
f) BergerABAM 210 East 13th Street, Suite 300, Vancouver, Washington 98660-3231 
360/823-6100 • 360/823-6101 Fax • www.abam.com 

2 March2015 

Mr. Stephen Posner 
Energy Facility Site Evaluation Council 
Washington Utilities and Transportation Commission 
P.O. Box 43172 
Olympia, WA 98504-3172 

Subject: Vancouver Energy 
EFSEC Application No. 2013-01, Docket No. EF131590 
Response to EFSEC Draft EIS Data Request 5 

Dear Mr. Posner: 

On behalf of Vancouver Energy (the Applicant), BergerABAM is providing a response to the 
Energy Facility Site Evaluation Council's (EFSEC) Draft EIS Data Request 5, dated 23 February 
2015. 

Please feel free to contact me at 206/431-2373, or irina.makarow@abam.com, if you have any 
questions about this submittal. We look forward to further coordination with you, your staff, and 
EFSEC' s consultants. 

Sincerely, 

Irina Makarow 
Senior Environmental Project Manager 

IM:nb 

cc: Kelly Flint, Savage Companies 
Jay Derr, Van Ness Feldman 
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Response to EFSEC Draft EIS Data Request 5 

Code Data Request Item 

Noise 
N0-08 Please clarify the discrepancy on the distance of 

JWC housing units in Chapter 4 of the 
Prel iminary Draft EIS. In Section 4.8.2.1, under 
Typical Construction Activities it states 'This 
facility (JWC), which includes dormitories, is just 
over 400 feet from the proposed pipeline from 
the storage tank area to the ship loading dock; 
but under Impact Pile Driving Activities it states 
'The nearest portions of these elements of the 
Facility (would be approximately 450 feet from 
the nearest occupied structures of the JWC ... " 

N0-09 In Table 4.8-5, Chapter 4 of the Preliminary Draft 
EIS, please provide the source reference 
citations (including pdf copies) and background 
information or basis for the values under "No. of 
Units" and "Approximate Sound Pressure Level 
at 100 feet ( dBA)." 

Vancouver Energy 
Response to DEIS Data Request 5 

Applicant Response 

The two sections of text in Section 4.8.2.1 address different information. 

The first addresses (emphasis added) "Typical Construction Activities - The noise-sensitive use that 
would be nearest to most construction activities associated with the proposed Facility is the eastern 
housing unit of the JWC. This facil ity, which includes dormitories, is just over 400 feet from the proposed 
pipeline from the storage tank area to the ship loading dock. [ ... ]"The nearest occupied structures at the 
JWC are approximately 400 feet from the nearest point of the pipeline route - this is the closest 
construction activity to the JWC. 

The second addresses the distance between the JWC and impact pile driving activities specifically 
"Impact Pile Driving Activities - The proposed Facility is expected to require at least some impact pile 
driving during construction of upland dock structures, foundations of the rail unloading structure, and 
potentially at various locations along the pipeline. The nearest portions of these elements [i.e. impact 
pile driving] of the Facility would be approximately 450 feet from the nearest occupied structures of the 
JWC and more than 3,000 feet from the nearest residences east and west of the Facility." The distance 
between the JWC and the closest pile driving activities (which happen to be associated with the transfer 
pipelines) is 450 feet. 

Area 200 Compressor - See Attachment 1 identifying sound level as 67 dBA at 3 feet, which would be 
approximately 37 dBA at 100 feet. Sound level data of 40-dBA at 100 feet compressor was used as it 
was available (including the frequency data) and it resulted in a conservative estimate. The compressor 
location is shown on the site plan for the unloading area in Attachment 1 to th is response. 

Area 200 and Area 300 Transformers - The sound levels are based on a small , auxiliary transformer 
assessed for a different, previous project. The number of transformers were taken from the site plans for 
the unloading facility and storage area (see Attachment 2). It was known at the time of modeling if there 
would be 1 or 2 transformers at the storage area. The modeling considered only one, but it is such a 
minor noise source at the nearest receptor locations that it is inconsequential. 

Area 300 Transfer Pumps - Sound level data for transfer pumps was provided by Facility design 
consultants (included in Attachment 1 identifying compressor sound levels), which identified the transfer 
pump sound level as 85 dBA at 3 feet. In lieu of using this information, a more conservative 64 dBA 
sound level from sound level measurements taken by ENVIRON personnel of 3 pumps operating at 
another, similar crude offloading faci lity was used. 2 dBA was added to that measured level to account 
for 5 pumps, not 3. The 66 dBA identified in the table is for all five of the pumps operating 
simultaneously, not for each individual pump, which is not clearly stated in the table. (See Attachment 3) 

Area 400 MVCU - For the MVCU information was obtained from the MVCU vendor - see Attachment 4. 

