards Corporation bought Seattle Construction and Dry Dock Company in 
1916, and six months later expanded to Tacoma (Pelt, 2008). Though the company 
initially intended to focus on ship repair and not construction, WWI and WWII ensured 
that it was engaged in shipbuilding, with the Tacoma yard employing some 33,000 men 
and women. During WWI, Seattle’s shipyards built 20 percent of the nation’s wartime 
ship tonnage, and although the Depression of the 1930s saw a downturn in the industry, 
WWII sparked an economic rebound (Seattle Municipal Archives).  

Prior to WWII, the area’s many waterways necessitated a fleet of small, privately-operated 
steamers for transport, called the “Mosquito Fleet” (Washington State Department of 
Transportation). Additionally, the need for regular transport heralded the use of large, 
durable steam ships, many of which were built at Puget Sound shipyards (Findlay, 2008). 
World War II saw an enormous amount of shipbuilding for Puget Sound shipyards, as 
well as repair for battle-damaged ships (Warren, 1999). 

Billions $ (2012) 
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In non-wartime, shipbuilding demand declined, and Washington shipbuilders focused on 
repair instead. To accommodate demand for commercial fishing vessels operating in 
Alaska, in 1953, Peter Schmidt opened MARCO in Ballard, which typified the Seattle 
industry of marine construction and design. Across the canal, Pacific Fishermen Inc. was 
another builder of steel fishing boats, also known for their quality of construction (Sabella 
& Associates, 2003). Some of these shipyards are still in business today.  

Examples of Ship and Boat Building, Maintenance and Repair Activity in Washington State 

 Vigor Industrial. Todd Shipyards was acquired by Vigor Industrial in 2011, and 
they continue their ship repair as a leading provider of ship repair, fabrication, 
modernization, as well as industrial fabrication and services. Vigor builds vessels 
of all types, including fishing vessels, tugs, ferries, barges, and even aircraft 
carriers. In addition to construction, Vigor has expertise in refits, repair, and 
modernization. Vigor recently expanded into Ketchikan, Alaska, with their 
acquisition of Alaska Ship & Drydock, and the company will open the country’s 
largest drydock at their Portland, Oregon, facility in 2014. Vigor employs roughly 
2,000 people, depending on the season. 

 Pacific Fishermen Shipyard was founded in 1946 in Salmon Bay along Seattle’s 
ship canal. They service tugboats, passenger cruise boats and yachts, as well as 
fishing vessels up to 300 feet. They have an in-house machine shop, pipe shop and 
shipwright shop and provide electrical servicing as well. The shipyard has 70 
employees.  

 J. M. Martinac Shipbuilding Corporation. Founded in 1924, Tacoma-based 
J.M. Martinac is a self-contained manufacturing facility. The firm specializes in the 
design and construction of vessels up to 250 feet long including fishing boats, 
tugs, trawlers, yachts, and even a research sailing vessel. Recently, the firm has 
built six tugs for the U.S. Navy. J.M. Martinac employs 125 people. 

 All American Marine. Bellingham-based All American Marine was founded in 
1987 and builds aluminum monohull and multi-hull boats, including survey and 
patrol boats, as well as passenger vessels like ferries and tour boats, and cruise 
boats. All American Marine employs 45 people.  

 Dakota Creek Industries was founded in 1975 in Blaine, and moved to 
Anacortes in 1977. They build and repair both steel and aluminum boats, 
including tug boats, freezer vessels, fireboats, and ferries. The firm employs 600 
people and is captured in the NAICS code 336611, Shipbuilding and repairing. 

 Harman Canoe is located in Arlington, and builds wood canvas canoes and 
wooden boats up to 24 feet. All the boats and canoes from Harman are handmade 
to order. The firm also repairs other wooden boats and canoes.  
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 Ranger Tugs is located in Kent, and was founded in 1958. The company designs, 
builds, and tests diesel-powered trawlers, from 21-31 feet. Each boat is trailable 
for portability. The company has two employees.  

 Nichols Brothers is located in Freeland, Washington, and has been building 
boats since 1964. The firm builds a large variety of boats, including monohulls, 
catamarans, ferries, Navy transport ships, and paddle wheel boats. Currently, 
Nichols Brothers has partnered with Vigor Industrial to construct the second new 
144-car Washington State ferry. Nichols Brothers has 265 employees. 

 Delta Marine operates an 18-acre shipyard located in South Seattle. The company 
was founded in the 1960s, constructing high-speed pleasure boats as well as 
charter and commercial fishing craft. In the 1980s the company shifted their focus  
to luxury yachts. The company’s new construction division has an in-house paint, 
cabinetry, and metal shop, as well as offering refit and repair services. The 
company has 300 employees.  

Recreational Boating  

Washington is home to a robust and active recreational boating community as well as a 
commercial boating industry. The National Marine Manufacturers Association estimates 
that in 2013 the total annual economic impact of recreational boating in Washington was 
$3.18 billion; they estimate that recreational boating is responsible for 12,615 jobs 
directly, with a total jobs impact of 25,585 jobs (National Marine Manufacturers 
Association, 2013). 

There are more than 250,000 registered boats in Washington, and the purchase of a boat 
is only the beginning of an economic cycle for the recreational boat user. Purchases of 
accessories, repair and maintenance services, insurance, docking, and fueling are just some 
of the other ways recreational boaters contribute to Maritime in Washington.  

One difference between recreational and commercial boating support services is that 
while commercial boating support firms are wholesale-oriented, recreational boating 
support tends to be more retail. Rather than a few large firms, recreational boating 
services are smaller and more dispersed across the state. Serving both commercial and 
recreational boaters can be beneficial for a maintenance or support firm, as they both 
tend to be cyclical in their activities. For instance, in the summer and fall, when 
recreational boating activity is at its peak, commercial fishing vessels are away in Alaska. 
The two subsectors are thus complimentary. 
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Maritime Logistics and Shipping 
From the earliest uses of the Columbia River to efficiently ship and trade goods, to the 
natural deep water ports used for today’s container ships, the presence of Maritime 
Logistics and Shipping activity in Washington State has a long history. Washington State 
has 3,026 miles of coastline and 11 deep water ports useful for shipping goods. The 
geographic proximity to trading partners in Asia and other ports along the West Coast 
and Alaska lends Washington State an advantage as a center of Trans-Pacific and other 
water-bound shipping and trade. The Port of Seattle can accommodate ships as large as 
10,000 TEUs (twenty-foot equivalent units) and has seven deep-water ports that can 
accommodate a fully laden Panamax ship. 

Exhibits 22, 23 and 24 show recent trends in Maritime Logistics and Shipping. The 
number of establishments increased in 2008, decreased from 2008-2009, and have held 
steady in recent years (Exhibit 22). Jobs have risen steadily since 2009 (Exhibit 23), 
along with business incomes (Exhibit 24). 

Exhibit 22. Maritime Logistics and Shipping Establishments, 
Washington State, 2007 – 2012 

 

Source: Community Attributes, Washington State Employment Security Department 
(2013), U.S. Department of Labor Bureau of Labor Statistics (2013). 

  

Establishments 

 

http://en.wikipedia.org/wiki/Panamax
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Exhibit 23. Maritime Logistics and Shipping Jobs, Washington State, 
2007 – 2012 

 

Source: Community Attributes, Washington State Employment Security Department 
(2013), U.S. Department of Labor Bureau of Labor Statistics (2013).15 

Exhibit 24. Statewide Gross Business Income in Maritime Logistics and 
Shipping, Washington State, 2000 – 2012

 

Sources: Community Attributes Inc.; Washington State Department of Revenue; U.S. 
Bureau of Economic Analysis. 

                                                 
 

15 Notes: 483211 1990-2000 is imputed using method #3; 483111 2010-2012 is imputed using method #3. 
See Appendix B for more information on imputation. 

Billions $ 
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History 

From the beginning of its history, Washington’s unique geographical location established 
it as a hub for the movement of people and goods. Washington’s naturally deep harbors 
led to the creation of the two seaports of Seattle and Tacoma, which together represent 
the third largest shipping hub in North America (Center of Excellence for Global Trade 
& Supply Chain Management). Seattle was built on lumber, which was then transported to 
the booming city of San Francisco, as well as growing towns in Puget Sound (Seattle 
Municipal Archives).  

In 1873, the Northern Pacific Railroad chose Tacoma as the western terminus of its 
transcontinental line, which established Tacoma as a center for trade (Port of Tacoma). 
The discovery of gold in Alaska and Canada in 1890 allowed the area to exploit its 
existing shipping lines to become an outfitting point for prospectors (Seattle Municipal 
Archives). Puget Sound’s strong shipbuilding sector benefitted both the First and Second 
World War efforts. 

Washington’s ties to Asia were established even before statehood; in 1885 the first tea 
cargo from Asia docked in Tacoma (Ott, 2008). From the 1860s, Chinese pioneers 
comprised a large portion of the workforce in Washington ’s early history of logging, 
mining, and railroads, and Japanese pioneers arrived in the 1880s to work as farmers and 
merchants. These ties helped Seattle capitalize on its reputation as a trading hub, a 
reputation which would later help foster other sectors like Aerospace and technology.  

Today, Puget Sound is the home of one of the leading international trade and logistics 
clusters in the world (Center of Excellence for Global Trade & Supply Chain 
Management, 2013), sectors which have been identified as strategic to the economic 
growth of Washington (Center of Excellence for Global Trade & Supply Chain 
Management, 2013). 

Port Operations 

As real estate owners, The Ports of Seattle and Tacoma are considered ‘landlord’ ports, 
because they lease land to terminal operators. In Washington, the Pacific Maritime 
Association negotiates contracts between terminal operators and longshoremen. On the 
West Coast, longshoremen are entirely represented by the International Longshore and 
Warehouse Union (ILWU). 

Previous Studies  

The Port of Seattle estimated that direct employment related to marine cargo at the Port 
of Seattle was responsible for 12,428 jobs directly, with a total impact of 33,291 jobs. 
They estimated a direct impact of nearly $637 million in direct income, with a total 
income impact of nearly $2.8 billion (Port of Seattle, 2009).  

A City of Seattle Office of Economic Development study included King County port 
cargo operations and some railroad jobs in their category of ‘water transportation’, which 
was estimated at $2 billion of direct output and a total output impact of nearly $3.5 billion 
in 2007. They found that water transportation was directly responsible for 5,702 jobs, 
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with a total employment impact of 15,969 jobs (City of Seattle Office of Economic 
Development, 2009). 

Trade Flows 

In 2012, Washington State ports handled $106 billion in vessel shipments. More than two 
thirds of vessel traffic by value were imports, with more than $64 billion handled by the 
Ports of Tacoma and Seattle (Exhibit 25). The vast majority of these products are 
destined for markets outside Washington State, predominately in the Midwest.  The ports 
also serve as major export gateways for U.S. products, in particular bulk commodities 
such as oil seeds and wheat, in many cases destined for markets in East Asia (Exhibit 26). 

Exhibit 25. Washington State Ports Total Vessel Trade, 2012 (millions $) 

Source: Washington State Department of Commerce. 

Exhibit 26. Top 10 Washington State Port Import and Export Vessel 
Commodities, 2012 (million $) 

 

 
 

Source: Washington State Department of Commerce. 

Rank Port Exports Imports Total

1 Tacoma, WA 10,056.2 35,958.4 46,014.6   
2 Seattle, WA 10,094.3 28,324.5 38,418.7   
3 Kalama, WA 3,570.8   279.6      3,850.4     
4 Bellingham, WA 299.0      3,212.1   3,511.1     
5 Anacortes, WA 2,171.3   1,143.9   3,315.2     
6 Vancouver, WA 1,972.7   1,203.5   3,176.3     
7 Longview, WA 2,742.0   259.5      3,001.5     
8 Aberdeen-Hoquiam, WA 2,163.7   47.3       2,210.9     
9 Everett, WA 404.3      1,143.7   1,548.0     

10 Blaine, WA 501.5      10.4       511.9       
11 Olympia, WA 75.6       22.3       98.0         
12 Port Angeles, WA 70.2       15.0       85.1         
13 Port Townsend, WA 0.3         24.7       25.0         
14 Friday Harbor, WA 0.1         4.5         4.5           
15 Point Roberts, WA 0.2         0.2         0.5           

Total 34,122.2 71,649.7 105,771.9 

Exports Imports

Rank Commodity Value Rank Commodity Value

1 Oil Seeds Etc.; Misc Grain, Seed, Fruit, Plant Etc 6,881.4              1 Industrial Machinery, Including Computers 11,944.8          
2 Cereals 4,277.6              2 Electric Machinery Etc; Sound Equip; Tv Equip; Pts 9,676.9            
3 Mineral Fuel, Oil Etc.; Bitumin Subst; Mineral Wax 3,538.1              3 Vehicles, Except Railway Or Tramway, And Parts Etc 8,681.8            
4 Industrial Machinery, Including Computers 2,224.3              4 Mineral Fuel, Oil Etc.; Bitumin Subst; Mineral Wax 4,697.7            
5 Vehicles, Except Railway Or Tramway, And Parts Etc 2,150.7              5 Toys, Games & Sport Equipment; Parts & Accessories 4,397.2            
6 Wood And Articles Of Wood; Wood Charcoal 1,223.0              6 Furniture; Bedding Etc; Lamps Nesoi Etc; Prefab Bd 2,835.9            
7 Inorg Chem; Prec & Rare-Earth Met & Radioact Compd 1,052.2              7 Apparel Articles And Accessories, Knit Or Crochet 2,607.3            
8 Prep Vegetables, Fruit, Nuts Or Other Plant Parts 997.9                 8 Aircraft, Spacecraft, And Parts Thereof 2,568.3            
9 Fish, Crustaceans & Aquatic Invertebrates 997.0                 9 Articles Of Iron Or Steel 2,377.9            

10 Ores, Slag And Ash 925.5                 10 Footwear, Gaiters Etc. And Parts Thereof 2,191.5            
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Alaska Transport 

Ocean-towing tugs provide towing services for both short and long distances from 
Washington’s coast. These tugs tow cargo such as oil rigs, retired military vessels, or 
mineral extracts from remote mines. Three firms - Crowley Maritime Corporation, Foss 
Marine Holdings, and Harley Marine Services - comprise roughly 85% of the tugboat 
business on the West Coast. Two local firms, Tote Maritime, and Horizon Lines, provide 
ocean cargo carrier service between Washington’s coast and the domestic markets of 
Alaska and Hawaii. Some 70% of cargo from the lower 48 states to Alaska goes through 
the Port of Tacoma. While Horizon provides ocean shipping services for containerized 
cargo, Tote provides break bulk services as well.  

Maritime Logistics and Shipping by Commodity 

Construction and Contracting Firms Supporting the Ports  

Over the past three years, 126 Washington-based firms in construction, structural 
engineering, and geotechnical and environmental engineering did work with the ports. 
These projects entailed terminal construction, geotechnical environmental work, and 
support such as metal manufacturing. Such firms account for nearly 4,000 workers in 
Washington. 

General Construction Company is based in Federal Way, and builds bridges, piers, 
marinas, breakwaters, jetties, dam upgrades, ferry terminals, and submarine cables. The 
company has worked for Port authorities, state departments of transportation, 
governmental agencies, the U.S. Department of Defense, the Army Corps of Engineers, 
the Coast Guard, and numerous private companies.  

Streich Brothers is located in Tacoma, and has been in business since 1957 in 
fabrication, forming, machining, and welding. Streich Brothers is one of the largest 
industrial maintenance facilities in the Pacific Northwest. The company repairs 
construction equipment, makes new parts, and does industrial quality welding for 
Maritime and construction. Streich Brothers employs 50 people. 

Examples of Maritime Logistics and Shipping in Washington 

 Northland Services is an ocean freight company based in Seattle, providing 
freight transportation services between Seattle, Alaska and Hawaii. Annually they 
provide 125 sailing to Alaska and 17 sailings to Hawaii. Their 70-acre campus is 
the largest cargo barge facility on the West Coast. Northland Services employs 450 
people and is captured under NAICS code 483113, coastal and great lakes freight 
transport. 

 Tidewater Holdings Inc. is a multi-commodity transportation and terminal 
company headquartered in Vancouver, Washington. Founded in 1932, Tidewater 
operates four terminals along the Snake and Columbia Rivers and a barge line 
specializing in grain, petroleum products, wood products, liquid and dry fertilizers, 
and all types of containerized freight. The company also provides harbor services, 
owns a shipyard, and sells flat decks, covered hoppers and house barges; and 
tugboats-towboats, and line handling winches. Tidewater employs more than 230 
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in Oregon and Washington, and is the largest inland marine transportation 
company in the Pacific Northwest. Tidewater Holdings, Inc. is captured under 
NAICS code 483211, Inland water freight transportation. 

 The Port of Tacoma was created by Pierce County citizens in 1918, and has 
become one of the largest container ports in North America. While the Port 
handles container cargo similar to that of the Port of Seattle, it also handles 
automobile imports and break-bulk cargo (cargo which doesn’t fit within a 
container) (Washington State Department of Commerce, 2011). In 2011, the Port 
of Tacoma handled 1.7 TEUs, and their facilities include marine terminals, on-
dock rail yards, cargo handling equipment and warehouses and docks. The Port 
has 500 employees. 

 The Port of Grays Harbor was created in 1911 as an original land grant of 
seventy acres between Hoquiam and Aberdeen. Historically a timber Port, the 
Port is now unique in that it is heavily and increasingly export-oriented, and that it 
specializes in break-bulk products. The Port handles one-third of Chrysler vehicles 
leaving the West Coast, and Port facilities include marine terminals, a marina, a 
business park, and Bowerman Field Airport (Washington State Department of 
Commerce, 2011). The Port has 140 employees.  

 Created in 1920, the Port of Bellingham has focused on increasing shipping at 
the Bellingham waterfront. The Port has expanded into a multi-purpose port, with 
facilities including a passenger terminal which is the southern connection for the 
Alaska Marine Highway System, a shipping terminal, two marinas serving both 
commercial and pleasure boats, and Bellingham International Airport. The Port 
has 120 employees.  

 In addition to operating the largest public port on the West Coast with 2,300 slips, 
The Port of Everett also plays a strategic role in serving Washington’s Aerospace 
industry, importing Aerospace parts for assembly of aircraft by Boeing and others. 
The port employs 13,778 people, and because of its special relationship with the 
Aerospace industry, it ranks second statewide in terms of Port export value, and is 
the third largest container facility in Washington state. The port is home to six 
shipping lines, and also exports energy supplies and forest products (Port of 
Everett, 2013).  

 The Port of Seattle is a port district which operates Seattle's seaport and airport. 
Created in 1911, the Port currently employs 1,650 individuals. In 2011, Sea-Tac 
Airport handled a record 32.8 million passengers and the seaport division handled 
just over two million containers (TEUs), making it the 7th largest port in North 
America and the 57th largest in the world. Among its facilities are the Seattle -
Tacoma International Airport; the Shilshole Bay Marina; the Maritime Industrial 
Center and Fishermen's Terminal on Salmon Bay; cargo terminals and a grain 
elevator on Smith Cove; and numerous cargo terminals on Elliott Bay, Harbor 
Island, and the Duwamish Waterway. The Port of Seattle also controls recreational 
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and commercial moorage facilities and two cruise ship terminals. The Port of 
Seattle falls under NAICS code 488310, Port and harbor operations. 

 Foss Marine Holdings has been operating for 124 years on the West Coast. 
Founded by Thea Foss in 1881, Foss began as a launch company, and has grown 
into Foss Marine Holdings. It is now a division of Saltchuck. The firm owns a 
coastal tug and barge fleet, including harbor services and ocean-towing tugs, as 
well as a ship repair and construction business. Foss employs approximately 800 
employees in Washington. 

 CityIce Seattle operates as a public port warehouse with deep water dock-side 
access for the simultaneous vessel offloads, specializing in seafood products and 
offers on-site processing of seafood products. Providing 375,850 square feet of 
temperature-controlled storage, CityIce is a wholly owned subsidiary of Lineage, 
a California based warehousing and Logistics Company. CityIce employs 40 
people. 

 Crowley Marine Services was founded in San Francisco in 1892, and expanded 
operations into Puget Sound in 1923. The company operates Ocean class tugs 
between Alaska and Tacoma and plays a key role in helping distribute Alaska fuel 
by barge. Crowley has 400 employees in Seattle.   
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Fishing and Seafood Processing 
The number of total establishments in this sector have demonstrated the cluster-wide 
trend of consolidation, as evidenced by Exhibit 27. Still, employment has remained 
steady and actually grown (Exhibit 28), demonstrating that consolidation exists only in 
establishment numbers of the sector as smaller businesses sell to larger corporations. 
Exhibit 29 shows a breakdown of employment in the sector for 2011 including self-
employers, which comprise a large number of commercial fishing establishments. Exhibit 
30 evidences the growth in gross business income in the sector despite its consolidation , 
despite falling off slightly in 2012. 

Exhibit 27. Establishments in Fishing and Seafood Processing, 
Washington State, 2007 – 2012 

 

Source: Community Attributes Inc., Washington State Employment Security Department 
(2013), U.S. Department of Labor Bureau of Labor Statistics (2013). 

  

Establishments 
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Exhibit 28. Fishing and Seafood Processing Covered Jobs,                    
Washington State, 2007 – 2012 

 

Source: Community Attributes, Washington State Employment Security Department 
(2013), U.S. Department of Labor Bureau of Labor Statistics (2013).16 

Exhibit 29. Fishing and Seafood Processing Jobs in Sub segments, 2011 

 

Source: Community Attributes, Washington State Employment Security Department 
(2013), U.S. Department of Labor Bureau of Labor Statistics (2013).17 

                                                 
 

16 Note: NAICS 112512: between 1990-2000 was imputed using method #1. See Appendix B for more 
information on imputation. 
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Exhibit 30. Gross Business Income in Fishing and Seafood Processing, 
Washington State, 2000 – 2012 

 

Sources: Community Attributes Inc.; Washington State Department of Revenue; U.S. 
Bureau of Economic Analysis. 

History of Commercial Fishing and Seafood Processing in Washington 

Native American tribes in present-day Washington have fished for salmon, halibut, and 
shellfish for thousands of years. Commercial fishing by Euro-Americans in Washington 
along the Columbia River began in the 1880s, and shellfish production in coastal areas 
began in the 1860s (Pacific Shellfish Institute, 2013). Since their discovery by 
Washington’s first settlers, fisheries in Washington State have experienced the boom and 
bust cycle typical of extraction industries, and regulation has played an integral role in 
ensuring the sustainability of the resource.  

In Alaska, fishermen from Asia and Europe superseded American fishermen, beginning 
to fish there as early as the 1880s for crab and salmon. After cycles of overfishing in what 
American fishermen considered “their” waters, U.S. fishermen appealed to Congress for 
help. In 1976 the Magnuson Fishery Conservation and Management Act extended fishing 
jurisdiction to 200 miles off the coastline, and effectively established the dominance of 
the American domestic fishing fleet in Alaskan waters while addressing the issue of 
depleted fisheries. (Sabella & Associates, 2003).  

                                                                                                                                                   
 

17 Note: NAICS 112512: between 1990-2000 was imputed using method #1. See Appendix B for more 
information on imputation. 
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Though this legislation opened up a new resource to Americans, the fishing industry in 
Alaska did not have the processing infrastructure in place to take advantage of it 
(Sampson, 1990). The advent of joint venture trawling brokered a partnership between 
the newly-ousted foreign fishermen who did have processing capacity, and American 
fishing operations. This partnership allowed American trawlers to take advantage of the 
newly-opened fishery despite their lack of food processing capacity. The Magnuson Act 
contributed significantly to the strength of an American deep-water fishing fleet, and 
today Seattle is the point of entry for 50 percent of the seafood caught in the United 
States (Trade Development Alliance of Greater Seattle, 2013).  

In the 1880s, Europeans, who believed cod to only be an Atlantic fish, discovered it in 
the Bering Sea. Within a generation of the discovery of the Pacific Cod, a new industry 
was born, with Seattle at its hub (Centuries of Fish: Seattle's Dynamic High Seas Fishing 
Fleet, 2003). Cod was harvested heavily by Japanese and Russian fisheries in the 1970s 
and 80s (NOAA Fish Watch Pacific Cod overview). Cod is the second highest 
commercial ground catch off Alaska, following pollock, and it is considered one of the 
best managed fisheries in the world (NOAA Fish Watch Pacific Cod overview). 

The non-Indian Columbia River commercial salmon fishery began in the mid-19th 
century. After a salmon canning process was developed, the fishery began a boom and 
bust cycle. Immigrant fishermen from Scandinavia and Europe settled in the area and 
stabilized the industry. However, early canneries were inefficient, and as early as the 1890s 
the fishery began to decline. The combination of development along the Columbia River, 
damming efforts, and over-fishing, had a deleterious effect on the salmon population 
(University of Washington Libraries Special Collections, 2013). Washington and Oregon 
formed a bi-state Columbia River Compact in 1915, and since then the two states have 
co-managed all Columbia River fisheries (Columbia River Commercial Fishermen: Fishing 
for the General Public, 2013). Today, to protect Washington salmon, state fishing 
regulations are some of the most complex in the world (Washington Department of Fish 
& Wildlife, 2013). 

In Alaska, Russian fisheries were the first to operate commercially in the late 1800s  (John 
H. Clark, 2006). While the salmon catch was always biggest in Alaska, the salmon business 
in Seattle was far bigger, where all the companies were located (Centuries of Fish: Seattle's 
Dynamic High Seas Fishing Fleet, 2003). Food production during WWII led to 
liberalizing of regulations, and by the 1960s, the Alaska stocks were depleted. Through a 
long-term research and management program, Alaskan salmon fisheries have been rebuilt 
into one of the strongest and most sustainable fishery resources in the world (John H. 
Clark, 2006). 

Native Americans have fished halibut off the West Coast for hundreds of years, but the 
American commercial fishery began in 1888, when halibut from the Strait of Juan de Fuca 
first landed in Tacoma (NOAA Fish Watch Pacific Halibut overview). Cycles of 
overfishing marked the halibut catch, and in the 1990s managers adopted a quota system 
to address the declining catch, and it is considered to be well-managed today (NOAA 
Fish Watch Pacific Halibut overview, 2013).  
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King crab was overfished largely by Japanese and Russian commercial fleets as early as 
the 1930s (Zimmermann, Dew, & Malley, 2009). In 1946, U.S. fishermen began to fish 
Alaskan waters for king crab, and by 1963 the U.S. dominated the fishery. In 1960, trawls 
and tangle nets were outlawed as fishing methods, and fishermen were only allowed to 
take male crabs. 1980s male-only king crab fishery was the most valuable single-species 
fishery in Alaska with a peak catch of 59 million kg of Bristol Bay crab, but in 1981 the 
fishery collapsed (Zimmermann, Dew, & Malley, 2009). Exhibit 31 shows the Count and 
Type of Washington’s top 20 commercial fishing licenses; Dungeness crab is one of the 
most popular fishing licenses in Washington. 

As a result, bankrupt crabbing vessels lined the wharves of Ballard, and eventually many 
diversified by retrofitting boats for trawling as well as crab fishing (Sabella & Associates, 
2003). In 2000, a vessel license system was implemented to address overfishing, and today 
the catch is carefully monitored and fished (Alaska Bering Sea Crabbers, 2013).  

Food processing in Washington began with salmon canneries on the Columbia River. In 
the early 19th century, salmon harvesting had been at a subsistence level because of a lack 
of processing infrastructure. In 1866, the first cannery on the Columbia opened, and 
canned salmon became a popular and cheap food source for the working class. In less 
than 20 years, over 50 canneries had opened on the river (University of Washington 
Libraries Special Collections, 2013).  

In 1903, the invention of the automatic salmon processing machine increased processing 
capacity from two fish a minute by an experienced worker, to 110 fish a minute  (Wilma, 
2000). The machine displaced workers, but greatly increased commercial yield, and 
eventually this increase in production led to a decline in salmon populations in the 
Columbia (University of Washington Libraries Special Collections, 2013). 

On the Pacific Coast, seafood processing began with salmon salteries in the 1880s, with 
much of the labor being done by Native women. This salmon was destined for Japan and 
Washington State. As the salmon population on the Columbia and Sacramento Rivers 
began to decline, Alaska’s salmon canning industry saw a boom in new entrants. After 
acquisitions by larger canneries, some of these operations continued until the 1930s. 
Commercial troll fishery began in 1905, with king salmon. The fish were packed in ice in 
wooden boxes and shipped to Puget Sound ports. Dungeness crab was first fished and 
processed in Glacier Bay in the 1930s, with fishermen holding their catch in floating live 
boxes (Mackovjak, 2010).  

During WWII, seafood production in general was ramped up, and cold storage facilities 
became the norm for storage of both crab and fish. Bellingham Cold Storage, first a 
shipbuilder, built its first warehouses for cold storage in 1946. The 1950s saw a major 
expansion in cold storage, and in the 1970s, firms like Trident began to vertically integrate 
their operations to include processing on the same vessels they fished from (Trident 
Seafoods, 2013). Seafood processing continues to be a major contributor to Washington’s 
economy; according to one study, shore-based seafood processing contributes $1.87 
billion into the state’s economy annually (The Seattle Times, 1994). 
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Alaska’s Seafood Industry 

Though much of Washington’s fishing activity takes place in Alaska, most of the 
economic impact of the industry accrues in Washington through an extensive and 
broad network of supporting industries. Seafood generates enormous value for both 
Alaska and Washington, accounting for $6.4 billion in combined exports and retail 
value in 2011, according to a recent study (Alaska Seafood Marketing Institute, 2013).  

With just over seven thousand Washington residents participating in Alaska’s 
commercial fisheries in 2011, Alaska’s seafood industry also employs more 
Washington residents than Washington’s own seafood industry. The same study 
estimated the total economic impact of Alaska’s seafood industry in Washington 
including indirect and induced effects to be 34,490 jobs and $1.9 billion in labor 
income. 

A commercial fishing vessel is dependent not only on the shipbuilders, fueling 
operations, and legal and engineering services which supply them, but also on the 
processing, warehousing, refrigeration, and food distribution networks which they 
supply to.  

Fishing and Seafood Processing operations have varying degrees of vertical 
integration; some fishing vessels operate completely independently and pay for the 
services of processing and warehousing facilities either in Alaska or Washington. 
Some vessels have integrated some portion of the process into their operation, either 
through on-board processing facilities or by delivering their harvest to a processing 
mother ship which they may or may not own. Other operations (such as Trident 
Seafoods) have completely integrated the process of harvesting, processing, 
packaging and warehousing, where all of these activities occur in-house.  

Rough processing of the product may occur on the fishing boat or in an Alaska 
processor. Then, the product is delivered to Puget Sound or other Alaska processors 
for value-added processing such as curing, smoking, or fileting. The product is 
exported to Europe or Asia for final consumption. Alternatively, the product can be 
first sent to Puget Sound, exported to Asia for processing, and then re-exported from 
Washington for final consumption. From the fuel on the ships, to the employees, to 
the export value, Washington’s economy benefits. Exhibit 31 shows the growth of 
the total commercial catch value, which topped $300 million in 2011.  

Alaska and Washington’s economies are interdependent regarding seafood; neither 
can function without the other. Historically, Alaska has been geographically isolated 
and has lacked the infrastructure needed to support a commercial fishing fleet and 
the activities associated with it. Washington has fulfilled that role, though Alaska’s 
competitiveness is increasing as longtime industry players build up infrastructure in 
the state.  
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Aquaculture  

Clams, oysters, and mussels have been in production commercially along Washington 
estuarine areas since the 1860s, with Willapa Bay oysters in particular finding a strong 
market in San Francisco from 1851 to the 1880s (Story, 2006). Washington State is the 
largest producer of hatchery-reared and farmed shellfish in the U.S., with over 300 farms 
accounting for 25% of the total domestic production. In the 1970s, to increase the 
availability of shellfish and to develop aquaculture, methods were developed to produce 
shellfish seed in hatcheries. Today, commercially important species include mussels, 
clams, oysters, and geoduck (Pacific Shellfish Institute, 2013). Salmon is also incubated in 
Puget Sound waters. Atlantic salmon is raised for market while native salmon is cultivated 
for release into the wild. 

Recreational Fishing 

In addition to Fishing and Seafood Processing, recreational anglers generate a 
significant economic impact in Washington. A 2008 study exploring the economic 
importance of non-treaty commercial and recreational fisheries in Washington found 
that combined, commercial and recreational anglers directly and indirectly supported 
an estimated 16,374 jobs and $540 million in personal income in 2006. The study 
found that recreational fishing generated the larger share of economic impacts, with a 
total jobs impact of 12,850 (Washington Department of Fish and Wildlife, 2008).  

Tribal Fishing 

In 1974, the State of Washington re-affirmed the rights of Washington’s Indian tribes 
to fish in their native waters. The Boldt Decision allocated 50% of the annual salmon 
catch to treaty Tribes of Washington (Crowley & Wilma, 2003). Since that ruling, 
tribes have won similar allocations for other fisheries, including Pacific whiting, 
sablefish, rockfish, albacore, halibut, sea urchin and shellfish.  

Washington Tribes are heavily involved in fisheries management, and are major 
players within commercial fishing; total commercial landings in 1997 were valued at 
$139.6 million. Most of the fish harvested by Indians are marketed unprocessed to 
outside buyers, including a significant foreign market (Tiller & Chase, 1997, p. 13). 
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Exhibit 31. Count and Type of Top 20 Washington Commercial Fishing 
Licenses, 2011 

 
Source: Washington Department of Fish and Wildlife. 

Exhibit 32. Washington State Commercial Seafood Landing Catch 
Value, 2000 – 2012

 
Source: National Marine Fisheries Service. 

License Type License 
Count 

Non-salmon Ocean Delivery 275 
Dungeness Crab Pots Puget Sound 249 
Dungeness Coastal Crab Pots (Perm) 223 
Puget Sound Salmon Gill Net 195 
Willapa Bay Salmon Gill Net 193 
Salmon Troll 154 
Ocean Delivery Pink Shrimp  83 
Puget Sound Salmon Purse Seine 75 
Grays Harbor Salmon Gill Net 63 
Sea Cucumber Dive 27 
Baitfish Lampara 26 
Sea Urchin Dive 26 
Non-Shrimp Shellfish Pots 19 
Puget Sound Shrimp Pots 18 
Herring Lampara 16 
Sardine Purse Seine 16 
Herring Purse Seine 15 
Herring Dip Bag Net 14 
Coastal Hagfish Pot 12 
Puget Sound Salmon Reef Net 11 
Other 80 
Total 1,790 

 

Million $ 
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Examples of Fishing and Seafood Production in Washington 

 Troutlodge Inc. Founded in 1945, Troutlodge is a leading producer of eyed 
salmonid eggs, specializing in Rainbow trout eggs, Silver steelhead eggs, and 
Atlantic salmon eggs for aquaculture. They also serve as a wholesaler and retailer 
of live fish for stocking programs and bioassay testing. Headquartered in Sumner, 
Troutlodge has ten facilities in Washington, Idaho, and Oregon, as well as 
subsidiaries in Chile and the Isle of Man. Troutlodge employs 120 people globally.  

 Taylor Shellfish Farms. Taylor Shellfish is a leading producer of farmed shellfish 
in the United States. Family owned and operated, Taylor Shellfish has been 
farming shellfish in Puget Sound since the 1890s. Headquartered in Shelton, they 
operate additional hatcheries and nursery facilities in Hawaii and California, as 
well as a shellfish distribution company in Hong Kong, and grow Fiji Pearls in 
partnership with J. Hunter Pearls Fiji, Ltd. Taylor Shellfish employees nearly 500 
people.  

 American Seafoods Company. Headquartered in Seattle, American Seafoods 
Company was established in 1987 and became a subsidiary of American Seafoods 
Group in 2000, to comply with the American Fisheries Act U.S. ownership 
requirements. American Seafoods Company manages a fleet of catcher-processor 
vessels that operate in the Alaskan Bering Sea, harvesting and at-sea processing 
Alaska pollock, yellowfin, sole, Pacific cod and Pacific hake. The company has 
1,000 employees.  

 Trident Seafoods. Trident Seafoods in the largest vertically integrated seafood 
company in the United States. Based in Seattle, Trident manages nearly 30 fishing 
and trawling vessels, and 20 onshore processing plants located in Alaska, 
Washington, and Oregon, and vertically integrated distributorship of its products. 
Processing facilities are located in Anacortes, Bellingham, Seattle, Everett, and 
Tacoma. Trident Seafoods sells frozen, canned, smoked and ready-to-eat seafood 
products for the wholesale, retail and food service markets under a variety of 
different brand names. Founded in 1973, Trident has over 6,500 employees (1,600 
of those in Washington).  

 Pike Place Fish Market. Pike Place Fish Market is an iconic fish market located 
in downtown Seattle’s historic open-air Pike Place Market. Renowned for their 
salmon tossing fish-mongers, Pike Place Fish Market was founded in 1930. The 
Pike Place Fish Market has been featured in a variety of advertisements, television 
shows, movies, and was the subject of a 1998 documentary. They employ 18 
people and are visited by as many as 10,000 people daily.  

 Ocean Beauty Seafoods. Ocean Beauty Seafoods began in 1910 as a storefront 
on the Seattle waterfront. Today, Ocean Beauty is one of the largest seafood 
companies in the U.S., with nine domestic facilities, eight distribution facilities 
across the western U.S., and a global reach. In Washington the company operates 
two value-added seafood plants in Monroe and Seattle. Depending on the season, 
Ocean Beauty has anywhere from 1,000-2,000 employees worldwide.   
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Maritime Support Services 
This study defines Maritime Support Services as the NAICS codes of Marinas (NAICS 
713930) and Boat dealers (NAICS 441222), technical services such as fueling and 
petroleum services, Maritime electronics and parts suppliers, professional services such as 
accountants, attorneys, and naval architects, as well as federally funded support services 
which include NOAA and Army Corps of Engineers activities.  

Establishments in this subsector have declined steadily in recent years (Exhibit 33). Jobs 
decreased in 2009 during the recession but held steady since then (Exhibit 34). Statewide 
gross business income has declined beginning in 2007, shown in Exhibit 35, probably 
due to the poor economic climate. Boat dealers comprise the great majority of the 
segment, but other activities include:  

 Gig Harbor Marina and Boatyard was originally founded as a fishing boat 
repair shop in 1905. Originally Skansie’s Ship Building Company, it built the 
original Washington State Ferries. Today, they are a full service boatyard and 
marina with capacity for haulouts, marine services, and both open and covered 
moorage.  

 Ballard Oil was established in 1937, and operates in Lake Union providing fuel, 
lubricants, and other supplies to the Pacific Northwest and Alaska fishing fleets, 
as well as providing heating oil delivery to consumers in Seattle. Ballard Oil is one 
of two commercial marine fuel providers in Seattle. 

 West Sound Marina, Inc. was established in 1950, and is the largest marina on 
Orcas Island. They offer mechanical services, haulouts, and wet and drydock 
facilities for boats up to 80 ft. plus.  

 Cap Sante Marine, located in Anacortes, has served Northwest recreational 
boaters, professional skippers, and charter boat and commercial owners since 
1979. They offer boat repair, boat launch and haulout up to 50 tons, and an 
indoor heated fiberglass, gelcoat, and paint shop.  

 Lunde Marine Electonics is headquartered in Seattle and offers services and 
installation of auto pilots, radar, navigation, communications and fish finders. The 
company has three locations, in Seattle, Tacoma, and Dutch Harbor, Alaska, and 
has been in operation for 25 years. 

 LFS Commercial Gear is a supplier to the Fishing and Seafood Processing 
industry with four locations in Alaska, and with retail locations in Bellingham and 
Seattle. The company stocks gear for all major commercial fisheries, as well as 
safety gear and supplies for processing.  
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Exhibit 33. Maritime Support Services Establishments, Washington 
State, 2007 – 2012 

 

Source: Community Attributes, Washington State Employment Security Department 
(2013), U.S. Department of Labor Bureau of Labor Statistics (2013) . 

 

Exhibit 34. Maritime Support Services Jobs,  
Washington State, 2007 – 2012 

 

Source: Community Attributes, Washington State Employment Security Department 
(2013), U.S. Department of Labor Bureau of Labor Statistics (2013). 

  

Establishments 

Jobs 
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Exhibit 35. Statewide Gross Business Income in Maritime Support 
Services, 2000-2012 (Expressed in 2012 Dollars) 

 

Sources: Community Attributes Inc.; Washington State Department of Revenue (2013); 
U.S. Bureau of Economic Analysis.  

Maritime-Related Engineering 

Maritime engineering includes both naval architecture—the design of boats and other 
floating structures—and engineering related to on-shore facilities and structures. In 2012, 
there were approximately 630 naval architects in Washington State, representing a 
location quotient for Washington of 4.32; these positions paid an average annuals salary 
of $85,470 (U.S. Bureau of Labor Statistics, 2013). Naval architecture firms in 
Washington State include: 

 Art Anderson Associations Inc. founded in 1955, Art Anderson Associates Inc. 
is an engineering services firm specializing in naval architecture and marine 
engineering. Clients include NOAA and Washington State Ferries.  They provide 
shore-side facilities engineering services, as well as vessel design, transportation 
planning for ferries, and construction project management. Headquartered in 
Bremerton, Art Anderson Associates’ clients include international agencies 
looking for efficiencies in their water transportation systems. 

 Elliot Bay Design Group, headquartered in Seattle and with operations in New 
Orleans, provides naval architecture, marine engineering and production support 
services to owners, operators and shipyards across the globe. An employee-owned 
company, they specialize in ferry boat design. Clients include Alaska Marine 
Highways, Washington State Ferries, and the India’s Oil and Natural Gas 
Company. 

Billions $ (2012) 
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 Glosten Solutions, Inc. is a full service consulting firm of naval architects, 
marine engineers and ocean engineers located in Seattle. Design experience 
includes tugs, barges, research vessels, cruise vessels, passenger/car ferries, and 
special-purpose platforms. The firm offers specialized expertise in hydrodynamic 
analysis, climatology, risk analysis, and consulting to civil engineers and marine 
construction contractors for floating and coastal structures. 

 Guido Perla & Associates Inc. Headquartered in Seattle, GPA is a naval 
architecture and marine engineering firm with operations in China, Germany, 
Chile, and Brazil. They specialize in large-scale factory trawlers, next generation 
offshore vessels, and diesel-electric passenger vessels, as well as tug boats, fire 
boats, research vessels and navy vessels. 

 Hockema & Whalen Associates. Based in Seattle, Hockema & Whalen 
Associates is a full service naval architectural firm primarily involved in 
commercial and government projects. They provide naval architecture and marine 
engineering services for tugs, commercial fishing vessels, dredgers, cargo barges, 
derrick barges, small cargo vessels, workboats and passenger vessels.  

 Jensen Maritime Consultants, Inc. A full-service naval architecture and marine 
engineering firm based in Seattle, Jensen Maritime Consultants is a subsidiary of 
Crowley Maritime. They design tug and other workboats as well as fishing vessels, 
including the first modern Bering Sea crabbing vessel in 1966. Passenger vessels, 
shipyards, and cargo transport represent additional firm expertise.  

On-shore engineering and construction firms deal with a wide range of waterfront-related 
projects, including terminal and waterfront facility design, seawalls, and underwater 
structures.  

Other Professional Maritime Support Services 

This study defines professional Maritime Support Services as firms engaged in finance, 
law, and accounting services, as well as Maritime-related engineering services. Such 
businesses provide crucial services to the Maritime industry by providing the same types 
of support services needed by any business as well as specialized services addressing the 
complexities of the Maritime industry.  

Professional services to Maritime are specialized because the industry frequently involves 
multiple and overlapping jurisdictions in international waters. Law firms provide a variety 
of services to Maritime, including ensuring environmental compliance, representing 
personal injury cases, and negotiating cargo disputes. Accountants provide bookkeeping 
and tax services for firms who work in international waters, and who employ seasonal and 
sometimes non-resident workers. Finance also plays a critical role in securing funds for 
new boats, whether pleasure or work craft.  

 Garvey Schubert Barer has a comprehensive, full-service Maritime practice in the 
Northwest. Their clients include vessel owners and operators, a ferry line, 
shipyards and trade associations, fishing companies, and luxury yacht owners. The 
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firm assists in labor disputes, fisheries regulations, as well as vessel financings and 
other commercial transactions.  

