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Could you please identify yourself?

My name is Henry G. Landau.  I am principal engineer for Geosphere, LLC.  

Would you please summarize your experience and education relevant to your work?
I have a Ph.D. in civil engineering and 27 years experience with company and project management, business development, and engineering consulting.  My expertise is primarily in environmental and geotechnical engineering.  During my career I have worked as a geotechnical, environmental, and construction engineer and educator in the United States, Canada, and Brazil.  I have managed some of the most noteworthy environmental remediation projects in the northwest.  I have served as the principal engineer and project manager on the evaluation and remediation of groundwater, surface water, soil, and sediments for site development and environmental remediation projects accomplished under federal and state laws.  I am currently Chair of the Science Advisory Board responsible for providing technical consultation to the Washington State Department of Ecology.  I have been a member of the Science Advisory Board since its inception in 1987 and have served as Chair since 1991.  

I am the founder of Landau Associates, a leading northwest environmental and geotechnical consulting firm.  I founded Landau Associates in 1982 and served as President and Chief Executive Officer for 15 years.  Under my management, the company grew to become a highly respected and highly profitable firm with three offices in Washington State and a staff of over 70.  Landau Associates’ clients include many of the largest and most respected industries, ports, and municipalities in the Pacific Northwest.  The company received state and national awards for its engineering work.

Prior to my founding Landau Associates, I worked as a senior geotechnical and environmental engineer for Dames & Moore for eight years. 

Are you familiar with the Cross Cascade Pipeline proposal submitted to the Energy Facility Site Evaluation Council by Olympic Pipe Line Company?

Yes, I have reviewed the EFSEC Application submitted by Olympic Pipe Line, Olympic Pipe Line’s pre-filed testimony (those portions which relate to my expertise), other supporting documents prepared by Olympic’s experts for the proposal, and the Draft Environmental Impact Statement prepared by Jones & Stokes. 

Before we get into details, what is your overall expert opinion about Olympic’s proposal?

There are significant gaps of information in Olympic Pipe Line’s Application and in Olympic’s pre-filed testimony for the adjudicative hearing.  

There is insufficient scientific information upon which to base a decision regarding whether the proposed project is in the public interest.  For example, Olympic almost completely ignores impacts to human health caused by contamination of drinking water from a spill.  Also, Olympic provides only vague information about the surface water and groundwater conditions along the route.  The analysis of landslides and other geohazards is completely inadequate.  The Application fails to consider the cost to the environment associated with the pipeline including the cost of natural resource damages.  The Application fails to incorporate many of the applicable provisions in the Endangered Species Act.  And the Application too readily dismisses the viable alternatives to the proposed Cross Cascades Pipeline, including the very real need to upgrade the existing Olympic north-south pipeline.  

Olympic also fails to consider many readily available sources of information which would shed a different light on the questions of impacts to the public interest.  For example, Department of Ecology records show the existence of many shallow wells in Kittitas which could be contaminated by a spill -- but Olympic does not refer to those records, nor to the existence of those wells.  

Olympic also fails to address and/or understates many potential adverse impacts to the public interest.  For example, numerous earthquake faults along the route are completely overlooked and the very real and serious danger of catastrophic breaks caused by those and other geohazards are significantly downplayed.  The proposal fails to address the impacts of future repair and maintenance of the pipeline.  There is no consideration of the environmental impacts associated with final termination of the pipeline.  

These gaps of information are not merely details -- they are significant.  The Application and pre-filed testimony omit fundamental information essential for the Council to be able to make a decision.  For some issues, the information fails even to rise to the level of a preliminary investigation.

Also, certain information presented in the Application and pre-filed testimony is misleading.  For example, Olympic indicates that its spill scenarios are “worst case” scenarios, but then presents the best case scenario.  In fact, the scenarios paint a much rosier picture than spills which have actually occurred on Olympic’s own pipeline in the past.