2 March2015 
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Response to EFSEC Draft EIS Data Request 5 

Code Data Request Item 

Cultural Resources 

CR-04 Please provide the correct GIS layer for the 
Project APE. 

Water Resources 

WR-03 Please provide the number of miles of sole
source aquifers crossed, miles of unconsolidated 
aquifers crossed, and miles Miocene basaltic 
aquifers crossed by the rail routes that would be 
used for trains that would transport crude oil to 
the proposed terminal facil ity. 

Vancouver Energy 
Response to DEIS Data Request 5 

Applicant Response 

These emails provide vendor sound level data for the MVCU blower and MVCU exhaust stack sound 
levels. The emails also identify the number of units running simultaneously as 7, while the noise study 
assumed all 8 would be in operation. 

Area 400 - Skid unit blowers. See Attachment 5, which identifies the blower sound levels and number of 
units. This is the same email as the one that identified the compressor sound level. (Note that the sound 
level identified in this email for the MVCU blower was superseded by subsequent information.) 

Train Sources - The locomotives, rail car, and locomotive horn sound level data were all provided by 
the DataKustik GmbH's CadnaA noise model , FRA/FTA noise module. DataKustik based their noise 
emission sources and attenuation algorithms using the methods identified in the Federal Transit 
Administration (FTA) Transit Noise and Vibration Manual (2006) and the Federal Railroad 
Administration (FRA) CREA TE noise model (2006). The train configuration is described in Section 
2.2.2.7 of the DEIS. 

Train Sources - The idling locomotive sound level was based on a paper (Anderson 2009). (See 
Attachment 6) 

Train Sources - The switch engine sound level was based on sound level measurements of an engine 
pulling a train taken by ENVIRON personnel for another project. A photo of the switch engine is shown 
in Attachment 7. 

The correct GIS layer has been provided on the CDROM enclosed with this response. 

In Section 5.5.1.1, the PDEIS summarized the Sole Source Aquifers crossed by the rail corridor (see 
excerpted text below, beginning on page 5-87). Distances crossed by the rail corridor within each SSA 
were provided and are highlighted as bold-italic text in the excerpt below. Descriptions of 
unconsolidated aquifers and Miocene basaltic aquifers are included in the text as general reference 
information for what formations groundwater is typically sourced from. Discrete map data was not 
gathered for unconsolidated and Miocene basaltic aquifers for the PDEIS, and therefore linear miles of 
unconsolidated and Miocene basaltic aquifers crossed were not computed. 

"USEPA has designated 13 sole source aquifers in Washington State (ID DEQ 2014). USEPA defines a 
sole or principal source aquifer as an aquifer that supplies at least 50 percent of the drinking water 
consumed in the area overlying the aquifer. These areas may have no alternative drinking water 
source(s) that could physically, legally and economically supply all those who depend on the aquifer for 
drinking water. Sole source aquifers are authorized under the Sole Source Aquifer Protection Program 
in Section 1424(e) of the Safe Drinking Water Act of 1974 (Public Law 93-523, 42 USC 300 et. seq). 

2 March2015 
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Response to EFSEC Draft EIS Data Request 5 

Code Data Request Item 

Socioeconomic Resources 

SE-3 Verify direct on-site employment and income 
effects for rail and marine activities within the 
ten-county study area are specifically for 
Vancouver Energy employees. There is some 
discussion in Table 3 of Assessment of 
Vancouver Energy Socioeconomic Impacts: 
Primary Economic Impacts regarding on-site 
direct rail employment, which is equal to 

Vancouver Energy 
Response to DEIS Data Request 5 

Applicant Response 

The following sole source aquifers coincide with the rail corridor as shown on Mapbook KSA: 

• Spokane Valley-Rathdrum Prairie Aquifer- This aquifer underlies about 370 square miles of a 
relatively flat, alluvium-covered valley surrounded by bedrock highlands, extending to a depth of 
approximately 1,400 feet bgs. This aquifer, which provides drinking water for approximately 
400,000 residents, extends from the south end of Lake Pend Oreille in northern Idaho through 
the Rathdrum Valley in Idaho and the Spokane Valley in Washington. The aquifer is a largely 
unconfined valley fill composed of sand and gravel from Quarternary flood deposits. Sources of 
recharge to the aquifer include infiltration from precipitation, return flow from water applied at 
land surface, leakage from the Spokane and Little Spokane rivers and adjacent lakes, and 
surface- and ground-water inflow from tributary basins (USGS 2005a,b; ID DEQ 2009). There is 
no identified barrier (aquitard) controlling the vertical migration of contaminants in the area 
making the aquifer susceptible to contamination. The proposed main rail corridor would 
cross approximately 20 miles of the aquifer. The rail corridor would also cross approximately 
11 miles of the source area for the Spokane Valley-Rathdrum Prairie Aquifer (Note: the 
hydrogeological characteristics of the source area are not necessarily the same as in the 
Spokane Valley-Rathdrum Prairie Aquifer). 