 Philip D. Hingston, Inc. P.C. is located in Seattle and offers services including 
payroll and bookkeeping, business consulting, tax preparation, and financial 
planning.  

 Keesal, Young & Logan opened their Seattle office in 1994 and has a significant 
Maritime practice located in the state. Their clients include Crowley Maritime 
Corporation, Foss Maritime, Hanjin Shipping, Trident Seafoods, and Holland 
America Line. Their areas of practice include environmental incidents, Jones Act 
and longshore litigation, and Maritime lien disputes.  

 Greenwood, Ohlund & Co, LLP is located in Seattle and was founded in 1978. 
Their staff includes industry specialists in commercial and crab fishing as well as 
manufacturing. The firm provides services in auditing, accounting, and tax and 
business consulting. 

 Nicoll Black & Feig has a full service Maritime and transportation practice 
located in Seattle. Their attorneys include graduates of the U.S. Merchant Marine 
Academy, the U.S. Coast Guard Academy, former Navy JAG lawyers, and marine 
engineers. The firm has extensive experience in Maritime litigation including cargo 
claims, personal injury, environmental litigation, and salvage and cargo claims. 

Federal Maritime Support Services 

National Oceanic and Atmospheric Administration. NOAA operates numerous 
offices aimed at research and conservation in Washington State, including:  

 The National Weather Service staffs weather forecast offices in Spokane and 
Seattle, provides aviation forecasts for Washington, most of Oregon, and parts of 
California and Idaho, and maintains a network of data buoys to aid in early 
detection of tsunamis.  

 National Marine Fisheries Service manages fisheries, conducts research on fish 
migration for endangered and non-endangered species, conducts aquaculture 
research, and inspects seafood. 

 National Ocean Service provides technical assistance for spills, collects data on sea 
trends, protects coastline, and conducts navigational surveys. 

NOAA employs over 1,000 people in the state and had a payroll of $129 million in 2012.  

The Army Corps of Engineers. Army Corps of Engineers maintains and operates 
important navigation projects, performs flood risk management, and ecosystem 
restoration. The Corps operates the Lake Washington Ship Canal and Hiram M. 
Chittenden Locks as well as Grays Harbor navigation channel and jetties, which have 
significant benefit to the Maritime industry. Corps civil works projects include the 
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Howard A. Hanson Dam in the Green River Valley, as well as a number of other flood 
risk management and, ecosystem restoration, and fish passage projects.  The Army Corps 
of Engineers employs 859 people in the state and had a payroll of $64 million. 
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Military Operations 
The Coast Guard and U.S. Navy contribute significantly to Maritime in Washington State 
through contract spending, operations, and research functions. The Puget Sound Naval 
Shipyard (PSNS), located in Bremerton has nearly 11,300 civilian Department of Defense 
employees and is Washington’s second largest industrial employer, behind only Boeing.  

The Navy 

The Navy operates many installations in Washington State, the largest being Naval Base 
Kitsap, which was created in 2004 by merging the former Naval Station Bremerton with 
Naval Submarine Base Bangor. Naval Base Kitsap is the third largest naval base in the 
U.S., and the Pacific Northwest’s largest Naval shore facility. Naval Station Everett is 
Washington’s second-largest installation, and the Navy’s most modern facility. Naval 
Station Everett is home to two destroyers, three frigates, one nuclear-powered aircraft 
carrier and a Coast Guard buoy tender. The Navy accounts for the majority of Military 
and Federal Operations in the state, in terms of both contract spending (Exhibit 36), as 
well as payroll and total employees (Exhibit 37).  

As of September 2013, Puget Sound Naval Shipyard reported 11,228 civil service and 
Department of Defense civilian employees (PSNS, 2013). Historically, the shipyard built 
many ships for the Allied war effort. During the Great Depression, Puget Sound Naval 
Shipyard (PSNS) went through a period of expansion as the nation built up its fleet, and 
during WWII, the yard repaired warships damaged in battle (Mc Clary, 2003). DOD 
employees in the shipyard do not work on conventionally powered ships, only on nuclear-
powered ships, and private sector employers in the yards such as Vigor Industrials service 
non-nuclear ships. 

In federal fiscal year 2012, nearly half a billion dollars in federal contracts were awarded 
for procurement and services rendered for Congressional District 6, home PSNS, Bangor 
Submarine Base, and Naval Undersea Warfare Center in Keyport. While PSNS handles 
nuclear-powered ship maintenance and repair, non-nuclear-powered surface ships are 
exclusively handled via private sector contracts, and even among nuclear-powered ships, 
many non-nuclear maintenance and repair activities are contracted to private sector third 
parties. For instance, in fiscal year 2012 Vigor Industrial received more than 261 federal 
contracts for work performed in Washington worth in aggregate $91.8 million; almost all 
of this work ($91.4 million) was for non-nuclear ship repair (U.S. Federal Government, 
2013). 

PSNS contracts out $200 million in work each year in services, but also contracts for 
additional workers for Navy-led projects in need of additional workforce. PSNS provides 
maintenance and repair work for five major Navy bases across the Pacific Rim—one each 
in Japan, San Diego, Everett, Bangor, and Guam. In 2012, payroll at PSNS was 
approximately $900 million, and is expected to grow significantly over next two years.  

The Coast Guard  

The Coast Guard operates six programs in Washington, including Maritime response, 
security and law enforcement, as well as defense operations and marine transportation 
system management. The organization owns and maintains 17 cutters, 95 boats, and three 
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aircraft statewide. In 2012, the Coast Guard performed 1,165 search and rescue 
operations. The Coast Guard also oversees safety inspections for all commercial fishing 
vessels as well as enforcing recreational boating laws. In 2012, the Coast Guard had nearly 
6,500 active duty, reserve, and civilian employees, and had a payroll  of $163 million in 
Washington. 

Maritime Government Contractors 

Examples of Washington-based Maritime government contractors include: 

 Safe Boats International, a leading manufacturer of aluminum hull high 
performance patrol boats with locations in Bremerton and Tacoma, successfully 
bid on contracts with the U.S. Navy and Defense Logistics worth more than $35 
million in 2012. The firm directly employs 350 shop floor workers engaged in 
welding, system integration, finishing, and other support activities, with another 
roughly 30 workers in engineering. 

 AMSEC is a wholly owned subsidiary of Huntington Ingalls Industries and is the 
largest builder for Puget Sound Naval Shipyard’s amphibious vehicles, destroyers, 
and submarines. The company has 300 employees in Bremerton.  

 QED Systems is a nationwide government contractor engaged in engineering and 
technical services. The company also has a logistics and planning arm which 
supports specialized development for navy contractors. QED is headquartered in 
Virginia, but operates a location in Port Orchard.  

Exhibit 36. Table of DOD Contract Spending by Agency, 2012 

 Navy Coast Guard NOAA 
King  $3,107,563,000  $49,695,000  $30,997,000  
Pierce $31,939,000  $3,085,000  $18,000  
Kitsap $768,454,000  $11,196,000  $1,313,000  
Whatcom $7,423,000  $5,914,000  $267,000  
Snohomish $41,256,000  $1,235,000  $2,770,000  
Island $93,189,000  N/A $9,000  
Yakima $440,000  N/A N/A 
Spokane $4,318,000  $726,000  $51,000  
Total $4,054,584,000  $71,853,000  $35,429,000  

Source: Federal Procurement Data System- Next Generation (2013). 
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Exhibit 37. Statewide Personnel and Payroll by Agency 

 

Sources: Coast Guard; Navy Region Northwest 2009 Economic Impact Assessment. Navy 
payroll Includes retirees. Coast Guard includes active duty, reserve, and civilian employees. 

WORKFORCE ASSESSMENT 
Washington’s Maritime Cluster encompasses a broad swath of activities, both land- and sea-
based. Accordingly, the Maritime workforce, as defined for this study, comprises a wide diversity 
of occupations necessary to water-based transportation, ports and logistics, and Maritime-related 
manufacturing (seafood processing and boat building). Exhibit 38 maps some of the occupations 
in this study to the Maritime segments defined. Sea-faring positions contribute to the workforces 
of several Maritime segments. Boat building includes a variety of general manufacturing 
positions, such as Welders, Metal Fabricators, Electronics Installers, and Upholsterers. Military 
and Federal Operations employ a cross-section of Maritime occupations—both sea-based and 
industrial land-based. Exhibit 39 displays the typical educational requirements, on-the-job-
training needed to be competent, and work experience needed for each occupation.  

 

Corps Year 
Total 

Personnel Total Payroll 

Navy 2009 
                   

53,000 $2,936,277,766  

Coast Guard 2012 
                     

6,500  $163,000,000  
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Exhibit 38. Occupations by Maritime Segment 

Passenger Water 
Transportation 

Fishing and 
Seafood 

Processing 
Maritime Logistics 

and Shipping 
Military and 

Federal 
Operations 

Captains, Mates, and 
Pilots  

Captains, Mates, and 
Pilots 

Captains, Mates, and 
Pilots 

Captains, Mates, and 
Pilots 

Sailors and Marine 
Oilers 

Sailors and Marine 
Oilers 

Sailors and Marine 
Oilers 

Sailors and Marine 
Oilers 

Ship Engineers Ship Engineers Ship Engineers Ship Engineers 
Electricians Electricians Electricians Electricians 
Transportation Workers, 
All Other First-Line Supervisors Crane and Tower 

Operators 
Fish and Game 
Wardens 

 

Fishers Longshoremen (Material 
Moving Workers) Materials Engineers 

 

Fish Cutters 

 

Ship Fitters (Layout 
Workers) 

 

Machine Setters 
(Cutting) 

 

Riggers 

   Metal Fabricators 

   
Diesel Engine 
Specialists 

   Electronics Installers 

   Motorboat Mechanics 

    Ship and Boat 
Building, Repair, 
and Maintenance 

Maritime Support 
Services -- 

Engineering 

Maritime Support 
Services – 

Professional 
Maritime Support 
Services -- Other 

Materials Engineers Marine Engineers and 
Naval Architects 

Surveyors 
Drafters 
Logisticians  

Commercial Divers 
Dredge Operators 

Ship Fitters (Layout 
Workers)  

 

Civil Engineering 
Technicians 
Civil Engineers 

Riggers  
  Metal Fabricators 

   Diesel Engine 
Specialists 

   Electronics Installers 
   Motorboat Mechanics 
   Welders 
   Upholsterers 

Boilermakers 
Plumbers, Pipefitters, 
and Steamfitters 

   Source: Community Attributes, 2013.
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Exhibit 39. Maritime Occupations and Education, Work and Training Experience Required 

 
 Source: Bureau of Labor Statistics (2010).

 Occupation 
Typical education needed for 
entry 

Work 
experience in a 
related 
occupation 

Typical on-the-job training needed to attain 
competency in the occupation 

Fishers and Related Fishing Workers Less than high school None Moderate-term on-the-job training 
Meat, Poultry, and Fish Cutters and Trimmers Less than high school None Short-term on-the-job training 
Sailors and Marine Oilers Less than high school None Short-term on-the-job training 
Crane and Tower Operators Less than high school 1 to 5 years Long-term on-the-job training 
Material Moving Workers, All Other Less than high school None Short-term on-the-job training 
Hoist and Winch Operators Less than high school None Moderate-term on-the-job training 
Laborers and Freight, Stock, and Material Movers, Hand Less than high school None Short-term on-the-job training 
Electrical and Electronics Installers and Repairers, Transportation 
Equipment Postsecondary non-degree award None Long-term on-the-job training 
Surveying and Mapping Technicians High school diploma or equivalent None Moderate-term on-the-job training 
Fish and Game Wardens High school diploma or equivalent None Short-term on-the-job training 
First-Line Supervisors of Farming, Fishing, and Forestry Workers High school diploma or equivalent 1 to 5 years None 
Boilermakers High school diploma or equivalent None Apprenticeship 
Electricians High school diploma or equivalent None Apprenticeship 
Plumbers, Pipefitters, and Steamfitters High school diploma or equivalent None Apprenticeship 
Bus and Truck Mechanics and Diesel Engine Specialists High school diploma or equivalent None Long-term on-the-job training 
Motorboat Mechanics and Service Technicians High school diploma or equivalent None Long-term on-the-job training 
Riggers High school diploma or equivalent None Short-term on-the-job training 
Structural Metal Fabricators and Fitters High school diploma or equivalent None Moderate-term on-the-job training 

Welders, Cutters, Solderers, and Brazers High school diploma or equivalent 
Less than 1 
year Moderate-term on-the-job training 

Welding, Soldering, and Brazing Machine Setters, Operators, and Tenders High school diploma or equivalent None Moderate-term on-the-job training 
Layout Workers, Metal and Plastic High school diploma or equivalent None Moderate-term on-the-job training 
Upholsterers High school diploma or equivalent None Moderate-term on-the-job training 
Cutting and Slicing Machine Setters, Operators, and Tenders High school diploma or equivalent None Short-term on-the-job training 
Painters, Transportation Equipment High school diploma or equivalent None Moderate-term on-the-job training 
Transportation Workers, All Other High school diploma or equivalent None Short-term on-the-job training 
Drafters, All Other Associate's degree None None 
Civil Engineering Technicians Associate's degree None None 
Logisticians Bachelor's degree 1 to 5 years None 
Surveyors Bachelor's degree None None 
Civil Engineers Bachelor's degree None None 
Marine Engineers and Naval Architects Bachelor's degree None None 
Materials Engineers Bachelor's degree None None 
Engineers, All Other Bachelor's degree None None 
Captains, Mates, and Pilots of Water Vessels Bachelor's degree None None 
Ship Engineers Bachelor's degree None None 
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Competitive Occupations 
High concentrations of key Maritime occupations are indicative of Washington’s 
prominence as a center of Maritime activities (Exhibit 40). Coastal metro areas (Seattle, 
Bremerton, and Mount-Vernon-Anacortes) in the state have relatively high concentrations 
of employment in three key Maritime occupations: Ship Engineers, Sailors and Marine 
Oilers, and Captains, Mates and Pilots. Relative concentration is measured by location 
quotient which is based on a calculated ratio between the local economy and the economy 
of other MSAs. The U.S. concentration equals 1.0. Any figure above 1.0 demonstrates a 
specialization of the Industry in the local economy. Thus, Ship Engineers are nearly seven 
times more concentrated in the Seattle metro area than the U.S. average, ranking Seattle 
second among major coastal metro areas (behind Miami, FL). Seattle ranks highest for 
concentration in Captains, Mates and Pilots.  

Exhibit 41 displays concentration of Captains, Mates, and Pilots in absolute terms (by 
number of workers engaged in that occupation) and by location quotient. Seattle has the 
second highest concentration of Captains, Mates, and Pilots in terms of volume, and the 
highest concentration in terms of location quotient.  

Exhibit 40. Concentration of Selected Maritime Occupations (Location 
Quotient), Coastal Washington MSAs, 2012 

Source: U.S. Bureau of Labor Statistics, Occupational Employment Statistics (2012). 
Note: A metropolitan statistical area is defined by OMB as a geographical region with a 
relatively high population density at its core and close economic ties throughout the 
area. Snohomish and Pierce counties are included in the Seattle MSA, Bremerton 
includes Kitsap County, and Mt. Vernon-Anacortes includes Skagit County.  
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Exhibit 41. Volume and Relative Concentration of Captains, Mates, and 
Pilots (Location Quotient), Select MSAs, 2012 

 

 

Source: U.S. Bureau of Labor Statistics, Occupational Employment Statistics (2012).  
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Worker Profile 
Overall, Maritime workers in Washington are more educated than their counterparts 
nation-wide. Exhibit 42 summarizes the distribution of educational attainment for select 
Maritime industries in both Washington and the nation. The comparison indicates that 
the proportion of Maritime Industry employees in Washington State with Some 
College/Associates Degree is approximately 13 percentage points higher than the national 
average (43% in Washington versus 30% nationally). Conversely, the proportion of 
employees with a high school degree or less is lower than the national average.  

Exhibit 42. Educational Attainment of Select Maritime Occupations, 
Washington and U.S., 2010 

 

Source: American Community Survey (2010). 
Note: Includes sailors, marine oilers, ship engineers, ship and boat captains and operators. 
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The Maritime workforce is predominately male (90% in Washington). Exhibit 43 
summarizes the distribution of educational attainment by gender in Washington for 
Maritime-related occupations. Female Maritime employees in Washington make up a 
relatively small percentage of all Maritime employees, but they are represented in 
increasingly higher proportions at higher levels of educational attainment, especially when 
compared to the U.S. (Exhibit 44). For example, 16% of Maritime Industry employees 
with a Graduate/Professional Degree are female compared with just 4% of workers that 
are high school graduates. 
 

Exhibit 43. Educational Attainment of Select Maritime Occupations by 
Gender, Washington State, 2010 

 
Source: American Community Survey (2010). 
Note: Includes sailors, marine oilers, ship engineers, ship and boat captains and operators. 
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Exhibit 44. Educational Attainment of Select Maritime Occupations by Gender, 
U.S., 2010 

 

 
Source: American Community Survey (2010). Note: Includes sailors, marine oilers, ship engineers, 
ship and boat captains and operators. 
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The data suggest that an aging workforce is apparent in the cluster. More than a third of 
workers in the cluster are over 50 years of age. Additionally, Washington’s Maritime 
workforce is generally older relative to the U.S. average (Exhibit 45). For example, 45% 
of Maritime workers nationally are between 16 and 39 years old, while in Washington the 
same age group represents 35% of Maritime workers. Washington has a higher percentage 
of Maritime workers between the ages of 40 to 69 than does the U.S. as a whole.  

Exhibit 45. Age of Select Maritime Workers, Washington State and US, 
2010 

 
Source: American Community Survey (2010). 
Note: Includes sailors, marine oilers, ship engineers, ship and boat captains and operators. 
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Wages by Occupation 
Many of the Maritime occupations in Washington offer salaries close to or greater than 
the state median wage ($51,000 in 2012). The highest paid Maritime occupations included 
in this study are Marine Engineers and Materials Engineers. Lower wage jobs include Fish 
Cutters, Upholsterers and Machine Setters (Cutting and Slicing) (Exhibit 46). 

Exhibit 46. Median and top 10% Annual Wage for Select Maritime 
Occupations, Washington State, 2012 

 
Source: Bureau of Labor Statistics, 2012.  
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Occupation Spotlight: Longshoremen 
Represented by the International Longshore and Warehouse Union, approximately 42,000 
members in 60 unions are employed across the states of Oregon, California, Hawaii, 
Alaska, and Washington. Begun in 1934 by Harry Bridges in San Francisco, the union 
employs longshoremen who are responsible for loading and unloading international cargo 
that comes to the West Coast of the U.S. via shipping container. Longshoremen are 
employed by the Pacific Maritime Association, who negotiates the labor contract between 
the workers and the terminal operators.  

Longshoremen illustrate the difficulty in accounting for impacts within the Maritime 
sector based on industry and occupational codes. For example, according to the Pacific 
Maritime Association, the average full-time wage for a fully registered worker can reach 
$132,946 a year for a longshore worker, and $206,675 for a foreman. These wages are 
higher than the wage reported for even the top 10% of workers according to the Bureau 
of Labor Statistics in Washington State. BLS reports that, not including benefits, the top 
10% of Hoist and Winch Operators make $78,000 annually (Exhibit 46), while the top 
10% of Laborers and Freight, Stock, and Material Movers, Hand make $47,000 
(Appendix J). Pacific Maritime Association delineates skill rates based on experience, and 
by type of worker (longshore, clerk, and foreman), none of which are reported directly by 
BLS.  

In this study, longshoremen are included in the NAICS code 488320 Marine Cargo 
Handling, reflected in the subsector of Maritime Logistics and Shipping. In 2012, 
Washington Employment Security Department reported 4,314 workers in Washington. 
According to the Bureau of Labor Statistics, the occupation of longshoremen is reflected 
in two occupational codes, Hoist and Winch Operators, and Laborers and Freight, Stock, 
and Material Movers, Hand. 
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Educational and Training 
The Maritime occupations included in this study reflect a wide range of jobs, but are 
predominantly low- or semi-skilled jobs that require on-job-training and/or certification 
and endorsements rather than traditional higher education. The Maritime industry is 
highly regulated, and career pathways for seamen are largely determined by the Coast 
Guard. Exhibit 47 shows a list of educational programs available at colleges and 
universities. Most of these are available in Washington State, and students may leverage 
many other degrees to transfer skills into a Maritime career.  

Exhibit 47. Accredited Educational Programs Associated with Maritime 
Occupations 

Major 
Agricultural and Food Products Processing 
Aquaculture 
Autobody/Collision and Repair Technology/Technician 
Automobile/Automotive Mechanics Technology/Technician 
Commercial Fishing 
Construction/Heavy Equipment/Earthmoving Equipment Operation 
Diesel Mechanics Technology/Technician 
Diver, Professional and Instructor 
Electrician 
Fishing and Fisheries Sciences and Management 
Forest Resources Production and Management 
Machine Tool Technology/Machinist 
Marine Maintenance/Fitter and Ship Repair Technology 
Marine Science/Merchant Marine Officer 
Materials Engineering 
Medium/Heavy Vehicle and Truck Technology/Technician 
Metal Fabricator 
Metallurgical Engineering 
Mobil Crane Operation/Operator 
Natural Resource Economics 
Natural Resources Law Enforcement and Protective Services 
Naval Architecture and Marine Engineering 
Polymer/Plastics Engineering 
Small Engine Mechanics and Repair Technology/Technician 
Surveying Technology/Surveying 
Upholstery/Upholsterer 
Welding Engineering Technology/Technician 
Welding Technology/Welder 
Wildlife, Fish and Wildlands Science and Management 

Source: Integrated Postsecondary Education Data System 
(IPEDS) from the National Center for Education Statistics 
(2012); Community Attributes. 

Other specialized Maritime training programs exist in Washington. Several private training 
institutions in the state offer certification and licensing programs for sailors and 
deckhands that are accredited by the Coast Guard instead of the Council of Higher 
Education, as shown in Exhibit 48. These include the Maritime Institute of Technology 
and Graduate Studies, Crawford Nautical School and Compass Courses. There are also 



Workforce Assessment 

Washington State Maritime Cluster November 2013 Page 67 
Economic Impact Study  

programs for career changers and K-12 students that contribute to the pipeline of 
available workers in Washington’s Maritime sector. 

Exhibit 48. Maritime Workforce Training Programs, Washington State 

Institution Program 

Ballard Maritime Academy Maritime training programs 
Bates Technical College Boat Building 

Clatsup Community College Maritime training, certification and licensing 
programs 

Compass Courses Maritime Training Maritime training, certification and licensing 
programs 

Crawford Nautical School Maritime training, certification and licensing 
programs 

Flagship Maritime Training Center Maritime training, certification and licensing 
programs 

Fremont Maritime Services Maritime safety training programs 
Fryar’s Maritime Service Maritime training, certification and licensing 

programs 
Lake Washington Institute of Technology Motorcycle, Marine and Power Service Technology 

Maritime Training Services General 
Northwest School of Wooden Boat Building Boat Building 

NPFVOA Vessel Safety Program 
Olympic College Manufacturing, Welding 

Pacific Maritime Institute Maritime training, certification and licensing 
programs 

Renton Technical College Welding 
Seattle Central Community College Maritime training, certification and licensing 

programs 
Seattle Maritime Academy Maritime training, certification and licensing 

programs 
Skagit Valley College The Northwest Center of Excellence for Marine 

Manufacturing and Technology 
Sno-Isle Tech Skills Center Diesel Power Tech, Welding 

South Seattle Community College Welding 
The Anchor Program Maritime training, certification and licensing 

programs 
University of Washington School of Aquatic and Fishery Sciences 
University of Washington School of Marine Affairs 

U.S. Maritime Academy Maritime training, certification and licensing 
programs 

Washington State Patrol Fire Training Academy Marine Firefighter Training 
Youth Maritime Training Associations K-12 programs to promote Maritime careers 

Zenith Maritime Maritime training, certification and licensing 
programs 

Source: Workforce Development Council of Seattle-King County, Community Attributes (2013).
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Occupational Demand Outlook 
The overall employment outlook for Maritime occupations is strong with most of the 
fields included in this study expected to expand between 2016 and 2021, as illustrated in 
Appendix F. The Washington State Employment Security Department (ESD) predicts 
the highest number of predicted openings from 2016-2021 for Meat and Fish Cutters, 
Sailors and Marine Oilers, and Fishers. Even in occupations where growth is expected to 
be flat or declining, job openings are predicted due to the aging workforce and the need 
to replace retiring workers.  

Talent Pipeline 
The Talent Pipeline model, as conceptualized by the Workforce Development Council of 
Seattle-King County, compares the supply of workers available with the demand for 
workers predicted for each occupation. The model defines supply as unemployment 
claimants for the occupation plus annual completions from accredited higher education 
programs associated with the occupation. It captures demand as average annual openings 
(as reported in the ESD occupation forecast for Washington State). It then allocates a 
certain percentage of both supply and demand to the pre-defined cluster (Appendix G; 
Appendix L displays the percentage of employment of all suitable Maritime occupations 
by industry NAICS). For this study, the model includes occupations in the Maritime 
Cluster throughout Washington State, a summary of which is shown in Exhibit 49 18.  

The results of the model indicate that potential supply is generally sufficient to meet 
demand for low- and semi- skilled entry level workers in the Maritime industry, with 
three exceptions:  

 Laborers and Freight, Stock, and Material Movers, Hand19 

 Meat, Poultry, and Fish Cutters and Trimmers 

 Sailors and Marine Oilers 

 College-educated Maritime workers are in short supply, however, and will not meet the 
demand for Captains, Mates and Pilots, Ship Engineers, and Marine Engineers and Naval 
Architects unless local institutions of higher education expand their Maritime programs 
and offerings. 

Supply exceeds demand for many occupations for low- and semi- skilled entry level 
workers, largely driven by high numbers of graduates and not by unemployment claims. 
For example, in 2012 3,099 graduates were reported for programs which are related to 
the occupation of Electrical and Electronics Installers and Repairers, Transportation 
Equipment. The model allocates 34% of these workers to our designated Maritime 

                                                 
 

18 Other occupations considered but not included in Exhibit 49 are included in Appendix J. 
19 According to BLS, longshoremen are reflected in this occupation and Hoist and Winch operators. 
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Cluster (see Appendix G for definition), but even then, supply is 1,042 graduates (there 
were no unemployment claims for this occupation).  

In order to understand which components of the model are driving the final supply and 
demand for these occupations, Appendix H and Appendix I contain the data for both 
supply and demand, respectively. Appendix J also contains talent pipeline results for all 
occupations suitable for Maritime, while Exhibit 49 contains selected results. Appendix 
K breaks out employment by percentage for each occupation by two-digit industry code. 
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Exhibit 49. Annual Maritime Workforce Supply and Demand by Educational 
Attainment, Select Occupations, Washington 2016-2021  

 
 

Source: Washington State ESD, 10 year Occupational Employment Projections (2012); ESD 
Unemployment Claims (2013); IPEDS (2012); Community Attributes (2013). 

  

Education Occupation Demand Supply Gap
Less than high school Meat, Poultry, and Fish Cutters and Trimmers 173        119        (54)

Sailors and Marine Oilers 140        100        (40)
Fishers and Related Fishing Workers 123        396        273
Laborers and Freight, Stock, and Material Movers, Hand 117        43          (74)
Crane and Tower Operators 24          319        295
Material Moving Workers, All Other 12          25          13
Hoist and Winch Operators 5            55          50

Postsecondary non-degree award Electrical and Electronics Installers and Repairers, Transportation Equipment 4            1,042     1,038

High school diploma or equivalent Welders, Cutters, Solderers, and Brazers 35          269        234
Electricians 15          36          21
Plumbers, Pipefitters, and Steamfitters 14          27          13
Bus and Truck Mechanics and Diesel Engine Specialists 14          27          13
Transportation Workers, All Other 13          9            (4)
Riggers 13          21          8
Layout Workers, Metal and Plastic 9            1,184     1,175
Cutting and Slicing Machine Setters, Operators, and Tenders 7            4            (3)
Structural Metal Fabricators and Fitters 7            17          10
First-Line Supervisors of Farming, Fishing, and Forestry Workers 5            65          60
Upholsterers 4            17          13
Painters, Transportation Equipment 3            95          92
Motorboat Operators 3            -        (3)
Fish and Game Wardens 3            307        304
Motorboat Mechanics and Service Technicians 2            6            4
Boilermakers 1            9            8
Surveying and Mapping Technicians 1            2            1
Welding, Soldering, and Brazing Machine Setters, Operators, and Tenders 1            5            4

Associate's degree Civil Engineering Technicians 7            12          5
Construction Managers 2            174        172
Drafters, All Other 2            143        141

Bachelor's degree Captains, Mates, and Pilots of Water Vessels 108        59          (49)
Ship Engineers 57          39          (18)
Civil Engineers 39          113        74
Marine Engineers and Naval Architects 9            7            (2)
Engineers, All Other 5            9            4
Logisticians 4            19          15
Materials Engineers 1            6            5
Surveyors 1            2            1



Summary 

Washington State Maritime Cluster November 2013 Page 71 
Economic Impact Study  

SUMMARY 
The Maritime industry is an engine of economic prosperity and growth in Washington 
State. In 2012, the cluster directly employed 57,700 workers across five major subsectors 
and paid out wages of $4.1 billion. Maritime firms directly generated more than $15.2 
billion in business revenues and remitted $79.5 million state tax revenues.  Indirect and 
induced Maritime jobs account for another 90,000 jobs, for a total impact of 148,000 
Washington jobs. Additionally, the direct contribution of Maritime’s $15.2 billion in 
gross business income generates another $14.8 billion in induced and indirect output, for 
a total contribution effect of nearly $30 billion to Washington’s economy.  

Maritime firms innovate, export their goods and services to other parts of the U.S. and 
globally, and drive economic growth. The cluster represents a deep network of activities 
that extend across manufacturing, services, and the federal and state governments. 
Activities in the cluster include: 

 Passenger Water Transportation, which includes state ferry operations, 
recreational tours, private ferries, and the private cruise industry;  

 Ship and Boat Building, Maintenance, and Repair, which includes construction of 
commercial and recreational vessels, repair and overhaul, and maintenance; 

 Maritime Logistics and Shipping, which includes Port and Harbor operations, 
their subcontractors, cold storage, and freight logistics firms; 

 Fishing and Seafood Products, which includes commercial and recreational 
fishing, aquaculture, and processing and distribution of seafood; 

 Maritime Support Services, which includes technical services like construction 
and environmental, parts and electronics suppliers, boat dealers, marinas, and 
professional services such as attorneys and accountants as well as NOAA and the 
Army Corps of Engineers; and 

 Military and Federal Operations, which includes research, defense, and 
environmental mitigation activities of the Navy, the U.S. Coast Guard. 

Statewide, for every direct job in Maritime an additional 1.6 jobs were supported 
elsewhere in the state economy. Likewise, every million dollars of sales by Maritime 
firms supported almost 10 jobs throughout the state economy. Fishing and seafood 
processing alone supports—via direct, indirect, and induced impacts—44,353 jobs across 
the state paying $2.9 billion in wages and benefits and business revenues of $13.3 billion. 
Maritime Logistics and Shipping supported $7.2 billion in sales across the state, while 
Ship and Boat Building, Maintenance, and Repair supported over $4.0 billion in sales. 
The federal government is also a major player in the economic vitality of the Maritime 
Cluster in Washington. Puget Sound Naval Shipyard alone generates $150 million in 
technical services work, while the Navy and Coast Guard both procure Maritime 
hardware, such as patrol boats, from Washington State businesses. 

The Maritime Cluster reaches all of Washington State. While there are large 
concentrations of firms and activities in King, Snohomish, Kitsap, Pierce, Skagi t, Grays 
Harbor, and Whatcom counties, the Maritime Cluster reaches as far east as Spokane and 
south to Vancouver, Washington. While Eastern Washington does not have direct access 
to the ocean and/or Puget Sound, there are a variety of activities along the Snake and 
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Columbia Rivers and inland either directly engaged in or in support of Maritime 
Logistics and Shipping and boat manufacturing. In 2012, an estimated 139 such Maritime 
establishments employing more than 2,200 workers were located across eighteen of the 
twenty counties that constitute Eastern Washington. 

Unlike many other sectors, workers in Maritime can work their way up from an entry-
level position to management in the same company in many cases. Because some 
workers have traditionally stayed with a single company or job function for generations, 
retention and maintenance of existing workforce is crucial. Recruiting and maintaining 
talent is difficult for many sectors in the Maritime Cluster. Maritime leaders perceive a 
need to improve knowledge of the industry among the general public and the economic 
opportunities which exist in Maritime. 
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APPENDIX A. MARITIME CLUSTER ECONOMIC IMPACT STUDY 
PARTICIPANTS 
The following individuals provided valuable feedback towards gaining a robust 
understanding of Maritime Cluster dynamics, opportunities and challenges.  

Affiliation Contact Title 
All Ocean Services Jim R. Geissinger Technical Services Manager 
AMSEC Mark Kipps Regional Manager 
Andrew Furuseth School of 
Seamanship 

Berit Eriksson Workforce Development Director 

Art Anderson Associates Ben Anderson Naval Architect and Project Manager 
Ballard Oil Warren Aakervik Owner 
Bering Sea Crabbers Mark Gleason Executive Director 
City Ice Cold Storage Inc. Kim Suelzle President 
Foss Maritime Company Scott Merritt Senior Vice President of Operations 
Go2Marine Hal Cook President 
ILWU Local 21 Jake Whiteside President 
Kvichak Marine Industries Brian Thomas Owner 
National Marine Trade Association Peter Schrappen Director of Government Relations 
Navy Region Northwest Joe Overton Internal Relations Manager 
NOAA Carl Lian & Erin 

Steiner  
Economist, Economist 

Ocean Beauty Seafoods Tom Sunderland Vice President of Marketing and 
Communications 

Pacific Merchant Shipping 
Association 

Captain Mike Moore Vice President 

Philips Publishing Group Peter Philips President 
Port of Seattle Linda Styrk Managing Director, Seaport Division 
Port of Tacoma Larry Kvidera   
Puget Sound Naval Shipyard Richard Tift Executive Director 
QED Systems David Jack Northwest Area Manager 
Recreational Boating Association 
of Washington 

Doug Levy & Robert 
Razenbach 

Lobbyist, 1st Vice President  

SAFE Boats International John McConnell Engineering Manager 
Seattle CC Maritime Academy Malcolm Groethe Associate Vice Chancellor 
Tidewater Bruce Reed Vice President & COO 
Transportation Institute Richard Berkowitz  Director 
Trident Seafoods John Van 

Amerongen & Brant 
Rigby 

Director of Communications, Vice President 
Human Resources 

U.S. Army Corps of Engineers Patricia Graesser Public Affairs Supervisor 
U.S. Coast Guard Timi Vann Western Regional Collaboration Coordinator 
Vigor Industrial Fred Kiga & Grant 

Fosheim 
Senior VP of Government Affairs, Sales & 
Marketing Associate 

Washington Department of Fish 
and Wildlife 

Carol Turcotte, 
Peter Vernie 

Public Affairs 
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APPENDIX B. IMPUTATION & COMMERCIAL FISHING 
METHODOLOGY 
Method #1: Estimates were derived by subtracting the sum of all the six-digit NAICS 
from the total reported for a five digit NAICS.  

Method #2: Where a single year’s value was suppressed or missing, averages of the 
previous and subsequent years were used as an estimate.  

Method #3: Where more than two values from consecutive years were suppressed or 
missing, the proportion of the contribution of the missing six digit NAICS to the five 
digit NAICS total reported was determined. The average of the previous and subsequent 
reported years were then averaged and multiplied to the missing year’s five digit NAICS 
total to arrive at an estimate. If two values for the previous and subsequent years did not 
exist (for example the missing data began with the first year of reported data), the 
subsequent reported year’s proportional contribution was multiplied to the missing year’s 
five digit NAICS total to arrive at an estimate. 

Method #4: Missing values are imputed by calculating slope between two existing values.  

Fishing and Seafood Processing Methodology 

Obtaining statewide Fishing and Seafood Processing counts is a complex endeavor. First, 
traditional employment counts from the Bureau of Labor Statistics include only that 
employment which is covered by unemployment insurance. While some commercial 
fishing operations are large enough to be included in this category, many boats are small 
and rely on seasonal and temporary workers who are paid in a share of the final catch 
rather than a salary. Second, these data also exclude sole-proprietorships, which 
comprise a significant proportion of Fishing and Seafood Processing businesses.  

This report sums Fishing and Seafood Processing firm employment numbers two ways. 
First, the study reports number of firms which are eligible for unemployment insurance 
as reported to the Bureau of Labor Statistics. Then, the report supplements this estimate 
with the number of non-employer firms engaged in Fishing and Seafood Processing 
activities, from the U.S. Census Bureau. 
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APPENDIX C. LIST OF NAICS CODES AND SUBSECTOR ASSIGNED 
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336611 Ship building and repairing Boat Building, Repair, and Maintenance 
 336612 Boat building Boat Building, Repair, and Maintenance 
 112511 Finfish farming and fish hatcheries Fishing and Seafood Processing 
 112512 Shellfish farming Fishing and Seafood Processing 
 114111 Finfish fishing Fishing and Seafood Processing 
 114112 Shellfish fishing Fishing and Seafood Processing 
 

311710 
Seafood product preparation and 
packaging 

Fishing and Seafood Processing 

 311711 Older: seafood canning Fishing and Seafood Processing 
 

311712 
Older: Fresh and frozen seafood 
processing 

Fishing and Seafood Processing 

 424460 Fish and seafood merchant wholesalers Fishing and Seafood Processing 
 445220 Fish and seafood markets Fishing and Seafood Processing 
 483111 Deep sea freight transportation Maritime Logistics and Shipping 
 483113 Coastal and great lakes freight transport. Maritime Logistics and Shipping 
 483211 Inland water freight transportation Maritime Logistics and Shipping 
 488210 Support activities for rail transportation Maritime Logistics and Shipping 
 488310 Port and harbor operations Maritime Logistics and Shipping 
 488320 Marine cargo handling Maritime Logistics and Shipping 
 488330 Navigational services to shipping Maritime Logistics and Shipping 
 488510 Freight transportation arrangement Maritime Logistics and Shipping 
 493120 Refrigerated warehousing and storage Maritime Logistics and Shipping 
 

483114 
Coastal and great lakes passenger 
transport. 

Passenger Water Transportation 

 483212 Inland water passenger transportation Passenger Water Transportation 
 483112 Deep sea passenger transportation Passenger Water Transportation 
 

487210 
Scenic and sightseeing transportation, 
water 

Passenger Water Transportation 

 

488390 
Other support activities for water 
transport. 

Passenger Water Transportation 

 441222 Boat dealers Maritime Support Services 
 713930 Marinas Maritime Support Services 
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APPENDIX D. ECONOMIC AND FISCAL IMPACT ANALYSIS 
The primary tool for estimating the broader impacts of Maritime industries in 
Washington State was the Washington State Input-Output (I-O) Model for year 2007, 
published in 2012. The model provides a data-rich rendering of the state economy across 
52 sectors. The transactions table, which underpins the I-O model, provides estimates of 
intermediate purchases, sales, and final demand across all modeled sectors. The complex 
analysis of the model, published online by the Washington State Office of Financial 
Management, allows analysts to model the impacts of economic activities when output, 
labor, wages, and first round direct purchases/requirements are known. 

In order to best utilize the I-O for Maritime impact analysis, Community Attributes Inc. 
reconstructed the I-O model from the transactions table, with separate models for total 
impacts and for only direct and indirect effects to account for the extent to which 
impacts are linked with these effects versus those of household labor income 
expenditures (induced effects). 

Because the Washington State I-O Model does not include government activities other 
than Puget Sound Naval Shipyard, NOAA and Army Corps of Engineers activities were 
excluded from Washington State I-O estimates. Instead, for these activities an IMPLAN 
model was used to arrive at multiplier effects and integrated into overall indirect and 
induced effects. 

A fuller discussion of the calculations underpinning the construction of an input -output 
model can be found on pages 13-14 of Beyers and Lin (2012). 

To arrive at state fiscal impacts, the direct and effective rates for business & occupation 
taxes (B&O), use and utility fees and other taxes, and sales tax were first calculated. Tax 
rates are characterized as “effective” because they represent the ratio of state fiscal 
revenues per category of taxation as a share of gross business income (GBI), since 
modeled impacts are for gross sales and cannot be further segmented by B&O and other 
activities. For example, in 2012 primary metal manufacturers (NAICS 331) generated 
$2.8 billion in gross business income in Washington State and paid $8.2 million in B&O 
tax and $20.3 million in other state taxes, resulting in effective B&O and use and related 
rates of 0.29% and 0.71% (as a percentage of GBI).  

For each sector in which the 2012 Washington State Input-Output Model generated 
output estimates, effective rates were calculated and then applied to net Maritime-
supported output by sector. Estimated effective rates for the sectors included in the 2007 
Washington State Input-Output Model are presented below in Appendix E. 
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APPENDIX E. EFFECTIVE TAX RATES BY SECTOR, 2012 
Industry Sector B&O Sales Tax 

Other 
Taxes 

Crop Production 0.0023 0.0047 0.0012 
Animal Production 0.0025 0.0009 0.0013 
Forestry and Logging 0.0029 0.0017 0.0008 
Fishing, Hunting, and Trapping 0.0010 0.0003 0.0015 
Mining 0.0035 0.0059 0.0027 
Electric Utilities 0.0006 0.0002 0.0328 
Gas Utilities 0.0008 0.0006 0.0266 
Other Utilities 0.0065 0.0010 0.0210 
Highway, Street, and Bridge Construction 0.0029 0.0117 0.0017 
Other Construction 0.0027 0.0188 0.0005 
Food, Beverage and Tobacco Manufacturing 0.0018 0.0024 0.0009 
Textiles and Apparel Mills 0.0023 0.0033 0.0001 
Wood Product Manufacturing 0.0024 0.0013 0.0007 
Paper Manufacturing 0.0019 0.0003 0.0006 
Printing and Related Activities 0.0029 0.0142 0.0002 
Petroleum and Coal Products Manufacturing 0.0023 0.0001 0.0031 
Chemical Manufacturing 0.0025 0.0011 0.0007 
Nonmetallic Mineral Products Manufacturing 0.0030 0.0047 0.0005 
Primary Metal Manufacturing 0.0029 0.0002 0.0005 
Fabricated Metals Manufacturing 0.0028 0.0018 0.0003 
Machinery Manufacturing 0.0023 0.0012 0.0003 
Computer and Electronic Product Manufacturing 0.0022 0.0015 0.0005 
Electrical Equipment Manufacturing 0.0018 0.0006 0.0003 
Aircraft and Parts Manufacturing 0.0027 0.0000 0.0005 
Ship and Boat Building 0.0026 0.0023 0.0003 
Other Transportation Equipment Manufacturing 0.0023 0.0019 0.0001 
Furniture Product Manufacturing 0.0028 0.0075 0.0001 
Other Manufacturing 0.0025 0.0017 0.0003 
Wholesale 0.0030 0.0057 0.0002 
Non-Store Retail 0.0021 0.0134 0.0008 
Other Retail 0.0020 0.0129 0.0010 
Air Transportation 0.0010 0.0012 0.0261 
Water Transportation 0.0006 0.0013 0.0035 
Truck Transportation 0.0011 0.0006 0.0042 
Other Transportation/Postal Offices 0.0023 0.0023 0.0140 
Support Activities for Storage, Transportation and Warehousing 0.0037 0.0039 0.0018 
Software Publishers & Data Processing & related services 0.0052 0.0062 0.0005 
Telecommunications 0.0054 0.0189 0.0009 
Other Information 0.0070 0.0050 0.0022 
52-53 0.0089 0.0056 0.0003 
Legal /Accounting and Bookkeeping /Management Services 0.0119 0.0023 0.0003 
Architectural, Engineering, and Computing Services 0.0068 0.0033 0.0006 
Educational Services 0.0057 0.0057 0.0050 
Ambulatory Health Care Services 0.0137 0.0003 0.0003 
Hospitals 0.0106 0.0005 0.0016 
Nursing and Residential Care Facilities, Social Assistance 0.0093 0.0025 0.0024 
Arts, Recreation, and Accommodation 0.0040 0.0246 0.0004 
Food Services and Drinking Places 0.0020 0.0220 0.0002 
Administrative/Employment Support Services 0.0076 0.0080 0.0004 
Waste Management/Other, and Agriculture Services 0.0055 0.0136 0.0021 

Sources: Community Attributes Inc.; Washington State Department of Revenue
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APPENDIX F: WA STATE OCCUPATIONAL GROWTH PROJECTIONS, SELECTED OCCUPATIONS 
SUITABLE FOR MARITIME, 2011 – 2021 

 

Source: Washington State ESD, 10 year Occupational Employment Projections (2012); ESD Unemployment Claims (2013); IPEDS 
(2012); Community Attributes (2013).