What is your overall expert opinion of the environmental risk of the proposal?
From our own investigation, it is clear that the Cross Cascade Pipeline is likely to have significant detrimental environmental impacts -- introducing new risks in many sensitive areas.  The risk to human health through widespread and persistent contamination of drinking water sources is a major concern.  It is important to recognize the duration of an impact to an aquifer is the contamination could remain for decades or even longer.  Also, the proposal poses a real danger to fish and fish habitat, including several endangered species.  The proposal is inconsistent with Washington State’s efforts to protect and restore salmon resources.  Geologic hazards along the proposed route will almost definitely cause or contribute to failure of the pipeline and the pipeline will increase the likelihood of certain geohazards.  By not providing adequate information, the applicant glossed over these impacts to public interest. 

How do you determine “environmental risk?”
To determine what the environmental risk of a proposal is you do not look only at how much a pipeline spills, but also at the consequences of those spills.  For example, a spill into an unconfined aquifer from which we take our drinking water poses a very different risk than the same spill into a large river.  To evaluate risk, you must look at the source, the pathway, and the receptor.  In other words, consider where the product is coming from, how it will travel, and whom or what it will impact.  No decision maker can make a reasoned assessment of environmental risk without considering these three links in the chain.  

Olympic presents an incomplete picture of all three links, and almost completely ignores the final one.  With respect to the source, Olympic looks at only the frequency of spills from its pipeline, but not the volume of spills.  The application has a little vague and incomplete information regarding the pathway, and includes really no meaningful information on receptors.  Olympic soft-pedaled on these very important issues and presented an inaccurate picture of environmental risk for the Cross Cascade pipeline.

Not only are these impacts given short shrift by Olympic, but it is obvious that the proposed route for the pipeline was not selected based on minimizing these potential environmental impacts.

What specific areas did you focus on in your review and analysis of the Cross Cascade Pipeline proposal?

I focused mostly on environmental impacts of the proposal.  Specifically, I analyzed, with the assistance of other experts, geohazards, surface water impacts, groundwater impacts, impacts to human health and safety, and impacts to fisheries resources.

I worked with other experts to prepare the attached report entitled, “Environmental Risks of the Cross Cascade Proposal: Impacts to Geohazards, Fisheries, Surface Water, Groundwater, and Human Health and Safety” (hereinafter referred to as the “Environmental Risks Report”).  I can summarize some of the highlights for you regarding each environmental issue that we focused on in my testimony, but there is detailed information providing our analyses, examples, and conclusions on each distinct issue in that report.

What is your conclusion on the Application’s treatment of groundwater impacts?
Even the most basic information that must accompany a proposal with respect to analysis of groundwater is not provided by Olympic.  Obviously, in evaluating the risks to an aquifer, it is important to have a good understanding of the aquifer’s characteristics.  Once you know the characteristics of the aquifer, you can understand the potential for product spilled from the pipeline to contaminate the groundwater.  To characterize an aquifer, it is important to designate what type of aquifer it is, the depth to water, the relative rate of water movement through the aquifer, the direction of groundwater flow, and the interaction between surface water and groundwater.  All of these factors are important to understand the risk of a release to groundwater.  Much of the information exists in scientific and engineering literature.  However, the Application did not reference even some of the most basic information.

The characterization of groundwater resources in the Application is incomplete and overly simplified and fails to address many of the aquifer characteristics that represent risk or vulnerability factors.  The Application does not present even a cursory discussion of the relative rate of water movement through an aquifer (a function of “hydraulic conductivity” and “hydraulic gradient”).  There is also no discussion of the variation in “hydraulic conductivity” within each aquifer type along the pipeline transect.  This variation can be significant.  

Does the Application provide any information on groundwater impacts?
The Application does present a general characterization of aquifers, but even that limited information is insufficient.  It is incomplete (missing specific aquifer types entirely), inaccurate (it is not appropriate to include “sole source aquifer” as an aquifer type), and far too general.  For example, the Application states that between milepost 16 and 33.7 the depth to water is between 10 feet to 50 feet.  All the Council learns from that is that for 17 miles along the route, the depth to water is somewhere between 10 and 50 feet.  This range represents a very large range in aquifer vulnerability.  In the Kittitas Valley, the depth of water between mileposts 114 and 126.5 is defined by the Application as 60 to 100 feet.  And again, that is so vague that it is unreliable.  In fact, in that segment, a shallow aquifer occurs in the alluvium overlaying the Ellensburg formation.  We found that there are a number of shallow wells in the alluvium (according to the Department of Ecology’s records) that indicate depth to water occurs as shallow as ten feet below the ground surface.  Consequently, Olympic’s characterization of generalized “60 to 100 feet” for a stretch of over 12 miles of the route misleads the decision maker as there are actually very shallow aquifers within that 12 mile segment.  