• Troutdale Aquifer System-This aquifer system serves groundwater users in Clark County, 
Washington. This aquifer is discussed in more detail in Section 4.3. The main rail corridor 
would cross approximately 10 miles of aquifer. 

• Central Pierce County Aquifer- This aquifer system consists primarily of unconsolidated 
sediments deposited by glaciers and associated melt water during the Quaternary Period. The 
depth to groundwater varies from zero to several hundred feet bgs. The Puyallup River forms 
the northern and a portion of the eastern boundary; the Nisqually River forms the southern 
boundary. A number of small creeks and lakes form the remainder of the eastern boundary. The 
western boundary is Puget Sound. The assumed return route would cross approximately 26 
miles of aquifer. " 

Direct on-site employment in Table 3 reflects either a Vancouver Energy employee or a contractor hired 
by Vancouver Energy to provide the relevant services. 

2 March2015 
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Response to EFSEC Draft EIS Data Request 5 

Code Data Request Item 

20 (2016) and 40 (2017-2030); and marine is 
equal to 16 (2016) and 19 (2017-2030). Confirm 
whether or not these are Vancouver Energy 
employees. 

SE-4 Provide the estimated number of 'off-site' rail and 
marine employees, i.e. BNSF, Shaver, and 
Columbia River Pilots employment/income 
effects. This should already be approximated for 
the study area by the indirect employment/ 
income impacts reported in the existing IMPLAN 
results for sectors 333-Transport by Rail and 
334-Transport by Water. Provide the off-site 
employment/income effects for these two 
identified sectors. 

IM:nb 
Attachments 
2 March 2015 

Vancouver Energy 
Response to DEIS Data Request 5 

Applicant Response 

The IMPLAN analysis does not explicitly analyze the economic impacts associated with changes in up-
stream rail and down-stream marine crude transport due to the development of the Vancouver Energy 
Facility. The IMPLAN analysis only captures economic impacts arising from operation of the Facility, 
including labor employed by Vancouver Energy and particular expenditures made by Vancouver Energy 
on goods and services. Up-stream rail and down-stream marine activities are the result of activity 
generated by the owners and shippers of crude supplies, and thus this economic activity was not 
attributed to Vancouver Energy. Thus, employment and labor income impacts for Sector 333 (Transport 
by Rail) and Sector 334 (Transport by Water) - reported below at "Full Build-out" - reflect impacts 
generated due to Vancouver Energy operations, and not up-stream and down-stream crude transport. 

Sector 333 

Employment Labor Income 
(Full-time jobs) ($) 

Indirect impacts 0.2 $29,247 

Sector 334 

Employment 
(Full -time jobs) 

0.0 

Labor Income 
($) 

$4,013 

2 March2015 
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Response to EFSEC Draft EIS Data Request 5 

Attachment 1 

Vancouver Energy 
Response to DEIS Data Request 5 
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From: 
To: 

Cc: 
Subject: 
Date: 
Attachments: 

Kristen, 

Nicholas S. Nash 

Kristen Wallace 

Russ Bafford 

FW: 497-005 TSPT noise 

Thursday, August 01, 2013 10:46:47 AM 

imageOO 1 png 

Please see the below info and below email regarding equipment noise generation. Sorry for the limited info, this is all I 

have been able to get from vendors to date. I will follow with any additional info received. 

Air Compressors = 67 DBa at 3 ft. 

Transfer Pumps= 85 DBa at 3 ft. 

Thanks, 

Nie Nash 
Project Engineer 

11 .ar .w.1£ . 
lntermountain Consumer 

Professional Engineers 
1145 South Union Ave. 

Midvale, UT 84047 

Off-801.255.1111 Cell-801.712.3556 Fax-801.566.0088 

"The information, including any attachments, contained in this communication is the property of ICPE, may be confidential, is 

intended only for the use of the recipient(s) named above, and may be legally privileged. If the reader of this message is not 

the intended recipient, you are hereby notified that any dissemination, distribution, or copying of this communication, or any of 

its contents, is strictly prohibited. If you have received this communication in error or without authorization, please return it to 

the sender immediately and delete the original message and any copy of it from your computer system. If you have any 

questions concerning this message, please contact the sender." 

From: Russ Bafford 
Sent: Wednesday, July 31, 2013 3:17 PM 
To: Nicholas S. Nash 
Subject: 497-005 TSPT noise 

Nie, here is what I have for the Jordan/Flare vapor combustion arrangement. 