Education Occupation 2011 2016 2021

  Average 
annual 

growth rate 
2011-2016

  Average 
annual 

growth rate 
2016-2021

Openings, 
2016-2021

Less than high 
school Laborers and Freight, Stock, and Material Movers, Hand 38,263     38,794        40,280     2.28% 1.23% 1,486             

Meat, Poultry, and Fish Cutters and Trimmers 5,750       5,628          5,836       2.05% 1.60% 208                
Sailors and Marine Oilers 2,282       2,371          2,446       1.68% 0.81% 75                  
Crane and Tower Operators 1,479       1,499          1,555       2.19% 0.78% 56                  
Material Moving Workers, All Other 903          886             920          1.92% 0.89% 34                  
Hoist and Winch Operators 146          144             150          1.72% 0.74% 6                   

Fishers and Related Fishing Workers 5,399       5,621          5,590       -0.20% -0.25% (31)                 
Postsecondary 
non-degree 
award Electrical and Electronics Installers and Repairers, 

Transportation Equipment 459          471             472          0.69% -0.08% 1                   

High school 
diploma or 
equivalent Electricians 14,185     14,070        14,919     3.49% 1.55% 849                

Plumbers, Pipefitters, and Steamfitters 8,547       8,495          8,963       3.23% 1.37% 468                
Welders, Cutters, Solderers, and Brazers 6,116       6,387          6,805       3.80% 1.77% 418                
Bus and Truck Mechanics and Diesel Engine 
Specialists 6,519       6,606          6,713       0.91% 0.42% 107                
Structural Metal Fabricators and Fitters 1,207       1,259          1,363       4.27% 1.86% 104                
Surveying and Mapping Technicians 1,180       1,169          1,230       1.77% 0.87% 61                  
Welding, Soldering, and Brazing Machine Setters, 
Operators, and Tenders 556          588             631          3.92% 1.64% 43                  
Transportation Workers, All Other 894          912             953          2.43% 1.16% 41                  
Boilermakers 367          374             408          4.94% 1.90% 34                  
First-Line Supervisors of Farming, Fishing, and Forestry 
Workers 3,896       4,021          4,044       0.37% 0.42% 23                  
Riggers 803          799             815          1.40% 0.78% 16                  

Motorboat Mechanics and Service Technicians 547          557             571          1.21% 0.58% 14                  
Cutting and Slicing Machine Setters, Operators, and 
Tenders 1,393       1,278          1,292       -0.25% 0.30% 14                  
Layout Workers, Metal and Plastic 695          730             742          1.37% 0.19% 12                  
Painters, Transportation Equipment 1,728       1,804          1,813       0.50% -0.54% 9                   
Fish and Game Wardens 118          117             118          0.00% 0.17% 1                   
Upholsterers 802          810             810          0.22% -0.30% -                 

Associate's Civil Engineering Technicians 2,344       2,324          2,374       0.62% 0.25% 50                  
Drafters, All Other 751          760             804          3.06% 1.47% 44                  

Bachelor's Civil Engineers 13,555     13,391        14,052     1.92% 1.13% 661                
Engineers, All Other 3,912       4,001          4,147       2.15% 1.07% 146                
Logisticians 6,534       6,839          6,974       1.17% -0.12% 135                

Captains, Mates, and Pilots of Water Vessels 1,828       1,939          2,030       2.68% 1.37% 91                  
Materials Engineers 1,118       1,188          1,268       3.74% 1.92% 80                  
Surveyors 1,050       1,030          1,087       1.84% 0.82% 57                  
Ship Engineers 824          865             901          2.27% 1.23% 36                  
Marine Engineers and Naval Architects 669          668             696          1.62% 0.68% 28                  
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APPENDIX G: TALENT PIPELINE MARITIME NAICS DEFINITION 
NAICS Code NAICS Definition 

1140 Fishing & Hunting 
3117 Seafood product preparation and packaging 
3366 Ship and boat building 

4831 Sea, coastal, and Great Lakes transportation 

4872 Scenic and sightseeing transportation, water 
4883 Support activities for water transportation 
4832 Inland water transportation 
9991 Federal Govt* 
9992 State government other* 
9993 Local government other* 

*To more accurately assess how many workers to include in government employment, 
Community Attributes estimated how much a particular occupation was employed by  
government by occupation title, and then used that percentage to determine the percent of 
occupation in Maritime. 
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APPENDIX H: TALENT PIPELINE SUPPLY  

 

Source: Washington State ESD, 10 year Occupational Employment Projections (2012); ESD 
Unemployment Claims (2013); IPEDS (2012); Community Attributes (2013). Note: Allocation 
refers to multiplying raw data by the “percent in cluster” (the first column). Adjustment  refers to 
adjusting raw data for unemployment forecasts, for unemployment claims, and to distribution of 
completions by demand of occupation, for completions.

Occupation

 % of 

Occupation 

in Maritime 

 Allocated, 

Adjusted 

Completions 

 Allocated, 

Adjusted UI 

Claims 

 Total 

Supply 

Construction Managers 1% 171                  3                     174          

Managers, All Other 2% 1,764               19                   1,783      

Logisticians 3% 17                     2                     19            

Surveyors 2% 1                       1                     2               

Civil Engineers 8% 107                  6                     113          

Marine Engineers and Naval Architects 39% -                   7                     7               

Materials Engineers 2% 6                       -                 6               

Engineers, All Other 3% 7                       2                     9               

Drafters, All Other 7% 141                  2                     143          

Civil Engineering Technicians 12% 11                     1                     12            

Surveying and Mapping Technicians 2% 1                       1                     2               

Fish and Game Wardens 100% 307                  -                 307          

First-Line Supervisors of Farming, Fishing, and Forestry Workers 4% 64                     1                     65            

Fishers and Related Fishing Workers 91% 110                  286                 396          

Boilermakers 5% -                   9                     9               

Electricians 2% 14                     22                   36            

Plumbers, Pipefitters, and Steamfitters 3% -                   27                   27            

Electrical and Electronics Installers and Repairers, Transportation Equipment 34% 1,042               -                 1,042      

Bus and Truck Mechanics and Diesel Engine Specialists 7% 19                     8                     27            

Motorboat Mechanics and Service Technicians 13% 4                       2                     6               

Commercial Divers 1% 1                       -                 1               

Riggers 54% -                   21                   21            

Structural Metal Fabricators and Fitters 12% 9                       8                     17            

Meat, Poultry, and Fish Cutters and Trimmers 58% -                   119                 119          

Welders, Cutters, Solderers, and Brazers 10% 205                  64                   269          

Welding, Soldering, and Brazing Machine Setters, Operators, and Tenders 2% 4                       1                     5               

Layout Workers, Metal and Plastic 58% 1,177               7                     1,184      

Upholsterers 21% 15                     2                     17            

Cutters and Trimmers, Hand 0% -                   -                 -           

Cutting and Slicing Machine Setters, Operators, and Tenders 21% -                   4                     4               

Painters, Transportation Equipment 11% 86                     9                     95            

Sailors and Marine Oilers 96% -                   100                 100          

Captains, Mates, and Pilots of Water Vessels 91% 22                     37                   59            

Motorboat Operators 100% -                   -                 -           

Ship Engineers 97% 12                     27                   39            

Bridge and Lock Tenders 94% -                   -                 -           

Transportation Workers, All Other 31% -                   9                     9               

Crane and Tower Operators 40% 283                  36                   319          

Dredge Operators 6% 1                       -                 1               

Material Moving Workers, All Other 72% -                   25                   25            

Hoist and Winch Operators 79% 55                     -                 55            

Laborers and Freight, Stock, and Material Movers, Hand 6% -                   43                   43            
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APPENDIX I: TALENT PIPELINE DEMAND  

 

Source: Washington State Employment Security Department, 10 year Occupational  
Employment Projections (2012).

Occupation T itle

% in 

Maritime 

Cluster

  Average 

annual total 

openings  

2016-2021

Allocated 

Openings 

(Demand)

Construction Managers 1% 213 2

Managers, All Other 2% 718 15

Logisticians 3% 138 4

Surveyors 2% 37 1

Civil Engineers 8% 512 39

Marine Engineers and Naval Architects 39% 23 9

Materials Engineers 2% 67 1

Engineers, All Other 3% 155 5

Drafters, All Other 7% 31 2

Civil Engineering Technicians 12% 54 7

Surveying and Mapping Technicians 2% 38 1

Fish and Game Wardens 100% 3 3

First-Line Supervisors of Farming, Fishing, and Forestry Workers 4% 128 5

Fishers and Related Fishing Workers 91% 135 123

Boilermakers 5% 26 1

Electricians 2% 757 15

Plumbers, Pipefitters, and Steamfitters 3% 446 14

Electrical and Electronics Installers and Repairers, Transportation Equipment 34% 12 4

Bus and Truck Mechanics and Diesel Engine Specialists 7% 196 14

Motorboat Mechanics and Service Technicians 13% 19 2

Commercial Divers 1% 10 0

Riggers 54% 24 13

Structural Metal Fabricators and Fitters 12% 59 7

Meat, Poultry, and Fish Cutters and Trimmers 58% 301 173

Welders, Cutters, Solderers, and Brazers 10% 342 35

Welding, Soldering, and Brazing Machine Setters, Operators, and Tenders 2% 30 1

Layout Workers, Metal and Plastic 58% 16 9

Upholsterers 21% 17 4

Cutters and Trimmers, Hand 0% 10 0

Cutting and Slicing Machine Setters, Operators, and Tenders 21% 34 7

Painters, Transportation Equipment 11% 31 3

Sailors and Marine Oilers 96% 146 140

Captains, Mates, and Pilots of Water Vessels 91% 119 108

Motorboat Operators 100% 3 3

Ship Engineers 97% 59 57

Bridge and Lock Tenders 94% 2 2

Transportation Workers, All Other 31% 42 13

Crane and Tower Operators 40% 61 24

Dredge Operators 6% 2 0

Hoist and Winch Operators 79% 6 5

Laborers and Freight, Stock, and Material Movers, Hand 6% 1919 117

Material Moving Workers, All Other 72% 17 12
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APPENDIX J: TALENT PIPELINE RESULTS, ALL OCCUPATIONS SUITABLE FOR MARITIME, 2016-2021 

 
Source: Washington State ESD, 10 year Occupational Employment Projections (2012); ESD Unemployment Claims (2013); IPEDS 
(2012); Community Attributes (2013).

Education Occupation Demand Supply Gap
Less than high school Meat, Poultry, and Fish Cutters and Trimmers 173         119             (54)
Less than high school Sailors and Marine Oilers 140         100             (40)
Less than high school Fishers and Related Fishing Workers 123         396             273
Less than high school Laborers and Freight, Stock, and Material Movers, Hand 117         43               (74)
Less than high school Crane and Tower Operators 24           319             295
Less than high school Material Moving Workers, All Other 12           25               13
Less than high school Hoist and Winch Operators 5             55               50
Less than high school Bridge and Lock Tenders 2             -              (2)
Less than high school Dredge Operators 0             1                 1
Less than high school Cutters and Trimmers, Hand 0             -              (0)
Postsecondary non-degree award Electrical and Electronics Installers and Repairers, Transportation Equipment 4             1,042          1,038
Postsecondary non-degree award Commercial Divers 0             1                 1
High school diploma or equivalent Welders, Cutters, Solderers, and Brazers 35           269             234
High school diploma or equivalent Electricians 15           36               21
High school diploma or equivalent Managers, All Other 15           1,783          1,768
High school diploma or equivalent Plumbers, Pipefitters, and Steamfitters 14           27               13
High school diploma or equivalent Bus and Truck Mechanics and Diesel Engine Specialists 14           27               13
High school diploma or equivalent Transportation Workers, All Other 13           9                 (4)
High school diploma or equivalent Riggers 13           21               8
High school diploma or equivalent Layout Workers, Metal and Plastic 9             1,184          1,175
High school diploma or equivalent Cutting and Slicing Machine Setters, Operators, and Tenders 7             4                 (3)
High school diploma or equivalent Structural Metal Fabricators and Fitters 7             17               10
High school diploma or equivalent First-Line Supervisors of Farming, Fishing, and Forestry Workers 5             65               60
High school diploma or equivalent Upholsterers 4             17               13
High school diploma or equivalent Painters, Transportation Equipment 3             95               92
High school diploma or equivalent Motorboat Operators 3             -              (3)
High school diploma or equivalent Fish and Game Wardens 3             307             304
High school diploma or equivalent Motorboat Mechanics and Service Technicians 2             6                 4
High school diploma or equivalent Boilermakers 1             9                 8
High school diploma or equivalent Surveying and Mapping Technicians 1             2                 1
High school diploma or equivalent Welding, Soldering, and Brazing Machine Setters, Operators, and Tenders 1             5                 4
Associate's degree Civil Engineering Technicians 7             12               5
Associate's degree Construction Managers 2             174             172
Associate's degree Drafters, All Other 2             143             141
Bachelor's degree Captains, Mates, and Pilots of Water Vessels 108         59               (49)
Bachelor's degree Ship Engineers 57           39               (18)
Bachelor's degree Civil Engineers 39           113             74
Bachelor's degree Marine Engineers and Naval Architects 9             7                 (2)
Bachelor's degree Engineers, All Other 5             9                 4
Bachelor's degree Logisticians 4             19               15
Bachelor's degree Materials Engineers 1             6                 5
Bachelor's degree Surveyors 1             2                 1
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APPENDIX K: PERCENT OF SUITABLE MARITIME OCCUPATIONS IN INDUSTRY 

 
Source: Washington State ESD 2010 NAICS by SOC Matrix. 
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Construction Managers 0% 0% 0% 67% 0% 0% 0% 0% 0% 0% 7% 9% 2% 1% 1% 0% 0% 0% 0% 12%
Managers, All Other 0% 0% 1% 4% 8% 1% 1% 4% 9% 2% 1% 17% 11% 4% 5% 3% 1% 0% 7% 22%
Logisticians 0% 0% 0% 0% 53% 2% 0% 2% 31% 0% 0% 1% 7% 0% 0% 0% 0% 0% 0% 3%
Surveyors 0% 0% 0% 2% 0% 0% 0% 0% 0% 0% 0% 80% 5% 0% 0% 0% 0% 0% 0% 13%
Civil Engineers 0% 0% 0% 11% 0% 0% 0% 0% 0% 0% 0% 47% 4% 0% 2% 0% 0% 0% 0% 35%
Marine Engineers and Naval Architects 0% 0% 0% 0% 7% 0% 0% 14% 0% 0% 0% 69% 0% 0% 0% 0% 0% 0% 0% 10%
Materials Engineers 0% 0% 0% 0% 90% 4% 0% 2% 0% 0% 0% 4% 0% 0% 0% 0% 0% 0% 0% 0%
Engineers, All Other 0% 0% 0% 3% 24% 5% 0% 9% 0% 0% 0% 29% 1% 20% 1% 0% 0% 0% 0% 8%
Drafters, All Other 0% 0% 0% 47% 18% 3% 0% 0% 0% 0% 0% 14% 8% 10% 0% 0% 0% 0% 0% 0%
Civil Engineering Technicians 0% 0% 0% 6% 1% 0% 0% 0% 0% 0% 0% 37% 1% 0% 2% 0% 0% 0% 0% 53%
Surveying and Mapping Technicians 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 78% 10% 0% 0% 0% 0% 0% 0% 9%
Fish and Game Wardens 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 100%
First-Line Supervisors of Farming, Fishing, and Forestry 
Workers 56% 0% 0% 0% 3% 22% 6% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 14%
Fishers and Related Fishing Workers 96% 0% 0% 0% 4% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Boilermakers 0% 0% 0% 70% 27% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 3%
Electricians 0% 0% 0% 80% 7% 1% 0% 0% 0% 0% 0% 0% 0% 3% 1% 0% 1% 0% 0% 6%
Plumbers, Pipefitters, and Steamfitters 0% 0% 1% 73% 6% 0% 0% 0% 0% 0% 0% 3% 0% 4% 2% 0% 0% 0% 0% 9%
Electrical and Electronics Installers and Repairers, 
Transportation Equipment 0% 0% 0% 0% 48% 32% 0% 9% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 8% 2%
Bus and Truck Mechanics and Diesel Engine Specialists 0% 0% 0% 4% 9% 9% 1% 20% 0% 0% 1% 0% 0% 2% 3% 8% 1% 0% 12% 30%
Motorboat Mechanics and Service Technicians 0% 0% 0% 0% 8% 0% 41% 7% 0% 0% 0% 0% 0% 0% 0% 0% 16% 0% 27% 1%
Commercial Divers 0% 0% 0% 6% 0% 0% 0% 0% 0% 0% 0% 0% 0% 94% 0% 0% 0% 0% 0% 0%
Riggers 0% 0% 0% 63% 3% 0% 0% 0% 0% 0% 7% 0% 0% 12% 0% 0% 5% 0% 9% 1%
Structural Metal Fabricators and Fitters 0% 0% 0% 10% 88% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 3%
Meat, Poultry, and Fish Cutters and Trimmers 0% 0% 0% 0% 71% 3% 14% 0% 0% 0% 0% 0% 0% 12% 0% 0% 0% 0% 0% 0%
Welders, Cutters, Solderers, and Brazers 0% 0% 0% 14% 64% 1% 0% 2% 0% 0% 0% 0% 0% 11% 0% 0% 2% 0% 5% 0%
Welding, Soldering, and Brazing Machine Setters, 
Operators, and Tenders 0% 0% 0% 0% 82% 18% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 0% 0% 0% 0%
Layout Workers, Metal and Plastic 0% 0% 0% 0% 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Upholsterers 0% 0% 0% 0% 8% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 86% 6%
Cutters and Trimmers, Hand 0% 0% 0% 0% 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Cutting and Slicing Machine Setters, Operators, and 
Tenders 0% 0% 0% 0% 99% 0% 0% 0% 0% 0% 0% 0% 0% 1% 0% 0% 0% 0% 0% 0%
Painters, Transportation Equipment 0% 0% 0% 0% 45% 4% 2% 2% 0% 0% 0% 0% 0% 1% 0% 0% 4% 0% 38% 4%
Sailors and Marine Oilers 0% 0% 0% 0% 2% 0% 0% 55% 0% 0% 0% 0% 0% 3% 0% 0% 0% 0% 0% 39%
Captains, Mates, and Pilots of Water Vessels 0% 0% 0% 0% 1% 0% 0% 75% 0% 0% 0% 0% 1% 7% 1% 0% 0% 0% 0% 14%
Motorboat Operators 0% 0% 0% 0% 0% 0% 0% 75% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 25%
Ship Engineers 0% 0% 0% 0% 3% 0% 0% 67% 0% 0% 0% 0% 1% 1% 1% 0% 0% 0% 0% 27%
Bridge and Lock Tenders 0% 0% 0% 0% 0% 0% 0% 2% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 98%
Transportation Workers, All Other 0% 0% 0% 0% 2% 0% 0% 95% 0% 0% 0% 0% 0% 0% 3% 0% 0% 0% 0% 0%
Crane and Tower Operators 0% 0% 0% 15% 16% 0% 0% 52% 0% 0% 6% 0% 0% 7% 0% 0% 0% 0% 3% 1%
Dredge Operators 0% 0% 0% 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Material Moving Workers, All Other 0% 0% 0% 0% 0% 0% 5% 82% 0% 0% 0% 0% 0% 12% 0% 0% 1% 0% 0% 0%
Hoist and Winch Operators 0% 0% 0% 0% 0% 0% 0% 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Laborers and Freight, Stock, and Material Movers, Hand 0% 0% 0% 2% 12% 16% 16% 26% 0% 0% 1% 1% 0% 20% 0% 2% 0% 0% 2% 1%
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Summary of Report  
Earthquake Risk Study for Oregon's Critical Energy Infrastructure Hub  

 
Six magnitude 5 or higher earthquakes have occurred within the Portland metropolitan area in 

the past 150 years. The Cascadia Subduction Zone has produced more than 40 large magnitude 

earthquakes in the past 10,000 years. The most recent occurred on January 26, 1700 with an 

estimated magnitude 9. These occurrences and extensive scientific understanding of seismic 

processes indicate that it is not a question of if Oregon will experience a catastrophic earthquake, 

but when it will occur. 

 

Oregon’s critical energy infrastructure (CEI) Hub is located in an area with significant seismic 

hazard. Significant liquid fuel, natural gas and electrical infrastructure and facilities are situated 

in this relatively small area in Portland. The CEI Hub covers a six-mile stretch on the lower 

Willamette River located between the south tip of Sauvie Island and the Fremont Bridge on US 

Highway 30. The energy sector facilities in the CEI Hub include: 

 

 All of Oregon’s major liquid fuel port terminals 

 Liquid fuel transmission pipelines and transfer stations 

 Natural gas transmission pipelines  

 Liquefied natural gas storage facility 

 High voltage electric substations and transmission lines 

 Electrical substations for local distribution 

 

More than 90 percent of Oregon’s refined petroleum products come from the Puget Sound area 

of Washington State. Oregon imports the product by pipeline and marine vessels to the CEI Hub 

before it is distributed throughout Oregon to the end user. One large consumer is the Portland 

International Airport. In addition, much of NW Natural’s natural gas passes through the CEI 

Hub. A high voltage electrical transmission corridor crosses the area as well as supplies 

distribution for this area.  

 

 
Site map of the Critical Energy Infrastructure (CEI) Hub on the western bank of the Lower 

Willamette River area in NW Portland, Oregon. The CEI Hub, outlined in red, stretches for six 

miles. (Google Earth) 
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Oil terminals in the CEI Hub. (DOGAMI photo) 

 

Earthquake Risk Study for Critical Energy Infrastructure Hub 

The Oregon Department of Geology and Mineral Industries (DOGAMI) conducted an 

earthquake risk study on Oregon’s CEI Hub as part of the Oregon Energy Assurance Project 

(EAP) with Oregon Department of Energy (ODOE) and Public Utility Commission of Oregon 

(OPUC). The study focuses on a large-magnitude Cascadia earthquake which because of 

widespread shaking and vulnerable infrastructure poses a high risk to the health and safety of 

Oregonians and the region’s economy. The study identifies and defines the CEI Hub area, 

assesses the seismic hazards and identifies the vulnerabilities of the petroleum (liquid fuel), 

natural gas, and electric energy facilities in the CEI Hub.   

 

Oregon’s Natural Hazards 

Oregon has numerous natural hazards. These range from high probability (fires) to low 

probability (volcanic eruptions). Earthquakes are considered to have a moderate probability 

because earthquakes in Oregon are rare. The earthquake vulnerability score for Oregon, 

however, is very high because a vast majority of Oregon’s existing infrastructure has been 

designed and constructed without seismic resistance considerations. The earthquake consequence 

score is also very high because damage will likely be widespread and, in many places, severe. 

Finally, the earthquake overall risk score is very high because when a major earthquake occurs, it 

will likely result in a high loss of life, economic damages and long-term impacts. 

 

 
Cascadia seismic source is Oregon’s most threatening fault and can produce a magnitude 9 

earthquake and accompanying coastal tsunami waves. (DOGAMI) 
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Energy Facilities in the CEI Hub 

A significant portion of Oregon’s electricity, natural gas, and fuel oil infrastructure is 

concentrated in the CEI Hub (a six-mile stretch in the lower Willamette River located between 

the south tip of Sauvie Island and the Fremont Bridge on US Highway 30). A magnitude 8 or 9 

Cascadia Subduction Zone earthquake would impact the CEI Hub with: 

 Ground shaking 

 Liquefaction (soil behavior phenomenon in which a saturated sand softens and loses 

strength during strong earthquake ground shaking) 

 Lateral spreading (where surficial soil permanently moves laterally due to earthquake 

shaking) 

 Landslides 

 Co-seismic settlement (where the ground surface is permanently lowered due to seismic 

shaking) 

 Bearing capacity failures (when the foundation soil cannot support the structure it is 

intended to support) 

In addition, secondary seismic hazards could be initiated and include: 

 Seiches (waves that oscillate in water bodies often initiated by ground shaking) 

 Fire 

 Hazardous material releases, including by sloshing of liquid agitated by ground shaking 

 

Liquefaction and lateral spreading hazards are of primary concern to the oil terminals that handle 

Oregon's fuel supply. The CEI Hub is adjacent to the Willamette River and has extensive 

deposits of highly liquefiable soils. These soils (made of sands, silts, gravels and clays) have 

been naturally deposited by river activity as well as been created from man-made activities, such 

as hydraulically placed material from river dredging or debris placed as landfill. For this reason, 

DOGAMI performed ground deformation analyses to better understand the nature of the hazard 

and the possible mitigation needs. A section on the deformation analyses is included in this 

study. Tsunamis are expected to damage the coastal areas, including ports along the coast and 

Columbia River mouth, but are not expected to cause significant damage in the Portland 

waterways. 

 

DOGAMI staff and others visited all relevant energy companies with facilities in the CEI Hub. 

DOGAMI and ODOE staff conducted site visits at these petroleum facilities: BP, Chevron, 

ConocoPhillips, KinderMorgan (KM) fuel terminals and KM pipeline, McCall Oil, Nustar, and 

Shell. The fuel facilities often include: transmission and distribution pipelines, piers or wharves, 

tank farms, loading racks, control buildings, electric distribution equipment, and many other 

components. The liquid fuel transmission system includes gate stations, and transmission and 

distribution pipes at the Columbia and Willamette river crossings. DOGAMI and OPUC staff  

also conducted site visits of natural gas and electrical facilities owned by NW Natural, Portland 

General Electric, and the Bonneville Power Administration (BPA).  

 

General Findings 

The CEI Hub facilities have infrastructure that ranges from about 100 years old built to no or 

very antiquated standards to new infrastructure built to the current state-of-practice standards. 

Because of the wide range of ages and associated construction practices, the seismic 
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vulnerability of the facilities also spans a wide range. Based on visual observations, engineering 

judgment and limited information from the facility operators, major seismic vulnerabilities exist 

in the CEI Hub. The vast majority of the facilities are constructed on soils susceptible to 

liquefaction. Some critically important structures appear to be susceptible to significant damage 

in a major earthquake. In addition, DOGAMI discovered that older building codes and practices 

did not adequately address many non-building structures that exist in the CEI Hub, such as tanks, 

pipes, and piers. One explanation is because non-building structures typically hold few, if any, 

people and the focus of the building code has traditionally been on life safety. Current building 

codes do not adequately address the seismic deficiencies in existing CEI Hub facilities. The 

expected length of time to resume services after a Cascadia earthquake has not been evaluated by 

any company except BPA.  

 

Sector Specific Findings 

Liquid Fuel  

Liquid fuel pipeline: The CEI Hub petroleum facilities receive liquid fuel via two methods: 1) 

the liquid fuel transmission pipeline, and 2) marine vessels. The transportation method and 

amounts vary due to product need, transportation costs, weather and other conditions. The liquid 

fuel pipeline was largely constructed in the 1960s when the regional seismic hazards were 

unknown and state-of-practice construction techniques at that time did not include any reference 

to seismic standards. The regional seismic hazards are now known to be significant and the soils 

at the river crossings are susceptible to liquefaction and lateral spreading. The 1960s vintage 

pipeline design did not consider ground movements from lateral spreading at river crossings or 

the stresses to the pipelines induced by earthquakes that may cause pipe damage and multiple 

breaks. A pipe break would have a significant impact on all of the petrochemical facilities in the 

CEI Hub and could result in a statewide fuel shortage.  

 

Shipping channel: The navigational channel from the Columbia River mouth to the lower 

Willamette River is used to transport fuel by marine vessels. The Columbia River mouth is 

expected to have tsunami damage and the channel is expected to experience slope failure, which 

would close the channel to traffic. It is possible that bridges and other river crossings, such as 

buried gas pipelines and electrical crossings, would be damaged and temporarily block the 

waterway. Closure of the shipping channel would prevent marine vessels from delivering liquid 

fuel as well as emergency response and recovery equipment from being delivered. 

 

Marine terminals: All of the port facilities in the CEI Hub have significant seismic risks due to 

liquefaction, lateral spreading, and seiches. Some older piers were constructed without any 

seismic protection, have deteriorated, and are likely to fail in even a moderate earthquake. If oil 

products are released and contaminant the navigable waterway, the waterway may be closed to 

river traffic thus impeding emergency response activities as well as the supply chain. The local 

capacity to fight fires and clean hazardous material spills is limited.  

 

Fuel supply: Only three existing tanks are known to have addressed liquefaction vulnerabilities. 

The fuel terminals in the CEI Hub on average have a three to five day supply in the tank farms 

for regular unleaded gasoline and diesel fuel. Premium gasoline is subject to the daily delivery 

and heavily dependent on whether the intercompany pipeline on Front Avenue is operational. If 

the supply chain is disrupted by pipe breaks north of the CEI Hub and closure of the shipping 
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channel to the west, fuel would quickly become scarce. Options to transport fuel from the east 

and south and by air are very limited.  

 

Portland International Airport (PDX): PDX airport receives 100 percent of their liquid fuels from 

a terminal in the CEI Hub. PDX has a limited on-site fuel supply. If the pipeline between the CEI 

Hub and PDX fails, then PDX would likely experience a shortfall and operations would be 

impacted.  

 

 
Left: Lateral timber bracing for steel plumb piles in the CEI Hub is considered inadequate by 

California’s MOTEMS standards. (DOGAMI photo) Right: An example of a damaged pier in the 

2010 Chile earthquake (Technical Council on Lifeline Earthquake Engineering – TCLEE, 2010) 

 

 
This under-designed oil terminal pier foundation (left) in area with high susceptibility for 

liquefaction and lateral spreading in the CEI Hub and the poor timber-to-concrete oil terminal 

pier connection and exposed rebar foundation (right) in the CEI Hub are considered inadequate. 

(DOGAMI photo) 
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The connection on this pier in the CEI Hub appears to have deteriorated due to a split in the 

timber beam. This type of damage suggests that the condition of the structure may not be 

routinely monitored and maintained and that the overall pier is seismically vulnerable. 

(DOGAMI photo) 

 

 
The approach (foreground) to the 1966 Astoria-Megler Bridge that spans the Columbia River 

has major structural deficiencies that could lead to a collapse following an earthquake. 

Damaged bridge sections could block waterway access to the CEI Hub. (DOGAMI photo) 

 

Natural Gas  
Natural gas: Oregon's largest natural gas service provider receives the majority of their natural 

gas from pipelines that cross under the Columbia River both near Sauvie Island and also  

between Washougal, Washington and Troutdale, Oregon. One of the natural gas pipelines 

crosses under the Willamette River at Multnomah Channel near their gate station at the southern 

end of Sauvie Island. The soils at these river crossings are subject to liquefaction and lateral 

spreading, the pipes are 1960s vintage and constructed without seismic design provisions, and 

the consequences of potential pipe failures could be major for natural gas service territories and 

Oregon. The natural gas company’s storage capacity is limited and pipe breaks could lead to a 

natural gas shortfall in the state as well as explosions or fires.  

 

Electricity 
Electrical facilities: Electrical facilities and systems have significant seismic risk due to ground 

shaking and ground failure, including liquefaction and lateral spreading. Seismically vulnerable 
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facilities include substations and transmission in the CEI Hub as well as facilities outside of the 

CEI Hub, including power plants, substations and transmission lines, all which are important for 

distribution.  

 

Major vulnerabilities in the CEI Hub include the control buildings, transformers and other 

electrical equipment in yards at the substations, and transmission towers near the Willamette 

River. Damage is likely to occur to both the transmission system and the distribution system in 

the CEI Hub. Damage to the electrical grid will likely result in a blackout in the CEI Hub and 

elsewhere.   

 

BPA: Bonneville Power Administration (BPA) has conducted a comprehensive seismic 

vulnerability study of their system and has had a long-term seismic mitigation program in place 

since 1993. BPA’s long-term seismic mitigation program includes 1) investment protection (e.g. 

anchoring transformers), and 2) power system recovery of critical paths (e.g. hardening of 

equipment at one of multiple bays within a major substation). The first phase of BPA's 

mitigation program includes bracing and restraining critical equipment and seismically 

upgrading critical building facilities west of the Cascade Range. Seismic strengthening in the 

substation yard would typically include: anchoring high-voltage power transformers; bracing 

transformer conservators and radiators; replacing seismically vulnerable live tank circuit 

breakers with more robust dead tank circuit breakers; adding damping systems to existing live 

tank circuit breakers; hardening transformer bushing storage facilities; replacing rigid bus 

connections with flexible bus. These mitigation techniques will improve the reliability of seismic 

performance. Additional phases of the seismic mitigation program will include facilities east of 

the Cascade Range. 

 

BPA has a critical 115 kV and 230 kV high voltage transmission river crossing in the CEI Hub 

as well as a substation. At the substation in the CEI Hub, some of the high-voltage equipment 

had been anchored and braced to withstand earthquake motions. BPA is in the process of 

conducting seismic strengthening of the control building and equipment inside the control 

building (e.g., brace computer floors, control cabinets, battery racks, ceiling, pipes, etc) and 

additional mitigation in the yard. BPA has conducted subsurface, liquefaction and lateral 

spreading analyses at one of the transmission tower sites at the Willamette River crossing and 

concluded severe ground movement up to 25 feet towards the river channel is possible. Until 

mitigated, it is likely that at least two transmission towers would experience extensive damage, 

be inoperable, require repair or replacement, and power lines could temporarily block river 

traffic, including the pathway to the oil terminals. The BPA transmission towers at the 

Willamette River crossing are scheduled to be seismically analyzed, have a seismic mitigation 

design completed in 2013, and be mitigated by 2014. 

 

Recent unpublished BPA Cascadia earthquake scenario studies of the existing transmission line 

system indicate that their main grid would require between 7 and 51 days to make emergency 

damage repairs to the transmission line system (Oregon and Washington) from a magnitude 9 

Cascadia earthquake. This scenario assumes many ideal conditions (BPA employees and 

contractor resources are immediately available, all roads and bridges are passable, available fuel, 

etc), which is optimistic.  
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Left: These high voltage electrical transmission towers are built on a river bank in the CEI Hub 

susceptible to lateral spreading. (DOGAMI photo) Right: Structural damage to a high voltage 

transmission tower located at a river crossing in 2010 Chile earthquake (Technical Council on 

Lifeline Earthquake Engineering – TCLEE) 

 

Impacts to Oregon 

Based on visual observations, engineering judgment, limited analyses, and limited information 

from the facility operators, city records, and available literature, significant seismic risk exists in 

the CEI Hub. Some critically important structures appear to be susceptible to significant damage 

in a major earthquake with catastrophic consequences. Multiple liquid fuel transmission pipe 

breaks and natural gas transmission pipe breaks are possible. Damage to liquid fuel, natural gas, 

and electrical facilities in the CEI Hub is likely. The waterway would likely be closed and 

require clean up.   

 

Due to a combination of the existing seismic hazards, vulnerability of the exposed infrastructure 

and potential consequences, Cascadia earthquakes pose substantial risk to the CEI Hub and to 

Oregon. Not only are the energy sector facilities in the CEI Hub dependent on other sectors and 

systems in Oregon, including transportation and communication, they are interdependent upon 

each other. A major Cascadia earthquake and tsunami would likely produce an unprecedented 

catastrophe much larger than any disaster the state has faced. 

 

Western Oregon will likely face an electrical blackout, extended natural gas service outages, 

liquid fuel shortage, as well as damage and losses in the tens of billions of dollars in a future 

major Cascadia earthquake. Preparing for a catastrophic disaster to become more resilient is 

needed to improve personal safety and security, and safeguard communities and businesses. 

 

Recommendations 

The most critical call-to-action that DOGAMI has concluded from this study of the CEI Hub is 

this: Energy sector companies must pro-actively integrate seismic mitigation into their 

business practices for Oregon’s energy sector to adequately recover from a magnitude 8.5 to 9 

Cascadia earthquake in a reasonable time period. 

 

Although energy sector companies have made efforts to prepare for seismic events, such as 

through emergency planning and complying with the current building codes, these efforts are 
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limited and a timely restoration of energy sector services is questionable. As discussed in the 

Summary of Findings section, only one company has completed comprehensive seismic 

vulnerability assessments and instituted seismic mitigation plans. Energy sector companies must 

make earthquake mitigation an integral part of their overall business plan. This is not only 

prudent for the impact a large magnitude Cascadia earthquake would have on Oregonians and the 

environment; it is good business continuity management. Oregon homes, businesses and 

industries depend upon reliable energy sources. Liquid fuel, natural gas and electricity are 

critical to our economy, environment and everyday existence, and the energy sector must do 

more in order to assure those services and products in the event of a large earthquake.  

 

In order for the energy sector to pro-actively integrate seismic mitigation into their operations, 

DOGAMI makes these four recommendations to both private and public energy sector 

stakeholders: 

 

1. Energy sector companies should conduct Seismic Vulnerability Assessments on all of 

their systems or facilities, and should work with the appropriate local, state, tribal and 

federal government agencies and stakeholders to achieve timely completion of the 

assessments to understand existing vulnerabilities.  

2. Energy sector companies should institutionalize long-term seismic mitigation programs; 

and should work with the appropriate local, state, tribal and federal government agencies 

and stakeholders to achieve timely and effective mitigation to ensure facility resilience 

and operational reliability. 

3. The State of Oregon's Homeland Security Council should review the vulnerability and 

resilience of the energy sector to earthquakes and other natural disasters within the scope 

of their mission. This could involve the EAP partners (ODOE, OPUC, and DOGAMI) as 

well as ODOT, Building Codes Division, and the Oregon Seismic Safety Policy Advisory 

Commission (OSSPAC).   

4. Energy sector companies and the State of Oregon should build Oregon’s seismic 

resilience to a Cascadia earthquake. Adopting pro-active practices and a risk 

management approach will help achieve seismic resilience. Encouraging a culture of 

awareness and preparedness concerning the seismic vulnerability of the energy sector 

including long range energy planning should be conducted.   

 

 
Emergency batteries, as well as other components such as generators and communication 

devices, should be braced or anchored to a withstand Cascadia earthquake. (DOGAMI photo) 
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Photo shows the front view of an existing transformer with seismic anchorage including steel 

cross bracing as mitigation. (Photo: Leon Kempner) 

 

The length of time to resume services after a Cascadia earthquake should be evaluated by each 

energy company to establish a baseline understanding, and improvements to achieve a 

satisfactory service level should be made. Improvements, for example, can involve adding stone 

columns to strengthen the ground against liquefaction-related damage and anchoring power 

transformers to prevent sliding-related damage.  

For the EAP, DOGAMI developed the resilience triangle graph with the resilience triangle 

shown in green. (See figure) The basic principle of the resilience triangle is that the smaller the 

triangle, the higher the resilience. Higher resilience requires minimal reductions in critical 

lifeline services after a disaster, speedy recovery of those services, and an overall improved 

service level as a result of rebuilding damaged systems and implementing better systems.  The 

resilience triangle diagram indicates that Chile and Japan have high levels of earthquake 

resilience on the basis of their performance after the 2010 magnitude 8.8 earthquake in Chile and 

2011 magnitude 9.0 earthquake in Japan (notwithstanding the nuclear energy issues). At the 

current stage, Oregon's energy sector has low resilience and is expected to have significant loss 

of energy sector services and a slow recovery time.  

Funding is essential to increase Oregon’s seismic resilience in the energy sector, and to:  

 

 Pay for assistance and oversight to compel private sector companies into action to 

conduct Seismic Vulnerability Assessments and implement seismic mitigation programs 
 Support an effective Homeland Security Council on energy security preparedness 
 Build the State of Oregon’s energy resilience 

 Increase Oregonians’ awareness of the effect of a Cascadia earthquake on energy 

availability 
 

As part of this project, DOGAMI and EAP partners promoted seismic awareness of Oregon’s 

critical energy infrastructure. We developed productive relationships with other state agencies, 

federal agencies, energy sector companies, associations, emergency response organizations and 

other major stakeholders regarding seismic preparedness. We conducted table-top exercises and 
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outreach and have more planned with energy companies and associations. The EAP partners 

have made more than 60 presentations to various stakeholders during the duration of this study.  

 

 
Resilience Triangle (modified from MCEER) 

 

These efforts were minimal, however, considering the task at hand. In order to build resilience in 

Oregon's energy sector, it is necessary to increase awareness on the risk to the energy sector and 

Oregonians from a Cascadia earthquake. There needs to be a cultural shift by Oregonians to 

become an earthquake-prepared culture. The energy sector must demonstrate transparency and 

accountability concerning Cascadia earthquake preparedness activity. 

 

This study has demonstrated that Oregon’s CEI Hub is vulnerable to a Cascadia earthquake, and 

that such an earthquake will impact our supply and sources of liquid fuel, natural gas and 

electricity throughout Oregon.  

 

Oregonians should heed this study’s findings, that: 

 

 A Cascadia earthquake will occur. 

 Oregon’s CEI Hub – where critical energy infrastructure is located in a six-mile stretch 

of land – is vulnerable to a Cascadia earthquake. 

 Oregon’s resilience to a Cascadia earthquake is low. 

 Energy sector companies must adopt best practices and pro-actively integrate seismic 

mitigation efforts into their business operations to prepare their facilities and systems to 

absorb and recover from a Cascadia earthquake and to sufficiently restore critical 

electric, natural gas and liquid fuel services to Oregon homes, businesses and industries 

in a reasonable time period. This has not happened to date, as this study has shown.  

 More stringent oversight authority on seismic preparedness in the energy sector (liquid 

fuel, electricity and natural gas) may be needed. 
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Section 1 
Introduction 

 

 

The Oregon Department of Geology and Mineral Industries (DOGAMI) conducted an 

earthquake risk study of Oregon’s Critical Energy Infrastructure (CEI) Hub in Portland, Oregon. 

This study was conducted as part of a larger U.S. Department of Energy (DOE)-funded Energy 

Assurance Project (EAP) conducted by the Oregon Department of Energy (ODOE), Public 

Utility Commission of Oregon (OPUC) and DOGAMI. More information on the EAP project is 

at http://www.oregon.gov/ENERGY/Recovery/Funding.shtml#Energy_Assurance_Planning, 

including the Oregon Energy Assurance Plan 

http://www.oregon.gov/ENERGY/docs/OregonStateEnergyAssurancePlan.pdf.  

 

Background 
Oregon is exposed to many natural hazards, including earthquakes, volcanoes, floods, landslides, 

and more. These hazards have varying characteristics, including frequency of occurrence and 

severity of possible damage and impact. For example, severe winter storms can occur every few 

years and sometimes as often as several times per year. Because of technological advances in 

weather forecasting, these storms typically have several days of advance warning. They typically 

have limited fatalities (e.g., tens of fatalities or fewer) and can result in flooding, landslides, and 

downed trees that impact communities, roads, and electrical service to a limited portion of the 

state. The economic impact can reach hundreds of millions of dollars.  

 

In contrast, major earthquakes rarely occur, but there are no systems that allow for days or hours 

of advance warning of earthquakes. Major earthquakes in urban areas would likely result in more 

damage than winter storms because the existing building inventory has many seismically 

deficient buildings that were constructed before modern seismic building codes.  

 

The most likely major earthquake to occur in Oregon is on the Cascadia Subduction Zone, which 

is an earthquake fault at the boundary of the Juan de Fuca and North American plates. The next 

Cascadia earthquake could be as large as a magnitude 9.2, which would shake a substantial 

portion of the Pacific Northwest and create a tsunami that would flood low-lying coastal areas. 