Another aspect of analyzing potential risks to aquifers is consideration of the sensitivity of each aquifer being crossed.  Olympic presents a sensitivity and potential impact rating for individual mile segments along the pipeline route by assigning a number of 1-12 to segments of the route with 12 being the most sensitive segment.  That rating system lacks a reasonable technical foundation and, as it is presented in the application, appears to be essentially an arbitrary assessment of the resource sensitivity.  In other words, there is little rhyme or reason to Olympic’s assigning “10" to one segment and assigning “4" to another.  There is no reference to an existing rating or aquifer valuation approach either from peer review literature or regulatory agencies.  The quantitative approach used in the impact assessment is both biased and statistically unsound, and the assessment does not consider the range of parameters that are necessary to assess aquifer sensitivity.  The assessment should consider at least the vulnerability of the resource, scarcity of the resource, and sensitivity of receptors. 

How can impacts to aquifers be mitigated?
Presumably mitigation of impacts should be related to the aquifer sensitivity rating.  This is not done in the Application.  For example, the Cross Valley Aquifer area has an impact rating of “10,” less than much of the alluvial aquifer in the Snoqualmie Valley which has a rating of “11.”  However, the only specific and extensive mitigation measures proposed for the pipeline are over the Cross Valley Aquifer.  The impact rating system should be the basis for proposed mitigation measures.  All portions of the pipeline with high sensitivity ratings should have appropriate mitigation measures that include the suggestions for the Cross Valley Aquifer.

What is your conclusion on the Application’s treatment of surface water impacts and the proposal’s expected impacts to surface water?

The Application presents a general description of surface water, but the discussion is not adequate for a decision maker to truly understand the impacts of the proposal.  Olympic indicates that it will cross almost 300 water courses and provides a general concept of the characteristics of those streams with only a general discussion of impacts it could associate with construction and operation.  We have analyzed this issue in detail in Chapter Five of the attached Environmental Risks Report.

In sum, what is your opinion on the construction impacts to surface water?
The discussion of construction impacts in the Application is insufficient in that it lacks specificity and has a number of inconsistencies with other information in the Application or other scientific or engineering information.  Not only does this make the document difficult to review, but it calls into question the reliability of the conclusions that are made.  For example, there is little consideration given to the relative impact of the different methods of crossing the rivers and streams.  Also, there is only a cursory discussion on how construction can impact the environment and cause fish stress and mortality.  The Application mentions the use of blasting as a crossing method, but does not mention under what conditions blasting would be necessary.  The Application does not present sufficient information for a reviewer to reasonably estimate the degree of environmental impacts caused by a construction related petroleum spill. 

What is your opinion regarding the operation impacts to surface water?
The operational impacts caused by a spill of product into surface water deserve considerable attention.  There have been numerous petroleum spills into streams and rivers on Olympic’s existing north-south line as well as on other pipelines owned by either Texaco, Arco, or GATX.  Some of those spills have been catastrophic -- like the one suffered by the City of Fredericksburg, Virginia in 1989.  But the Application’s treatment of operation impacts is even more brief and vague than that of construction impacts.  The Application presents only a one page discussion of these impacts and even that discussion is superficial and incomplete.  There is neither a review of the causes of impacts, the likelihood of an impact, nor the characteristics of an impact.  The effect of a spill on the environment is not discussed from either a regulatory basis or a scientific basis.  Consequently, there is not enough information in that section to seriously evaluate operational impacts.  

What would you recommend be done?

The Application should show how much product can be released, where the product would go, how it will travel, and what the impact will be on fish and other receptors.  Basically, the Council should be informed about the impact of a spill on humans, fish, and other aquatic and terrestrial organisms.  While the Application briefly mentions that the product is toxic to aquatic life, it provides no indication on how toxic it is or to what degree aquatic life will be impacted. 

Instead, the Application leaves a reviewer unsure of how the environment will be impacted from a spill and what regulatory safeguards exist to protect the environment.  The Application does not even provide a minimum level of analysis.