Although a magnitude 8 or higher Cascadia earthquake is an infrequent event, it would likely 

result in thousands of fatalities and widespread, devastating damage throughout western Oregon. 

The consequences from a major Cascadia earthquake would be much greater and farther 

reaching than any other natural hazard in Oregon. DOGAMI focused its study on a Cascadia 

earthquake of magnitude 8 or higher because of the potential consequences to the state of 

Oregon. Specific information on Oregon’s hazards is included in Section 2: Characterization of 

Oregon's Natural Hazards and Section 4: Seismic Hazards in the CEI Hub. 

 

Oregon's energy sector will be among many severely impacted  industries after a major Cascadia 

earthquake. The energy sector involves the petroleum, natural gas and electricity industries. Each 

energy industry is a network. The petroleum supply chain involves oil resource development, oil 

refineries and distribution systems that include fuel terminals with products as well as multiple 

modes of transportation. Likewise, the natural gas supply chain involves resource development, 

processing and distribution systems. The electricity supply chain involves generation, 

http://www.oregon.gov/ENERGY/Recovery/Funding.shtml%23Energy_Assurance_Planning
http://www.oregon.gov/ENERGY/docs/OregonStateEnergyAssurancePlan.pdf
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transmission and distribution. For Oregon to have a secure and stable energy supply, energy 

sector industries must ensure a resilient supply chain during normal operations as well as during 

extreme conditions, including a Cascadia earthquake.  

 

This study evaluates seismic hazard, vulnerability, risk and resilience in the CEI Hub.  These 

concepts have varying meanings among earth scientists, engineeres and social scientists, so for 

the purposes of this report, we define them as follows: 

 

 Seismic Hazard: The combination of the severity of damaging seismic effects (shaking, 

liquefaction, landslides) at a particular location with the frequency with which those 

effects occur at that location.  A very large earthquake that is very rare poses a small 

seismic hazard, as do very frequent but very small earthquakes.  High levels of seismic 

hazard result from the combination of relatively frequent and relatively large earthquakes.  

Sesimic hazard is a function of the size and frequency of the earthquake, its location 

relative to the site in question, and geologic conditions at the site. 

 Seismic Vulnerability: The degree to which a particular structure or system is likely to 

sustain damage when exposed to a particular level of damaging seismic effects like 

shaking, liquefaction or landsliding.  Seismic vulnerability is an intrinsic characteristic of 

the structure or system. 

 Seismic risk: The combination of seismic hazard affecting an area, the vulnerability of 

the structures and systems in that area, and the consequences of failure of those structures 

and systems. 

 Seismic Resilience: The ability of a structure, system or community to recover from a 

damaging earthquake.  Resilience includes not only the resistance of the system to initial 

damage, but also the ease and speed with which it can be brought back into service after 

the event.  

 

Objective 
This purpose of this study is to better understand the vulnerabilities of the energy sector when it 

is confronted with a magnitude 8 or larger Cascadia earthquake. This risk study focuses on 

Cascadia earthquakes because a large magnitude Cascadia earthquake poses the highest risk of 

all natural hazards to the state of Oregon (Wang, 2008).  

 

Study goals were to:   

 Characterize Oregon's natural hazards by developing qualitatively-derived risk scores to 

estimate the scale of potential disasters,  

 Better understand CEI facility operations and learn about site conditions, structures, and 

components as well as the systems and interdependencies,  

 Describe some of the potential critical seismic vulnerabilities in the energy sector, and 

 Offer recommendations to improve energy sector resiliency to minimize earthquake 

impacts. 
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Use of this Study 
This report provides information to help encourage a seismically resilient energy sector  and 

protect Oregonians in the event of a future Cascadia earthquake. It can be used to develop 

scenarios, demonstrate objectives, and determine extent-of-play for table-top exercises. The 

findings in this report can be applied to the development of mitigation, response, and recovery 

strategies in the Oregon State Energy Assurance Plan and Energy Sector-Specific Emergency 

Response Plans.  The findings can also be used in Oregon resilience planning efforts directed by 

the Oregon Seismic Safety Policy Advisory Commission (OSSPAC).  

 

Scope of Work 
DOGAMI was tasked to determine seismic hazard and risk information of critical energy 

facilities in Oregon in an intra-governmental agreement with OPUC. DOGAMI did not perform 

detailed seismic vulnerability assessments of any specific facility, system or asset. 

 

Although DOGAMI had conducted previous studies on Oregon earthquake resilience, including 

Wang 1999, Wang 2008, and Wang 2010a, these studies did not focus on the energy sector. 

Because there were many unknowns involving the energy sector, DOGAMI's approach was to: 

1) gather information and learn about the state’s energy systems; 2) characterize Oregon's natural 

hazards and its impacts on the energy sector; 3) conduct scoping studies; 4) perform document 

reviews; 5) collect input and expert opinions from a wide range of professionals (see Section 8: 

Acknowledgements); 6) conduct visual screening assessments; and 7) perform our own state-of-

practice engineering studies.   The goal was to evaluate the overall vulnerability of the energy 

sector to damage at the CEI Hub from a magnitude 8 or larger Cascadia earthquake.  

 

From these activities, DOGAMI created a natural hazard risk matrix based on the natural hazards 

recognized by the State of Oregon’s Natural Hazard Mitigation Plan. DOGAMI also defined the 

CEI Hub project study area as the six-mile stretch of the lower Willamette River located between 

the south tip of Sauvie Island and the Fremont Bridge on US Highway 30. (Figure 1) The project 

entailed assessing the seismic hazards of the CEI Hub, identifying the major energy sector 

facilities in the CEI Hub, and surveying their seismic vulnerabilities.  

 

DOGAMI staff conducted a review of building codes to help assess the vulnerability of the 

structures in the CEI Hub.  DOGAMI conducted site visits to all major energy sector facilities in 

the CEI Hub (Figure 1) as well as several facilities outside of the CEI Hub. In each case, the 

facility's operator accompanied DOGAMI to visually survey their facilities, which is discussed in 

the following section: Study Methods. 
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Figure 1:   Site map of the Critical Energy Infrastructure (CEI) Hub on the western bank of the 

Lower Willamette River area in NW Portland, Oregon. The CEI Hub, outlined in red, stretches 

for six miles. (base map: Google Earth) 

 

DOGAMI also partnered with academic earthquake professionals to co-conduct a statewide 

economic study focusing on energy sector interdependencies (Appendix A) as well as a ground 

deformation analysis for this project (Appendix B). These studies provide specialized technical 

information that is useful towards meeting the study objective.   

 

As a result, this earthquake risk study provides generalized information on the seismic hazard, 

the exposed facilities, consequences of the seismic hazards to the exposed facilities, and key 

findings and recommendations to make the energy systems more resilient to earthquake impacts.  

The term "risk" is defined herein as a function of the threat of seismic hazard, the vulnerability of 

the exposed parts, and the severity of the consequences.  Sections 4 and 5 of this report address 

the seismic hazards and seismic vulnerability of the exposed facilities in the CEI Hub. Section 6 

starts with a discussion of consequences to help illustrate the concept, then addresses the 

conditions involving seismic risk in the CEI Hub, and ends with discussing impacts to Oregon. 

This information will allow the energy industry and decision-makers from all levels of 

government to collaborate on strategies to rapidly recover from a major disaster, and to protect 

public health and safety, the environment, and the region’s economy.   
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Study Methods 
The project method involved assessing the seismic hazard in the CEI hub area posed by a 

Cascadia earthquake (Section 4 of this study). Although local crustal faults exist in the CEI Hub, 

only the Cascadia fault was evaluated based on its higher probability of occurrence, many 

seismic hazards and high risk (Sections 2 and 4 of this study). Many seismic hazards were 

considered, which included ground shaking, soil susceptibility to earthquake-induced 

liquefaction, lateral spreading, landslides, and co-seismic settlement.  Since liquefaction and 

lateral spreading hazards are the primary concerns, especially to the waterfront facilities, we co-

conducted a ground deformation analyses to better understand the nature of the hazards and the 

possible mitigation needs.  

 

DOGAMI reviewed the building code environment for facilities in the CEI Hub to determine the 

design conditions of the facilities. Building codes set forth minimum standards on new 

construction and for certain major changes. Building codes are frequently upgraded to reflect 

new design knowledge including seismic hazards. These codes play a vital role in the seismic 

robustness of structures. If the code requires a high level of seismic design, then the new 

structure is designed and built to resist seismic forces. In contrast, if past codes call for seismic 

design levels that are significantly lower than the levels in the current code, then those structures 

may be seismically deficient.  
 

The EAP partners, which include staff from DOGAMI, ODOE, and OPUC, assessed the seismic 

vulnerability of CEI Hub facilities through a series of site visits and meetings. Key individuals 

are listed in Table 1 and contributors are listed in the acknowledgements (Section 8). The EAP 

assessments included on-site facility visits in the CEI Hub to meet with the operators and tour 

their facilities, as well as viewing facilities by boat and aerial reconnaissance.  A few site 

assessments were conducted at facilities outside of the CEI Hub. DOGAMI co-organized two 

boat tours with the City of Portland and invited key stakeholders including Oregon leadership 

(director of Oregon Emergency Management, representative from Senate President's office), 

FEMA and EAP partners.  DOGAMI, OPUC and Oregon Department of Transportation (ODOT) 

also conducted aerial reconnaissance with the Civil Air Patrol covering the CEI Hub to the 

Columbia River mouth to consider emergency response options using the Columbia River 

waterway.  

 

Table 1: List of Key Individuals: EAP Partners and Stakeholders 

EAP partners 
Oregon Department of Energy  
Deanna Henry 
Emergency Preparedness Manager 
Nuclear Safety & Energy Emergency Preparedness Division 
 
Oregon Department of Energy  
Rebecca O'Neil 
EAP Project Manager 
Senior Policy Analyst, Energy Technology Division 
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Table 1: List of Key Individuals: EAP Partners and Stakeholders (cont) 

Public Utility Commission of Oregon 
J. R. Gonzalez, P.E. (former) 
Administrator 
Safety, Reliability and Security Division 
 
Public Utility Commission of Oregon 
Rick Carter 
Senior Utility Analyst 
Emergency Management-Disaster Response and Recovery 
Safety, Reliability and Security Division 
 
Public Utility Commission of Oregon 
Immanuel Runnels (former) 
Utility Analyst, Intern  
 
EAP stakeholders 
Bonneville Power Administration   
Leon Kempner 
Structural Engineer 
 
BP 
Jim Swatman 
Portland terminal manager 
US Pipelines and Logistics 
 
Chevron 
Jerry Henderson 
Willbridge terminal manager 
 
ConocoPhillips  
Tom Lyons  
Portland terminal manager 
Scott Edwards 
Division Engineer, West Coast Terminals, Transportation Pipelines and Terminals 
Rafael Rengifo 
Tank Integrity Initiatives Lead 
 
Kinder Morgan  
Greg Westling, Area manager- Willbridge/Linnton Terminals 
Ron Lown, Eugene Terminal, Lead Operator 
 
McCall Oil  
Ted McCall, Portland terminal owner 
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Table 1: List of Key Individuals: EAP Partners and Stakeholders (cont) 

NuStar Energy LP  
Ricky Hudiburgh 
Portland terminal manager 
 
NW Natural 
Grant M. Yoshihara 
Vice President, Utility Operations & Chief Engineer 
Jon Huddleston 
Director, Deliver Gas Process 
Kerry Shampine,  
Manager, Engineering Services 
Robbie Roberts  
Security Specialist, Business Continuity & Corporate Security 
 
Olympic PipeLine Company  
Kurt Hayashida 
Lead Engineer 
Jim Fraley Jr. 
Damage Prevention Team Lead 
 
Pacificorp  
Jack Vranish 
Director, Asset Risk and Strategy 
Debbie Guerra 
Director, T&D Dispatch, Emergency Management 
 
Portland General Electric (PGE)  
Bill Nicholson 
Vice President Distribution 
Dave Ford 
Director, Business Continuity and Emergency Management 
Dave VanBossuyt (retired) 
General Manager Southern Region 
Todd Jones 
Civil Engineer, Substation Engineering 
 
Shell 
Mario Berrios 
Operations Supervisor Portland - Tumwater Terminals  
Billy Powell 
 Regional Response Manager, HSE Emergency Management 
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Table 1: List of Key Individuals: EAP Partners and Stakeholders (cont) 

Williams Northwest Pipeline 
George Angerbauer 
Manager of Public Outreach 
Troy Robey 
Assistant District Manager, Battle Ground District 

 

Assessment of the energy sector facilities in the CEI Hub included:  

 

 All of Oregon’s major liquid fuel port terminals  

 Liquid fuel transmission pipelines and transfer points  

 Liquefied natural gas (LNG) facility  

 High voltage electric substation and transmission lines 

 

Assessment of energy facilities outside the CEI Hub included:  

 

 Four electrical substations  

 Two power plants (Port Westward and Beavers in Western Oregon (Columbia County) 

 A natural gas gate station on Sauvie Island 

 A liquid fuel terminal in Eugene 

 

ODOE organized site visits at these petroleum facilities: BP, Chevron, ConocoPhillips, 

KinderMorgan (KM) fuel terminals and KM pipeline, McCall Oil, Nustar, and Shell. Site visits 

were also conducted at Bonneville Power Administration (BPA), NW Natural, Portland General 

Electric (PGE), and Williams Northwest Pipeline. We did not visit any PacifiCorp facilities as all 

are located outside the CEI Hub.  

 

DOGAMI reviewed US Coast Guard (USCG) inspection protocols for port facilities with 

petroleum terminals.  Because USCG inspections of the Portland fuel terminals do not include a 

seismic component, the EAP partners worked with the California State Lands Commission to 

look at how California addresses seismic issues at port facilities with fuel terminals. With help 

from Martin Eskijian, Supervisor, Engineering Branch Marine Facilities Division from the 

California State Lands Commission (retired in 2011) and his staff, the EAP partners reviewed 

parts of the Marine Oil Terminal Engineering and Maintenance Standards (MOTEMS), which is 

implemented and enforced by California State Lands Commission that incorporates seismic 

safety http://www.slc.ca.gov/Division_Pages/MFD/MOTEMS/MOTEMS_Home_Page.html.  

 

The EAP partners joined MOTEMS staff on two oil refinery inspections in Richmond and 

Benecia, California, as well as observed a MOTEMS regulatory review meeting with a 

petroleum company at the MOTEMS office in Hercules, California. DOGAMI and ODOE, with 

the assistance of MOTEMS staff engineer Kendra Oliver at four of the Portland fuel terminals, 

conducted site visits to inspect the piers and the wharves used for transporting liquid fuel in the 

CEI Hub. 

 

http://www.slc.ca.gov/Division_Pages/MFD/MOTEMS/MOTEMS_Home_Page.html
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A significant part of the project involved identifying key stakeholders for all the energy sectors 

as well as government agencies and other stakeholders. These are listed in Table 2. Many other 

individuals provided their expertise upon request. These individuals are listed in Section 8: 

Acknowledgments.  The EAP partners provided EAP information to the energy sector, as well as 

the public, at many meetings and through a variety of media in order to build awareness. For this 

report, the names of the companies have often not been identified, and in places, replaced with 

"unnamed". Furthermore, the location of their facilities in the CEI Hub have not been pinpointed. 

This action was taken to promote participation from privately-owned energy sector operators 

while respecting their privacy when obtaining seismic vulnerability data associated with their 

facilities. 

 

Table 2:  List of stakeholders in this Earthquake Risk Study for Critical Energy Infrastructure 

Hub. 

Private sector 
fuel 

stakeholders 

Private sector 
electricity 

natural gas 
stakeholders 

Government 
Agency 

stakeholders 

Non-profit 
stakeholders 

Academic 
stakeholders 

 BP NW Natural 
Bonneville Power 
Administration 
(BPA) 

American Society 
of Civil Engineers 

University of 
British Columbia 

Chevron PacifiCorp City of Portland 
Western Energy 
Institute 

University of Utah 

ConocoPhillips 
Portland General 
Electric (PGE) 

City of Salem  
Western 
Washington 
University 

Kinder Morgan 
(KM) fuel 
terminals and 
pipeline 

Williams 
Northwest 
Pipeline 

Federal 
Emergency 
Management 
Agency (FEMA) 

  

McCall Oil  
Oregon Dept. of 
Transportation 

  

NuStar Energy LP  
Oregon 
Emergency 
Management 

  

Olympic Pipe Line 
Company 
(operated by BP 
Pipelines, North 
America) 

 

Oregon Seismic 
Safety Policy 
Advisory 
Commission 

  

Shell  Port of Portland   

  US Coast Guard   

  US Dept. of Energy   

  
US Geological 
Survey 
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Limitations 
This study did not entail site-specific vulnerability and risk studies, including studies of any 

particular facility or system, and provides only estimates of seismic vulnerability based on 

reconnaissance visual inspections, site-independent analyses and studies and existing site 

specific information conducted by CEI Hub facilities. The study is only an exploratory seismic 

risk study of the CEI Hub. Additional studies are required to obtain site specific conditions, and 

accurate and comprehensive vulnerability and risk data.   

 

While tsunami damage is expected to impact coastal areas, including maritime fuel transport 

through Columbia River mouth, DOGAMI did not assess damages from tsunami impacts in the 

CEI Hub because it was outside the scope of this project. Models of likely tsunami inundation 

from Cascadia earthquakes suggest that tsunami effects in the Columbia River diminish rapidly 

east of Astoria, and the possibility of tsunami inundation in Portland is remote. (Priest et al, 

1999). DOGAMI did not assess dam failure impacts to the CEI Hub because it was outside the 

scope of this project. 

 

Report Organization 
The report is organized into these sections: 

 

Summary of Report 

Section 1.  Introduction 

Section 2.  Characterization of Oregon's Natural Hazards 

Section 3.  Oregon's Energy Sector 

Section 4.  Seismic Hazards in the CEI Hub 

Section 5.  Energy Facilities and Vulnerabilities in the CEI Hub 

Section 6.  Summary of Findings  

Section 7.  Recommendations  

Section 8.  Acknowledgments  

Section 9. References  

Section 10. Appendices 

 

Funding 
Funding for this project was provided by the U.S. Department of Energy to the Oregon 

Department of Energy with American Recovery and Reinvestment Act (stimulus) funds through 

the Enhancing State Government Energy Assurance Capabilities/Planning for Smart Grid 

Resiliency. The Oregon Department of Energy received $547,749 in funding for the grant.   

The Oregon Department of Energy sub-contracted with the Public Utility Commission of 

Oregon, which sub-contracted with the Oregon Department of Geology and Mineral Industries, 

to produce this report.  

 

This material is based upon work supported by the U.S. Department of Energy under Award 

Number #DE-OE0000124. This report was prepared as an account of work sponsored by an 

agency of the United States Government. Neither the United States Government nor any agency 

thereof, nor any of their employees, makes any warranty, express or implied, or assumes any 

legal liability or responsibility for the accuracy, completeness, or usefulness of any information, 

apparatus, product, or process disclosed, or represents that its use would not infringe privately 
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owned rights. Reference herein to any specific commercial product, process, or service by trade 

name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its 

endorsement, recommendation, or favoring by the United States Government or any agency 

thereof. The views and opinions of authors expressed herein do not necessarily state or reflect 

those of the United States Government or any agency thereof. 
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Section 2 
Characterization of Oregon's Natural Hazards 

 

The section discusses the natural hazards and risks in Oregon and summarizes key results from 

previous statewide earthquake and tsunami studies.  

 

Natural Hazards and Risk  
Oregon is exposed to a wide range of natural hazards, each with its own characteristic frequency 

and severity. Floods, wind and winter storms are expected to occur frequently in limited 

geographic area, and are, therefore, considered to be high-probability, low-consequence events. 

In contrast, large Cascadia Subduction Zone earthquakes and tsunamis rarely occur, but would 

results with significant, widespread damage. Cascadia earthquakes are considered to be low-

probability, high-consequence events.  

 

The earthquake hazard in Oregon varies depending on the location. The likelihood of an 

earthquake occurring in western Oregon is higher than in eastern Oregon, thus the earthquake 

hazard is considered to be higher in western Oregon (Figure 2). Considering the entire state of 

Oregon as a whole, the overall earthquake hazard can be considered as high to moderate. The 

earthquake risk, however, may be considered as very high.  The terms hazard and risk may be 

defined differently by engineers, business continuity specialists, social scientists, emergency 

managers, and others and may also vary depending on the specific context. In risk studies 

performed by engineers, the risk level is often determined as a function of the hazard (the 

probability of the earthquake occurring), the vulnerability of the exposure, and the consequences. 

Additional information on probability and risk concepts in engineering are covered in Ang and 

Tang (2007) and Garvey (2008).  

 

The State of Oregon’s Natural Hazards Mitigation Plan, produced by the Oregon Emergency 

Management with the assistance of many state agencies, is state government's plan to address 

natural hazards. This plan, available on http://opdr.uoregon.edu/stateplan, is in a continual 

process of being updated. Oregon’s Governor last approved and adopted the plan in 2009. The 

major hazards identified for Oregon in this plan include: climate change, coastal erosion, 

drought, dust storm, earthquake, fire (wildland-urban interface), flood, landslide and debris flow, 

tsunamis, volcanic, windstorm and winter storm. 

 
Development of Risk Matrix  
In the early stages of this EAP, DOGAMI assessed how different natural hazards compare with 

each other with respect to the hazard, vulnerability and consequence to rank how Cascadia 

earthquakes compare with other hazards. DOGAMI used the identified hazards identified in the 

State of Oregon’s Natural Hazards Mitigation Plan and created a qualitative statewide risk matrix 

for natural hazards. (See Table 3) The table was developed to provide a better understanding of 

the state's natural hazards and the risk to estimate the scale of potential future disasters. The risk 

scores include low, moderate, high and very high. The risk scores were subjectively determined 

by expert opinion and are based on the probability of the hazard, the vulnerability of the 

exposure, and the consequence of likely damage for the state as a whole. These scores do not 

specifically consider energy infrastructure.  

 

http://opdr.uoregon.edu/stateplan
http://opdr.uoregon.edu/resources/climatechange
http://opdr.uoregon.edu/resources/coastalerosion
http://opdr.uoregon.edu/resources/droughts
http://opdr.uoregon.edu/resources/duststorms
http://opdr.uoregon.edu/resources/earthquake
http://opdr.uoregon.edu/resources/fire
http://opdr.uoregon.edu/resources/flood
http://opdr.uoregon.edu/resources/landslides
http://opdr.uoregon.edu/resources/tsunamis
http://opdr.uoregon.edu/resources/volcanic
http://opdr.uoregon.edu/resources/windstorms
http://opdr.uoregon.edu/resources/winterstorms
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Table 3: Statewide Risk Matrix for Natural Hazards (Oregon Emergency Management identified 

the hazards list; EAP partners created the risk matrix) 

Description of Hazard  Hazard Vulnerability Consequence Risk Score 
Climate Change NE NE NE NE 
Coastal Erosion H M M M 
Drought M M H M 
Dust Storm L L M L 
Earthquake M VH VH VH 
Fire (Wildland-Urban Interface) H M M M 
Flood VH M M H 
Landslides and Debris Flow VH M M H 
Tsunamis M H VH H 
Volcanic L M M M 
Windstorm M M H M 
Winter Storm VH H H H 
     
Explanation: VH=very high; H=high; M=moderate; L=Low; NE=not estimated    

 

The earthquake hazard is only moderate because earthquakes are rare. For example, a magnitude 

8 or so Cascadia earthquake has a recurrence interval of about 250 years, and a magnitude 9 

Cascadia earthquake has a recurrence interval of about 500 years. The earthquake vulnerability 

score is very high because the vast majority of Oregon's existing infrastructure has been designed 

and constructed without seismic resistance considerations. The consequence score is also very 

high because damage will likely be widespread and, in many places, severe. Finally, the 

earthquake risk score is very high because when a major earthquake occurs, it will likely result in 

a high loss of life, economic damages, and long-term impacts. 

 

Method to Develop Risk Score  
In developing the risk scores, DOGAMI gave broad consideration to numerous factors that 

would have a statewide significance. Factors include the hazard’s: onset pattern (ie. earthquakes 

do not have forewarning, but tsunamis have at least minutes of warning); frequency (ie. 

earthquakes are rare, but storms are frequent); geographic location and spatial extent (ie. 

Cascadia earthquakes can suddenly impact all of western Oregon, whereas fires are localized); 

severity of impact resulting in many fatalities and/or high economic losses (ie. earthquakes can 

cause widespread physical damage to critical energy infrastructure, transportation, emergency 

response facilities and other essential facilities). As specific examples, coastal erosion and 

tsunamis are limited to the coastal areas, whereas winter storms and fires can occur anywhere in 

the state.  

 

The risk matrix can be used to help determine and prioritize risk management strategies. For 

each hazard, a single ranking of low, moderate, high or very high was subjectively selected for 

the probability of the hazard, vulnerability, and consequence. Low, moderate, high and very high 

were assigned values of 1, 2, 3 and 4, respectively. The risk score was calculated by taking the 

square root of the sum of the squares, and assigned as low, moderate, high or very high for 

values less than 3, 3 to less than 4.5, 4.5 to less than 6, and 6 or greater, respectively.  

 

 

http://opdr.uoregon.edu/resources/climatechange
http://opdr.uoregon.edu/resources/coastalerosion
http://opdr.uoregon.edu/resources/droughts
http://opdr.uoregon.edu/resources/duststorms
http://opdr.uoregon.edu/resources/earthquake
http://opdr.uoregon.edu/resources/fire
http://opdr.uoregon.edu/resources/flood
http://opdr.uoregon.edu/resources/landslides
http://opdr.uoregon.edu/resources/tsunamis
http://opdr.uoregon.edu/resources/volcanic
http://opdr.uoregon.edu/resources/windstorms
http://opdr.uoregon.edu/resources/winterstorms
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Previous Statewide Earthquake Studies  
For most of Oregon's history, the seismic potential was considered to be minimal. Even as late as 

1980 during the Mt. St. Helens volcanic eruption, geologists were generally unaware of Oregon's 

major faults and their earthquake potential. During the 1980s, geologists learned about the 

Cascadia Subduction Zone and that it could produce large earthquakes. By the late 1980s, there 

was general consensus among earthquake scientists that the Cascadia fault could unleash a 

magnitude 8 or higher earthquake and accompanying tsunami (Wang, 1998a). Since that time, 

scientific research has continued to improve our understanding of the Cascadia fault and 

numerous earthquake and tsunami studies have been performed. 

 

Figure 2 shows a current scientific model of the location of the Cascadia Subduction Zone. The 

potential rupture surface of the Cascadia fault extends from the western edge (white line with 

triangles) to the eastern edge (dashed black line). The eastern edge of the fault is important 

because, in general, the shaking levels are closer to the fault.  

 

 
Figure 2:  Cascadia Subduction Zone between the black dashed line and the white line with 

triangles. (Witter et al, 2011).  

 

Statewide Damage and Loss Estimates 
In 1998, Oregon was the first state in the nation to conduct a statewide earthquake damage and 

loss study (Wang, 1998b, Wang and Clark, 1999). Using HAZUS97, a damage and loss 

estimation software package from FEMA, DOGAMI produced a technical report that included 

evaluations of damage and losses for the entire state for 1) a magnitude 8.5 Cascadia earthquake 

and 2) a 500-year return interval probabilistic ground motions.  In the second evaluation, the 

ground motions expected to be met or exceeded in a 500-year period are used in the building 

code to design for earthquake shaking. 

 

As part of that study, DOGAMI developed a statewide soils map. Next, DOGAMI developed a 

suite of ground motions that integrated the soils map. The ground motions were used to estimate 
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damage to infrastructure from shaking. Figure 3 illustrates how layers of information are used to 

determine damage where the uppermost layer depicts highest damage in red (Wang, 1998b). 

Figure 4 shows a spectral velocity map of Oregon at 0.3 seconds, which was one of the ground 

motion maps used to estimate damage (Wang, 1998c). The statewide damage and loss 

assessment was conducted in two parts, both indicating severe losses. Building damage from a 

hypothetical magnitude 8.5 Cascadia earthquake was estimated using FEMA's HAZUS97 

software and indicated almost 1,000,000 buildings with some level of damage from earthquake 

shaking (Wang and Clark, 1999). Fatalities were estimated using crude methodologies and 

indicated more than 3,000 fatalities from tsunamis, 2,000 fatalities from severe building damage, 

and many more casualties. (Wang, 1999) 

 

 
Figure 3: Schematic showing a statewide GIS-based (HAZUS97) study damage and loss 

assessment using probabilistic ground motions that represent equal seismic hazards throughout 

Oregon. (Wang, 1998b) 
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Figure 4:  Spectral Velocity Map of Oregon at 0.3 seconds (Wang, 1998c) 

 

Today, earthquake scientists have gained a better understanding of the Cascadia fault, the soils in 

Oregon, and expected ground motions. Researcher Chris Goldfinger and his colleagues have 

examined the offshore geologic record of large Cascadia earthquakes in the past 10,000 years. 

(Goldfinger et al, 2012) Figure 5 shows a simplified timeline of Goldfinger's findings, which 

indicate over 40 earthquakes (DOGAMI, 2010). Seismic hazards are further discussed in Section 

4.  

 

 
Figure 5: 10,000 year record of past large magnitude earthquakes on the Cascadia Subduction 

Zone. (DOGAMI, Cascadia Winter 2010) 

 

Lessons from Recent Subduction Zone Earthquakes 
In recent years, three significant earthquakes have occurred in subduction zones around the 

world. These include: 

 2004 magnitude 9.1 Sumatra earthquake 

 2010 magnitude 8.8 Chile earthquake  

 2011 magnitude 9.0 East Japan earthquake  
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Each time a major subduction zone earthquake occurs, earthquake professionals working in the 

Cascadia region gather important earthquake information and learn a great deal more about the 

Cascadia Subduction Zone.  

 

In the Sumatra earthquake, one big lesson learned was that tsunamis can kill over 200,000 people 

from one side of the ocean to the other side. The tsunami hit and killed people in Sumatra, but 

also traveled across the Indian Ocean and killed people in 12 other countries including Thailand, 

India, and Sri Lanka. In 2009, stakeholders from the Pacific Northwest discussed tsunami 

vertical evacuation refuges as a new mitigation option. (Wang, 2010a)  

 

In the 2010 Chile earthquake, moderate shaking damaged an oil refinery that was rendered 

inoperable for months. Earthquake professionals working in the Cascadia region learned lessons 

on the importance of critical infrastructure. (Wang, 2010b) 

 

In the 2011 Japan disaster, the electrical sector was impacted not only by damaged nuclear and 

thermal power plants, but also by undamaged nuclear power plants, which were shut down due 

to the public's concern about their safety. Also, one electric company experienced damage to 85 

of its high voltage transformers. The Oregon Seismic Safety Policy Advisory Commission 

adopted policy recommendations to address the issue of critical infrastructure (including fuel and 

electric) following the Japan earthquake. 

(http://www.oregon.gov/OMD/OEM/osspac/docs/lessons_recomm_7-11.pdf).  They are 

reprinted in the Winter 2012 Cascadia (DOGAMI).  

 

Based on observations from historical earthquakes, scientists have determined that 1) large 

earthquakes release more energy and produce stronger ground shaking than small earthquakes, 

2) the level of ground shaking lowers with distance away from epicenter of the earthquake, and 

3) damage is typically concentrated nearer the epicenter of the earthquake as well as in farther 

locations with soft soil deposits, such as old lake bed soils.  Based on post-earthquake field visits 

after the 2004, 2010 and 2011 subduction zone earthquakes, co-author Yumei Wang, observed 

that the damage in those subduction zone earthquakes was concentrated in three areas:  

 

1. Tsunami inundation zones, 
2. Areas of permanent ground deformation, such as landslides and liquefaction 

zones, and 
3. Seismically weak buildings and infrastructure. 

  

http://www.oregon.gov/OMD/OEM/osspac/docs/lessons_recomm_7-11.pdf
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Section 3: Oregon’s Energy Sector 
 

This section provides an overview of Oregon's energy sector, the CEI Hub project study area, 

and Oregon's economic interdependencies with the energy sector.  

 
Overview of Energy Sector  
Three energy sources are considered—electricity, natural gas and fuel oil. The energy sectors 

have separate systems for supplying their products and/or services. Not surprisingly, each has 

sector-specific seismic vulnerabilities.  

 

The crude oil used in Oregon originates in the Alaska North Slope oil fields. The Trans Alaska 

Pipeline transports crude oil from these oil fields to the Valdez terminal in southern Alaska. 

From there, barges, tankers and pipelines carry the crude oil to four refineries located in the 

Puget Sound area of Washington State, which provide more than 90 percent of Oregon’s refined 

petroleum product. About 75 percent of the product is transported via the Olympic Pipeline to 

seven petroleum distribution terminals located within close proximity of one another in the CEI 

Hub project study area, further described in the next section. The remaining fuel coming to 

Oregon from the Washington State refineries is transported by tanker vessels to the Portland 

facilities. (ODOE, 2011)  

 

In 2010, Oregon’s electrical power mix from a variety of power plants was 0.77% biomass, 

35.46% coal, 0.12% geothermal, 38.74% hydroelectric, 0.04% landfill gases, 16.24% natural 

gas, 3.66% nuclear, 0.14% other, 0.17% petroleum, 0.34% waste, and 4.31% wind (ODOE 

Power Mix Fact Sheet, 4/4/12). The electrical grid that serves the state of Oregon is coordinated 

and highly interconnected with similar systems in the 13 western U.S. states, parts of northern 

Mexico and western Canada.  Critical grid functions, in relation to Oregon, are most 

predominately the responsibility of the Bonneville Power Administration (BPA), Western 

Electricity Coordinating Council (WECC), PacifiCorp and PGE.  On a local level, the electric 

distribution systems, as well as some transmission and generation, are also the responsibility of 

Oregon’s numerous municipal and public power agencies.  Being integrated, Oregon’s 

generation and transmission systems are exposed to adverse events that may be caused over a 

thousand miles away.  In theory, Oregon’s electric resiliency (e.g., reliability) can be 

significantly impacted by transmission or generation related events that could occur anywhere in 

the entire interconnected region. Conversely, events emanating within Oregon could also 

significantly impact other states. The prudent management, operations, planning and 

maintenance of bulk power transmission and generation grids play a fundamental role in 

Oregon’s electric resiliency (RW Beck, 2011).  

 

Oregon receives natural gas from British Columbia, Alberta, Wyoming, Colorado and New 

Mexico. Two connected interstate pipelines currently serve Oregon customers. The Williams 

Company pipeline and the Gas Transmission Northwest (GTN) pipeline owned by the 

TransCanada Corporation bring product from the Rocky Mountains and Canada. The Ruby 

Pipeline transports domestic natural gas 675 miles across four states from Opal, Wyoming to the 

existing Gas Transmission Northwest (GTN) pipeline near Malin, Oregon. According to the 

Northwest Gas Association (NGWA), the Pacific Northwest is home to more than 48,000 miles 

of natural gas transmission and distribution pipelines (ODOE, 2011). 
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More information on the energy assurance project, including the Oregon Energy Assurance Plan 

is at http://www.oregon.gov/ENERGY/docs/OregonStateEnergyAssurancePlan.pdf.  

 
Critical Energy Infrastructure (CEI) Hub: Project Study Area 
The study region for this project was determined based on the location and importance of 

Oregon's liquid fuel oil terminals. Oregon's liquid fuel terminals are located along a six-mile 

stretch along the lower Willamette River in Portland. As part of this study, we identified and 

termed these six miles as the "critical energy infrastructure Hub" or CEI Hub. The CEI Hub is 

located in a region of high seismicity (Figure 6, FEMA 2002).  

 

 
Figure 6: Map showing regions of high, moderate and low seismicity. The CEI Hub is in the high 

region (FEMA, 2002). 

 

The CEI Hub covers a six-mile stretch of the lower Willamette River located between the south 

tip of Sauvie Island and the Fremont Bridge on US Highway 30. The energy sector facilities in 

the CEI Hub include:  

 

 All of Oregon’s major liquid fuel port terminals (see Figures 7, 8 and 9) 
 Liquid fuel transmission pipelines and transfer terminals 
 Natural gas transmission and distribution pipelines  
 Liquefied natural gas (LNG) storage facility 
 High voltage electric substations and transmission lines 
 Electrical substations for local distribution 

http://www.oregon.gov/ENERGY/docs/OregonStateEnergyAssurancePlan.pdf


35 
 

 
Figure 7: The liquid fuel oil terminals for more than 90 percent of Oregon's supply are located 

at the end of the line (yellow dot) in Portland, Oregon. (http://www.bppipelines.com/cartoon-

maps/olympic.pdf) 

 

 
Figure 8: Oil terminals in the southern portion of the CEI Hub. (DOGAMI photo)  

 

http://www.bppipelines.com/cartoon-maps/olympic.pdf
http://www.bppipelines.com/cartoon-maps/olympic.pdf
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Figure 9: Oil terminals in the northern portion of the CEI Hub (foreground of photo). (DOGAMI 

photo) 

 

Petroleum enters the state by pipeline and marine vessels and is transferred to terminals at the 

CEI Hub before it is distributed throughout Oregon to the end user. Once the product reaches the 

CEI Hub, tanker trucks deliver fuel to customers in the Portland metro area, barges deliver fuel 

farther east on the Columbia River, and a pipeline continues south to a terminal in Eugene. Fuel 

is distributed throughout Oregon, including to the Portland International Airport and many other 

major consumers. 

 

Oregon's oil terminals are located along the western bank of the Willamette River (Figures 8 and 

9).  The Portland fuel terminals are on a six-day delivery cycle. On average, terminals have a 

three to five day supply in the tank farm for regular unleaded gasoline and diesel fuel. Premium 

gasoline is subject to the daily delivery and heavily dependent on whether an inter-company 

pipeline on Front Avenue is operational. All seven terminals have the capability to receive 

product by vessel. However, only Chevron and Kinder Morgan terminals have the marine vapor 

recovery systems required to load unleaded fuel onto vessels for transport up the Columbia River 

to Pasco, Washington. Diesel can be loaded on vessels without the vapor recovery systems. 

Vessel deliveries vary. Chevron reports on average, its terminal receives a shipment by barge 

every three or four days and by ship every seven or eight days. (Portland PBEM, Earthquake 

Response Appendix, January 2012, 

http://www.portlandonline.com/oem/index.cfm?c=53895&a=382005)  

 

A significant portion of Oregon’s natural gas passes through the CEI Hub. Also, three high 

voltage (115 kV and 230 kV) electrical transmission lines cross the area as well as feed the 

distribution network for the local area. 

 

Economic Interdependencies with the Energy Sector  
In August 2003, Americans got a dramatic "wake up call" concerning the vulnerability of 

electrical systems and the resultant regional and national consequences as a result of the 

Northeast Blackout. The blackout affected five states, 50 million people, and caused an estimated 

$4 to $10 billion in business interruption losses in the central and eastern US. The power outage 
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caused "cascading" failures to water systems, transportation systems, hospitals, and numerous 

other critical infrastructures (National Research Council, 2011).  

 

Oregon's economy, like all other states, has complex interdependencies. The reliability of energy 

lifelines is vital to ensure the protection of public health and safety. Any prolonged or severe 

disruption of one or more energy system could put many lives at risk as well as strain the state's 

economy. To better understand the economic interdependencies with the energy sector, co-author 

Miles conducted a statewide economic study to evaluate the economic interdependencies of 

Oregon’s energy sector by comparing the interdependencies of electricity, natural gas and liquid 

fuel as well as critical infrastructure with the rest of Oregon’s economy. This work is part of a 

National Science Foundation-funded research project (Grant #0927356) entitled “Repeat 

Disaster Impact to Infrastructure Networks and Their Effects on Economic Agent Recovery.” 

This part of the study was peer reviewed and is included as Appendix A.  

 

The findings show that if available electricity, natural gas and liquid fuels were significantly 

reduced, the direct and non-direct dollar losses would have major socio-economic consequences 

to Oregon. In a scenario where all energy sectors are disrupted, there would be $0.39 of 

economy-wide impact for every $1.00 of lost output by the energy sector. The sectors with the 

largest financial impact are Services, followed by Wholesale/Retail, Construction, Non-Durable 

Goods, Electricity, Communications, Mining, Durable Goods, Petroleum, and Transport by Rail. 

The impact to Services is about an order of magnitude greater than the other sectors. For 

employment impacts, a minimum of 2.42 jobs would be expected to be lost for every direct job 

lost in the energy sector. Electric companies have the greatest monetary and employment impact 

potential of the three energy sources. In summary, the study concludes that the total impact from 

a Cascadia earthquake on the energy sector would include the direct damage to energy facilities, 

the loss of sales, losses from secondary effects, including job losses, and a multitude of 

cascading functional impacts which would potentially have economic impacts of their own. 

 
Comparison with Other Economic Studies 
After the 1994 Northridge, California earthquake, Tierney (1997) found that the second most 

common reason for business closure, behind having to clean up debris, was a loss of electricity. 

The most significant impacts were seen in the finance, insurance, and real estate and construction 

industries. Finance, insurance and real estate services were also impacted the most in the WWU 

study on Oregon energy disruption. A study by Tierney and Nigg (1995) compared the 

dependency of businesses to five types of infrastructure between Memphis, Tennessee and Des 

Moines, Iowa with respect to potential (Memphis; earthquake disruption) and actual (Des 

Moines; 1993 Midwest floods) disruption. Table 4 (Memphis) shows the results of that study. In 

both cases, businesses depend most on electricity, while depending on natural gas third most. In 

the study of the business impacts from the 1993 Midwest floods, Tierney (1994) wrote the 

following, which provides further insight into the importance of energy infrastructure:  

 

"Overall, electricity was rated as the most critical lifeline service by both large and small 

businesses, with the former considering electric service more important than the latter. 

Large manufacturing and construction firms and both large and small companies in the 

finance, insurance, and real estate sectors were more likely than other businesses to rate 

electricity as critical to their operations. While small businesses generally considered 
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telephone service to be the second most critical lifeline, large businesses appeared to 

view telephones, water, sewer service, and natural gas as equally critical." 

 

Table 4. Results of surveys to businesses in Memphis, Tennessee asking the degree of 

importance on five types of infrastructure (Tierney and Nigg, 1995). 

 
 

A study by Rose et al. (2007) on the economic impacts of electricity outage due to a terrorist 

attack on Los Angeles, California found that the services sector was most impacted by a 

significant margin. This is not surprising as the input-output analysis found that services and 

manufacturing are the two main business users of electricity. 

 

None of the studies included direct dependence on liquid fuel. Nonetheless, the studies have 

confirmed the general validity of our findings and the importance of resilient infrastructure, as 

well as the significant economic impact that would arise due to energy disruption from a 

Cascadia earthquake in Oregon.  
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Section 4 
Seismic Hazards at the CEI Hub 

 

For this study, DOGAMI used earthquake parameters that reflect magnitudes ranging from 8 to 

9. A hypothetical magnitude 8 or 9 earthquake would be located about 63 miles (100 km) west of 

the CEI Hub in Portland, Oregon just offshore from the city of Tillamook. Both earthquakes 

assume the distance is from the down-dip rupture limit of the Cascadia Subduction Zone, which 

is the eastern-most edge of the fault, to the CEI Hub (Witter et al, 2011). The hypothetical 

magnitude 9 earthquake would stretch from coastal Cape Mendocino, California to Vancouver 

Island, British Columbia (Figure 10). 

 

 
Figure 10: Cascadia Subduction Zone showing the fault's western boundary (red dashed line), 

which is closest to the ground surface, and the easterly dipping fault plane (yellow) (DOGAMI, 

2012). 

 

Seismic Hazards in the CEI Hub Area 
The primary seismic hazards that would impact the CEI Hub area are:   

 

  Ground shaking 

 Liquefaction (soil behavior phenomenon in which a saturated sand softens and loses 

strength during strong earthquake ground shaking) 

 Lateral spreading (where surficial soil permanently moves laterally due to earthquake 

shaking) 

 Landslides 
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 Co-seismic settlement (where the ground surface is permanently lowered due to seismic 

shaking) 

 Bearing capacity failures (when the foundation soil cannot support the structure it is 

intended to support) 

 

In addition, secondary seismic hazards can be initiated and include: 

 

 Seiches (waves that oscillate in water bodies often initiated by ground shaking) 

 Fire 

 Hazardous material releases, such as fuel overtopping tanks by sloshing (occurs when 

liquid becomes agitated by ground shaking) 

 

Liquefaction and lateral spreading hazards are of primary concern to the fuel supply waterfront 

facilities. For this reason, DOGAMI performed ground deformation analyses to better 

understand the nature of the hazard and the possible mitigation needs. A section on the 

deformation analyses is included in this study. Tsunamis are expected to damage the coastal 

areas, including ports along the coast and Columbia River mouth, but are not expected to cause 

significant damage in the Portland waterways. Following is a summary of these seismic hazards: 

 

Active Fault Sources  
Many earthquake faults capable of producing damaging earthquakes exist in the area of the CEI 

Hub. The most threatening fault is the Cascadia Subduction Zone fault (Cascadia fault) which 

lies just offshore of the Oregon coast (see Figures 10 and 11). The Cascadia fault has produced 

over 40 large magnitude earthquakes during this past 10,000 years, with the last major 

earthquake occurring on January 26, 1700. The 1700 Cascadia earthquake likely caused 

extensive ground shaking that extended from the Cape Mendocino area in Northern California to 

British Columbia, Canada, as well as a large tsunami. This tsunami first hit the low lying areas 

along the Pacific Northwest coast, then traveled across the Pacific Ocean to cause damage to 

Japan's coast.  

 

Based on the 10,000 year record of past Cascadia earthquakes (Goldfinger, 2012),  Oregon will 

certainly experience another magnitude 8-9 earthquake in its future. This future earthquake, 

which has the same type of subduction zone process as the March 11, 2011 East Japan 

magnitude 9 earthquake, will be accompanied by a coastal tsunami.  
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Figure 11:The Cascadia Fault is Oregon’s most threatening fault and can produce a magnitude 

9 earthquake and accompanying coastal tsunami waves. (modified from DOGAMI, 2010) 

 

Based on data that was used to develop the U.S. Geological Survey's (USGS) probabilistic 

ground motion maps, the Portland Hills fault is located in the CEI Hub area and can produce a 

magnitude 7 earthquake (USGS, 2008). In addition, the likelihood of this earthquake occurring is 

approximately 1% in the next 50 years (USGS National Seismic Hazard Mapping Program: 

https://geohazards.usgs.gov/eqprob/2009/index.php) whereas a magnitude 9 Cascadia earthquake 

has a likelihood as high as 14% in the next 50 years (USGS, 2008). 

 

Ground Shaking Characteristics 
The USGS has determined the ground shaking characteristics caused by faults. The State of 

Oregon has adopted building codes that incorporate this information. All of Oregon is exposed to 

seismic hazards. Higher levels of ground shaking are expected for western Oregon due to the 

Cascadia fault on the Cascadia Subduction Zone. Figure 12 shows Oregon’s ground shaking 

seismic hazards with higher expected shaking levels represented by “hotter” (or red) colors. This 

is the 2008 USGS national seismic hazard maps for 0.2 second spectral acceleration for 2 percent 

probability of exceedence in 50 years with shaking expressed in percent gravity. This type of 

information is used by engineers for design purposes. The duration of shaking is not indicated by 

this map. Additional technical information on ground shaking characteristics is provided below. 

For a non-technical description of ground shaking, we suggest that you skip to the next section, 

earthquake intensity.  

 

https://geohazards.usgs.gov/eqprob/2009/index.php
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Figure 12: Ground shaking map of Oregon and Washington for rock conditions used in building 

codes. Red, orange, yellow areas indicate more shaking than beige, green areas.This map shows 

the shaking level from all possible earthquake sources, based on a probability of exceedance of 

2% in the next 50 years. 
http://earthquake.usgs.gov/hazards/products/conterminous/2008/maps/wus/pacnw/3hzSA.OrWa.jpg 
 

For the CEI Hub, the ground motions induced by a magnitude 8 to 9 Cascadia earthquake are 

expected to produce significant damage, particularly in areas of weak soils and weak 

infrastructure. More specifically for a hypothetical magnitude 9 earthquake, the peak ground 

accelerations (PGA) in the CEI Hub at the ground surface would be expected to be on the order 

of 0.18 g (Clark and Roddey, 2005). This 0.18 g value was developed by the USGS national 

seismic hazard mapping project group as part of the Cascadia Region Earthquake Workgroup 

Cascadia earthquake scenario (http://earthquake.usgs.gov/hazards/).  Earlier studies by Wong et. 

al (2000) provided a range between 0.15 and 0.20g at the ground surface. Based on past 

subduction zone earthquakes and on numerical modeling, strong shaking from a magnitude 8 

earthquake is expected to last on the order of 80 seconds on firm rock sites (such as the Portland 

Hills) and about 120 seconds on soil sites (such as by the Willamette River (personal 

communication, Art Frankel, USGS). For a magnitude 9 earthquake, the duration of the shaking 

may be slightly longer than a magnitude 8 because about 32 times more energy is released. 

 

The PGA values used for design purposes in the proximity of the CEI Hub are on the order of 

0.36 g at the ground surface for sites with soils that commonly exist in the CEI Hub. This is 

based on a PGA value of 0.3 g on sites underlain by soft rock (defined as having a shear wave 

velocity of 760 m/s by the USGS). This value was determined using the USGS's web tools for a 

975 year mean return time (https://geohazards.usgs.gov/deaggint/2008). The USGS method 

considers many fault sources. In this case, these fault sources are considered to be principal 

http://earthquake.usgs.gov/hazards/products/conterminous/2008/maps/wus/pacnw/3hzSA.OrWa.jpg
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sources: Cascadia megathrust, Cascadia intraplate, Western US crustal faults on a grid, crustal 

faults in Oregon and Washington, and the Portland Hills fault. For more information on the 

USGS method and the fault sources, please refer to the USGS national seismic hazard mapping 

project (http://earthquake.usgs.gov/hazards) and USGS Open-File Report 2008–1128, 

Documentation for the 2008 Update of the United States National Seismic Hazard Maps (USGS, 

2008).  For sites underlain by soil type Se, which is defined by the building code as soils that soil 

transmit shear waves at a velocity of 200 m/s or less for the upper 30m, shaking is expected to be 

stronger due to the site amplification effect in these types of soils. Soil type Se has been 

identified in geotechnical reports in the many parts of the CEI Hub.  Using an amplification 

factor of 1.2, the PGA at the ground surface is expected to be about 0.36 g. The amplification 

factor is from the "Guide Specifications for LRFD Seismic Bridge Design", provided in Table 

3.4.2.3.1 - Values of Fpga and Fa as a Function of Site Class and Mapped Peak Ground 

Acceleration or Short-Period Spectral Acceleration Coefficient (AASHTO, 2009).   

 

Earthquake Intensity 
The effects of an earthquake on people and objects is measured by the intensity scale, which in 

contrast to engineering ground motion characteristics used for design, is a scale designed for use 

by the general public. The intensity scale consists of a series of certain key responses such as 

people awakening, movement of furniture, damage to chimneys, and finally - total destruction. 

The Modified Mercalli Intensity (MMI) scale, shown in Figure 13, comprises 12 increasing 

levels of intensity that range from imperceptible shaking to catastrophic destruction, and is 

designated by Roman numerals. It does not have a mathematical basis; instead it is an arbitrary 

ranking based on observed effects. The MMI value assigned to a specific site after an earthquake 

is a more meaningful measure of severity for the non-scientist than the magnitude, which 

expresses the energy released by the earthquake on a logarithmic scale, because intensity refers 

to the effects actually experienced at that place. In general, lower MMI values relate to the 

manner in which the earthquake is felt by people. Higher MMI values are based on observed 

structural damage. (http://earthquake.usgs.gov/learn/topics/mercalli.php) (Wald et al, 1999) 
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Figure 13: Earthquake Intensity Scale (http://quake.abag.ca.gov/shaking/mmi/ ) 

http://quake.abag.ca.gov/shaking/mmi/


45 
 

A magnitude 9 Cascadia earthquake (Figure 14)  would likely produce MMI values of VIII and 

IX along the coast in most locations except for areas with tsunami flooding and areas of unstable 

soils. Most areas with coastal tsunami flooding would experience major destruction with damage 

levels equivalent to MMI X to MMI XII values. Areas of unstable soils in western Oregon could 

experience major destruction reaching MMI IX to X, with very limited areas seeing even greater 

damage.  The MMI values would decrease towards the east. The Willamette Valley would likely 

experience MMI VI and MMI VII with localized areas of MMI VIII associated with unstable 

soils. East of the valley would likely experience MMI V and lower.   

Local earthquakes in 1877 and 1962 produced ground shaking levels as high as MMI VII in 

portions of Portland. (Bott and Wong, 1993) 
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Figure 14: Expected ground shaking from a Cascadia Subduction Zone earthquake with red as 

areas of highest shaking levels, which would result with the highest damage. (DOGAMI, 

Cascadia Winter 2012) (DOGAMI, 2012, 

http://www.oregongeology.com/pubs/cascadia/CascadiaWinter2012.pdf) 

 

Potentially Unstable Soils 
Near-surface soil deposits, those within the top 100 feet of the ground surface, can have a variety 

of ground responses when subjected to earthquake shaking. Soils with specific engineering 

properties, such as slow shear wave velocity, can increase or decrease the shaking levels 

depending on specific ground motion characteristics (e.g., frequency). The shear wave velocity 

of soil, which is related to the density of the soil, is the velocity at which specific seismic waves 

travel through the soil deposit. Some soils with slower shear wave velocity can also liquefy in a 

http://www.oregongeology.com/pubs/cascadia/CascadiaWinter2012.pdf
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process called liquefaction. (See Section 5) Soils with shear wave velocity of 1,200 feet per 

second (360 meters/second) or generally slower are typically found in valleys and near water 

bodies. (Wang et al, 1998) Figure 15 is a statewide National Earthquake Hazard Reduction 

Program (NEHRP) soils map shows areas with potentially unstable soils with respect to 

earthquake shaking. Areas shown in red (Sf), orange (Se) and bold yellow (Sd) have the potential 

to amplify earthquake ground shaking. In addition, areas shown in red in western Oregon have 

the highest potential for liquefaction and lateral spreading. Areas shown in orange and dark bold 

yellow (often adjacent to areas in orange) in western Oregon have the potential for liquefaction. 

Eastern Oregon will not have significant liquefaction in a Cascadia earthquake because shaking 

will be much weaker there. 

 
Figure 15: Statewide National Earthquake Hazard Reduction Program (NEHRP) soils map. 

Areas in red, orange and yellow have potentially unstable soils with respect to earthquake 

shaking. These areas can experience amplified ground shaking, liquefaction, and lateral 

spreading (Wang et al, 1998)  

 

Figure 16 shows a portion of a relative earthquake hazard map of Portland area indicating areas 

with liquefaction, amplification of ground shaking, and landslide susceptibilities (Mabey et al, 

1997). Areas in red and orange have a higher relative susceptibility to at least two of the hazards. 

In general, the areas by the rivers are susceptible to liquefaction and lateral spreading.  
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Figure 16: A portion of a relative earthquake hazard map of Portland area indicating areas with 

liquefaction, amplification, and landslide susceptibilities (in red, orange and yellow). (Mabey et 

al, 1997) 

 

Liquefaction 
Liquefaction can be triggered by earthquakes and occurs in loose, water-saturated, sandy soils 

and will result in liquefied soils with low strength (See Figure 17). Structures founded on or 

buried within liquefied soils can experience significant damage due to the reduction in soil 

strength. Buildings can sink several feet into the ground and buried pipes and tanks can float to 

the ground surface. (See Figure 18) The CEI Hub is adjacent to the Willamette River and has 

extensive deposits of highly liquefiable soils (See Figures 19 and 20, Mabey et al, 1996 and 

Mabey et al, 1993).. These soils (made of sand, silt, gravel and clay) have been naturally 

deposited by river activity or have been created from man-made activities, such as hydraulically 

placed material from river dredging (See Figure 21) or debris placed as landfill.  
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Figure 17: Liquefaction process explanation (US Geological Survey) 

 
Figure 18: Buried tank in liquefied soil that was uplifted due to buoyancy forces in the 1993 

Hokkaido-Nansei-Oki Earthquake and Tsunami in Japan (Photo permission on 1/9/12 from 

Youd; Youd, T.L. et al 1995, Photo taken by R. Chung)   

 

 
Figure 19: Map showing liquefaction potential in the northern part of the CEI Hub (Mabey et al, 

1996) 
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Figure 20: Map showing thickness of liquefiable sediment in the southern part of the CEI Hub 

(Mabey et al, 1993) 
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Figure 21:  This photo was taken in the early 1900s and shows river dredging activity in the 

Guild’s Lake area south and adjacent to the CEI Hub. Dredged material can be comprised of 

highly liquefiable soil. (Oregon Historical Society photo) 

 

Lateral Spreading 
Lateral spreading occurs when the ground permanently moves laterally due to earthquake 

shaking. (See Figure 22) Lateral spreading is common along river fronts because river deposited 

soils are often weak and water saturated, conditions that can increase susceptibility. Lateral 

spreading can occur on gentle slopes (e.g., less than 1 percent), on flat ground with a distant 

slope face, and by waterfront retaining structures. Lateral spreading often occurs in liquefied 

soils, but is not restricted to liquefied soils. The magnitude of lateral spreading can range from 

inches to several feet, and in extreme cases as in flow slides, hundreds of feet. Lateral spreading 

features include fissures and slumping. Figures 23 and 24 are examples of lateral spreading from 

the 2010 magnitude 8.8 Chile earthquake.  

 

The CEI Hub is adjacent to the Willamette River and has extensive deposits of soils highly 

susceptible to lateral spreads (Figure 25, Mabey et al, 1993). Due to the significant concerns 

about lateral spreading hazards in this area, DOGAMI performed dynamic analyses to model 

possible ground deformations. Results from a ground deformation analysis are located at the end 

of this section.  
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Figure 22: Lateral spreading process illustration (US Geological Survey) 

 

 

Figure 23: Lateral spreading damage from the 2010 magnitude 8.8 Chile earthquake. (Technical 

Council on Lifeline Earthquake Engineering - TCLEE) 
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Figure 24: Lateral spreading damage from the 2010 magnitude 8.8 Chile earthquake. (Technical 

Council on Lifeline Earthquake Engineering - TCLEE) 

 

Co-Seismic Settlement 
Co-seismic settlement is where the ground surface is permanently lowered due to seismic 

shaking and occurs in certain types of soft, loose soils, such as liquefied soils. The CEI Hub area 

has soils that are generally susceptible to co-seismic settlement, in some places, on the order of a 

few inches or more. When soils experience uniform settlement, structures are often unharmed. 

However, when soils experience differential settlement, structures can incur damage. For 

example, rigid pipe fittings often break when the surrounding ground shifts.   

 

Bearing Capacity Failures 
Bearing capacity failures can occur during shaking when the foundation soil cannot support the 

structure it is intended to support. This occurs when the sub-grade soils have not been engineered 

and constructed adequately. The CEI Hub area has soils that are generally susceptible to co-

seismic bearing capacity failures, including from liquefied soils. When soils experience 

differential settlement, structures can tilt and incur damage. For example, tanks can tilt and 

internal floating roof apparatus can become inoperable. 

 

Landslides 
Landslides are land masses that move down slope and result in permanent ground deformation. 

Many types of landslides exist, including fast moving and slow moving types and can occur on 

steep ground to even level ground. Earthquakes can trigger thousands of landslides due to the 

ground shaking over a wide region and can cause extensive damage. The CEI Hub area has 

several mapped landslides including debris flows from the West Hills and rock falls and slumps 

along US Highway 30. These mapped landslides are likely from past rainfall events and not by 

past earthquake activity.   

 

Seiches 
Seiches are waves that oscillate in water bodies and can be initiated by ground shaking. Seiches 

can vary from minor (e.g., centimeters in height) to over 10 feet and last up to hours. 

Theoretically, the Willamette River in the CEI Hub area can experience a seismically-induced 

seiche.  
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Figure 25: Lateral spreading susceptibility map of southern portion of CEI Hub (Mabey et al, 

1993) 
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Figure 26: Welded steel water tank damaged in 1992 Landers, California earthquake. (Photo - 

Curt Edwards, Technical Council on Lifeline Earthquake Engineering - TCLEE) 

 

Fires 
Fires are often triggered as secondary effects from earthquakes. Numerous potential ignition 

sources are available in the CEI Hub area. Certain types of fires, such as fires with predominately 

petroleum fuel or transformer PCBs, require advanced fire specialists to contain. Water storage 

tanks may be damaged and the water supply system may be inoperable. (Figure 26) 

 

Hazardous Material Releases 
Hazardous materials are often released during earthquakes. Numerous potential sources for 

possible uncontrolled hazardous material releases exist in the proximity of the CEI Hub, both at 

and nearby the energy facilities. These materials can pose different types of hazards, such as 

being corrosive, explosive, combustible, poisonous, and/or toxic. A few examples are: 

petrochemicals, liquefied natural gas (LNG), chlorine gas, and anhydrous ammonia. Sloshing of 

hazardous materials in tanks can occur in earthquakes. Sloshing occurs when liquid becomes 

agitated by ground shaking. The CEI Hub has numerous tanks with liquid fuel and other products 

that are susceptible to sloshing. Waves and splashing of liquids can overtop tanks and/or damage 

tanks. (Figure 27) 
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Figure 27: Sloshing of crude oil during the 2010 Chile earthquake. Note the black oil stains on 

the outside of the fuel tank. (Wang photo) 

 

Ground Deformation Analyses in the CEI Hub 
The susceptibility for liquefaction and lateral spreading in the CEI Hub area has been evaluated 

in a number of past studies, including the development of liquefaction and lateral spreading 

susceptibility maps by DOGAMI (Mabey et al, 1993, Mabey et al, 1996). Studies have indicated 

a high potential for both. Liquefaction and lateral spreading can cause structures to move 

horizontally and vertically. The amount of potential horizontal movement of the land, termed 

lateral spreading, and the amount of potential vertical movement, or settlement, can be analyzed. 

The analyses can be performed on a site-specific basis using sub-surface data from the site or can 

be conducted using assumed parameters that represent the CEI Hub. Liquefaction and lateral 

spreading could cause significant damage to local facilities and the potential impact from the 

damage to certain facilities could be high.  

 

DOGAMI reviewed selected site-specific work conducted by Bonneville Power Administration 

(BPA). Due to the engineering results from the BPA study indicating that the Willamette River 

bank soils can move towards the river by 10 to 25 feet in a Cascadia earthquake, DOGAMI 

contacted and collaborated with Dr. Steven Bartlett from the University of Utah (co-author) for a 

sensitivity study on lateral spreading to be conducted as part of this project. The sensitivity study 

incorporated soil properties obtained from the BPA study, and a variety of generic riverbank 

conditions that approximate the slopes at marine oil terminals in the CEI Hub. The ground 

deformation analysis is both summarized below and included in Appendix B.   

 

BPA Study 
Bonneville Power Administration (BPA) evaluated the liquefaction, liquefaction-induced 

settlement and lateral spreading potential of selected transmission tower and substation sites in 

the greater Portland area. The 2008 report, titled “Liquefaction Assessment, Bonneville Power 

Administration Facilities, Portland Metropolitan Region,” includes the work conducted from 
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their investigation, provides summary information and includes subsurface data and analyses 

(BPA, 2008). A portion of their work and findings is summarized herein for two BPA sites. 

Although the BPA findings are site-specific for their facilities, their findings are generally 

consistent with findings from previous studies in the CEI Hub. Depending on the soils 

(underlying geology units and fill materials) and ground water conditions, the liquefaction 

susceptibility at other sites in the CEI Hub can be higher or lower than found at these BPA sites.  

 

The 2008 BPA work included 11 cone penetration tests (CPT) and Lidar (light detection and 

ranging) technology which was used in their engineering analyses for liquefaction, liquefaction-

induced settlement, and lateral spreading. For all of their sites, they used a ground motion input 

value of 0.2 g to evaluate for liquefaction.  

 

One of the BPA study sites is the river crossing in the north end of the CEI Hub (Figure 28). The 

study group completed a CPT at the tower site that indicated soft to stiff clay and medium dense 

sand to silty sand to the maximum depth of exploration at 80 feet; the medium dense sand to silty 

sand occurs at depths of 7 to 31 feet and 44 to 66 feet, with the remainder of the profile being 

soft to stiff clay. The study said the depth to the groundwater at the site is expected to range from 

approximately 17 to 21 feet below the ground surface (BPA, 2008).  

 

The tower site soils were interpreted to be susceptible to liquefaction. Their estimates indicated 

settlement from liquefaction will be around 12 inches. The results from the analyses of potential 

lateral spreading indicate that there could be 10 to 25 feet of lateral spreading of the surficial 

soils towards the Willamette River, depending on the magnitude and duration of strong ground 

shaking. These large displacements imply that there could be a flow of the liquefied material into 

the river channel that could result in even larger lateral spreading at the tower site. The potential 

for lateral spreading was analyzed using the methodology of Youd et al, (2002) (BPA, 2008).  

 

The BPA study also evaluated a nearby substation (Figure 28; see red pin on the map on right) 

located in the Rivergate area between the Willamette and Columbia Rivers about one mile east 

of the Willamette River transmission crossing. The substation is located on nearly flat ground at 

an approximate elevation 46 feet. According to the study, the site appears to be fill soils situated 

on a cut-fill pad along the side of a low sloping hill above the abandoned, partially in-filled 

slough, which lies at an elevation of about 22 feet. The study indicates that the depth to ground 

water is approximately 30 feet below the ground surface. The site soils were interpreted to be 

susceptible to liquefaction at depths of more than about 30 feet. The study stated that the 

settlement from liquefaction will be around 0 to 2 inches. The results from the analyses of 

potential lateral spreading indicate that there could be up to 1 foot of lateral spreading of the 

surficial soils towards the slough to the north. (BPA, 2008)  
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Figure 28: Two towers in the CEI Hub are owned by BPA (center and right in photo on left, 

yellow pin in NW corner of map on right) and were analyzed in a BPA study conducted in 2008 

to have the potential to move 25 feet towards the river during a magnitude 9 Cascadia 

earthquake. (The tower in the foreground - left–hand side of photo - is owned by an investor-

owned utility.) (DOGAMI photo) (map: Google Earth) 

 

Lateral Spreading Sensitivity Study  
A number of geotechnical engineers have performed lateral spreading analyses to evaluate the 

potential for permanent ground deformation (PGD) for a variety of facilities in the CEI Hub. 

Many of these studies used a state-of-practice method developed by Youd, Hansen, and Bartlett 

in 2002 (Youd et al., 2002). This method provides mean (i.e., average) estimates of lateral spread 

PGD for cases where lateral spread is fully developed and not greatly affected by boundary 

conditions or lack of continuity in the liquefied zone for earthquakes with moment magnitudes, 

Mw, between 6 and 8 and ground slopes between 0.1 to 5.0 percent. Youd et al., (2002) have 

shown that the actual displacement may vary by a factor of 2 (plus or minus) of the mean 

estimate.  In addition, this empirical method may under estimate the amount of PGD for cases 

where lateral spread is not fully developed due to changes in the subsurface conditions or lack of 

continuity in the liquefied zone. Further, its application to magnitude 9.0 subduction zone 

earthquakes has not been verified. Lastly, another limitation of the empirical approach of Youd 

et al. (2002) is its inability to estimate the effects that ground improvement may have on 

reducing PGD displacement. To answer this question, mechanistic or numerical modeling 

methods are required.  

 

To help determine the potential range of PGD in the riverbank soils in the CEI Hub, and better 

understand the potential to mitigate future ground deformation, we conducted a numerical 

modeling study. This model is a generic sensitivity study where we vary the earthquake shaking 

characteristics and site parameters. This specialty study is technical in nature and is summarized 
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herein. Additional information on the input parameters, evaluation and results are presented in 

Appendix B. 

 

The purpose of this sensitivity study was to determine a likely range of PGD in soils with slope 

conditions found along the lower Willamette River banks. Structures in areas with significant 

PGD are likely to incur damage. Depending on the specific structure, the amount of horizontal 

and vertical movement will affect the severity of the damage. This generic study does not 

represent any particular site in the CEI Hub. There likely exists sites more vulnerable to PGD in 

the CEI Hub that have a combination of soils with a higher susceptibility to liquefaction, steeper 

slopes and higher ground water conditions. For specific locales, site-specific evaluations are 

needed.  

 

We selected representative acceleration time histories for Mw9.0 and Mw8.0 earthquakes and 

adjusted these time histories for use in the numerical model. The selected software was a 

nonlinear time domain analysis called FLAC (Fast Lagrangian Analysis of Continua) (Itasca, 

2005).  In-situ soil data from the BPA Rivergate South - Willamette River Towers site was used 

to develop the soil properties for the analyses in conjunction with other generic local data (BPA, 

2008; CH2MHill, 2006). 

 

The predicted results from the numerical modeling were also compared and calibrated with the 

lateral displacements results predicted by the Youd et al. (2002) regression model prior to 

completing the final runs. After numerous trial runs, we narrowed the earthquake motions input 

to six subduction zone earthquake time histories for the final computer runs. The estimation of 

horizontal displacement from liquefaction-induced lateral spread was performed for cases with 

and without ground improvement.  

 

The modeling results indicate that the amount of PGD varies significantly with the ten different 

earthquake ground motion inputs and with varying slope conditions of 0.5, 1, 2, and 5 percent. 

The results from our sensitivity analysis, which models a fixed zone of liquefaction and ground 

water table at 5 m below the ground surface, are more sensitive to the input ground motions than 

the slopes. The PGD results range from negligible to extreme. Maximum PGD (on 5% slopes) 

for most input motions ranged from 0.2 m (8 inches) to 2.6 m (8.5 ft). One ground motion 

(1msoil, Mw9.0 earthquake) produced an extreme PGD result; the predicted displacements of the 

untreated soils range from 0.4 meters (1 foot) on a 0.5 percent slope to 17 meters (56 feet) on a 5 

percent slope. Summary results of the lateral spread deformation analyses and the average 

displacement derived from the Youd et. al (2002) relations for both Mw8 and 9 earthquakes are 

presented in Appendix B for comparative purposes.  

 

Although the results indicate that the soils are likely to move down slope towards the river, it is 

possible to mitigate the potential movement by strengthening the soil. Based on this deformation 

analyses, we estimated the amount of ground treatment required to mitigate the lateral spreading 

for two representative cases. According to our analyses, the required ground improvement to 

control deformation from lateral spreading could be achieved by increasing the composite 

undrained shear strength of the soil to about 1,000 psf using a soil mixing or other cementitious 

injection technologies.  For soil densification technologies, the target improvement to achieve 

minimal lateral spread displacement is to densify the soil to a standard penetration test (SPT) 
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N160 blow count of 15, or greater, in the liquefiable zone.  Nonetheless for actual sites, site-

specific engineering studies would be required.  

 

In summary, the evaluations in Appendix B verified that the soil in the CEI Hub could be 

vulnerable to damaging lateral spreading displacement during a Cascadia earthquake on a ground 

slope as low as 0.5 percent. In addition, for critical structures that cannot tolerate PGD, 

vulnerable soil conditions can be mitigated against lateral spreading using ground improvement. 

This is valuable information as we consider the many critical energy facilities located in the area.  
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Section 5 
Energy Facilities and Vulnerabilities in the CEI Hub 

 

Portland’s critical energy infrastructure, including high voltage electricity transmission, fuel 

pipelines, tank farms, ports and facilities, is concentrated along the Willamette River in the 

critical energy infrastructure (CEI) Hub. Much of the existing infrastructure was constructed 

prior to current seismic safety specifications and many of the petroleum storage tanks, piers, 

marine docks and buildings may not be adequately hardened. This area consists primarily of 

man-made filled land overlying river sediments and is vulnerable to liquefaction and lateral 

spreading. The concentration of facilities and hazardous materials in this area has the potential to 

produce damaging cascading effects including fires from ruptured natural gas and fuel lines, 

hazardous material releases and debris blockage of the Willamette River.  

 

There are a variety of structures at the oil terminals, natural gas facilities, and electrical 

substations, as well as transmission pipes for liquid fuel and natural gas, and transmission towers 

and lines for electricity. Most of the facilities include control buildings with control equipment, 

some with emergency generators and/or batteries. The fuel terminals often include: transmission 

and distribution pipelines, piers or wharves, tank farms, pipe and loading racks, pumps, electric 

distribution equipment, and many other components. The liquid fuel transmission system 

includes gate stations, and transmission and distribution pipes, including at the Columbia and 

Willamette river crossings. Figure 29 shows infrastructure, including liquid fuel pipelines 

(dashed yellow), natural gas pipelines (yellow) and electrical transmission lines (pink) on 

potentially vulnerable soils in the CEI Hub. In addition to the major energy lines co-located in 

this area, water, waste-water, rail and a highway are located here. Figure 29 is a close up of a 

larger map, which shows that the natural gas system has a loop configuration around the greater 

Portland area. Similarly, it shows that the electrical system includes a loop around the greater 

Portland area. The larger mapped can be accessed at: 

http://pubs.usgs.gov/sim/3027/sim3027_front.pdf 

 

http://pubs.usgs.gov/sim/3027/sim3027_front.pdf
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Figure 29: Lifelines in the CEI Hub area, including liquid fuel and natural gas pipelines, and 

transmission lines. This is a close-up of a greater Portland area map showing co-located critical 

lifelines on various soil types. (modified from Barnett et al, 2009) 

http://pubs.usgs.gov/sim/3027/sim3027_front.pdf 

 

http://pubs.usgs.gov/sim/3027/sim3027_front.pdf
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The electrical facilities include electric substations that feed into the region’s power grid. 

Substations include control buildings with control equipment and back-up batteries, 

transformers, circuit breakers, and bus structures. The power system also includes transmission 

lines and transmission towers. The natural gas system includes gate stations, transmission and 

distribution pipes, and a liquefied natural gas (LNG) terminal, which includes tanks, 

liquefication and gasification processing equipment, and control equipment.   

 

DOGAMI conducted evaluations of the facilities with varying levels of detail ranging from 

review of available engineering reports to conducting visual screening-level assessments. 

DOGAMI was assisted by professional specialists for much of the work (see 

acknowledgements). For example, DOGAMI worked with the local U.S. Coast Guard (USCG) 

and engineers from California's program called Marine Oil Terminal Engineering and 

Maintenance Standards (MOTEMS) to perform some of the visual screening level assessments 

of the piers and wharves in the CEI Hub. William R. Clark, USCG Port Security Specialist was 

DOGAMI's key point of contact. Martin Eskijian, MOTEMS Engineering Branch Supervisor 

(retired in 2011), Kendra Oliver, Senior Engineer, Petroleum Structures, and several other staff, 

provided technical expertise, which is described in Oil Terminal Facilities.  

 

This section reviews the facilities included in the study. It also includes a discussion on building 

codes. Building codes regulate the seismic design criteria, which in turn, controls seismic 

vulnerability. This section also includes a more detailed discussion on waterfront dock structures, 

land-based structures, seismic pipeline vulnerability and co-located facilities in the CEI Hub.  

 
CEI Hub Facilities: Liquid Fuel, Natural Gas and Electricity 
All of the facilities in the CEI Hub are exposed to a variety of seismic hazards. The energy sector 

facilities in the CEI Hub include:  

 

 All of Oregon’s major liquid fuel port terminals 

 Liquid fuel transmission pipelines and a transfer station 

 Natural gas transmission pipelines and a transfer station 

 Liquefied natural gas facility 

 High voltage electric substation and transmission lines 

 Electrical distribution substations 

 

The EAP partners visited all relevant energy companies with facilities in the CEI Hub. DOGAMI 

and ODOE jointly conducted site visits with the terminal managers at these petroleum facilities: 

BP, Chevron, ConocoPhillips, KinderMorgan (KM) fuel terminals and KM pipeline, McCall Oil, 

Nustar, and Shell. MOTEMS senior engineer, Kendra Oliver, participated in the visits to BP, 

Chevron, McCall and Shell. The fuel facilities often include: transmission and distribution 

pipelines, piers or wharves, tank farms, loading racks, control buildings, electric distribution 

equipment, and many other components. The liquid fuel transmission system includes gate 

stations, and transmission and distribution pipes at the Columbia and Willamette river crossings. 

It is important to note that more than 90 percent of liquid fuels consumed in Oregon pass through 

the CEI Hub, as does a significant portion of NW Natural’s natural gas. Thus, this area is 

critically important to Oregon residents, businesses and industrial firms.  
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Figure 30 show some of the facilities in the CEI Hub which are located near the Willamette 

River on soils that have been mapped as artificial fill or modified ground (Madin et al, 2008) and 

which are potentially unstable. Loose fills, such as those placed without compaction, are very 

likely to be susceptible to liquefaction (Kramer, 1996). (Figure 31) 

 

 
Figure 30: Fuel tank farms and marine terminals along the Willamette River’s edge near US 

Highway 30. For geographic reference to Figures 29 and 31, note the three parallel water inlets. 

(Basemap: Google Earth) 
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Figure 31: Surface geology map showing areas of fill materials (in pink) adjacent to the river. 

For geographic reference to Figures 29 and 30, note the three parallel water inlets. (Madin et 

al, 2008) 

 

DOGAMI and OPUC conducted site visits with utility operators at Bonneville Power 

Administration, NW Natural, Portland General Electric (PGE), and Williams Northwest Pipeline 

electrical and natural gas facilities. (No PacifiCorp facilities are located in the CEI Hub.) BPA 

principal structural engineer, Leon Kempner Jr., provided technical expertise at all of BPA's 

electrical facilities. The electrical facilities include electric substations that feed into the region’s 

power grid. Substations include control buildings with control equipment and back-up batteries, 

transformers, circuit breakers, and bus structures. The power system also includes transmission 

lines and transmission towers. The natural gas system includes gate stations, transmission and 

distribution pipes, and an LNG terminal, which includes tanks, liquefication and gasification 

processing equipment, and control equipment.   

 

We also conducted selected site visits to important energy facilities located just outside of the 

CEI Hub. These included: 

 

 Two large electrical substations on Front Street (Figure 32) 

 A natural gas gate station on Sauvie Island  
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 Two Columbia County electric power plants that use natural gas (Port Westward and 

Beavers) are located next to the Columbia River. Both plants were developed on land 

susceptible to liquefaction triggered by a Cascadia earthquake; the soil at the newer plant 

was mitigated before construction. 

 A liquid fuel terminal in Eugene that is dependent on the CEI Hub for its fuel and serves 

as an important distribution facility for Southern Oregon 

 

 
Figure 32: Two large electric substations just south of the CEI Hub on Front Street that are 

separated by a railroad track (Basemap: Google Earth) 

 

Some infrastructure in the CEI Hub facilities was built 100 years ago, to very antiquated 

standards while other  infrastructure is new and built to the current state-of-practice standards. 

Because of the wide range of ages and associated construction practices, the seismic 

vulnerability of the facilities also spans a wide range. Based on visual observations, engineering 

judgment and limited information from the facility operators, major seismic vulnerabilities exist 

in the CEI Hub. Some critically important structures appear to be highly susceptible to 

significant damage in a major earthquake. In contrast, some structures are expected to have 

adequate seismic performance, including the new structures because of improved seismic design 

practices. Some existing structures have been strengthened or upgraded, such as evidenced by 

the newer dolphin structures used for mooring ships by older piers. No estimate has been made 

on the percentage of newer or upgraded structures.   
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Energy companies have operational interdependencies with the transportation and 

telecommunication sectors. To address seismic resilience for critical energy infrastructure 

operations and interdependencies, DOGAMI: 

 

 Worked with the Oregon Department of Transportation (ODOT) to prioritize key bridges 

and highways in the CEI Hub for potential future upgrades to withstand Cascadia 

earthquake impacts. Highway 30 is essential for vehicular access to many of the CEI Hub 

energy facilities. Bridges are critical to supporting fuel deliveries from the CEI Hub to 

other parts of Oregon. In June 2012, ODOT issued its Oregon Seismic Lifeline Route 

Study, which includes Highway 30 and the I-405 bridge as tier 1 lifeline routes (See 

Figure 33). Co-author Wang was a steering committee member on the project. 

http://www.oregon.gov/ODOT/TD/TP/Reports/Lifeline%20Selection%20Summary%20

Report.pdf 

 Worked with ODOE and ODOT to ensure reliable alternate routes are identified and 

maintained to support distribution should the primary bridges for fuel deliveries become 

impassable. This included co-author Wang and Tova Peltz (ODOT geotechnical 

engineer) inspecting the Columbia River waterway in an air reconnaissance, as well as 

discussions with William Clark (USCG), and bridge engineers Albert Nako (ODOT) and 

David O'Longaigh (City of Portland Bureau of Transportation).  

 Worked with OPUC and the investor-owned telecommunication providers in Oregon that 

the PUC regulates to promote reliable communications to energy companies located in 

the CEI Hub. This includes working with telecommunications providers to: 1) identify 

and resolve vulnerabilities to the system prior to an emergency, and 2) ensuring the rapid 

recovery of downed communication systems in the CEI Hub in the aftermath of an 

emergency. OPUC and DOGAMI have suggested to member of the telecommunication 

industry that they conduct seismic vulnerability assessments of their systems, including at 

Oregon Utility Safety Committee, OPUC's Energy Emergency Management Team and at 

invited talks, such as to the Oregon Telecommunications Association.  

 

http://www.oregon.gov/ODOT/TD/TP/Reports/Lifeline%20Selection%20Summary%20Report.pdf
http://www.oregon.gov/ODOT/TD/TP/Reports/Lifeline%20Selection%20Summary%20Report.pdf
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Figure 33 Map from the 2012 ODOT Oregon Seismic Lifeline Route Study, which includes 

Highway 30 and the I-405 bridge as tier 1 lifeline routes (Source: ODOT, 2012) 

 
Oregon Building Code Influences in the CEI Hub  
For the area of the CEI Hub, the City of Portland has responsibilities to enforce the requirements 

set forth by the building code. Building codes set forth minimum standards on new construction. 

Building codes are frequently upgraded to reflect new design knowledge including seismic 

hazards. These codes play a vital role in the seismic robustness of structures. If the code requires 

a high level of seismic design, then the new structure is designed and built to resist seismic 

forces. For existing structures, there are few, if any, regulations that require them to be upgraded 

to meet today's knowledge on seismic hazards. If past codes call for seismic design levels that 

are significantly lower than the levels in the current code, then those structures may have been 

designed with serious seismic deficiencies. DOGAMI reviewed the building code environment 

for facilities in the CEI Hub. 

 

The history of Oregon's building codes is important because the structures in the CEI Hub have 

been built over the last century and the building codes can have a major influence on the seismic 

vulnerability of the exposed facilities. For buildings and certain other structures, the seismic 

design level is typically regulated by the building code. A history of Oregon's seismic building 

code is available at: http://www.cbs.state.or.us/external/bcd/programs/structural/Seismic_Codes-

Oregon_History_020712.pdf (Oregon Building Codes Division, 2012).  
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Both Oregon and Portland have a complex building code history. The State of Oregon adopted 

its first building code in 1974. Building codes apply to new buildings, and not retroactively 

applied to existing buildings except under special conditions. Building codes that account for our 

basic understanding of the Cascadia fault and modern seismic loading conditions were not 

adopted until 1993. 

 

Figure 34 illustrates the trend of increasing seismic load requirements in the past half-century. 

As a technical example, it specifically shows the increase to the seismic base shear for a low-rise 

shear wall building located in Portland, Oregon for an Occupancy Category III structure. 

Occupancy Category III as defined on Table 1-1 of the ASCE 7-05 publication includes certain 

facilities that handle hazardous fuels. Base shear is an important seismic loading parameter on 

structures. Note that the figure shows the required base shear value drops in 2004. This is 

because the 2004 Oregon Structural Specialty Code, which adopted the 2003 International 

Building Code, integrates new knowledge about seismic performance that previously used a 

more conservative approach. A shear wall building is a building that relies on certain walls 

designed to resist forces generated by an earthquake that are applied to the building. Ductility 

relates to the building's ability to be reshaped without breaking. The current construction 

requirements for “specialty” structures, such as piers, tanks, and loading racks are also contained 

within the current building code, which is the Oregon Structural Specialty Code (OSSC) adopted 

by the Oregon Building Code Division and local building departments, such as in the City of 

Portland.  
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Figure 34: Seismic load requirements have increased over the decades to reflect the increasing 

understanding of Oregon's earthquake setting. For seismic design, 1993 was a landmark year. 

(Credit: KPFF consulting engineers)  

 

Based on discussions with Jason Butler-Brown in the City of Portland Development Services 

department, facilities in the CEI Hub are required to obtain permits for new construction and 

conform with current building codes. Newly constructed structures are expected to have 

satisfactory performance in a design-level earthquake, that is, while they may sustain substantial 

structural damage, they should not collapse. It is possible for a structure to not be usable and still 

perform in a satisfactory manner that is in accordance with the building code. The level of 

compliance with past practices was not researched. In recent years, new building codes have 

been adopted as frequently as every three years. More recent building codes have progressively 

incorporated seismic design provisions. As an example, in October of 2010, the State adopted the 

2010 Oregon Structural Specialty Code (OSSC), which refers to the 2009 International Building 

Code (IBC).  

 

The first time geotechnical engineering reports were required to evaluate liquefaction potential 

and soil strength loss was in the 1996 OSSC which was based on the 1994 Uniform Building 

Code (UBC). At that time, it was widely accepted that silty soils were not prone to liquefaction. 

By approximately 2004, silty soils became widely recognized as being susceptible to liquefaction 

(Seed et al, 2003). As a result, the City of Portland began requesting that geotechnical 
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engineering reports evaluate the liquefaction susceptibility of silty soils (pers. comm. with Jason 

Butler-Brown, city of Portland geotechnical engineer on January 13, 2010). Therefore, structures 

constructed over soft silty soils that were granted permits by the City of Portland prior to 2004, 

such as those near the Willamette River, may have liquefaction vulnerabilities. 

 

Although new buildings in the CEI Hub have been regulated by the City of Portland using the 

OSSC for decades, DOGAMI discovered that older building codes and practices did not 

adequately address many non-building structures that exist in the CEI Hub, such as tanks, pipes, 

and piers. This is based on discussions with state, city, and private sector engineers including 

Steve Judson (Oregon Building Codes Division), Jason Butler-Brown (City of Portland) and 

Kent Yu (Degenkolb Engineers and Oregon Seismic Safety Policy Advisory Commission). One 

explanation is because non-building structures typically hold few, if any, people and the focus of 

the building code has traditionally been on life safety.   

 

In the early 2000s, non-building structures gained more attention in American Society of Civil 

Engineers (ASCE) 7, an engineering design document referenced by the OSSC and used by 

engineers. The 2004 OSSC referenced the 2003 International Building Code (IBC) and ASCE 7.  

For the first time the building code, through ASCE 7, specified more directly the design basis for 

a variety of non-building structures, including piers and wharves. Furthermore, it specified that 

the design shall account for the effects of liquefaction along with other marine based-loading 

criteria. In 2005, the ASCE 7-05 was published. It is considered to be a landmark design 

document because it specifies the loading criteria, including seismic design for a multitude of 

structures and structure types. By 2007, with the adoption of the 2007 OSSC and OSSC's 

reference to ASCE 7-05, ASCE 7-05 has gained significantly more influence among engineers 

designing non-building structures as a building standard. Design methods other than those in 

ASCE 7-05 are allowed by building officials.  

 

Oil Terminal Facilities 
The state EAP partners, which consists of ODOE, OPUC and DOGAMI, worked with the US 

Coast Guard (USCG) on the USCG's  routine inspection of the petroleum terminals’ port 

facilities, reviewed California’s MOTEMS and conducted site visits with USCG personnel and 

MOTEMS engineers to better understand the seismic condition of the port structures, primarily 

the piers and the wharves for transporting liquid fuels.   