Could you give us a specific example of inadequacy with regard to Olympic’s presentation of spill impacts to surface water?

One example of a startling understatement of spill impacts is in Olympic’s spill scenarios presented in Olympic’s “Product Spill Analysis” (Appendix B-2 of the EFSEC Application).  Olympic indicates that these scenarios illustrate a “practicable worst case at locations which are in proximity to sensitive resources.”   The Application also states that it contemplates “worst case” discharge.  But these are not worst case scenarios and the “worst case” volume in the scenario is far less than what has actually spilled on Olympic’s north-south pipeline.  

In the product spill analysis presented in the Application, the maximum discharge for a slow leak (as opposed to a major rupture) is approximately 13,650 gallons.  It assumes that the leak will be detected within 72 hours.  But in a real case situation, for example, in Renton in 1986, 80,000 to 320,000 gallons (Olympic’s estimate and the City of Renton’s estimate respectively) of product leaked from Olympic’s existing pipeline for more than a year before it was discovered.  It is difficult to accept Olympic’s characterization as a “worst case” scenario when a real life example was much worse than that described in the Application.  Indeed, it is reasonable to envision a scenario much worse than that which occurred in Renton in 1986.

What is your overall opinion of Olympic’s spill scenarios?
Olympic’s scenarios that contemplate a spill from their pipeline paint a rosy picture of possibilities under the guise of their being the “worst case” scenarios.  For example, when presenting a spill to a stream, Olympic will describe the scene as a nice warm day with little wind, the spill occurs above the water and eventually moves its way across the soil to the stream, and an easily spotted sheen of oil forms on the top of the slow moving stream.  The leak is always detected within hours.


When considering a spill to an aquifer, for example in the Little Bear Creek Scenario No. 1, Olympic sets forth both the short-term and long-term potential.  Surprisingly, the long-term leak time is detected within 24 hours and reported within 62 hours.  As demonstrated by the Renton experience described above, that is a significant understatement of the likely potential for a long-term spill into an aquifer. Yet another questionable attribute of the scenarios is Olympic’s failure to mention the likelihood of difficult and delayed response and mitigation in the Snoqualmie Pass in the middle of winter (if the leak was even detected).


Some of Olympic’s product spill scenarios do not appear to be realistic.  For example, the Columbia River crossing spill scenario is caused by a leak.  The leak is detected in 72 hours (the assumption for all leak detection) by random observation and reporting.  This appears unlikely for the Columbia River crossing given the depth of burial, the size of the river, and the remoteness of the location.  Also, there are no environmental impacts that require remedial action for this scenario and no discussion of the impacts of pipeline repair.  This scenario appears to be a best case as opposed to a “practicable worst case” scenario.  

Another limitation of the scenarios presented by Olympic is they do not provide appropriate information on exposure to receptors.  The spill scenarios should include three components; a description of the source, contaminant fate and migration, and exposure to receptors.  The Application should explain the bases for the rupture release volumes used in the spill scenarios by specifically identifying each of the controlling parameters.

Have you considered different spill scenarios for this particular pipeline?
Yes, we have prepared scenarios which more accurately depict reasonably likely spill occurrences.  The scenarios include all three components described above -- the source, the transport, and the receptors -- and each scenario is somewhere between reasonably likely to occur and reasonable worst case. 

We prepared five spill scenarios, which are in Chapters 7-11 in the Environmental Risks Report attached hereto as Exhibit HGL-1.  First, we analyzed the Tolt River area and considered the immediate impacts, the long-term impacts, and the response and mitigation for a large rapid release of fuel caused by  likely geohazards in the area.  Second, we analyzed a slow leak, smaller than that which could be detected by Olympic’s SCADA system, leaking into the drinking water for the City of North Bend.  Third, we considered the potential for a spill in the Snoqualmie tunnel which would result in an explosion.  Fourth, we considered a slow leak into Swauk Creek caused by an earthquake.  Fifth, and finally, we considered the potential for a spill into the Columbia River.  Peter Morrison and his staff prepared maps that depict each of the areas which are the subject of our spill scenarios.  Those maps are appended to this report.