 

Port Structures 
Beginning in July 2009, EAP partners and USCG leadership and staff developed a working 

relationship to share information on the earthquake hazards to the port facilities in the CEI Hub 

that USCG regulates for port security. These include: BP, ConocoPhillips, Chevron, 

KinderMorgan, McCall Oil, and Nustar Energy. EAP partners arranged boat tours of ports for 

energy facilities, hosted earthquake table-top scenarios, and organized a meeting with Western 

Energy Institute and the USCG. The Western Energy Institute is a non-profit organization of 

energy sector businesses. They help develop memorandum of understandings (MOUs) between 

petroleum companies that deal with, for example, emergency situations. These MOUs could be 

helpful to the USCG in fulfilling their responsibilities on port security. In response to concerns 

raised at the Western Energy Institute meetings, the EAP partners alerted transportation officials 

about the need to have reliable transportation routes open during a major earthquake disaster. 
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EAP information was shared with transportation officials at the Oregon Department of 

Transportation (ODOT) at the Oregon Seismic Safety Policy Advisory Commission, the ODOT 

bridge section, and at a House Transportation committee legislative hearing held on May 24, 

2010.  

 

In December 2009, USCG Port Security Specialist William R. Clark arranged for ODOE and 

DOGAMI to meet with the USCG Facility Inspections Branch in their Portland office. The goal 

of the meeting was to determine whether USCG requests any information on the seismic 

condition of existing facilities and how they would address seismic disasters. At that meeting, it 

was determined that the USCG inspections did not include seismic information but would be 

willing to request information by selected port owners to assist the EAP partners. As a result of 

the meeting, DOGAMI developed two questions for the USCG to request seismic information on 

port facilities owned by the petroleum companies. The questions listed below were submitted to 

representatives at these six companies: BP, ConocoPhillips, Chevron, KinderMorgan, McCall 

Oil, and Nustar Energy.  

 

In March 2010, the USCG provided the ODOE and DOGAMI with the responses from three of 

the six facilities, which include BP, Chevron, and ConocoPhillips. Terminal managers provided 

their responses via email, in part written by their engineers  They range in detail and 

completeness and are provided below. No engineering reports were requested nor provided. For 

this report, very slight modifications to the responses have been made to help with clarity, such 

as renumbering the answers and correcting misspellings. Also, the names are each facilities have 

been removed and replaced with "unnamed". This action is consistent with the goals of the study, 

when possible, to respect the privacy of privately-owned energy sector operators when obtaining 

seismic vulnerability data. In late 2010, the USCG informed ODOE and DOGAMI that they 

never received responses from Kinder Morgan, Nustar or McCall Oil. Shell’s port is not in 

operation and they were not included in the USCG request for information.  

 

Question 1. What is the original construction date of the docks and waterfront structures (e.g., 

quay wall, anchored bulkhead, sheet-pile wall)? What level(s) of seismic design was used?  

 

Response 1.  The unnamed Portland Terminal Dock was totally re-constructed in 1960 

(approx). It should have been designed for seismic forces prescribed in the Uniform 

Building Code (UBC) at that time. Early (crude) provisions for seismic design were 

required in the UBC way back in the 1930's.  

 

A dock structural evaluation was completed in 2005.  Part of its findings:  

 

Earthquake Load Analysis: A seismic analysis was performed on the existing structure, 

with the worst load condition being lateral earthquake forces perpendicular to the dock. 

These lateral forces are resisted by the batter piling at the wide bents (lines 23-58), and 

by bracing at the narrow bents (lines 1-22), except that the narrow bents at lines 17,18,19 

have batter piles also. The methods outlined in IBC 2003 were used for seismic analysis, 

and this obviously results in higher lateral loads than what the dock was originally 

designed for. Our calculations indicate that the wide bents (lines 23-58) of the existing 

structure have adequate resistance for these seismic loads. However, the narrow braced 



73 
 

bents (lines 1-16, and 20-22) would be slightly overstressed due to these seismic loads 

and the bracing/connections would need to be reinforced. This would likely involve 

replacing the wood bracing with steel channels and adding some additional bolts. It's 

important to note that seismic upgrades to existing structures are typically only required 

when a structure is undergoing a change of occupancy or major design alteration, which 

is not the case here. So, while it's not legally required, we still recommend adding seismic 

reinforcing to the narrow dock area. This would increase the structure's resistance to 

seismic loads and help prevent failures in the product piping/spills into waterway. 

 

Response 2. A comprehensive review of all of the local record drawings for the dock 

reveal the following: 

 

The earliest drawing for the dock is from unnamed, dated June 1936, and it appears that 

the drawing may not have been an original construction drawing, but a modification.  The 

dock could have been constructed several years earlier.  Since the terminal had been in 

existence since about 1912, it is easy to believe that a wharf structure existed at that time. 

 

In 1972 structural wood piling replacement and firewall improvements were made. 

 

In 1974 major structural improvements were made.  The work was performed under city 

of Portland permit 480690, 12/6/1973.  The work added 3 reinforced concrete mooring 

sections, reconstructed the dock in entirety between bents #3 and #16, added two 

reinforced concrete dolphins at the head of the dock, and added a 40ft.x80ft.x8" thick 

reinforced concrete slab at the tanker unloading section.  The work was designed and 

stamped by a licensed PE and work was completed to building codes in force at that time.  

Any seismic evaluation of the dock required by code would have been completed, 

however no specific seismic criteria was listed on design drawings. 

 

In 1997 two significant steel-piled fenders were added to the upstream and downstream 

berths.  The work was designed by a PE, Winzler and Kelly. 

 

A new waterfront structure was added in 2007.  A 100 ft. long sheet-pile wall was 

installed and armored with rip rap on the upstream side of the dock.  The work was 

designed in accordance with the latest building codes in force and was permitted by the 

city or Portland.  The downstream side of the dock do not include any significant 

improvements, e.g., quay wall, anchored bulkhead, or sheet-pile wall. 

 

Response 3. The dock was completed 1993, no idea what level of seismic design was 

used. The sea wall was completed 2009 and was designed using a computer model to 

meet current UBC Seismic Zone 3 requirements. 

 

Question 2. What is the post earthquake disaster restoration time for waterfront structures that 

handle fuel (e.g., operational capacity versus time curves)?   

 

Response 1. The restoration time will depend on the extent of the damage.  We'd 

establish a command post and us the IC system, then assess the damage.  Any return to 
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normal operations would take place one component at a time, inspecting all equipment 

for leaks, etc. 

 

Response 2. My professional opinion on the timing of a repair of a damage dock would 

rest entirely on the severity and breadth of the damage to critical marine facilities in the 

Port and the relative rank in priority that the unnamed fuel dock holds amongst all 

damaged facilities. 

 

If damage were isolated to just the unnamed dock, I believe that significant damage could 

be repaired and the dock placed back in operation in 2 to 8 weeks, if emergency repairs 

were expedited. 

 

Response 3. No idea. 

 

 

Based on the information contained in the responses received, it was revealed that some CEI Hub 

ports were originally built around the early 1900s, and, most have had alterations, upgrades and 

additions over the decades, some recently. This is consistent with our field observations.  Based 

on the above responses as well as discussions with terminal managers, the length of time to 

restore operations appeared to be difficult to estimate and is not well constrained. 

 

MOTEMS and CEI Hub Ports 
MOTEMS is a California program that regulates the state’s petroleum companies’ facilities 

(http://www.energy.ca.gov/2009_energypolicy/documents/2009-04-14-

15_workshop/presentations/Day-1/03-Eskijian_Martin_MOTEMS.pdf). Earthquake experts 

consider the program’s seismic regulations to meet a high standard (Percher and Bruin, 2009) . 

MOTEMS is part of the California Code of Regulations, Title 24, Part 2, Volume 2 of 2, 2007 

California Building Code, Chapter 31F 

http://www.slc.ca.gov/Division_Pages/MFD/MOTEMS/MOTEMS_Home_Page.html. The 

MOTEMS program requires analysis and audits for every marine oil terminal in California. 

Seismic analyses are required based on the baseline inspection, current condition of the structure 

and site-specific ground motion input. Selected seismic-related portions include Division 1: 

Introduction; Division 2: Audit and Inspection; Division 3: Structural Loading Criteria; Division 

4: Seismic Analysis and Structural Performance; Division 6: Geotechnical Hazards and 

Foundations; Division 7: Structural Analysis and Design of Components; Division 8: Fire 

Prevention, Detection and Suppression; Division 10: Mechanical and Electrical Equipment; and, 

Division 11: Electrical Systems. Over time, risks of catastrophic failures with environmental 

contamination, interruption of marine traffic, and serious long-term fuel shortage are being 

minimized in California. 

 

MOTEMS requires all petroleum companies in the state to provide seismic information 

regarding their properties. MOTEMS division 2 prescribes the MOTEMS “audit” and requires 

as-built drawings, and, if not available, reconstructed drawings, along with an above and under-

water inspection of facilities in California. If the initial drawings cannot be located, it will be 

difficult to determine the depth to fixity of the piles. Before any structural assessment can be 

made, soil conditions, including the presence or absence of potentially liquefiable layers needs to 

http://www.slc.ca.gov/Division_Pages/MFD/MOTEMS/MOTEMS_Home_Page.html
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be assessed with geotechnical borings. MOTEMS requires borings to a depth of 100 feet placed 

in strategic areas around or under the existing wharf/pier. As an example, some of the 

requirements for the seismic assessment of a marine oil terminal in California include: 

 

 A site-specific seismic hazard study will be required to determine the appropriate 

response spectrum for the 72 and 475 year return period events. This is mandated for site 

class “F” and will probably be required with the soft river bottom and potential 

liquefaction and no shallow bedrock. However, one set of borings may be sufficient for 

many adjacent facilities to eliminate repetitive borings.    

 

 The MOTEMS criteria (or ASCE u/w standards, Ref. 2) on an above and under-water 

inspection to the mudline is required. The criteria for the inspection requires that a 

registered civil or structural engineer to be in the water at least 25 percent of the dive 

time. As-built or “baseline” drawings may have to be constructed to evaluate the 

structural integrity of each facility if the original drawings are not available. 

 

Martin Eskijian, MOTEMS Engineering Branch Supervisor (retired in 2011), and his staff 

provided expertise and assistance to the EAP. Mr. Eskijian provided assistance on one site visit 

comprised of a boat reconnaissance that included port facilities in Oregon in the CEI Hub. The 

EAP partners were invited to the MOTEMS northern California office in Hercules, California, 

where we visited the Chevron refinery in Richmond, California, the Tesero port facility in 

Vallejo, California, and participated as observers in a MOTEMS meeting with Shell. After that, 

MOTEMS senior engineer, Kendra Oliver, provided assistance on four terminal visits that 

included port facilities in Oregon in the CEI Hub.  

 

The following photographs describe and illustrate some of the EAP partners' and MOTEMS 

engineers’ major concerns about seismic readiness of the port structures operated by oil 

terminals in the CEI Hub. These issues largely fall under MOTEMS Divisions 3: Structural 

Loading Criteria, Division 4: Seismic Analysis and Structural Performance, Division 6: 

Geotechnical Hazards and Foundations, and Division 7: Structural Analysis and Design of 

Components.  

 

Figure 35 shows steel plumb piles with lateral timber bracing as observed at facilities in the CEI 

Hub. MOTEMS does not permit the use of timber cross bracing to provide lateral restraint 

(seismic loading) for vertical piles. This was one of many major shortcomings of the observed 

facilities in the CEI Hub. With the large variation in water depth, dependent on dam release, 

tides and storms, the pile heights out of the water look high; buckling forces on the columns may 

well exceed current design standards and this may become critical for the seismic evaluation.  
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Figure 35: Lateral timber bracing for steel plumb piles in the CEI Hub is considered inadequate 

by California’s MOTEMS standards. (DOGAMI photo) 

 

MOTEMS provides liquefaction screening methodologies that could be used to evaluate whether 

or not there are slope stability issues, whether lateral spreading along the piers/wharves or 

trestles is likely, and the possibility of adverse seismic loading of the piles (e.g., out of phase 

with the inertial loads). It is possible that soil failures may be a significant contributor to 

compromising the structural integrity.  If the seismic demand on the structural system (either 

above grade or below grade) is higher than the structural capacity and the structural integrity 

could be compromised, then upgrades would be required.  MOTEMS allows for a dialogue 

between the operator and regulator on the proposed mitigation and schedule of mitigation; the 

regulator decides whether the time requested to rehabilitate is reasonable or excessive. Figure 36 

shows a foundation for a high traffic pier, shown in Figure 37, on highly liquefiable soils in the 

CEI Hub.   
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Figure 36: This under-designed foundation in part of an oil terminal pier in the CEI Hub is 

considered inadequate. Based on previous regional studies, boring logs from an adjacent 

facility, and on-site visual inspection of the surficial soils, this area has high susceptibility for 

liquefaction and lateral spreading. (DOGAMI photo) 

 

 
Figure 37: The area by this pier in the CEI Hub is used to transport liquid fuel. Based on 

previous regional studies, boring logs from an adjacent facility, and on-site visual inspection of 

the surficial soils, this area has high susceptibility for liquefaction and lateral spreading. 

(DOGAMI photo) 
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Under the MOTEMS system, following on the seismic analyses of the port structure and the 

ground, a pipeline stress analysis may be required in order to be certain that no leaks will result 

from the seismic displacements. Facilities in the CEI Hub have flexible timber structures (some 

with pipelines under the piers) with hard points in locations that would likely indicate failure in a 

pipeline stress analysis.  

 

During the site visits in the CEI Hub, DOGAMI and MOTEMS engineers observed many 

structures with pipelines with possible vulnerabilities, some of which were verified by the 

responses provided by the oil terminal facilities to the USCG. Figure 38 shows transverse timber 

beams in seriously degraded condition, with one bolt connecting the beam to the steel plumb pile 

as observed during visual inspections. Some of the transverse beams support petroleum 

pipelines. The pile cap beam in the center of the photo, which should be level, has a clockwise 

rotation. Based on the professional judgment of DOGAMI and MOTEMS engineer Martin 

Eskijian from post-earthquake investigations, experience with engineering analyses, and from the 

body of knowledge in the earthquake profession, this configuration would be expected to fail in a 

moderate earthquake, without even considering lateral spreading or liquefaction. 

 

 
Figure 38: This photo shows generally poor condition of transverse beams supporting petroleum 

pipelines and cap beam in the CEI Hub. Notice the clockwise rotation of the pile cap beam in the 

center of the photo.  (DOGAMI photo)  

 

Figures 39, 40, 41 and 42 illustrate some of the poor conditions observed of the oil terminal piers 

in the CEI Hub. Examples from working piers include: deteriorated concrete foundation, exposed 

rebar, split timber beams and broken timber piles.   
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Figures 39 and 40: The close-up photo on the right shows poor timber-to-concrete connection, 

broken concrete and exposed rebar. Energy sector companies should maintain and upgrade 

infrastructure to current standards in order to protect assets and limit down-time following an 

earthquake. (DOGAMI photos) 

 

 
Figure 41: The connection on this pier in the CEI Hub appears to have deteriorated due to a 

split in the timber beam. This type of damage suggests that the condition of the structure may not 

be routinely monitored and maintained and that the overall pier is seismically vulnerable. 

(DOGAMI photo) 
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Figure 42:  This pier in the CEI Hub appears to be poorly maintained with broken timber piles 

adjacent to working components of the pier. (DOGAMI photo) 

 

Figure 43 shows a “hard point” (ie, fixed point that could concentrate stresses) for the petroleum 

pipelines, which may not be desirable due to structural displacement from an earthquake. In 

accordance to MOTEMS procedures, a pipe stress analysis should be performed, with the input 

seismic displacement and then the pipeline could be evaluated. In the case illustrated in Figure 

43, it is unlikely that the ability to tolerate lateral motion was included in the original design. 

 

 
Figure 43: “Hard point” fixity of petroleum pipeline is located under this pier in the CEI Hub 

and is considered to be seismically vulnerable. (DOGAMI photo)  

 

It is common for waterfront structures that are under-designed to experience damage in 

earthquakes as evidenced by worldwide earthquakes. Figure 44 shows a damaged pier from the 

2010 Chile earthquake. 
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Figure 44: An example of a damaged pier in the 2010 Chile earthquake (Technical Council on 

Lifeline Earthquake Engineering – TCLEE - 2010) 

 

As part of the EAP, the EAP partners considered possibly using MOTEMS seismic regulation as 

“best practices” in Oregon as a means to make Oregon petroleum terminals safer. DOGAMI held 

discussions with MOTEMS personnel, conducted a literature review, accompanied MOTEMS 

staff on tours of the port facilities in the CEI Hub, and toured California oil terminals to better 

understand the effectiveness of the program. Based on our findings, it appears that applying  the 

seismic portion of MOTEMS to Oregon facilities and the CEI Hub facilities in particular would 

provide added safety. 

 

Seismic Pipeline Vulnerability 
The overall performance of oil and gas transmission pipeline systems in past worldwide 

earthquakes has been relatively good. However, failures have occurred in both older pipelines as 

well as modern pipelines, such as welded steel pipelines. Damage is typically concentrated in 

areas of unstable soils with permanent ground deformation (PGD) and/or liquefaction, including 

at river crossings and landslides.  

 

For the EAP, DOGAMI did not obtain any information or reports on seismic vulnerability of 

existing pipelines in the CEI Hub from the City of Portland, facility owners, or regulators. 

Seismic vulnerability assessments can be conducted on specific pipelines, both above ground and 

buried, to address specific pipeline performance. A major liquid fuel transmission pipeline and 

two natural gas transmission pipelines that have river crossings at the southern tip of Sauvie 

Island, as shown on Figure 29 Lifelines in the CEI Hub area, as well as Columbia River 

crossings just north of the CEI Hub (refer to http://pubs.usgs.gov/sim/3027/sim3027_front.pdf) 

are in need of special attention. 

 

Jason Butler-Brown, engineer at the City of Portland Bureau of Development Services, states 

that they do not review the structural design of proposed pipelines. Permits are reviewed and 

http://pubs.usgs.gov/sim/3027/sim3027_front.pdf
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issued for the excavation associated with the pipelines (on private property) and where pipelines 

are supported on structures that cross over private roadways or areas accessible by people (again 

on private property). Interstate fuel pipeline design is regulated under Title 49 of the Code of 

Federal Regulation. Part 192 of Title 49 of the Code of Federal Regulations addresses gaseous 

fuels, Part 193 addresses  LNG and Part 195 deals with liquid fuels. These serve as minimum 

design standards and are applied to interstate pipelines connected to the CEI Hub. 

Certain fuel pipelines are regulated for safety by the US Department of Transportation's Office of 

Pipelines and Hazardous Materials and Safety Administration (PHMSA) 

(http://www.phmsa.dot.gov/pipeline/regs). As part of this EAP, JR Gonzalez (former) the 

Administrator of the OPUC Safety, Reliability and Security Division informed Hossein 

Monfared, Pipeline Engineer, from PHMSA Western Region Office of Pipeline Safety that a 

liquid fuel transmission pipeline feeds petroleum tank farms situated on potentially liquefiable 

soils. This was part of a discussion to inquire about the content of PHMSA's audits.  As an 

outcome of that discussion, DOGAMI discovered that, to date, PHMSA has not requested 

seismic information as part of their audits involving tank farms in Portland. 

When soil liquefies, it behaves like a fluid and pipe embedded in it will be subjected to the 

buoyant force from below. This buoyancy due to liquefaction can occur at river crossings and 

sandy areas with high ground water tables. Figure 45 is a schematic showing buoyancy forces 

(Fb) on a buried pipe with a burial depth of C (IITK, 2007). Pipes can fail due to buoyant forces.  

 

 
Figure 45: Buoyancy forces on a buried pipeline. (IITK, 2007) 

 

In areas with permanent ground deformation (PGD), such as areas with lateral spreading 

(without the occurrence of liquefaction) or liquefied soils that have translated down slope 

towards the river channel (often referred to as a "free face"), the embedded pipe will be subjected 

to both compression and extensional forces. The total strain on the pipe can exceed the amount 

of strain the pipe can withstand creating unsafe pipeline conditions and even pipeline rupture. 

The maximum strain in the pipe both in tension and compression can be evaluated and compared 

with the allowable strain of the pipe. Figure 46 is a schematic diagram that shows a pipeline 

perpendicular to the direction of PGD. Figure 47 shows a pipeline that is parallel to the direction 

of PGD. In both figures, the area of unstable soils with PGD are illustrated before (purple zone) 

and after (gray zone) the ground movement. The actual pattern of PGD will depend on the 

earthquake ground motions, local soil conditions and the pipeline may cross the zone in any 
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direction. Figure 48 shows areas of tension and compression due to longitudinal PGD (IITK, 

2007). 

 

 
Figure 46: Transverse PGD schematic (IITK, 2007) 

 

 
Figure 47: Longitudinal PGD schematic diagram (IITK, 2007) 

 

 
Figure 48: Areas of tension and compression from longitudinal PGD (IITK, 2007) 
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A variety of possible mitigation measures are available to improve the performance of pipes 

against PGD. Depending on the specific situation, some options might involve: soil 

improvement, increasing the load carrying capacity of the pipe system, reducing the friction 

between the pipe and soil, relocating the pipe, anchors to prevent uplift from buoyant forces, or 

special pipe joints or fittings that allow greater joint deflection, extension, or compression.  

 

Non-Energy Facilities and Structures 
Many other structures and facilities are located in the proximity of the CEI Hub. Structures 

include bridges over the Willamette River as well as other port facilities and overpasses that span  

the railroad tracks. Other industrial companies, including ones that handle petrochemicals and 

hazardous materials, are located in the CEI Hub. A major rail yard exists at the south end of the 

CEI Hub. A limited number of commercial and residential occupants are also located in the area. 

Although these facilities are not part of the energy sector and included in this study, it is 

important to be aware of these facilities and structures. They could become a concern after a 

Cascadia earthquake. For example, if the chemical company has a fire, it could spread to a 

nearby oil terminal, or vice versa. 

 

Waterway Transportation to the CEI Hub 
The navigational channel from the Columbia River mouth to the lower Willamette River is used 

to transport fuel by marine vessels. DOGAMI investigated the infrastructure and geologic 

conditions along the shipping channel and terminals and analyzed the situation based on 

discussions with engineers from the U.S. Corps of Engineers and ODOT and staff from the U.S. 

Coast Guard (USCG), engineering judgment from previous earthquake investigations, 

geotechnical engineering reports and publically available material. Our findings, which are 

preliminary and require additional studies, indicate that the shipping channel will be damaged 

and closed for river navigation until it is officially cleared for use by the USCG. Based on our 

findings, the likely damage includes four modes: 

 

 Tsunami scour, damage and debris near the mouth of the Columbia River 

 Underwater slope failures along portions of the steep banks of the navigable river channel  

 Collapses of overhead structures such as bridges from earthquake shaking  

 Broken buried pipelines at river crossing locations 

 

Tsunami damage near the mouth of the Columbia River is based on tsunami hazard mapping 

(Priest et al, 1998) and DOGAMI’s field observations of tsunami damage from the 2004 Sumatra 

and 2011 Tohoku Japan subduction zone earthquakes. Damage to the navigable river channel is 

based on the already marginally stable, underwater steep slopes that require periodic dredging to 

maintain the required channel depths during normal operating conditions. Based on discussions 

with the ODOT Bridge Section engineers and seismic bridge engineering practices, all of 

existing bridges including the bridge approach structures have been seismically under-designed 

compared to today's requirements and may incur damage 

(http://peer.berkeley.edu/events/caltrans-peer/files/Ashford_Abutment_2009_r1.pdf). Similarly, 

the pipe and transmission river crossings may be under-designed in particular to liquefaction and 

lateral spreading conditions. The structures that may be damaged and block the waterway extend 

from the Columbia River mouth to the fuel storage area in the CEI Hub. These structures, from 

west to east, include: 
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 1966 Astoria-Megler Bridge crosses the Columbia River(Figure 49) 

 Buried natural gas pipeline crosses the Columbia River to feed power plants (Figure 50) 

 High voltage electrical transmission crossing the Columbia River (Figure 51) 

 1930 Lewis and Clark Bridge in the Longview, Washington area crosses the Columbia 

River (Figure 52) 

 Several liquid fuel and buried natural gas pipelines at Columbia River and Willamette 

River crossings just north of the CEI Hub. Photo shows a natural gas gate station on 

Sauvie Island (Figure 53) 

 High voltage electrical transmission crossing over Willamette River (Figure 54) 

 1931 St. Johns Bridge crosses Willamette River (Figure 55) 

 1908 BNSF rail bridge crosses Willamette River (Figure 56) 

 1973 Fremont Bridge, part of Interstate 405, crosses the Willamette River and is used for 

liquid fuel distribution by tank trucks (Figure 57) 

 

Closure of the shipping channel would prevent marine vessels from delivering liquid fuel as 

well as emergency response and recovery equipment from being delivered. 

 

 
Figure 49:  The approach (foreground) to the 1966 Astoria-Megler Bridge that spans the 

Columbia River has major structural deficiencies according to ODOT Bridge Section. In a 

major Cascadia earthquake, the exterior (concrete) shear keys on the approaches would 

likely not withstand lateral displacement of the superstructure (approach deck) (DOGAMI 

photo) 
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Figure 50: A buried natural gas pipeline crosses underneath the Columbia River and supplies 

two Oregon power plants near Clatskanie, Oregon.(DOGAMI photo) 

 

 
Figure 51: High voltage electrical transmission crossing over the Columbia River just west of 

Longview, Washington. (DOGAMI photo) 
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Figure 52: 1930 Lewis and Clark Bridge in the Longview, Washington area crosses the 

Columbia River (DOGAMI photo) 

 

 
Figure 53: Several liquid fuel and buried natural gas pipelines at the Columbia River and 

Willamette River crossings just north of the CEI Hub. Photo shows a natural gas gate station 

on Sauvie Island. (DOGAMI photo) 
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Figure 54: The high voltage electrical transmission crossing showing transmission towers 

built on a river bank susceptible to lateral spreading (BPA, 2008) (DOGAMI photo) 

 

 
Figure 55: The 1931 St. Johns Bridge crosses the Willamette River in the CEI Hub. The tall 

columns that are part of the approach are seismically deficient. (DOGAMI photo) 
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Figure 56: The 1908 BNSF rail bridge that crosses the Willamette River in the CEI Hub. The 

piers are seismically deficient. (DOGAMI photo) 

 

 
Figure 57: The 1973 Fremont Bridge, part of Interstate 405, crosses the Willamette River and 

is used for liquid fuel distribution. (DOGAMI photo) 



90 
 

Section 6 
Summary of Findings 

 

To assess the overall seismic risk to the energy infrastructure in the CEI Hub, DOGAMI 

gathered information on the seismic hazards, the exposed facilities present in the CEI Hub, the 

seismic vulnerability of these facilities, and considered the potential consequences of earthquake-

induced damage at the facilities. Our goal was to: 

 

 Understand the facilities and system components that are present (what is "exposed") 
 Assess the vulnerability of the exposed parts 
 Assume failure of the highly vulnerable parts 
 Evaluate the likely consequences 

 

The consequences of the damage to the infrastructure must be considered to understand risk. For 

example, if a site experiences liquefaction that causes the bottom of a petrochemical tank to 

rupture spilling all of its contents, but the product is quickly contained and not in demand, then 

the consequences are manageable and the risk can be considered as low. In contrast, if a site 

experiences only minor shaking that temporarily jams a door opening to access fire suppressants 

and a fire grows to uncontrollable levels in an area with critical products, these consequences 

may be significant and the risk is considered as high.  

 

Consequences can be immediate (e.g. those just described), short-term, long-term; direct or 

indirect; localized or far-reaching. Several examples taken from the 2010 Chile subduction zone 

earthquake are provided (Eidinger and Tang, in press). Limited water availability can impact 

immediate needs with respect to fire fighting capabilities as well as long-term needs for normal 

living conditions. (See Figures 58 and 59) In a similar vein, the lack of or limited electricity 

from a damaged transmission tower can impact businesses and the economy.  Figure 60 shows 

structural damage incurred from the 2010 Chile earthquake to a transmission tower at a major 

river crossing that serves a populated city. In addition, many interdependencies exist and cross 

cut many sectors of our society. This risk study takes initial steps to address likely consequences 

and interdependencies. 
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Figure 58: Structural damage to water tank located in fuel tank farm in Santiago from the 2010 

Chile earthquake (Technical Council on Lifeline Earthquake Engineering - TCLEE) 

 

 
Figure 59: An example of damaged water transmission pipelines in the 2010 Chile earthquake. 

This limited water availability for emergency response as well as for businesses and daily living. 

(Technical Council on Lifeline Earthquake Engineering - TCLEE, 2010) 

 



92 
 

 
Figure 60: Structural damage to high voltage transmission tower located in river crossing in 

2010 Chile earthquake. This limited electricity availability while temporary towers were 

installed (Technical Council on Lifeline Earthquake Engineering - TCLEE) 

 

Seismic Risk in the CEI Hub 
Figures 61 and 62 show the northern portion and southern portion of the CEI Hub where the 

major seismic vulnerable energy sector facilities—substations, river crossing, liquid fuel 

terminals, and an LNG storage facility—have been highlighted (yellow dashed lines). Also 

shown are potentially liquefiable soils in transparent red, existing mapped landslides in beige, 

and the Portland Hills fault is in red (Madin el al, 2008; Mabey et al, 1993; Burns et al, 2011; 

Beeson et al, 1991). Each of these highlighted facilities were visited. During our limited visual 

inspections we identified numerous structural elements with high seismic vulnerability that could 

cause serious damage and loss of function in a Cascadia earthquake. This includes the oil 

terminals, which have significant seismic vulnerabilities and limited redundancy.  
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Figure 61: Northern portion of CEI Hub showing the major energy sector facilities vulnerable to 

damage in a Cascadia earthquake-- substations, river crossing, and liquid fuel terminals (yellow 

dashed lines) and potentially liquefiable soils (transparent red), existing mapped landslides 

(beige), and the Portland Hills fault (red). (DOGAMI) 
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Figure 62: Southern portion of CEI Hub showing the major energy sector facilities vulnerable to 

damage in a Cascadia Subduction Earthquake -- LNG storage facility and liquid fuel terminals 

(yellow dashed lines), potentially liquefiable soils (transparent red), existing mapped landslides 

(beige), and the Portland Hills fault (red). (DOGAMI) 
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Based on the findings of this study, DOGAMI has identified the following as examples of high 

seismic risks to the energy sector with statewide importance. The first two risks are system-wide 

risks involving redundancies and interdependencies; the remaining risks are sector-specific 

seismic risks to liquid fuel, natural gas and electricity. 

 

Lack of System Redundancies 
DOGAMI determined that each energy source has a different level of redundancy in their 

transmission system. This determination was based on discussions with the EAP partners, 

interviews with personnel from the various energy sectors, and analyses of available data 

including maps, such as Earthquake Hazards of Lifelines along the Interstate 5 Urban Corridor: 

Woodburn, Oregon, to Centralia, Washington, and Earthquake Hazards of Lifelines along the 

Interstate 5 Urban Corridor: Cottage Grove to Woodburn, (Barnett el al, 2009), Western 

Electricity Coordinating Council (WECC, 2012) and US. Department of Transportation's 

National Pipeline Mapping System's Public Map Viewer 

(https://www.npms.phmsa.dot.gov/PublicViewer/composite.jsf). The redundancy of each of the 

systems influences the level of seismic resilience with more redundant systems favoring higher 

resilience. The transmission systems, such as the main electrical grid and transmission pipelines, 

are of key importance in the supply chain.  

 

1. The electrical system has power generation facilities located throughout Oregon and has 

the most widespread and redundant transmission system. The level of redundancy 

surrounding and within the Portland metropolitan area is high because there exist a 

number of transmission systems and diminishes away from the Portland area.  
2. The natural gas system in Oregon relies 100 percent on imported natural gas, most of it 

from the north, and has much less redundancy than the electrical system. The natural gas 

system has a loop configuration around the greater Portland area and this provides for 

some redundancy. If a break in the loop occurs, it is theoretically possible to provide 

natural gas to areas around the loop. The level of redundancy south of the Portland 

metropolitan area (e.g. Marion County) is considered to be low based on discussions with 

OPUC and the gas operator. In addition, the natural gas reserve capacity has limits.   
3. Oregon’s liquid fuel oil source relies 100 percent on imported fuel, most of it from the 

north, and has very limited redundancy and reserve capacity.  
 

System Interdependencies 
The three energy sources—electricity, natural gas, and liquid fuel—depend upon each other so if 

one system is inoperable, it will impact another. For example, all sources rely on electricity to 

operate their systems. Electricity is needed to power the control rooms for natural gas and liquid 

fuel transmission.  

 

The energy sector also relies on the transportation and telecommunication sectors. For example, 

in order to transport liquid fuel to the marine oil terminals in the CEI Hub, ships enter through 

the Columbia River mouth and travel up the navigable waterway. If the river mouth is blocked 

by tsunami debris, the shipping channel is altered from sloughing of the underwater slopes or the 

shipping lane is blocked by downed electrical transmission lines or bridges, then moving fuel to 

the CEI Hub via the waterway would not be possible.   

 

https://www.npms.phmsa.dot.gov/PublicViewer/composite.jsf
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Liquid Fuel  
Liquid fuel pipeline: The CEI Hub petroleum facilities receive liquid fuel via two methods: 1) 

the liquid fuel transmission pipeline, and 2) marine vessels. The transportation method and 

amounts vary due to product need, transportation costs, weather and other conditions. The liquid 

fuel pipeline was largely constructed in the 1960s when the regional seismic hazards were 

unknown and state-of-practice construction techniques at that time did not include any reference 

to seismic standards. The regional seismic hazards are now known to be high and the soils at the 

river crossings are susceptible to liquefaction and lateral spreading. The 1960s vintage pipeline 

design did not consider ground movements from lateral spreading at river crossings or the 

stresses to the pipelines induced by earthquakes that may cause pipe damage and multiple 

breaks. A pipe break would have a significant impact on all of the petrochemical facilities in the 

CEI Hub and could result in a statewide fuel shortage.  

 

Shipping channel: The navigational channel from the Columbia River mouth to the lower 

Willamette River is used to transport fuel by marine vessels. DOGAMI conducted a preliminary 

investigation and found that the shipping channel would likely be damaged and closed for river 

navigation until it is officially cleared for use by the USCG. Based on our findings, the likely 

damage includes four modes: 

 

 Tsunami scour, damage and debris near the mouth of the Columbia River 

 Underwater slope failures along portions of the steep banks of the navigable river channel  

 Collapses of overhead structures such as bridges from earthquake shaking  

 Broken buried pipelines at river crossing locations 

 

Closure of the shipping channel would prevent marine vessels from delivering liquid fuel as well 

as limit transport of emergency recovery equipment. 

 

Marine terminals: All of the port facilities in the CEI Hub have significant seismic risks due to 

liquefaction, lateral spreading, and seiches. Some older piers were constructed without any 

seismic design provisions, have deteriorated, and may be damaged even in a moderate 

earthquake. If oil products are released and contaminate the navigable waterway, the waterway 

may be closed to river traffic thus impeding emergency response activities as well as the supply 

chain. The local capacity to fight fires and clean hazardous material spills is limited.  

 

Fuel Tank Farms:  All of the fuel tank farms in the CEI Hub have significant seismic risks due 

to the significant unmitigated liquefaction hazards largely posed by hydraulically-deposited river 

soils (also known as hydraulic fill) and native soils. Due to the long standing inadequate seismic 

hazard knowledge and the inadequate building code requirements, the majority of the tanks have 

been constructed without any or only limited seismic design criteria on unmitigated, potentially 

liquefiable soils. It was not until 2004 that city building officials required new construction 

projects, including tanks, to evaluate for liquefaction of silts. Based on discussions with City of 

Portland engineers from Bureau of Development Services and terminal operators, DOGAMI has 

identified only three existing tanks that have addressed liquefaction hazards.  
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Fuel supply: The fuel terminals in the CEI Hub on average have a three to five day supply in the 

tank farms for regular unleaded gasoline and diesel fuel. Fuel is stored in tanks and some tanks 

have seismic vulnerabilities (see Figure 63). Premium gasoline is subject to the daily delivery 

and heavily dependent on whether the intercompany pipeline on Front Avenue is operational. If 

the supply chain is disrupted by pipe breaks north of the CEI Hub and closure of the shipping 

channel to the west, fuel would quickly become scarce. Options to transport fuel from the east 

and south and by air are very limited.  

 

 
Figure 63:  The elements connecting the tops of these two tanks in the CEI Hub may cause 

damage to the tanks during shaking due to differential displacements. (DOGAMI photo) 

 

Portland International Airport (PDX): The airlines operating at the PDX airport receive 100 

percent of their liquid fuels from a terminal in the CEI Hub. There is limited on-site fuel supply 

at PDX. If the transmission pipe between the CEI Hub and PDX fails, then PDX would likely 

experience a shortfall and operations would be impacted.  

 

Natural Gas  
Natural gas pipelines: Oregon's largest natural gas service provider receives the majority of their 

natural gas from pipelines that cross under the Columbia River. One pipeline crosses the 

Columbia River to Sauvie Island and then crosses the Willamette River at Multnomah Channel 

near a gate station at the southern end of Sauvie Island and enters the CEI Hub. In addition to the 

CEI Hub, there are more natural gas pipelines at major river crossings, including crossings at the 

Columbia River between Washougal, Washington and Troutdale, Oregon and near Clatskanie, 

Oregon. The soils at these major river crossings are subject to liquefaction and lateral spreading 

hazards. Most of these pipelines are 1960s vintage and were constructed without seismic design 

provisions. The consequences of potential pipeline failures could be major for natural gas service 

territories and Oregon. Pipe breaks could lead to a natural gas shortfall in the state as well as 

explosions or fires. In addition to the above mentioned pipelines entering Oregon, there are more 

pipelines throughout the state.  

 

LNG storage facility: The LNG storage facility in the CEI Hub was constructed in the late 1960s 

on what is strongly suspected to be highly liquefiable soils based on discussions with the 

operator and DOGAMI hazard maps. This facility, including the LNG tank built for the to 



98 
 

provide peaking gas supplies, could result in unsafe conditions during a major earthquake. 

Furthermore, although the facility has an on-site emergency generator, based on EAP partners' 

site inspection with the operator, it had seismic deficiencies and would likely not operate after a 

major earthquake.  

 

At the February 13, 2012 OPUC hearing, the natural gas operator with facilities in the CEI Hub 

reported that they had not performed seismic vulnerability assessments of the natural gas system.  

 

Electricity 
Electrical facilities: Electrical facilities and systems have significant seismic risk due to ground 

shaking and ground failure, including liquefaction and lateral spreading. Seismically vulnerable 

facilities include substations and transmission in the CEI Hub as well as facilities outside of the 

CEI Hub, including power plants, substations and transmission lines. At the February 13, 2012 

OPUC hearing, the investor-owned utility company with facilities in the CEI Hub reported that 

they had not performed seismic vulnerability assessments of the electrical system.  

 

Major vulnerabilities in the CEI Hub include the control buildings, power transformers and other 

electrical equipment in yards at the substations, and transmission towers near the Willamette 

River. Damage is likely to occur to both the transmission system and the distribution system in 

the CEI Hub. Damage to the electrical grid will likely result in a blackout in the CEI Hub and 

elsewhere.   

 

Bonneville Power Administration (BPA) has conducted a comprehensive seismic vulnerability 

study of their system and has had a long-term seismic mitigation program in place since 1993. 

BPA’s long-term seismic mitigation program includes 1) investment protection (e.g. anchoring 

transformers), and 2) power system recovery of critical paths (e.g. hardening of equipment at one 

of multiple bays within a major substation). The first phase of BPA's mitigation program 

includes bracing and restraining critical equipment and seismically upgrading critical building 

facilities west of the Cascade Range. Seismic strengthening in the substation yard would 

typically include: anchoring high-voltage power transformers; bracing transformer conservators 

and radiators; replacing seismically vulnerable live tank circuit breakers with more robust dead 

tank circuit breakers; adding damping systems to existing live tank circuit breakers; hardening 

transformer bushing storage facilities; replacing rigid bus connections with flexible bus. These 

mitigation techniques will improve the reliability of seismic performance. Additional phases of 

the seismic mitigation program will include facilities east of the Cascade Range. 

 

BPA has a critical 115 kV and 230 kV high voltage transmission river crossing in the CEI Hub 

as well as a substation. At the substation in the CEI Hub, some of the high-voltage equipment 

had been anchored and braced to withstand earthquake motions. BPA is in the process of 

conducting seismic strengthening of the control building and equipment inside the control 

building (e.g., brace computer floors, control cabinets, battery racks, ceiling, pipes, etc) and 

additional mitigation in the yard. BPA has conducted subsurface, liquefaction and lateral 

spreading analyses at one of the transmission tower sites at the Willamette River crossing and 

concluded severe ground movement up to 25 feet towards the river channel is possible. Until 

mitigated, it is likely that at least two transmission towers would experience extensive damage, 

be inoperable, require repair or replacement, and power lines could temporarily block river 



99 
 

traffic, including the pathway to the oil terminals. The BPA transmission towers at the 

Willamette River crossing are scheduled to be seismically analyzed, have a seismic mitigation 

design completed in 2013, and be mitigated by 2014. 

 

Recent unpublished BPA Cascadia earthquake scenario studies of the existing transmission line 

system indicate that their main grid would require between 7 and 51 days to make emergency 

damage repairs to the transmission line system (Oregon and Washington) from a magnitude 9 

Cascadia earthquake. This scenario assumes many ideal conditions (BPA employees and 

contractor resources are immediately available, all roads and bridges are passable, available fuel, 

etc), which is optimistic.  

  

Impacts to Oregon 
Based on visual observations, engineering judgment, limited analyses, and limited information 

from the facility operators, city records, and available literature, significant seismic risk exists in 

the CEI Hub. Some critically important structures appear to be susceptible to significant damage 

in a major earthquake with potentially catastrophic consequences. Multiple liquid fuel 

transmission pipe breaks and natural gas transmission pipe breaks are possible. Damage to liquid 

fuel, natural gas, and electrical facilities in the CEI Hub is likely. The waterway would likely be 

closed and require clean up.   

 

Due to a combination of the existing seismic hazards, vulnerability of the exposed infrastructure 

and potential consequences, Cascadia earthquakes pose substantial risk to the CEI Hub and to 

Oregon. Not only are the energy sector facilities in the CEI Hub dependent on other sectors and 

systems in Oregon, including transportation and communication, they are interdependent upon 

each other. A major Cascadia earthquake and tsunami would likely produce an unprecedented 

catastrophe much larger than any disaster the state has faced. 

 

Western Oregon will likely face an electrical blackout, extended natural gas service outages, 

liquid fuel shortage, as well as damage and losses in the tens of billions of dollars in a future 

major Cascadia earthquake. Preparing for a catastrophic disaster to become more resilient is 

needed to improve personal safety and security, and safeguard communities and businesses. 
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Section 7 
Recommendations 

 

The most critical call-to-action that DOGAMI has concluded from this study of the CEI Hub is 

this: Energy sector companies must pro-actively integrate seismic mitigation into their 

business practices for Oregon’s energy sector to adequately recover from a magnitude 8.5 to 9 

Cascadia earthquake in a reasonable time period. 
 

Although energy sector companies have made efforts to prepare for seismic events, such as 

through emergency planning and complying with the current building codes, these efforts are 

limited and a timely restoration of energy sector services is questionable. As discussed in the 

Summary of Findings section, only one company has completed comprehensive seismic 

vulnerability assessments and instituted seismic mitigation plans. Energy sector companies must 

make earthquake mitigation an integral part of their overall business plan. This is not only 

prudent for the impact a large magnitude Cascadia earthquake would have on Oregonians and the 

environment; it is good business continuity management. Oregon homes, businesses and 

industries depend upon reliable energy sources. Liquid fuel, natural gas and electricity are 

critical to our economy, environment and everyday existence, and the energy sector must do 

more in order to assure those services and products in the event of a large earthquake.  

 

Recommendations 
In order for the energy sector to pro-actively integrate seismic mitigation into their operations, 

DOGAMI makes these four recommendations to both private and public energy sector 

stakeholders: 

 

1. Energy sector companies should conduct Seismic Vulnerability Assessments on all of 

their systems or facilities, and should work with the appropriate local, state, tribal and 

federal government agencies and stakeholders to achieve timely completion of the 

assessments to understand existing vulnerabilities.  

2. Energy sector companies should institutionalize long-term seismic mitigation 

programs; and should work with the appropriate local, state, tribal and federal 

government agencies and stakeholders to achieve timely and effective mitigation to 

ensure facility resilience and operational reliability. 

3. The State of Oregon's Homeland Security Council should review the vulnerability 

and resilience of the energy sector to earthquakes and other natural disasters within 

the scope of their mission. This could involve the EAP partners (ODOE, OPUC, and 

DOGAMI) as well as ODOT, Building Codes Division, and the Oregon Seismic 

Safety Policy Advisory Commission (OSSPAC).   

4. Energy sector companies and the State of Oregon should build Oregon’s seismic 

resilience to a Cascadia earthquake. Adopting pro-active practices and a risk 

management approach will help achieve seismic resilience. Encouraging a culture of 

awareness and preparedness concerning the seismic vulnerability of the energy sector 

including long range energy planning should be conducted.   
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Recommendation #1: Conduct Seismic Vulnerability Assessments (SVAs) 
To improve energy sector resilience to a catastrophic earthquake, energy sector companies will 

need to conduct Seismic Vulnerability Assessments (SVAs) of each individual energy facility in 

the CEI Hub and on a priority basis throughout Oregon. As part of the SVA, energy sector 

companies should identify key nodes or links at all of their facilities that, if they were to fail, 

would affect many customers over an extended duration. Companies should conduct an 

assessment to determine if the identified key nodes or links have high risk of failure during a 

magnitude 9 Cascadia earthquake. They should evaluate and prioritize the best mitigation 

options on their highest risk key nodes or links. Energy sector companies should consider a 

magnitude 8.5 to 9 Cascadia earthquake and tsunami during wet conditions (including co-seismic 

landslides, liquefaction and lateral spreading) as the basis of their assessments. 

 

Following are suggestions regarding SVAs: 

 Energy sector companies should use sector-appropriate guidelines and standards to conduct 

their SVAs. For example, the electric and natural gas companies can refer to the American 

Lifelines Alliance and the American Society of Civil Engineers or other industry guidelines 

and standards to conduct SVAs on facilities, systems, and components. (See Table 3.) This 

includes considering broader influences relating to: 1) co-location and interdependencies; 2) 

business continuity; 3) safety; 4) environmental damage/spills; 5) reliability of service; 6) 

other critical factors. The liquid fuel companies can refer to the Marine Oil Terminal 

Engineering and Maintenance Standards (MOTEMS), a regulatory program implemented by 

California State Lands Commission that incorporates seismic safety. 

 Energy sector companies should conduct SVAs on all their facilities and systems, including 

liquefaction vulnerabilities, and report to the appropriate authorities and stakeholders within 

a pre-determined time frame providing an overview of their assessment. This should include 

their evaluation in their current state of their expected down time in a Cascadia earthquake, 

which establishes baseline information, as well as expected recovery rate, and expected 

dependence on other sectors. 

 Energy sector companies should report to the appropriate authorities and stakeholders within 

a pre-determined time frame providing an overview of their seismic mitigation plan, costs, 

and implementation timeframes.  

 All energy sector companies should share assessments and mitigation plan with their 

ratepayers and shareholders in order to increase awareness and set realistic expectations for 

the public. This action would help develop support for a funding plan that is both transparent 

and accountable.  

 State agencies (ODOE, OPUC, and DOGAMI) responsible for the Energy Assurance Project 

(EAP) should provide technical guidance to energy sector companies to achieve reliable 

energy-related services. 

 Energy sector companies and public agencies should look for opportunities for public-private 

sector partnerships to prepare for Cascadia earthquakes. This would include pilot projects 

involving SVAs, risk management tools, and mitigation. For example, the Bonneville Power 

Administration (BPA) has plans to mitigate transmission towers at the lower Willamette 

River crossing by 2014. There could be significant cost advantages if the privately-owned 

adjacent towers were upgraded in coordination with the BPA effort. 
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Although building codes for energy sector facilities are limited, many guidelines on how to 

design seismically resistant systems and conduct seismic vulnerability studies for systems are 

available. DOGAMI compiled the Table 5 Seismic Engineering Reference List as a service to 

energy facility owners as part of the EAP. DOGAMI recommends energy companies to use the 

sector-appropriate references, adopt high seismic standards and build for high seismic 

performance.  Table 5 Seismic Engineering Reference List is useful for new and existing energy-

related structures and contains some information on best practices. The list should be updated as 

new key references are made available.  

 

TABLE 5: SEISMIC ENGINEERING REFERENCE LIST 
 
This Reference List was developed by DOGAMI staff for this EAP study in March 2010. It includes current 
and useful references for seismic vulnerability studies and mitigation efforts at energy facilities. 
Companies should consult with facility engineers to determine appropriate references and guidelines to 
conduct seismic assessment and mitigation. This will depend on each facility and their proposed or 
existing structures. Companies should consider the ground conditions at their facility, in particular, site-
specific liquefaction and lateral spreading potential. We have listed websites where available. Some 
references need to be purchased. 
 
Acronyms: 
ALA - American Lifelines Alliance www.americanlifelinesalliance.org 
ASCE - American Society of Civil Engineers 
IBC - International Building Code 
IEEE - Institute of Electrical and Electronics Engineers  
MOTEMS – Marine Oil Terminal Engineering and Maintenance Standards, State of California  
PRCI - Pipeline Research Council International 
TCLEE - Technical Council on Lifeline Earthquake Engineering (under ASCE) 
 
Buildings 
Current IBC (for new buildings) 
New IBC seismic provisions adopt ASCE 7 and only provide a few exceptions or alternatives to ASCE 7 
(ref.  ASCE 7-2005:  Minimum Design Loads for Buildings and Other Structures, newest edition ASCE 7-
10) 
 
ASCE 31 and ASCE 41 (31 for evaluation of existing buildings; 41 for mitigation) 
Seismic Evaluation of Existing Buildings, SEI/ASCE 31-03  
Seismic Rehabilitation Of Existing Buildings ASCE/SEI 41/06 
NOTE:  Neither of these specify explicit retrofit requirements. The user needs to determine goals. 

Electrical 

IEEE 693 RECOMMENDED PRACTICE FOR SEISMIC DESIGN OF SUBSTATIONS (2005) 

ALA Electric Power Systems Guidelines and Commentary (for scoping studies). April 2005  

ASCE 113, Substation Structure Design Guide, Manuals of Practice, Editor: Leon Kempner Jr., 2008, 164 
pp 

ASCE Manual No 96.Guide to Improved Earthquake Performance of Electrical Power Systems. TCLEE. 
Editor: Anshel Schiff. 1999 http://fire.nist.gov/bfrlpubs/build98/PDF/b98069.pdf 

 

http://www.americanlifelinesalliance.org/
javascript:__doPostBack('ctl00$cpmain$dlstBookList$ctl08$lnkBtnBooK','')
http://www.americanlifelinesalliance.org/Products_new3.htm#ElectricPower
http://fire.nist.gov/bfrlpubs/build98/PDF/b98069.pdf
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TABLE 5: SEISMIC ENGINEERING REFERENCE LIST (cont.) 

Petroleum and Natural Gas Facilities, including Waterfront Structures, Tank Farms, and 
Telecommunications 

ASCE Petrochemical facilities seismic guidelines (1997 and forthcoming 2011) 
 
Guidelines for the Seismic Evaluation and Design of Petrochemical Facilities (task committee of 
Petrochemical Committee of Energy Division of ASCE)  
 
Waterfront  
ASCE TCLEE monograph 12. Seismic Guidelines for Ports. March 1998. Editor: Stuart Werner 
 
MOTEMS The most current version of MOTEMS (Rev. 0) is at: 
http://www.slc.ca.gov/Division_Pages/MFD/MOTEMS/MOTEMS_Home_Page.html 
MOTEMS Rev. 1 is expected to become law around Q4 2010, and has already been accepted by the CA 
Building Standards Committee.  You can view all of the changes that will be adopted (the Express Terms) 
at: http://www.slc.ca.gov/Division_Pages/MFD/MFD_Home_Page.html 
 
Tanks, Piping and Control Equipment, incl. Natural Gas Piping and Well Facilities 
ASME/ANSI B31E-2008, Standard for the Seismic Design and Retrofit of Above-Ground Piping Systems 
 
ASME Piping Codes: 
ASME B31.4 (2006) Pipeline Transportation Systems for Liquid Hydrocarbons and Other Liquids 
ASME B31.8 (2007) Gas Transmission and Distribution Piping Systems 
ASME B31.3 (2006) Process Piping  
 
Honegger, D.G. and D.J. Nyman (2004), Guidelines for the Seismic Design and Assessment of Natural 
Gas and Liquid Hydrocarbon Pipelines, PRCI catalog no. L51927.  
http://prci.org/index.php/pm/pubs_details/ 
 
API 620 (2008), Design and Construction of Large, Welded, Low-pressure Storage Tanks 
 
ALA (2002) Guideline for the Design of Buried Steel Pipe 
 
API 650 (2007) Welded Tanks for Oil Storage, 11th Edition, Addendum 1 (2008) and Addendum 2 (2009), 
American Petroleum Institute  
 
California Accidental Release Prevention (CalARP)  
http://www.oes.ca.gov/Operational/OESHome.nsf/978596171691962788256b350061870e/452A4B2AF24
4158788256CFE00778375?OpenDocument 
 
ALA Guide for Seismic Evaluation of Active Mechanical Equipment, 2008 (for walk through assessments)  
 
ALA Oil and Natural Gas Pipeline Systems Guidelines and Commentary (for scoping studies) 
 
ALA  Guideline for the Seismic Design and Retrofit of Piping Systems (for scoping study purposes; used 
to develop B31E) 
 

For the EAP, DOGAMI considers the primary performance target as maintaining system 

reliability after a major Cascadia earthquake. Maintaining service reliability does not mean 

maintaining 100% operation. Instead it refers to minimizing the extent and length of service 

disruption and quick restoration of services to high priority customers (e.g., certain emergency 

facilities and critical infrastructure) and in logical geographic areas (e.g., large population centers 

http://www.slc.ca.gov/Division_Pages/MFD/MOTEMS/MOTEMS_Home_Page.html
http://www.slc.ca.gov/Division_Pages/MFD/MFD_Home_Page.html
http://prci.org/index.php/pm/pubs_details/
http://www.oes.ca.gov/Operational/OESHome.nsf/978596171691962788256b350061870e/452A4B2AF244158788256CFE00778375?OpenDocument
http://www.oes.ca.gov/Operational/OESHome.nsf/978596171691962788256b350061870e/452A4B2AF244158788256CFE00778375?OpenDocument
http://www.americanlifelinesalliance.org/Products_new3.htm#OilGasPipeline
http://www.americanlifelinesalliance.org/Products_new3.htm#RetrofitPiping
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as opposed to tsunami inundated zones where people have been displaced). Other performance 

targets may also be important and largely depends on one's perspective. For the operator, 

protecting workers and preventing monetary losses may be the top priorities. As shown below, 

SVAs can be conducted to address one or more of these specific performance targets:  

 

 Protect public and utility personnel safety 

 Maintain system reliability 

 Prevent monetary loss 

 Prevent environmental damage (ALA, 2004) 

 

Tables 6, 7 and 8 summarize examples of Seismic Vulnerability Assessments with varying 

scopes for liquid fuel, natural gas, and electricity. The tables are not meant to be all-inclusive.  

 

As the first example in Table 6, SVAs of the liquid fuel sector could include engineering 

analyses of specific components, such as piers, tanks or loading racks. An SVA of the 

transmission system to deliver the fuel should be conducted. This would include assessing the 

transmission pipeline for vulnerabilities, such as river crossings, and assessing the reliability of 

the transportation route over water. An SVA of the facility itself could be conducted, including 

the waterfront structures, control building, tanks, pipes and loading racks. An SVA of the 

network system's interdependencies on other energy systems could be conducted, including the 

refineries, which are the upstream portion of the supply chain, the navigational waterway, and 

electricity for equipment such as pumps. The last example is an SVA of the system's 

interdependencies by other services, such as those who require fuel for emergency vehicles and 

emergency generators.  

 

Liquid Fuel 
Table 6: Seismic Vulnerability Assessment examples  

Liquid Fuel  

Scope of Seismic Vulnerability Assessments (SVA) 
Example Target 

SVA of components Pier, tank, or loading rack 

SVA of transmission: pipelines and marine shipping 
Transmission river crossings, Columbia 

river mouth tsunami damage 

SVA of facility 
Holistic analyses, including 

liquefaction potential  

SVA of network system's interdependencies on others 
Dependency on refineries, navigational 

waterway, electricity for pumps 

SVA of network system's interdependencies by others Emergency vehicles and generators 
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Natural Gas 
Table 7: Seismic Vulnerability Assessment examples  

Natural Gas  

Scope of Seismic Vulnerability Assessments (SVA) 
Example Target 

SVA of components LNG storage tank 

SVA of transmission path 
Gate stations, bridge crossings, 

underground river crossings 

SVA of network system Holistic analyses  

SVA of network system's interdependencies on others 
Dependency on local communication 

systems 

SVA of network system's interdependencies by others Gas service reliability to hospital 

 

Electricity 
Table 8: Seismic Vulnerability Assessment examples  

Electrical 

Scope of Seismic Vulnerability Assessments (SVA) 
Example Target 

SVA of components 
Power transformer and switchyard 

equipment reliability 

SVA of priority path 
Path connecting critical substation 

components 

SVA of network system 
Holistic analyses including engineering 

data 

SVA of network system's interdependencies on others 
Dependency on local transportation 

systems 

SVA of network system's interdependencies by others 
Power disruption to water treatment 

plant and water systems to fight fires 

 

Recommendation #2: Institutionalize Seismic Mitigation Programs  
Mitigation programs should address life safety, environmental impacts, and recovery times as 

well as minimize potential damage. The Seismic Vulnerability Assessments should be followed 

by prioritized mitigation measures to protect critical links of the energy systems from irreparable 

damage as well as to ensure rapid recovery of energy services. After completing SVAs, energy 

companies should establish priorities and determine possible methods to reduce vulnerabilities 

and undesired effects. Assuming the costs associated with implementing the mitigation plans are 

significant, the high costs can be managed by implementing the mitigation plan over several 

years.  

 

DOGAMI recommends energy companies in Oregon to develop and implement long-term 

mitigation plans and strategies to reduce damages from future disasters so as to maintain 

services. Following are suggestions regarding the development of seismic mitigation programs: 

 

1) Consider benefits versus costs (e.g., using benefit-cost analyses) together with basic 

societal needs  
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2) Prioritize actions 

3) Consider resilience (example: if there is redundancy in the system, then perhaps 

controlled/limited damage is acceptable) 

4) Determine costs and funding source 

5) Integrate plans and strategies into other company efforts, such as business continuity 

and emergency response planning 

6) Provide updates to the appropriate authorities and stakeholders on their seismic 

mitigation plan, costs, and implementation timeframes.  

 

The mitigation measures can range from changes to the energy system by strengthening, 

replacing, relocating, or adding redundant systems elsewhere. Liquefaction mitigation could 

involve a variety of approaches, including ground improvement techniques (e.g., dynamic 

compaction, stone columns, and compaction grouting) or specially designed liquefaction 

resistant foundations (e.g., pile or mat). A seismic mitigation program should consider a risk 

management approach in order to utilize funds efficiently for the best outcomes. Seismic 

mitigation program should also be integrated into the company's institutionalized programs, such 

as in the risk management or business continuity programs, and include stable funding. The 

following photos show two mitigation examples. Figures 64 and 65 show a vulnerable battery 

configuration and a seismically ready battery rack for emergency purposes, which provides a 

reliable power source. Figures 66 and 67 show an existing high voltage power transformer that 

has been seismically braced. Figures 68 and 69 show improperly anchored transfomers. 

Protecting power transformers and other equipment that is difficult to replace should be a high 

priority. 

 

 
Figures 64 and 65:  Batteries should not be on a wheeled cart as in the photo on the left. 

Emergency batteries, as well as other components such as generators and communication 

devices, should be braced on an anchored rack to withstand Cascadia earthquake forces as in 

the photo on the right. (DOGAMI photos) 
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Figures 66 and 67: Left photo shows the front view of an existing transformer with seismic 

anchorage including steel cross bracing as mitigation.  The right photo shows the side view of 

the same existing transformer with diagonal bracing. (Photos: Leon Kempner) 

 

 
Figures 68 and 69: The photo on the left shows high voltage transformers (orange color) in the 

CEI Hub that require proper anchorage. The close-up photo on the right shows that the 

transformer is anchored, but the anchorage was poorly installed or poorly maintained as 

evidenced by the amount of grout that is missing. (DOGAMI photos) 

 

Tables 9, 10 and 11 provide mitigation examples for the liquid fuel, natural gas, and electricity 

industries. The examples are not meant to be comprehensive, but rather convey basic ideas of 

possible weak areas coupled with possible strengthening methods. Companies will need to 

consider each and every facility, structure or system in a prioritized manner. Mitigation programs 

can involve short-term, medium-term, and long-term activities.  

Mitigation measures for the liquid fuel sector (Table 9) could entail improving the strength of the 

ground at existing piers or wharves to control ground deformation from liquefaction and lateral 

spreading of the foundation soils. Mitigation could focus on the tank yards because of the 

liquefaction-induced ground settlement potential. The underlying soils and the foundation of the 
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tanks could be strengthened, the bottom of the tanks could be strengthened, or new tanks could 

be installed. Pipes with rigid connections could be mitigated by adding flexible connections or 

rerouting the pipe configuration. Similarly, emergency shut-off valves could be added to the pipe 

network in strategic places to isolate fuel and control damages. Control buildings could be 

mitigated by structural upgrades to the building and non-structural upgrades, such as strapping 

computers. The last example is that the loading racks could be mitigated to improve the 

operation of the pumps by providing a connection for an emergency generator.  

 

Liquid Fuel 
Table 9: Mitigation examples  

Liquid Fuel Component Example Mitigation Option Example 

Piers and wharves 
Ground deformation from 

lateral spreading of soils 

Improve ground to control 

ground failure 

Tank yards  
Ground settlement of tanks 

from liquefaction 
Strengthen tank foundation 

Piping Pipes with rigid connections Add flexible connections 

Control building (inside)  Operations room Strap computers  

Loading racks Electrical for pumps 
Add connection for portable 

emergency generator  

 

Natural Gas 
Table 10: Mitigation examples  

Natural Gas Component Example Mitigation Option Example 

Gate station 
Ground deformation from soil 

liquefaction 

Ground improvement using 

drains and grout  

LNG storage facility LNG tank  Install base isolation system  

Control building 
Uninterruptible power supply 

(UPS) 

Remove wheels and anchor 

rack 

Control building (inside) Back up batteries  
Strap batteries on earthquake 

resistant battery rack  Figure 9 

Transmission pipe 
Transmission pipes at river 

crossing 

Strengthen soils to prevent 

liquefaction and lateral 

spreading 
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Electricity 
Table 11: Mitigation examples  

Electrical Component Example Mitigation Option Example 

Substation control building Structural stability of building Add exterior shear walls 

Substation control building 

(inside) 
Stability of control equipment 

Brace tall cabinets and 

communication trays 

Substation yard Power transformer 
Anchor to prevent sliding 

(Figure 10) 

Substation yard Bus support structure 

Add flexibility and slack to 

power connections between 

equipment  

Transmission corridor 
Transmission tower at river 

crossing 

Strengthen foundation system 

for liquefaction  

 

Recommendation #3: Oversight by Homeland Security Council  
To secure a stable energy supply, Oregon must provide a resilient supply chain during normal 

operations as well as during extreme crisis conditions, such as after a Cascadia earthquake. In 

addition to performing mitigation activities on energy facilities, vulnerabilities of essential 

transportation and telecommunication systems that support energy sector operations and 

recovery need to be addressed in order to ensure that the energy sector is not hindered by 

interdependencies with other critical infrastructure. DOGAMI recommends the State of Oregon's 

Homeland Security Council review the vulnerability of the critical energy sector in Oregon and 

consider action within the scope of their mission to improve the resilience of the system to 

natural disasters. Important considerations would include the energy sectors' interdependencies 

with each other as well as with the transportation, telecommunication, and other critical sectors. 

The Council could involve the EAP partners (ODOE, OPUC, and DOGAMI) as well as other 

agencies and commissions, including ODOT, Building Codes Division, and the Oregon Seismic 

Safety Policy Advisory Commission (OSSPAC). The Council could consider long term energy 

planning and goal setting efforts and requiring accountability on progress in seismic energy 

security and reliability.  

 

Seismic Energy Security Efforts  
As part of this study, the EAP partners considered who could ensure that adequate progress is 

being made towards achieving reliable energy sector services after a major Cascadia earthquake. 

We identified a number of existing relevant organizations that could address reliability of 

services in the energy sector. We concluded that the current efforts being made by existing 

organizations were inadequate as they mostly focused on emergency response and not on 

reliability of energy sector services. As an example, Oregon Emergency Management's (OEM) 

Oregon Emergency Response System (OERS) includes Emergency Support Function #12 — 

which focuses on restoration of damaged energy systems and components during a potential or 

actual emergency or major disaster 

(http://www.oregon.gov/OMD/OEM/plans_train/docs/eop/esf_12.pdf). We considered 

recommending the formation of a new group with this specific focus but quickly determined 

rather than creating another group, that tapping into an existing organization would be 

http://www.oregon.gov/OMD/OEM/plans_train/docs/eop/esf_12.pdf
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preferable. We determined that group of a high-level individuals who could make major 

decisions and create new policies was preferred. As such, we identified the Homeland Security 

Council as the best option. Its membership consists of: (a) Four members from the Oregon 

Legislative Assembly; (b) The Governor; (c) The Adjutant General; (d) The Superintendent of 

State Police; (e) The Director of the Office of Emergency Management; and (f) Additional 

members appointed by the Governor who the Governor determines necessary to fulfill the 

functions of the council, including state agency heads, elected state officials, local government 

officials, a member of the governing body of an Indian tribe and representatives from the private 

sector (http://www.oregonlaws.org/ors/401.109). In May 2012, OPUC and DOGAMI met with 

the General Mike Caldwell, director of OEM, and OEM staff to explore whether or not the 

Homeland Security Council would be an appropriate group to take on this task.  At the meeting, 

we learned that the Homeland Security Council had limited productivity, was recently 

downsized, but also received very positive feedback on it as a likely appropriate group to address 

seismic security of the energy sector.  

The EAP partners initiated efforts to evaluate possible emergency land, air and river 

transportation routes, including by air reconnaissance with the assistance of the Civil Air Patrol 

(CAP), in August 2010. Based on the initial findings, DOGAMI recommends that the Council 

examine the transportation and telecommunication sectors to better understand and address 

shortcomings in critical operational interdependencies. Reliable critical transportation routes 

during earthquake disasters are vital for emergency response and recovery, including fuel 

distribution. Information on telecommunication frameworks and seismic preparedness guidelines 

are provided in Appendix C: Telecommunications: Seismic Codes and Guidelines.  

 

The Council could work with Building Code Division, OSSPAC, engineering and construction 

industries and other key stakeholders to identify and rectify existing gaps in the seismic 

provisions of the current building codes. For example, the current codes do not require facilities 

that are operating well beyond their design life to be re-examined even when there are significant 

public safety concerns.  

 

Recommendation #4: Build Oregon's Seismic Resilience 
Oregon energy facilities are generally prepared for most natural hazards, such as localized severe 

winter storms. However, the energy sector is not prepared for a catastrophic Cascadia earthquake 

disaster. The CEI Hub is one critical part of a state economy that is within a disaster-prone area. 

If damaged, Oregon's economy could result with catastrophic consequences. To date, there are 

inadequate safety protocols to protect Oregon from significant earthquake impacts to the CEI 

Hub as this study has shown. On the state level, Oregon is considered to have low resilience to a 

major Cascadia earthquake.  

 

In contrast, on a national level, the U.S. will be able to absorb the shock from a major Cascadia 

earthquake and tsunami. Oregon would be assisted by many others, including the federal 

government, the non-profit sector, and a variety of private companies. Many energy sector 

organizations that operate in Oregon would have extensive assistance from their own companies 

as well as other energy sector companies that have mutual aid agreements in place. In order to 

build seismic resilience for critical energy infrastructure operations and interdependencies in 

Oregon, we need to pursue the recommendations listed on the following pages. In additional to 

http://www.oregonlaws.org/ors/401.109
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the recommendations, Oregon can adopt a risk management strategy. The concept of 

"resilience," which is a relatively new term in disaster preparedness, is described below.  

 

"Resilience" has a variety of definitions. One definition of resilience is the capacity of a system 

or a structure to absorb and recover from a shock (Bruneau et al, 2005; 

http://mceer.buffalo.edu/research/resilience). Resilience can be defined to include four elements:  

 

1. Robustness - strength, or the ability of elements, systems, and other units of analysis to 

withstand a given level of stress or demand without suffering degradation or loss of 

function;   
2. Redundancy - the extent to which elements, systems, or other units of analysis exist that 

are substitutable, i.e., capable of satisfying functional requirements in the event of 

disruption, degradation, or loss of function;  

3. Resourcefulness - the capacity to identify problems, establish priorities, and mobilize 

resources when conditions exist that threaten to disrupt some element, system, or other 

unit of analysis (resourcefulness can be further conceptualized as consisting of the ability 

to supply material - i.e., monetary, physical, technological, and informational - and 

human resources to meet established priorities and achieve goals); and  
4. Rapidity - the capacity to meet priorities and achieve goals in a timely manner in order to 

contain losses and avoid future disruption.  

(http://mceer.buffalo.edu/research/resilience/resilience_10-24-06.pdf) 
  

In 2011, the National Research Council (NRC) released a report, "National Earthquake 

Resilience." This report included the following list and Table 12 addressing resilience:  

 Relevant hazards are recognized and understood.  

 Communities at risk know when a hazard event is imminent.  

 Individuals at risk are safe from hazards in their homes and places of work. 

 Disaster-resilient communities experience minimum disruption to life and economy after 

a hazard event has passed. (NRC, 2011) 

The National Research Council’s report made these observations on what condition a state with 

high resilience should be in following a catastrophic earthquake: 

 No systematic concentration of casualties. Important or high-occupancy structures (e.g. 

schools, hospitals, and other major institutional buildings; high-rise commercial and 

residential buildings) do not collapse, and significant numbers of specific building types 

(e.g. hazardous unreinforced masonry structures) do not collapse. There are no major 

hazardous materials releases that would cause mass casualties.  

 

  

http://mceer.buffalo.edu/research/resilience
http://mceer.buffalo.edu/research/resilience/resilience_10-24-06.pdf
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 Financial loss and societal consequences are manageable, not catastrophic. Damage to 

the built environment is reduced to avoid catastrophic financial and societal losses due to 

overwhelming cost of repair, casualties, displaced populations, government interruption, 

loss of housing, or loss of jobs. Community character and cultural values are maintained 

following disasters; there is not wholesale loss of iconic buildings (including those 

designated as historic), groups of buildings, and neighborhoods of architectural, historic, 

ethnic, or other significance.  

 Emergency responders are able to respond and improvise. Roads are passable, fire 

suppression systems are functional, hospitals and other critical facilities are functional. It 

is noteworthy that during the 9/11 attacks, New York City’s response was hampered by 

the need to set up a new Emergency Operations Center as the existing one had been 

located in the World Trade Center.  

 Critical infrastructure services continue to be provided in the aftermath of a disaster. 

Energy, water, and transportation are especially critical elements. Telecommunications 

are also very important. Continued service is needed for critical facilities such as 

hospitals to function, as well as for residents to remain sheltered in their homes.  

 Disasters do not escalate into catastrophes. Infrastructure interdependencies have been 

anticipated and mitigated, so that disruptions to one critical infrastructure do not cause 

cascading failures in other infrastructures (e.g. levee failures in New Orleans escalated 

the disaster into a catastrophe). Fires are quickly contained and do not develop into major 

urban conflagrations that cause mass casualties and large-scale neighborhood destruction.  

 Resources for recovery meet the needs of all affected community members. Resources for 

recovery are available in an adequate, timely, and equitable manner. To a large extent, 

local governments, non-profit organizations, businesses, and residents would have 

already materially and financially prepared for a major disaster (e.g. are adequately 

insured; have undertaken resilience activities on their own and in cooperation with 

others). Safety nets are in place for the most vulnerable members of society.  

  Communities are restored in a manner that makes them more resilient to the next event.  

Experience is translated into improved design, preparedness and overall resilience. High-

hazard areas are rebuilt in ways that reduce, rather than recreate, conditions of disaster 

vulnerability (NRC, 2011). 
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Table 12: Resilience applications to social, ecological, physical, and economic recovery by time 

period.  (National Research Council - NRC, 2011) 

 

For the EAP, DOGAMI developed the resilience triangle graph with the resilience triangle 

shown in green. (Figure 70) The basic principle of the resilience triangle is that the smaller the 

triangle, the higher the resilience. Higher resilience requires minimal reductions in critical 

lifeline services after a disaster, speedy recovery of those services, and an overall improved 

service level as a result of rebuilding damaged systems and implementing better systems. Chile 

and Japan have high levels of earthquake resilience on the basis of their performance after the 

2010 magnitude 8.8 earthquake in Chile and 2011 magnitude 9.0 earthquake in Japan 

(notwithstanding the nuclear energy issues). At the current stage, Oregon's energy sector has low 

resilience and is expected to have significant loss of energy sector services and a slow recovery 

time.  
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Figure 70: DOGAMI Resilience Triangle illustrates that high resilience is due to a combination 

of low losses, quick recovery and services improved to a higher level than before the disaster  

(DOGAMI modified from Bruneau et al, 2005) 

 

Recommended Practices for Building Seismic Resilience 
The following list is composed of  suggested practices  for energy sector companies. These 

suggestions are not prioritized and are not all-inclusive. The first four suggestions concern 

emergency response and recovery; the remaining suggestions pertain more to pre-disaster 

planning.  

 

 Energy sector companies should have specific memorandums-of-understanding (MOUs) 

in place with energy sector organizations and nearby businesses/industries to assist one 

another during emergency situations. This would include MOUs with industry partners 

throughout the US who can be called upon for assistance. These MOUs must be in place 

and coordinated in advance of an earthquake.  

 Energy sector companies should have essential spare parts readily available to repair 

damaged equipment and keep equipment operational. For example, electrical utilities 

should have an adequate supply of insulators on hand as insulators are susceptible to 

breakage during earthquakes. Oil companies should have fuel hoses available to keep 

equipment operational on a temporary basis. 

 Energy sector companies should maintain safe conditions following a major Cascadia 

earthquake, and if necessary, have earthquake-resistant emergency generators, fuel cells 

or battery banks to power critical operations. Existing generators in flood prone areas 

may require relocation to higher points or placement in water-proof vaults. 

 Energy sector companies should consider where they would set up company emergency 

headquarters if current facilities are unavailable. A reliable facility outside the CEI Hub 

and, perhaps, east of the Portland area, may be a good choice to serve as a control center 

following a Cascadia earthquake. The energy sector may want to establish a regional 

emergency operation center—perhaps a virtual clearing house—to help coordinate 

restoration of energy sector services. 

 Both the public and private sector should assess what resources may be needed to 

continue critical energy operations following a Cascadia earthquake. They should 
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proactively make provisions to minimize the impact, rather than rely on a robust response 

operation. Existing entities, including the Department of Homeland Security (DHS) 

Fusion Center, DHS U.S. Coast Guard Area Maritime Security Committees, and the 

Oregon Emergency Response System Council should consider taking steps to reduce 

potential damage to the energy sector before a Cascadia earthquake, which requires 

partnering to ensure readiness. 

 Energy sector companies should review and learn pertinent information from prior 

earthquakes, such as the 2004 magnitude 9.1 Sumatra earthquake, 2010 magnitude 8.8 

Chile earthquake, and 2011 magnitude 9.0 Japan earthquake. Although it can be difficult 

to extract practical information depending upon the country and situation of the prior 

earthquake, two non-profit organizations provide sources of information on impacts from 

major earthquakes. These include: 1) American Society of Civil Engineers that publishes 

lifeline information, including the energy sector, on “Technical Council of Lifeline 

Earthquake Engineering” after major worldwide earthquakes 

(http://www.asce.org/Content.aspx?id=2147488653) , and 2) Earthquake Engineering 

Research Institute’s (EERI) that has the Learning from Earthquakes Program 

(http://www.eeri.org/projects/learning-from-earthquakes-lfe/). The EERI focus is broad 

(geosciences, emergency response, building, and more). 

 Energy sector companies should turn to industry-specific seismic documents to help 

evaluate and improve existing components and systems and design new construction. The 

goal is to reduce and control potential damage. For example, the Marine Oil Terminal 

Engineering and Maintenance Standards (MOTEMS) is a regulatory program 

implemented by California State Lands Commission that incorporates seismic safety for 

the liquid fuel industry’s oil terminals. Figure 71 shows a seismic instrument at a facility 

regulated by MOTEMS. The American Lifelines Alliance and American Society of Civil 

Engineers provide similar seismic guidelines for the electrical, natural gas and liquid fuel 

industries.  

 Energy sector companies should look for engineering solutions that are industry 

appropriate. For example: Liquid fuel companies could construct new tanks and piping to 

withstand liquefaction hazards by strengthening the underlying soils, designing robust 

foundations and installing flexible piping connections. Seismically mitigation for existing 

important tanks could also be conducted. Natural gas companies could consider in-

ground LNG tanks such as those commonly built in Japan. In-ground tanks can be 

designed to address buoyancy forces in liquefiable soils. Oil and gas companies could 

design their systems to be able to isolate certain blocks of areas using control valves in 

order to better control or contain damage. Isolating areas prone to liquefaction to prevent 

cascading damage is a possibility. Electrical companies could build micro-grids for 

important facilities or districts so areas could be isolated and continue to operate if the 

main grid goes down. A micro-grid in Sendai, Japan performed well after the 2011 

earthquake (http://spectrum.ieee.org/energy/the-smarter-grid/a-microgrid-that-wouldnt-

quit).  

 Energy sector companies should determine target performance levels to provide service 

after a Cascadia earthquake, and in time, achieve those performance objectives. For 

example, after a winter storm, an electricity company may determine that a target 

performance level to restore 75 percent of customers’ within 24 hours, 90 percent within 

48 hours, and 100 percent within one week is achievable. Energy sector companies 

http://www.asce.org/Content.aspx?id=2147488653
http://www.eeri.org/projects/learning-from-earthquakes-lfe/
http://spectrum.ieee.org/energy/the-smarter-grid/a-microgrid-that-wouldnt-quit
http://spectrum.ieee.org/energy/the-smarter-grid/a-microgrid-that-wouldnt-quit
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should evaluate the cost to achieve the “target” by using sound methods (e.g., benefit cost 

assessments to verify that the upgrades are cost effective).  Any targets that are 

discovered to be unachievable (e.g., after reasonable mitigation efforts have been made) 

after should be adjusted on an iterative basis. For a Cascadia earthquake, target time 

frames should be longer than under typical downtime events, due to the expected 

widespread damage and interdependencies. Seismic mitigation efforts and temporary 

workarounds should be factored into this target performance level. For example of a 

possible workaround, temporary piping or hoses can be installed to bypass damaged 

pipes for liquid fuel or damaged oil terminal piers to address for fuel supply and 

distribution services. Restoration goals would likely vary between the heavy commercial 

areas in the Portland metro area, the heavily populated I-5 corridor, rural areas, and 

coastal areas. As an example, after 10 years of mitigation implementation, a target 

performance level for electricity restoration might be set for the Portland metro area at 75 

percent restored by 48 hours, 90 percent by 4 days, 95 percent after 1 week and about 100 

percent after 1 month. For the coastal area above the tsunami inundation zone, the target 

might be at 75 percent restored by 5 days, 90 percent by 2 weeks, 95 percent after 2 

months and about 100 percent after 4 months. (These restoration rates for electricity are 

not recommendations, but provided as illustrations.) 

 Energy sector companies should institutionalize comprehensive seismic mitigation plans 

that include costs and implementation timeframes.  

 Both the public and private sectors should improve the available redundancy in systems 

where little or no redundancies are currently available. For example, oil companies 

should explore building expanded or new fuel terminals on stable ground (i.e., not 

susceptible to liquefaction). Likewise, natural gas companies should consider building 

redundancy into the natural gas system south of the greater Portland metropolitan area. 

The proposed Palomar transmission line to connect an eastern Oregon natural gas 

pipeline in Molalla and the proposed LNG terminal in Coos Bay are two options under 

recent consideration. 

 Energy sector companies with co-located facilities can look at joint opportunities to make 

ground improvements to mitigate liquefaction.    

 Energy sector companies should discuss the length of time for restoring services with 

critical customers such as water treatment plants. If the projected restoration time is too 

long for critical customers, those customers might be encouraged to find other emergency 

power sources such as emergency generators with ample fuel supply or alternative energy 

sources. Similarly, energy sector companies could discuss the anticipated restoration time 

for geographic areas such as along the Oregon coast. It may be prudent to install systems 

for emergency electricity purposes in distributed geographic regions expected to have 

slower restoration of services, for example, in Coos Bay, Newport, and Astoria. 
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Figure 71: This photo shows an example of an oil company in California that is following best 

practices learned from other earthquakes. The white box contains an accelerometer that records 

site-specific data. Having the recorded ground motion data will allow engineers to better 

understand the performance of the structures at the oil terminal and help them evaluate the 

structural performance and improve future designs. (DOGAMI photo) 

 

Risk Management Approach 
A major Cascadia earthquake and tsunami will deliver a simultaneous shock to many of the 

energy systems that Oregonians depend on to support our lives and communities. As damaging 

as a Cascadia earthquake will be, prudent investments in resilient energy infrastructure can save 

lives, minimize a catastrophe and accelerate economic recovery. Creating resilience by using an 

earthquake risk management strategy is recommended. (Figure 72)  

Earthquake risk management includes five components:  

1. Hazard identification 

2. Risk assessment 

3. Engaging stakeholders 

4. Risk prioritization, and  

5. Risk mitigation.  

The approach should be holistic and realistic— it is not possible to eliminate the risk of damage 

and impacts, but it is possible to reduce the expected damage to a controllable level. Because 

Cascadia earthquakes occur infrequently, adopting a long-term view of building resilience is 

reasonable. 
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Figure 72: Earthquake Risk Management Strategy (Wang, 2010) 

 

As part of this project, DOGAMI, OPUC and ODOE (the EAP partners) promoted seismic 

awareness of Oregon’s critical energy infrastructure. We developed productive relationships with 

other state agencies, federal agencies, energy sector companies, associations, emergency 

response organizations and other major stakeholders regarding seismic preparedness giving 

about 60 presentations. We conducted table-top exercises and extensive outreach, including:  

 

 2009 EAP partner hosted fuel sector table-top held at NWN headquarters 

 2010 DOGAMI testimony to House of Representatives Transportation Committee 

 2010 DOGAMI testimony to House of Representatives Veterans and Emergency Services 

Committee 

 2010 Interagency Hazard Mitigation Team meeting held at the Oregon Emergency 

Management 

 2011 Energy Assurance: Lessons from Japan's Earthquake Disaster symposium held at the 

Oregon Capitol. Sponsored by OPUC and DOGAMI, co-sponsored by Cascadia Region 

Earthquake Workgroup and Oregon Seismic Safety Policy Advisory Commission. Speakers 

included Senate President Peter Courtney, Representative Deborah Boone, Susan Ackerman 

(PUC Commissioner), Chris Goldfinger (scientist), Kit Miyamoto (engineer). Participants 

included Vicki McConnell (director of DOGAMI), General Mike Caldwell (director of 

OEM), Carmen Merlo (director of Portland Bureau of Emergency Management), Eric Corliss 

(COO of Oregon Red Cross).  

 2011 EAP partners joint presentation to Oregon Emergency Response System held at the 

Oregon Emergency Management 

 2011 Pacific Northwest Economic Region Annual Summit, Disaster Resilience Energy 

Assurance session, co-organized by Alice Lippert, Program Manager, the U.S. Department of 

Energy's Energy Assurance Program and co-moderated by Ken Murphy, the then FEMA 

Region X Administrator (http://www.pnwer.org/2011AnnualSummit/LongAgenda.aspx). 

 

http://www.pnwer.org/2011AnnualSummit/LongAgenda.aspx
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These efforts were minimal, however, considering the task at hand. In order to build resilience in 

Oregon's energy sector, it is necessary to increase awareness on the risk to the energy sector and 

Oregonians from a Cascadia earthquake. There needs to be a cultural shift by Oregonians to 

become an earthquake preparedness culture. More transparency and accountability in the energy 

sector on Cascadia preparedness is required. 

 

Encourage a Culture of Earthquake Preparedness  
Since the terror attacks in the US on September 11, 2001, Americans have become much more 

aware of and supportive of security precautions. Rather than wait for an earthquake disaster to 

strike, Oregon should take precautions today and become better prepared. 

 

It is not a question of if a large magnitude Cascadia earthquake will occur, but when it will occur. 

This study has demonstrated that Oregon’s CEI Hub is vulnerable to a Cascadia earthquake, and 

its failure will impact our supply and sources of liquid fuel, natural gas and electricity throughout 

Oregon. Oregonians have experienced gas shortages during the 1970s, and power outages during 

winter storms.. Following a Cascadia earthquake, there will likely be no gas available to the 

public for a considerable period of time. During a winter storm, power outages last hours to days 

long. After a Cascadia earthquake, many Oregonians could be without heat and electrical power 

for months.  

 

Oregonians should  heed this study’s findings, that: 

 A Cascadia earthquake will occur. 

 Oregon’s CEI Hub – where critical energy infrastructure is located in a six-mile stretch 

of land – is vulnerable to a Cascadia earthquake. 
 Oregon’s resilience to a Cascadia earthquake is low. 

 Energy sector companies must adopt best practices and pro-actively integrate seismic 

mitigation efforts into their business operations to prepare their facilities and systems to 

absorb and recover from a Cascadia earthquake and to sufficiently restore critical 

electric, natural gas and liquid fuel services to Oregon homes, businesses and industries 

in a reasonable time period. 

 More stringent oversight on seismic preparedness in the energy sector (liquid fuel, 

electricity and natural gas) may be needed. ### 
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Ken Goettel, Goettel and Associates  

Seiki Harada, HMC  
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Mark Koelling of Hayward Baker Inc.  
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Appendix A 
Oregon Economic Interdependency Assessment of the Energy Sector 

 

Scott B. Miles, Associate Professor, and Alexis Blue, Graduate Student, Resilience Institute, 

Western Washington University 

 

The goal of the study included in this appendix was determine the economic interdependencies 

of Oregon’s energy infrastructure with itself, broader critical infrastructure, and Oregon’s 

commercial economy. This study characterizes critical infrastructure and commercial economy 

for the entire state at a county resolution. Characterizing the interdependencies quantitatively 

facilitates the general understanding of potential economic ripple effects of earthquake-induced 

disruption of energy infrastructure on the State of Oregon. The primary task of the study was to 

model the effects of lower sales of electricity, fuel and natural gas -- the three Oregon Energy 

Assurance sectors –to other critical infrastructure industries and the rest of Oregon’s economy. 

Limitations in this study approach are discussed in the analysis overview.  

 

The objectives of this study were the following:  

1. Aggregate industries to represent energy and critical infrastructure sectors to characterize 

the interdependencies of power, natural gas, and fuel industries with other critical 

infrastructure industries, and Oregon’s commercial economy 

2. Develop an energy infrastructure-focused input-output table for the State of Oregon  

3. Analyze the economic impacts of financial loss within the created energy infrastructure 

sectors for a range of energy infrastructure financial loss scenarios 

 

Analysis Overview 

The study used input-output analysis to understand economic interdependencies between energy 

infrastructure sectors and other sectors, as well as to estimate economic impacts of various 

energy infrastructure financial loss scenarios. The financial loss scenarios are used as a rough 

proxy for energy infrastructure disruption. The analysis described below does not model physical 

infrastructure disruption or cascading functional impacts. 