There is a very real chance of these types of spills happening as they are based upon real events that have occurred on both Olympic’s pipeline and other pipelines in the United States.  The City of Fredericksburg, Virginia, for example, suffered complete contamination of their water supply not once, but twice in the 1980s, as a result of a hazardous liquid pipeline leak.  Fredericksburg produced a videotape entitled “Out of Sight, Out of Mind” to educate other governmental decision makers on pipeline safety and the issues raised by the siting of pipelines.  That video is attached hereto as Exhibit HGL-2.  Also included on that video, is a brief (less than 50 seconds), news clip presenting an explosion of a hazardous liquid pipeline in Bakersfield, California caused when a piece of farm equipment hit a petroleum pipeline.

Could you please provide your opinion of Olympic Pipe Line’s proposal with respect to its review and evaluation of geohazards?
Geohazards is a very broad term, covering many different topics.  The term “geohazards” means, in general, geologic conditions along the proposed route that may pose hazards to the integrity of the pipeline, may exacerbate the environmental impacts of pipeline activities, or may be exacerbated by construction and operation of the pipeline.  The term includes the following different concepts: landslides, debris flows, stream scour and lateral migration, erosion, seismicity, and liquefaction.  Culvert failures can also be considered a type of geohazard.  The application treats each of these “geohazards” differently.

Okay, let’s start with landslides.  What is your opinion of the proposal’s review and evaluation of landslides?
Landslides pose a serious risk to the proposed pipeline and one that could easily be underestimated.  The evaluation of landslide hazards presented in the application is not comprehensive enough given that a major environmental disaster could result from landslide induced pipeline rupture.  

Chapter 2.4 of Exhibit HGL-1, the Environmental Risks Report, sets forth the appropriate steps for a comprehensive landslide evaluation and addresses the application’s presentation with those steps in mind.  Overall, the applicant did not conduct a comprehensive landslide evaluation.  The literature review was inadequate, the scope of field investigation was inadequate, as were the methods used to identify landslide processes, sensitive land forms, and triggering mechanisms.  The analysis does not appear to recognize hazards outside of the half-mile wide “study corridor.”  It is important to look outside of the study area because debris flows which originate outside the study area could be a significant hazard to the pipeline.  

The potential impacts of landslides on the pipeline are greater than those reported by the applicant.  A landslide can rupture the pipeline and release thousands or even hundreds of thousands of gallons of gasoline, diesel, or jet fuel into the environment and can cause major environmental impacts.  Also, the applicant failed to note that the proposed pipeline itself could cause a landslide -- pipeline activities will affect processes related to slope stability.  The application fails to address significant requirements of local ordinances with respect to landslide hazards and does not discuss screening methods (other than the one employed) that could be used to identify or evaluate landslide hazards.  The screening method that was described in the Application for identifying landslide hazards is not well explained and does not appear to be a standard method. 

The type of landslide analysis method used in the application will not adequately define landslide risks and the rating system used is ambiguous.  For high hazard areas, Olympic should either re-route the pipeline or conduct a comprehensive investigation.  Olympic shows no intention of re-routing the pipeline and does not commit to any specific scope of investigation.  

An important step in the process is to develop appropriate engineering designs and mitigation for landslide hazards.  But here, EFSEC is being asked to approve a project where key information is missing.  The Application simply lists tentative mitigation concepts without indicating when or where or why this mitigation would be utilized along the route.  Consequently, EFSEC cannot evaluate the feasibility of the tentative design.  Furthermore, the difficulties of mitigating landslide hazard areas are underestimated.  There are some very problematic areas (e.g., Peoples Creek) where the applicant will encounter difficulties in stabilizing the slopes.  The issue surrounding stabilizing these areas results in more questions than answers.  

In sum, the scope and level of detail of the Application are not adequate to evaluate the risks and environmental impacts of landslides on the pipeline. 