 

The software tool and data set called IMPLAN by MIG Inc., was used to conduct the input-

output analysis of this study (http://implan.com/). IMPLAN data is a compilation of data for 

describing employment, employee compensation, proprietary income, other property income, 

indirect business taxes, output, inter-institutional transfers, and household and government 

purchases. For this study, the data is reported at the state level, even though the data is available 

at a finer resolution. IMPLAN was used to model the impact of negative sales as a proxy for 

infrastructure disruption. IMPLAN models how this loss of sales and jobs flows back through 

inter-industry purchasing.  

 

Interdependency Assessment 

 

The interdependency assessment was conducted using the 2008 IMPLAN database (the latest 

dataset available at the time of the study) with no additional or modified data. IMPLAN data 

describes 440 North American Industry Classification System (NAICS) industry classes in the 

dataset. The 440 NAICS industries were aggregated into 19 sectors for the purpose of this 
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analysis. The first priority of the aggregation was to group industries associated with each 

respective energy infrastructure sector (petroleum, natural gas, and electricity), while grouping 

the remaining industries in sectors typically used in similar input-output studies. The energy 

infrastructure groupings were based on input and review from the Oregon EAP Team. The 19 

sectors for grouping the 440 NAICS industries are listed in Table A1.  

 

After aggregation, an input-output (I-O) analysis was conducted to produce the input-output 

table shown as Table A2. The inside 19 by 19 matrix of the table (labeled 1 through 19) shows 

amount of sales and purchases between the 19 sectors. The columns represent the purchasing of 

inputs (payments) to create the respective sector’s products or services. The rows indicate the 

selling of outputs (receipts) by each sector. The second to last row, labeled “Value Added” 

indicates the combination of payments for labor, profits, and imports. The sum of all 

intermediate inputs plus value added equals the last row, labeled “Total Inputs.” The second to 

last column of Table 5 is labeled “Final Demand,” which includes sales to consumption (by 

consumers), investments, governments, and exports. Final demand plus the sum of all 

intermediate outputs equals the final column, labeled “Total Outputs.” The value in the cell of 

the intersection of the last row and last column is referred to as gross output. Gross output is 

equal to gross state product (net output) plus intermediate consumption. 

 

 

Table A1: Sectors in Interdependency Assessment 

01 Petroleum 

02 Electricity 

03 Natural Gas 

04 Communication 

05 Transport by Air 

06 Transport by Rail 

07 Transport by Water 

08 Transport by Truck 

09 Transport by Pipeline 

10 All Other Transportation 

11 Utilities 

12 Agriculture/Forestry 

13 Mining 

14 Construction 

15 Services 

16 Wholesale/Retail 

17 Non-Durable Goods 

18 Durable Goods 

19 Government Services - Public Safety 
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        Table A2: Baseline Inputs-Outputs for Interdependency Assessment  
 

Outputs (Payments, $ Millions) 

                                   

  Inputs (Receipts, $ Millions) 
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 

Final 

Demand Total 

 

01 Petroleum 11.9 40.5 29.0 1.4 14.5 2.7 0.0 19.4 0.1 11.2 0.0 21.1 0.3 31.6 27.7 11.9 43.5 14.4 11.8 236.8 530.0 

02 Electricity 3.2 4.5 35.6 19.7 0.9 0.3 2.6 6.7 0.0 13.5 0.1 106.5 15.9 74.0 1035.9 328.4 303.6 621.7 23.0 2356.4 4952.5 

03 Natural Gas 7.8 2.2 11.4 19.6 0.1 0.0 1.2 2.3 0.0 9.2 0.3 30.9 9.4 24.3 239.7 45.2 301.4 431.5 57.3 433.7 1627.6 

04 Communication 0.6 8.0 0.9 1240.5 11.2 0.9 2.3 18.9 0.0 11.5 0.3 5.7 0.7 137.4 1672.8 261.4 59.8 239.9 7.3 3407.3 7087.3 

05 Transport by Air 0.2 2.0 0.4 12.5 0.1 0.2 0.7 5.1 0.0 10.3 0.0 2.5 0.1 15.8 159.9 23.1 23.7 67.4 1.0 886.7 1211.6 

06 Transport by Rail 0.7 74.7 1.8 2.1 0.4 2.5 0.1 25.7 0.0 7.9 0.0 25.0 5.5 20.3 26.7 4.5 113.3 175.1 2.9 364.6 853.9 

07 Transport by Water 0.2 3.3 0.4 0.3 1.7 0.4 0.0 2.1 0.0 6.4 0.0 15.0 0.5 8.7 41.9 1.4 29.7 27.9 1.1 386.3 527.3 

08 Transport by Truck 1.7 14.5 2.5 11.1 2.8 3.7 3.4 129.8 0.0 17.1 0.1 95.5 8.2 202.8 255.5 156.0 334.7 649.1 22.0 1493.0 3403.6 

09 Transport by Pipeline 0.1 3.4 2.8 0.0 0.1 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.2 0.1 0.1 0.3 0.1 0.7 2.8 11.1 

10 All Other Transportation 0.3 6.9 0.8 40.3 89.6 11.8 76.3 231.5 0.0 69.9 0.1 2.4 1.1 10.8 807.4 604.4 20.5 62.0 9.7 1139.9 3185.8 

11 Utilities 0.1 14.8 0.3 6.1 0.1 0.2 1.8 0.6 0.0 14.5 0.0 34.2 0.1 11.7 155.2 18.3 22.6 38.4 36.8 -296.1 59.8 

12 Agriculture/Forestry 0.4 0.3 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1774.4 1.5 41.0 107.6 20.1 1955.3 284.5 0.1 6096.5 10283.8 

13 Mining 0.2 79.1 1.2 0.9 0.0 0.1 0.0 0.0 0.0 0.0 0.0 5.1 14.4 23.0 6.4 0.1 14.2 103.2 3.7 316.7 568.1 

14 Construction 7.2 99.1 1.2 47.2 0.3 27.9 0.0 2.1 0.2 13.2 4.0 24.5 0.0 13.4 856.6 70.8 69.2 163.5 172.9 17016.0 18589.2 

15 Services 41.0 329.9 54.4 1480.5 146.4 128.0 77.9 365.6 0.8 285.1 6.8 693.6 48.1 2343.2 29237.8 5486.9 2339.6 6725.0 541.9 74279.8 124612.2 

16 Wholesale/Retail 8.4 20.5 10.2 49.8 12.4 11.0 2.2 75.1 0.1 32.1 0.2 256.5 7.1 1389.2 1356.4 895.1 1294.3 3733.1 43.9 23784.7 32982.3 

17 Non-Durable Goods 5.6 4.4 7.4 32.2 0.5 1.3 0.8 10.7 0.0 9.5 0.0 400.3 2.3 170.3 1158.4 178.4 2266.0 907.6 18.9 17469.5 22644.2 

18 Durable Goods 3.5 16.5 6.9 80.2 10.2 13.5 23.1 24.7 0.1 27.0 0.2 32.1 7.3 1109.2 612.1 124.0 234.8 5732.0 62.1 49927.9 58047.3 

19 Government Services - Public Safety 0.0 0.0 0.1 5.1 0.0 0.0 0.0 0.3 0.0 5.2 0.0 0.2 0.0 0.0 140.3 9.8 11.1 16.5 42.4 19346.4 19577.5 

 Value Added 436.8 4227.8 1458.4 4037.9 920.3 649.4 334.7 2482.7 9.8 2642.3 47.5 6758.4 445.9 12962.2 86713.8 24742.3 13206.6 38054.3 18518.0   

 Total 530.0 4952.5 1627.6 7087.3 1211.6 853.9 527.3 3403.6 11.1 3185.8 59.8 10283.8 568.1 18589.2 124612.2 32982.3 22644.2 58047.3 19577.5  310755.2 

Note: * Value Added = Employee Compensation + Proprietor Income + Indirect Business Taxes + Other Property Type Income 
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The same information in Table A2, except for value added and final demand amounts, is 

provided in Figure A1 in graphical form, with the increasing dollar values represented by 

increasingly hotter colors from blue (cool) to red (hot). Note the hot colors, represent values of 

$100 million or greater, where maximum values listed in Table A2 are in the tens of billions. The 

threshold was chosen in order to easily visualize lower values.  

 

Figure A2 presents the information of Table A2 in bar chart form to emphasize the relationship 

between each respective energy infrastructure sector and the rest of the Oregon economy to 

understand whether the particular energy sector is more or less dependent on the other 18 

individuals sectors than each of the 18 sectors are on the respective energy sector. The outputs of 

each energy sector are represented by a dark color (blue for petroleum, red for electricity, and 

purple for natural gas, respectively) and inputs of the remaining sectors by a lighter respective 

shade.  A higher dark bar (e.g., dark blue for 01 Petroleum) at the x-axis location of another 

sector (e.g., 08 Transport by Truck, represented by light blue) means that the transportation by 

truck sector purchases more petroleum than the petroleum sector purchases from the 

transportation by truck sector. In other words, the transportation by truck sector is more 

dependent on the petroleum sector than the petroleum sector is dependent on the transportation 

by truck sector. Figures A3, A4, and A5 show the same information as Figure A2 but include 

inputs and outputs for only one respective energy sector.  

 

 
Figure A1. Visual representation of the input-output table of Table A2. Hotter colors (red, orange) 

indicate higher dollar value. Red indicates $100 million or greater.  
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Figure A2. Petroleum, electricity and natural gas outputs (receipts) and inputs (payments) with respect to 

all analyzed sectors. Note: Vertical scale is capped at $100 million to facilitate comparison. 
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Figure A3. Petroleum outputs (receipts) and inputs (payments) with respect to all analyzed sectors. 
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Figure A4. Electricity outputs (receipts) and inputs (payments) with respect to all analyzed sectors. 
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Figure A5. Natural gas outputs (receipts) and inputs (payments) with respect to all analyzed sectors. 

 

Petroleum: Figures A2 and A3 show that the petroleum sector has relatively high unequal 

monetary relationships with several sectors. The electricity, natural gas, transport by air, 

transport by truck, other transportation, agriculture/forestry, construction, non-durable goods, 

durable goods, and government services are significantly more dependent on the petroleum 

sector than the other way around. The only other strong dependency of the petroleum sector on 

another sector is between it and the services sector. 

 

Electricity: Figures A2 and A4 show that the electricity sector is more dependent on the transport 

by rail and mining sectors than the reverse. This is also minimally the case for the petroleum and 

construction sectors. Alternatively the agriculture/forestry, services, wholesale/retail, non-

durable goods, and durable goods sectors are more dependent on electricity than the reverse 

 

Natural Gas: Figure A2 and A5 show that there are strong monetary relationships with 

communications, agriculture/forestry, construction, services, wholesale/retail, non-durable 

goods, durable goods, and government services sectors are all more dependent on the natural gas 

sector than the other way around. The inverse is true for the petroleum and electricity sectors. 

Impact Analysis 
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A suite of scenarios was developed to estimate the impacts of reduced levels of energy sector 

products being purchased over the course of one year (in this case 2008, the most recent year 

available for IMPLAN) as an approximate proxy for energy infrastructure loss. The impact 

analysis does not model the impact of physical or functional loss of the energy infrastructure, 

only loss of purchases of sector goods and services. The analysis also does not represent when 

within the year loss in purchases occurs. The results of the analysis are only representative of 

purchases loss within the year and don’t include any losses in subsequent years. The scenarios 

analyzed using IMPLAN are summarized in Table A3. The values in Table A3 are percent 

reduction in purchases. In order to avoid divide by zero errors in IMPLAN, zero was 

approximated using a value close to zero. Table A4 lists, in the second column, the total output 

when each energy infrastructure sector purchases are normal (based on 2008 data in IMPLAN), 

which represents no hazard impact. The remaining columns to the right show the reduction in 

output for 75 percent, 50 percent, 25 percent and 0 percent of normal purchase levels to 

approximate hazard impacts.  

  

Input-output analysis has some associated limitations in modeling economic impacts. For this 

particular application, again, input-output modeling does not model functional relationships of 

infrastructure. The loss modeled is financial in the form of reduced purchases of some good or 

product – in this case related to an energy infrastructure sector. Changes in inputs and, thus, 

outputs cannot be represented at any temporal resolution less than a year. Data for input-output 

analysis are only available a few years after the year the data describes. (In this case, the most 

recent data available are for 2008.) No consideration is made within the analysis for price effects, 

substitutions, or economies of scale. A basic input-output model, such as used here, is a demand-

side model and so assumes that supplies are infinite. As a result, the absolute and relative 

financial relationships of purchases (inputs) and receipts (outputs) are reliable. The limitations in 

the context of modeling the influence of supply disruptions (such as a reduction of energy 

infrastructure service in a disaster) will results in significant under-estimation of actual loss. The 

predicted loss should be considered a lower-bound. Due to limitations of this interdependency 

model, the actual losses could be orders of magnitude higher because of supply-side and 

functional dependencies. 
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Table A3. Percent operability for the respective energy infrastructure sector 

 Fuel Electricity Nat'l Gas  
Baseline  100% 100% 100% 

All 75 75 75 75 

All 50 50 50 50 

All 25 25 25 25 

All 0 0 0 0 

Fuel 75 75 100 100 

Fuel 50 50 100 100 

Fuel 25 25 100 100 

Fuel 0 0 100 100 

Elec 75 100 75 100 

Elec 50 100 50 100 

Elec 25 100 25 100 

Elec 0 100 0 100 

NatGas 75 100 100 75 

NatGas 50 100 100 50 

NatGas 25 100 100 25 

NatGas 0 100 100 0 

 

Table A4.  Outputs values, in dollars, for each scenario. 

 100% 75% 50% 25% *0% 

Petroleum 529,967,073 -132,491,768 -264,983,537 -397,475,305 -524,667,403 

Electricity 4,952,514,064 -1,238,128,516 -2,476,257,032 -3,714,385,548 -4,902,988,923 

Natural Gas 1,627,604,600 -406,901,150 -813,802,300 -1,220,703,450 -1,611,328,554 
*The computations in the 0% scenario have been approximated and theoretically should be the negative equal value 

of the 100% scenario  

 

Figure A6 shows the total impact (direct + indirect + induced) for all energy infrastructure loss 

scenarios. The three energy infrastructure types, as well as all infrastructure types 

simultaneously, are listed along the x-axis (all, electricity, natural gas, and petroleum) with each 

scenario listed in decreasing percent of operability (75%, 50%, 25%, 0%). The greatest amount 

of loss of any scenario is expectedly for all energy sectors with purchases 0% or normal for the 

year, at close to $7 billion dollars, with about $2.6 billion of that loss being non-direct (indirect + 

induced). The greatest loss associated with just one energy infrastructure sector is close to $7 

billion (with about $2 billion of that non-direct loss) and is for the electricity purchases at 0% of 

normal scenario. Notice that the ratio between non-direct and direct loss is constant. 
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Figure A6. Total impact, including direct, indirect, and induced, for all energy infrastructure 

disruption scenarios.  

 

Table A5 shows the indirect dollar losses and multipliers related to the disruption of each energy 

infrastructure (including all at once) with respect to output and employment. The second column 

of Table A5 shows the value in dollars of non-direct (indirect + induced) loss for each dollar of 

assumed direct loss. The direct loss is assumed as part of the energy infrastructure disruption 

scenarios. Thus, if $100,000 of direct loss were suffered for all energy infrastructure, an 

additional $39,000 would be lost as a result of non-direct loss. Similarly, the third column shows 

how many non-direct jobs are lost as result of one direct job lost. Thus if 1,000 jobs are lost as a 

result of disruption to all energy infrastructure, an additional 2,420 non-direct jobs would be lost. 

It is important to note that the two columns are not coupled. For example, $100,000 of direct loss 

to all energy infrastructure does not result in 242,000 non-direct jobs lost. 
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Table A5. Indirect Dollar and Jobs Loss Relationship For Energy Sectors. Data are preliminary.  

 
 

If the available electricity, natural gas and liquid fuels were significantly reduced, then the non-

direct dollar losses would have major socioeconomic consequences to Oregon. In the 

hypothetical scenario that 100% energy infrastructure is disrupted, a minimum of $0.39 of non-

direct loss would be expected for every dollar of loss up to a maximum of the aggregate output 

value of the energy sectors. The sectors most impacted for this scenario are Services, followed 

next by Wholesale/Retail, followed by Construction, Non-Durable Goods, Electricity, 

Communications, Mining, Durable Goods, Petroleum, and Transport by Rail. The impact to 

Services is about an order of magnitude greater than the other sectors. For employment impacts, 

under the same scenario, a minimum of 2.42 jobs would be expected to be lost for every direct 

job lost in the energy sectors. Again, the greatest impacted by this scenario, by an order of 

magnitude, is the Service industry, followed again by Wholesale Retail, as well as Construction. 

The impact to services is very similar across the individual energy sector disruption scenarios. 

Most significant is the finding that the Electricity sector has the greatest monetary and 

employment impact potential of the three energy sectors. 

 

The scenarios from this study have not been linked with specific studies of energy sector impacts 

from a Cascadia earthquake, and it is not possible to relate any of the modeled scenarios to 

estimated damage and losses to the energy sector due to a Cascadia earthquake.   
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Improving the energy sector's resilience to major disasters, in particular a Cascadia earthquake 

would require mitigation actions to reduce the restoration time of energy services.  The total 

impact from a disaster to the energy sector would include the direct damage to the energy 

facilities, the loss of sales (such as by amounts as shown in the scenarios), non-direct losses and 

non-direct job losses (as shown in Table A5), and a multitude of cascading functional impacts, 

which would also potentially have economic impacts of their own.  

  

Comparison with Other Studies 

After the Northridge earthquake, Tierney (1997) found that after debris clean up, loss of 

electricity was the most commonly cited reason for business closure (Table A6). The most 

significant impacts were seen in the finance, insurance, and real estate industries (FIRE; 

classified as services in the current study) and construction. FIRE services were also impacted 

the most in the current study on Oregon energy disruption. In a study by Tierney and Nigg 

(1995) comparing the dependency of businesses to five types of infrastructure between 

Memphis, TN and Des Moines, IA with respect to potential (Memphis; earthquake disruption) 

and actual (Des Moines; 1993 Midwest floods) disruption. Table A7 (Des Moines) and Table A8 

(Memphis) shows the results of that study. In both cases, businesses depend most on electricity, 

while depending on natural gas third most. Lastly, in the study of the business impacts from the 

1993 Midwest floods, Tierney (1994) wrote the following, which provides further insight into 

the importance of energy infrastructure amongst other required business resources and the 

impacts of the services sector (FIRM) from these disruptions:  

 

Overall, electricity was rated as the most critical lifeline service by both large and small 

businesses, with the former considering electric service more important than the latter. 

Large manufacturing and construction firms and both large and small companies in the 

finance, insurance, and real estate sectors were more likely than other businesses to rate 

electricity as critical to their operations. While small businesses generally considered 

telephone service to be the second most critical lifeline, large businesses appeared to 

view telephones, water, sewer service, and natural gas as equally critical. 

 

A study by Rose et al. (2007) on the economic impacts of electricity outage due to a terrorist 

attack on Los Angeles, CA found that the services sector was most impacted by a significant 

margin. This is not surprising as the input-output analysis found that services and manufacturing 

are the two main business users of electricity. 

 

None of the above studies included direct dependence on liquid fuel. Looking at Table A6, one 

could conjecture that a few factors leading to business closure are related to lack of access to 

liquid fueling, putting disruption of fuel near the top of the factors. Even so, what studies have 

been done confirm the general validity of the findings of the current study and the importance of 

resilient infrastructure, as well as the significant economic impact that would arise due to energy 

disruption from a Cascadia earthquake in Oregon. The general lack of studies of the dependence 

of and impacts to businesses from energy infrastructure disruption suggests the importance and 

innovation of this study. 
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Table A6. Ranked factors determined to have lead to business closures after the 1994 

Northridge earthquake (Tierney, 1997). 

 
 

Table A7. Results of surveys to businesses in Des Moines IA asking the degree of 

importance on five types of infrastructure (Tierney and Nigg, 1995). 
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Table A8. Results of surveys to businesses in Memphis, TN asking the degree of 

importance on five types of infrastructure (Tierney and Nigg, 1995). 
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Appendix B 
Lateral Spreading Sensitivity Study 

 
by Steven Bartlett, PE, University of Utah and Yumei Wang, PE, DOGAMI 

Introduction 
 

The potential amount of ground deformation resulting from liquefaction-induced lateral spread in 

the Critical Energy Infrastructure (CEI) Hub in Portland, Oregon was jointly evaluated.  The 

University of Utah was the lead modeler, and DOGAMI was the lead in framing the sensitivity 

study and provided some of the input variables including the geotechnical soils data. The 

evaluations were done using empirical equations developed by Youd et al. (2002) and by 

nonlinear numerical modeling using a finite difference computer program called FLAC (Fast 

Lagrangian Analysis of Continua) (v.5) developed by Itasca, 2005. The lateral spread evaluations 

were done using several earthquake time histories and slope conditions for two cases of soil 

conditions:  (1) unimproved ground, and (2) improved ground.  Unimproved ground denotes 

analyses performed for the existing ground conditions that have not been modified by any type 

of ground improvement technology.  Improved ground denotes analyses that were done to 

estimate the potential reduction in lateral spread displacement that might be achieved by 

modifying the properties of the potentially liquefiable soil using some type of ground 

improvement technology (e.g., stone columns, rammed aggregate piers, etc.). 

Seismic Input 
 

The evaluations involved selection of representative acceleration time histories for magnitude 9.0 

(M9.0) and magnitude 8.0 (M8.0) earthquakes and slightly adjusting them for use in the 

numerical modeling. A total of ten subduction zone earthquake time histories were considered 

for the final numerical analyses (Figure B1). Two of these are synthetic time histories obtained 

from Art Frankel of the US Geological Survey (1msoil and 1ssoil), and the remaining eight time 

histories are from other subduction zone earthquakes from the 1985 Chilean and 1985 Mexican 

earthquakes.  Each candidate time history was analyzed using both of its horizontal components. 

All candidate time histories were scaled to a peak ground acceleration (pga) value of 0.3 g to be 

more representative of the expected strong motion for a 1000-year return period event (Figure 

B2).  For example, the pga value for a deterministic Cascadia M9.0 event is about 0.18 g; 

however, when this event is considered in probabilistic terms at a 1000-year return period, the 

expected pga increases to approximately 0.3 g for rock and stiff soil sites. In addition to the 0.3-g 

scaling of pga, the candidate time histories were baseline-corrected to ensure that no artificial 

displacement occurs when analyzing the records in the numerical model.  
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Figure B1. Representative time histories used in FLAC analysis  

 

 
Figure B2. Acceleration response spectra for the time histories used in FLAC analysis  



148 
 

Subsurface Conditions 
 

In-situ soil data from a BPA tower site in the CEI Hub were used to develop representative soil 

profiles and used in conjunction with other generic soil properties from the area (BPA, 2008; 

CH2MHill, 2006).  Figure B3 shows in-situ soil data (cone penetrometer soundings) from the 

CEI Hub, which were used in the evaluations. From a lateral spread viewpoint, the primary zone 

of interest is that from about 21 to 46 feet deep.  Much of this zone has qc1values of 60 tons / sq. 

foot, and except for the zone between 38 to 40 feet, the soils appears to be granular and 

susceptible to liquefaction due to their low penetration resistance. (Note that materials with 

penetration resistance greater than 60 tons / sq. foot were not considered in the evaluations 

because they are probably not susceptible to damaging lateral spread displacement due to their 

higher density and strength.) 

 

 
 

Figure B3.  Soils layering and profile considered in FLAC analyses (modified from BPA, 2008) 

Lateral 
Spread 
Zone 
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Numerical Model 
 

Figure B4 shows the FLAC cross sectional model that was used in the parametric analyses.  It 

has the following dimensions 1,000 m wide; height at left and right edges was varied to evaluate 

a range of ground slope angles from 0.5 to 5 degrees; 5 m depth to ground water table; depth to 

base of lateral spread zone 12.5 m (41 feet) and 7.5 m (25 feet) of lateral spread zone.  Note that 

because of the mesh spacing of the developed model, the lateral spread zone depth and thickness 

varies slightly from that shown in Figure B3. These slight differences do not significantly affect 

the modeling results. 

 

 
Figure B4. The FLAC model of a slope from the CEI Hub deformation analysis. This is an 

example run with the modeled slope gently sloping towards the left.  

 

The following modeling approach was used to analyze the potential lateral spread displacement 

at the site: 

 

 The model was first brought to static equilibrium for the groundwater conditions to 

calculate the state of in situ stress in the soil profile before the onset of the earthquake 

and liquefaction. 

 The soil properties of the subsurface soils were set to a drained friction angle of 32 

degrees and the initial (maximum) shear modulus was calculated based on a subsurface 

shear wave velocity of 150 m/s (500 feet/s). 
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 The candidate time histories were input at the base of the FLAC model and the 

earthquake motion was propagated through the model.  Slight scaling of the time history 

was done to ensure that the 0.3 g was produced at the surface of the model without 

liquefaction effects present in the model. 

 Each candidate time history was analyzed using both a positive polarity (+) and a 

negative polarity (-) to evaluate the sensitivity of lateral spread displacement to the 

polarity of the record. 

 Liquefaction effects were introduced in the modeling using the following approach and 

assumptions: 

o Liquefaction is triggered approximately when the first 0.1 g acceleration spike is 

encountered in the candidate time history based on liquefaction triggering 

analyses. 

o Maximum shear strength and soil stiffness values for the soil profile were used at 

the onset of strong motion. 

o These values were linearly degraded to residual values to represent complete 

liquefaction at the time when the first 0.1 g acceleration spike occurred in the 

respective time history. 

 The initial shear modulus at the beginning of the earthquake record was 

degraded to 10 percent of its initial value at complete liquefaction. 

 The friction angle of the liquefied soil was degraded from its peak value of 

32 degrees at the beginning of the earthquake record to 6 degrees when 

complete liquefaction was encountered. This residual value was selected 

because it allows the residual strength to be approximately 10 percent of 

the initial mean effective stress under hydrostatic conditions, which is a 

reasonable estimate of the residual strength for loose, liquefied sand. 

 The lateral spread horizontal displacement was calculated for each of the candidate time 

histories.  The slope of the FLAC model was varied from 0.5 to 5 degrees for each of the 

candidate time histories to account for potential variation of slope in the CEI Hub. 

 The FLAC model results were also compared against displacements predicted from the 

Youd et al. (2002) regression equation to evaluate the reasonableness of the FLAC 

model. 

Lateral Spread Displacement Estimates for Unimproved Ground 
 

Using the modeling approach described above, a parametric study was conducted to estimate the 

order of magnitude and characteristics of the possible lateral spread displacement for 

unimproved ground. Table B1 shows the main parameters used in the study, as well as the 

deformation results for the various earthquakes and ground slope cases.  In addition, the FLAC 

results are compared and complemented with empirically derived mean estimates of horizontal 

displacement obtained from the empirical relationships developed from the Youd et al. (2002) 

for M9.0 and M8.0 earthquakes (Figure B5).  Note that Youd et al. (2002) found that actual 



151 
 

displacements can vary by a factor of 2 from the mean estimate. Thus for example, the upper 

bound lateral spread displacement for a 5 percent slope and a M9.0 event is approximately 10 m 

based on a mean estimate of about 5 m for that same event. 

 

 
 

Figure B5. Estimates of horizontal displacement versus ground slope for M9.0 and M8.0 

earthquakes compared with mean estimates from Youd et al. (2002) regression equation.  

 

The FLAC modeling results for records 1msoil and 1ssoil produce about 17 m of predicted 

ground displacement for a M9.0 event on a 5 percent slope.  This is somewhat higher than the 10 

m upper bound estimated by the Youd et al. (2002) regression equation. The reason for the 

relatively large displacement produced by the FLAC model can be seen by comparing the 

magnitude and duration of the strong motion represented by histories 1msoil and 1ssoil with the 

other candidate time histories used in the modeling. The 1msoil and 1ssoil records both have 

strong motion duration that exceeds 200 s and ground accelerations that exceed 1 m/s
2
 (0.1 g) for 

much of the record (Figure B1). The amplitude and duration of strong motion for these two 

records are notably higher than the other records used in the evaluations. Certainly the amount of 

lateral spread displacement would decrease if these records were used unscaled instead of the 

0.3-g scaling that was used.  However, we choose to use the scaled time histories for these events 

and evaluate the corresponding ground improvement needed to remediate the lateral spread, as 

discussed in the next section. 
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Lateral Spread Displacement Estimates for Improved Ground 
 

The soil properties used in the FLAC model were modified to represent the case where the 

ground has been improved by some type of ground improvement technology. For these analyses, 

the soil properties were modified accordingly to represent the effects of improved ground in the 

lateral spread zone. 

  

 The friction angle in the liquefied zone was increased from its residual value in the FLAC 

model to a value where deformations became small.  From this, the shear strength 

required to ameliorate the lateral spread was calculated. 

 The residual shear modulus for the treated zone was set equal to 30 percent of the initial 

unliquefied value of the shear modulus, G. 

 The shear strength of the improved ground required to mitigate the lateral spread was 

uniformly distributed throughout the potential lateral spread zone. 

 It was assumed that excess pore pressure generation from cycling (partial liquefaction) 

does not affect the shear strength of the improved ground. 

The evaluation of improved ground was not repeated for all cases.  Instead, representative time 

histories were used to estimate what treatment was required to mitigate the lateral spread hazard.  

The selected time histories were: (1) 1msoil, which was selected to represent a M9.0 event at a 

distance of 100 km, and (2) SWCZ1, which was selected to represent a M8.0 event at a distance 

of 100 km.  These particular earthquake records were selected because they produced 

displacement near the upper bound displacement for the unimproved ground case (Figure B-5); 

hence they represent a conservative case to analyze the effects of improved ground. 
 

The results of the improved ground evaluations presented in Table B-2. These analyses show that 

the improved soil must have a minimum composite strength of about 30 to 50 kPa (600 to 1000 

psf) to mitigate the lateral spread hazard for a M9.0 event. The analyses also show that the 

improved soil must have a minimum composite strength of about 20 to 45 kPa (400 to 900 psf) 

to mitigate the lateral spread hazard for a M8.0 event.  We anticipate that if these composite 

strengths can be obtained using ground improvement, then the expected lateral spread 

displacement will be 0.05 m (2 inches), or less.  These preliminary evaluations were done using 

limited geotechnical data and simplifying assumptions. More detailed, site specific evaluations 

can be made for the individual facilities. 
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Table B1: Parametric Study Inputs and Results for FLAC Deformation Analyses for Unimproved Ground 

   
Untreated 

 
Untreated 

   
Treated 

   
Residual Depth Predicted 

  
Equivalent Predicted 

  
Untreated residual phi'  Ground Displace- Treated Mean eff. S u Displace- 

Time  
History Polarity slope (%) (deg) 

Water  
 (m)  ment (m) phi' (deg) stress (kPa) (kPa)  ment (m) 

1msoil + 0.5 6 5 0.7 15 110.00 28 0.05 

1msoil - 0.5 6 5 0.35 
    1msoil + 1 6 5 1.9 19 110.00 36 0.05 

1msoil - 1 6 5 2.4 
    1msoil + 2 6 5 4.5 22 110.00 41 0.05 

1msoil - 2 6 5 5 
    1msoil + 5 6 5 17 27 110.00 50 0.15 

1msoil - 5 6 5 17 
    

          1ssoil + 0.5 6 5 0.75 
    1ssoil - 0.5 6 5 1.3 
    1ssoil + 1 6 5 1.9 
    1ssoil - 1 6 5 2.3 
    1ssoil + 2 6 5 4.5 
    1ssoil - 2 6 5 4.5 
    1ssoil + 5 6 5 17 
    1ssoil - 5 6 5 17 
    

          Ch_1 Chile + 0.5 6 5 0.45 
    Ch_1 Chile - 0.5 6 5 0.05 
    Ch_1 Chile + 1 6 5 0.15 
    Ch_1 Chile - 1 6 5 0.2 
    Ch_1 Chile + 2 6 5 1 
    Ch_1 Chile - 2 6 5 0.1 
    Ch_1 Chile + 5 6 5 2 
    Ch_1 Chile - 5 6 5 1.7 
    

          Ch_2 Chile + 0.5 6 5 0.05 
    Ch_2 Chile - 0.5 6 5 0.03 
    Ch_2 Chile + 1 6 5 0.06 
    Ch_2 Chile - 1 6 5 0.4 
    Ch_2 Chile + 2 6 5 0.1 
    Ch_2 Chile - 2 6 5 0.2 
    Ch_2 Chile + 5 6 5 1.3 
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Ch_2 Chile - 5 6 5 0.4 
    

          Union_90 + 0.5 6 5 0.1 
    Union_90 - 0.5 6 5 0.1 
    Union_90 + 1 6 5 0.2 
    Union_90 - 1 6 5 0 
    Union_90 + 2 6 5 0 
    Union_90 - 2 6 5 0.2 
    Union_90 + 5 6 5 1 
    Union_90 - 5 6 5 0.2 
    

          Union_360 + 0.5 6 5 0 
    Union_360 - 0.5 6 5 0.2 
    Union_360 + 1 6 5 0.1 
    Union_360 - 1 6 5 0.3 
    Union_360 + 2 6 5 0.3 
    Union_360 - 2 6 5 0.2 
    Union_360 + 5 6 5 0.4 
    Union_360 - 5 6 5 0.3 
    

          Val 70 + 0.5 6 5 0 
    Val 70 - 0.5 6 5 0.1 
    Val 70 + 1 6 5 0 
    Val 70 - 1 6 5 0.5 
    Val 70 + 2 6 5 0 
    Val 70 - 2 6 5 0.35 
    Val 70 + 5 6 5 1.7 
    Val 70 - 5 6 5 0.5 
    

          Val 160 + 0.5 6 5 0.1 
    Val 160 - 0.5 6 5 0.3 
    Val 160 + 1 6 5 0.2 
    Val 160 - 1 6 5 0.4 
    Val 160 + 2 6 5 0.4 
    Val 160 - 2 6 5 0.7 
    Val 160 + 5 6 5 1.6 
    Val 160 - 5 6 5 2.6 
    

          SWCZ1 + 0.5 6 5 0.1 10 110.00 19 0.05 

SWCZ1 - 0.5 6 5 0 
    SWCZ1 + 1 6 5 0.25 15 110.00 28 0 

SWCZ1 - 1 6 5 0.2 
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SWCZ1 + 2 6 5 0.6 20 110.00 38 0.05 

SWCZ1 - 2 6 5 0.5 
    SWCZ1 + 5 6 5 2 25 110.00 46 0.05 

SWCZ1 - 5 6 5 2 
    

          SWCZ2 + 0.5 6 5 0.25 
    SWCZ2 - 0.5 6 5 0 
    SWCZ2 + 1 6 5 0.3 
    SWCZ2 - 1 6 5 0 
    SWCZ2 + 2 6 5 0.5 
    SWCZ2 - 2 6 5 0.05 
    SWCZ2 + 5 6 5 1.4 
    SWCZ2 - 5 6 5 1.2 
    

          Youd et al. M9 
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Table B2: Parametric Study Inputs and Results for FLAC Deformation Analyses for Improved Ground 

  Polarity Untreated Untreated Depth Untreated Treated Mean eff. Equivalent 
Su 

Treated 

Time 
History 

  slope (%) residual phi' 
(deg) 

Grd Water 
(m) 

Predicted 
Displacement 
(m) 

phi' (deg) stress (kPa) (kPa) Predicted 
Displacement 
(m) 

1msoil + 0.5 6 5 0.7 15 110.00 28 0.05 

1msoil - 0.5 6 5 0.35         

1msoil + 1 6 5 1.9 19 110.00 36 0.05 

1msoil - 1 6 5 2.4         

1msoil + 2 6 5 4.5 22 110.00 41 0.05 

1msoil - 2 6 5 5         

1msoil + 5 6 5 17 27 110.00 50 0.15 

1msoil - 5 6 5 17         

SWCZ1 + 0.5 6 5 0.1 10 110.00 19 0.05 

SWCZ1 - 0.5 6 5 0         

SWCZ1 + 1 6 5 0.25 15 110.00 28 0 

SWCZ1 - 1 6 5 0.2         

SWCZ1 + 2 6 5 0.6 20 110.00 38 0.05 

SWCZ1 - 2 6 5 0.5         

SWCZ1 + 5 6 5 2 25 110.00 46 0.05 

SWCZ1 - 5 6 5 2         
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Appendix C 
Telecommunications: Seismic Codes and Guidelines 

 

All companies with facilities in the CEI Hub are encouraged to conduct seismic vulnerability 

assessments that include interdependencies on other systems, such as telecommunication 

systems. Telecommunication  systems are not only important for communication systems, but 

also many different types of systems, such as pipeline and electrical systems, need 

telecommunications to operate. Telecommunication systems can help monitor and control data 

and systems so many systems are dependent on them. Seismic codes and guidelines for 

telecommunication systems are provided below. The list should be updated as new key 

references are made available.  

 

Telecommunications 
 

To increase service reliability, facilities should incorporate redundancy of wired, wireless and radio 
services (see figure; PBX = Private branch exchange for private telephone network) 

 
NEBS - Network Equipment-Building System, including GR-63 Physical Protection  
Bellcore http://telecom-info.telcordia.com/site-cgi/ido/docs2.pl?ID=160834912&page=nebs 
 
ASCE - American Society of Civil Engineers (ASCE) 7-10 American Society of Civil Engineers 
 
ASCE - monograph No. 10 Methods of Achieving Improved Seismic Performance of Communications 
Systems 
 
TIA/EIA-222-G (2009) Structural Standard for Antenna Supporting Structures and Antennas 
 

 

 

 

 

http://telecom-info.telcordia.com/site-cgi/ido/docs2.pl?ID=160834912&page=nebs
http://www.pubs.asce.org/BOOKdisplay.cgi?9701178
http://www.pubs.asce.org/BOOKdisplay.cgi?9701178
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During the 2001 Nisqually earthquake, liquefied sand was extruded onto the ground surface 

beneath the railroad tracks near Capitol Lake in Olympia.  The vented sand is called a sand blow, 

and is clear evidence of liquefaction of the underlying soil. Photo by Stephen P. Palmer.

Liquefaction during the 1965 SeaTac earthquake caused both lateral and vertical movement of the 

ground in the Port of Seattle. Cargo cranes such as the one in the background are vulnerable to 

liquefaction-induced ground displacement. Lateral spreading such as this can cause severe damage 

to both above-ground structures and underground utilities. Photo courtesy of the Karl V. 

Steinbrugge Collection, Earthquake Engineering Research Center [http://nisee.berkeley.edu/visual_ 

resources/steinbrugge_collection.html].

liquefied sand

railroad track

Peat is not susceptible to liquefaction but may 
undergo permanent displacement or loss of 
strength as a result of earthquake shaking.

Liquefaction susceptibility: LOW

Liquefaction susceptibility: VERY LOW to LOW

Liquefaction susceptibility: VERY LOW

Bedrock

Ice

Peat deposit

Liquefaction susceptibility: LOW to MODERATE

Water

Liquefaction susceptibility: MODERATE to HIGH

Liquefaction susceptibility: MODERATE

Liquefaction susceptibility: HIGH

EXPLANATION

This explanation is standardized for this series of county-based 

liquefaction maps; some categories may not appear on this map.

WHAT IS LIQUEFACTION?

Liquefaction is a phenomenon in which strong earthquake shaking causes 

a soil to rapidly lose its strength and behave like quicksand. Liquefaction 

typically occurs in artificial fills and in areas of loose sandy soils that are 

saturated with water, such as low-lying coastal areas, lakeshores, and 

river valleys. When soil strength is lost during liquefaction, the 

consequences can be catastrophic. Movement of liquefied soils can 

rupture pipelines, move bridge abutments and road and railway 

alignments, and pull apart the foundations and walls of buildings. Ground 

movement resulting from liquefaction caused massive damage to 

highways and railways throughout southern Alaska during the 1964 Good 

Friday earthquake. During the 1989 Loma Prieta earthquake, liquefaction 

was a contributing factor to severe building damage in the Marina 

District of San Francisco. Liquefaction-induced ground movements also 

broke water lines, severely hampering control of the ensuing fires in the 

Marina District. Damage caused by liquefaction to the port area of Kobe, 

Japan during the 1995 earthquake resulted in billions of dollars in 

reconstruction costs and lost business.

WHAT IS A LIQUEFACTION SUSCEPTIBILITY MAP?

A liquefaction susceptibility map provides an estimate of the likelihood 

that soil will liquefy as a result of earthquake shaking. This type of map 

depicts the relative susceptibility in a range that varies from very low to 

high. Areas underlain by bedrock or peat are mapped separately as these 

earth materials are not liquefiable, although peat deposits may be subject 

to permanent ground deformation caused by earthquake shaking.  These 

liquefaction susceptibility maps are based on our 1:24,000-scale geologic 

interpretation of the areas of younger sediments, indicated as units Qs and 

uTs in Figure 1, and on published 1:100,000-scale map data elsewhere 

(see Table 1 in accompanying report, Construction of Liquefaction 

Susceptibility and NEHRP Site Class Maps for Clark County, 

Washington).  Liquefaction susceptibility in the area of unit Qs shown in 

Figure 1 is based on quantitative analyses of geotechnical boring data and 

integration of subsurface geologic and groundwater depth models.

MAPPING LIQUEFACTION SUSCEPTIBILITY 

IN CLARK COUNTY

Depth to groundwater was used to discriminate areas having low to 

moderate susceptibility from those having low to very low susceptibility.  

Areas of shallow groundwater presented greater liquefaction 

susceptibility in our quantitative analyses of this hazard.  Delineation of 

these areas was based on two available groundwater models.  One of 

these models was based on a map of groundwater elevation produced by 

McFarland and Morgan (1996) as part of a cooperative investigation of 

the Portland Basin groundwater system.  This model allowed 

discrimination areas having low to moderate susceptibility from those 

having low to very low susceptibility for all of Clark County.  The 

countywide liquefaction susceptibility map uses McFarland and Morgan's 

groundwater model.

A second groundwater model that covered the southwestern portion of 

Clark County was also available (Rod Swanson, written commun., Clark 

County Department of Public Works, 2003).  The model produced by 

Swanson generally shows groundwater as occurring at shallower depths 

than indicated by McFarland and Morgan (1996).  Consequently, the 

number and extent of areas having a low to moderate liquefaction 

susceptibility will be greater.  This consequence is evident in the 

alternative liquefaction susceptibility map, which is based on Swanson's 

groundwater model.

HOW CAN THIS MAP BE USED?

Liquefaction susceptibility maps such as this can be used for many 

different purposes by a variety of users. For example:

��Emergency managers can determine which critical facilities and 

lifelines are located in hazardous areas.

��Building officials and engineers can select areas where detailed 

geotechnical studies should be performed before new construction 

or retrofitting of older structures.

��Facilities managers can assess the vulnerability of corporate and 

public facilities, including schools, and recommend actions 

required to maximize public safety and minimize earthquake 

damage and loss.

���Insurance providers can determine relative seismic risk to aid in the 

calculation of insurance ratings and premiums.

�� Land-use planners can reduce vulnerability by recommending 

appropriate zoning and land use in high hazard areas to promote 

long-term mitigation of earthquake losses.

��Private property owners can guide their decisions on purchasing, 

retrofitting, and upgrading their properties.

This map is meant only as a general guide to delineate areas prone to 

liquefaction. It is not a substitute for site-specific investigation to assess 

the potential for liquefaction for any development project. Because the 

data used in the liquefaction susceptibility assessment have been 

subdivided on the basis of regional geologic mapping, this map cannot be 

used to determine the presence or absence of liquefiable soils beneath any 

specific locality. This determination requires a site-specific geotechnical 

investigation performed by a qualified practitioner.

This map is intended to be printed at a scale of 1:100,000 and was 

generated using 1:24,000- and 1:100,000-scale digital coverages of the 

geologic mapping; therefore, the digital data reflect the original  scale of 

the hazard mapping.  As with all maps, it is recommended that the user 

does not apply this map, either digitally or on paper, at scales greater than 

the source data.
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Figure 1. Generalized geologic map of Clark 
County showing major rock and soil units 
(Schuster, 2002). Detailed  earthquake hazard 
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