What is your opinion of Olympic Pipe Line’s proposal with respect to its review and evaluation of stream scour and lateral migration?
Stream scour and lateral erosion pose a distinct and substantial hazard to the pipeline.  The concept of stream scour and lateral migration is essentially tied to erosion: the erosive power of the water in the stream channel combined with the erodible nature of channel alluvium make the pipeline susceptible to being undermined or exposed by erosion.  In the environmental risks report, Exhibit HGL-1, Chapter 2.5, we present six steps that define a comprehensive evaluation of the issues associated with stream scour and lateral erosion.  In essence, an applicant should obtain information, identify potential impacts, and identify proper methods for evaluating stream scour and lateral erosion.  Then, the applicant should identify data needs and collect data, develop appropriate engineering design and mitigation measures, and in the end, monitor and maintain the areas.  


Unfortunately, credible information on lateral migration that is available was not used and the Application failed to identify important geomorphic features susceptible to scour and lateral erosion.  Also, the Application assumed that the stream bed elevation would not change over time which is a significant problem considering that, in fact, because it will change, the pipeline burial depth will decrease over time, making it even more vulnerable to scour during flood events.  The Application notes that scour and erosion can expose the pipeline, but does not discuss impacts on the environment when this occurs.  The Application does not identify credible methods for evaluating lateral erosion and fails to discuss the data needs for evaluating lateral erosion.  With regard to the engineering design and mitigation measures, the depth of burial is generally not specified and where it is specified, it may be insufficient.  Finally, in order to properly protect the pipeline from stream scour and lateral erosion, the project life must be defined.  The Application describes the life as “indefinite.”  This implies certain failure.  

Again, as I have stated before with the other issues, far more detail and conclusions are provided in the attached Exhibit HGL-1, the Environmental Risks Report, and in the case of stream scour and lateral migration, in Chapter 2.5.

Have you also reviewed the Application’s treatment of erosion impacts as well as culvert evaluation and design?
Yes, we analyzed both of those issues.  Erosion associated with the project is important because of the negative impacts it can have on the environment as well as its potential for causing lost foundation support for the pipeline.  Culvert evaluation and design is important because culverts can, and often do, function as controls on stream grade, stream flow, sediments, and woody debris passage, and fish passage.  Improper culvert design and maintenance can lead to sediment deposition upstream of the culvert, stream incision downstream of the culvert, perched outlets, culvert blockage by debris, and rip-rap, road washouts, and landslides.  For both erosion impacts and culvert evaluation and design, our Environmental Risks Report sets forth steps that should be accomplished to properly evaluate erosion impacts and to properly design culverts along the proposed route.  Again, as was true for Olympic’s evaluation of stream crossings, groundwater, landslides, stream scour and lateral migration, and earthquakes, the presentation is not sufficient.  

What were the deficiencies with Olympic’s consideration of earthquakes?  
An earthquake is likely to cause multiple kinds of failures and failures at multiple locations.  The Application does not address the consequence of a pipeline failure caused by an earthquake.  This is an important concern that should be addressed in a revised Application.

There are faults along the route which were not mentioned at all in the entire Application.  Reports on seismic hazards along portions of the proposed pipelines are available that apparently were not reviewed.  It appears, from the Application, that Olympic intends to perform a fault investigation during construction.  For at least one suspected fault, the Application states that “during trenching for construction of this portion of the pipeline, the trench will be inspected for evidence of the fault or deformed soils by qualified geologists.”  It would be difficult or impossible to reroute the pipeline at this late stage and, of course, it would be impossible to factor the presence of this fault into the decision of whether or not the pipeline should have been constructed.  An investigation, including field studies, should be conducted in advance of the project approval.

In addition, the seismic evaluation is deficient.  The development of key seismic evaluation parameters includes the selection of an appropriate risk level. Risk level is stated in terms of percentages (probability) and defines how the structure should be designed to survive an earthquake without damage.  There are different risk levels for earthquake design and it appears that Olympic examined three levels: ten percent, five percent, and two percent.  If the risk level is two percent, then the design is safer than it would be if the risk level is ten percent.  It appears that Olympic selected ten percent and did so unilaterally.  This gives rise to an important issue.  It is not clear from either the Application or the DEIS why the selection of the design probability was left to Olympic.  For critical (lifeline) structures, the setting of the risk level should be a policy decision made by EFSEC.

Until a technically defensible seismic evaluation is conducted, the potential hazards to the proposed pipeline and associated facilities may not be credibly defined.  It is not possible to identify the potential environmental impacts associated with the pipeline and facilities until the hazards from earthquakes are completely defined.  
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