Vapor con tro ll system: 

40 hp blower pe r CEB unit 16 un its t ot a ll) 

200 lip blower {2 on blower skid, each running) 

Russ Bafford, PE, PMP 

Ext. 1036 

dB.A 

100.1@ 3.0 ft (ea. bllower) 

90@ 3.0 ft (ea. blower) 

"The information, including any attachments, contained in this communication is the property of ICPE, may be confidential, is intended 

only for the use of the recipient(s) named above, and may be legally privileged. If the reader of this message is not the intended recipient, 

you are hereby notified that any dissemination, distribution, or copying of this communication, or any of its contents, is strictly prohibited. 

If you have received this communication in error or without authorization, please return it to the sender immediately and delete the 

original message and any copy of it from your computer system. If you have any questions concerning this message, please contact the 

sender." 
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Response to EFSEC Draft EIS Data Request 5 

Attachment 2 

Vancouver Energy 
Response to DEIS Data Request 5 
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Response to EFSEC Draft EIS Data Request 5 

Attachment 3 

Vancouver Energy 
Response to DEIS Data Request 5 
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HARRIS MILLER MILLER & HANSON INC. 
Copyright HMMH, 2006 

CREATE RAILROAD NOISE MODEL USER GUIDE 

INTRODUCTION 

The CREATE railroad noise model allows input of up to eight different types of noise sources, 
the activity of these noise sources and noise-sensitive receptor data to calculate hourly-equivalent 
(Leq) or day-night (L<ln) noise levels. The model is based on the Federal Transit Administration 
(FTA) General Transit Noise Assessment spreadsheet including moving and stationary railroad 
and highway noise sources. 

MODEL INPUT 

The model allows input of the following noise sources, train activity and receptor data: 

Moving Noise Sources 

• Electric and diesel commuter locomotives 
• Commuter passenger cars 
• Light-rail transit (LRT) powered cars 
• Automated-guideway transit (AGT) cars (steel-wheeled and rubber-tired) 
• Monorail 
• Magnetic-levitation (Maglev) trains 
• Freight locomotives 
• Freight cars (typical and empty hopper) 
• Automobiles 
• Buses (city and commuter) 
• Commuter buses 

Stationary Noise Sources 

• Track crossovers (switches, turnouts, crossing diamonds) 
• Rail yards or shops 
• Layover tracks 
• Bus storage yards 
• Bus operating facilities 
• Bus transit centers 
• Parking garages 
• Park and ride lots 

Track Noise Sources 

• Percentage of wheel flats for rail cars 
• Jointed track 
• Embedded track 
• Aerial structure 

EX-0015-000012-PCE 



HARRIS MILLER MILLER & HANSON INC. 

CREA TE Railroad Noise Model User Guide Copyright HMMH, 2006 

Page 2 

Train Activity Data 

• Number of trains per hour for: 
o Light-rail, commuter, AGT, monorail, Maglev, freight trains 
o Rail yards or shops and layover tracks 
o Track crossovers 

• Number of vehicles per hour for: 
o Automobiles, city and commuter buses 
o Parking garages (automobiles) and park and ride lots (automobiles and buses) 
o Bus storage yards and bus transit center 
o Bus operating facilities (buses present and serviced) 
o Bus operating facility (buses serviced) 

• Number of locomotives per train for: 
o Commuter trains (electric and diesel) 
o Freight trains 

• Number of cars per train for: 
o Commuter, LRT, AGT, monorail and Maglev trains 
o Freight trains (length of cars) 

• Duration of trains for: 
o Track crossovers 

• Speed of vehicles for: 
o Trains and automobiles 

Noise-Sensitive Receptor Data 

• Land use type (FTA Category 1,2,3) 
• Distance to noise sources 
• Presence of noise barrier 
• Intervening building rows 

NOISE MODEL PROCESS 

To calculate noise levels for sensitive receptors, perform the steps outlined in the flow diagram 
in Figure l. Once the noise source number (one thru 23) is input, different metrics will appear in 
rows 26 to 38 that require input. Once all these variables are input, the noise model will 
automatically calculate the noise levels from each individual noise source (up to eight) as well as 
the cumulative noise levels from all noise sources together. 

Figure 2 shows an example of typical input data into the CREATE railroad noise model. 

EX-0015-000013-PCE 



HARRIS MILLER MILLER & HANSON INC. 

CREA TE Railroad Noise Model User Guide Copyright HMMH, 2006 

Page 3 

-
~ 

Input Noise-Sensitive Receptor Data 
Receptor/case name 

FTA land use category (1 ,2 or 3) 
Distance to noise sources 
Intervening building rows 

Presence of noise barriers 

I 

Input Noise Sources (up to eight) 
Use source reference list 

I 

Input Noise Source Activity 
Vehicles per hour 

Cars/ locomotives per train 
Duration of trains 
Vehicle speeds 

I 

Input Noise Source Details 
Percentage of wheel flats 

Jointed track 
Embedded track 
Aerial structure 

I 

Output Noise Level 
Hourly-equivalent noise level (Leq) 

Day-night noise level (Ldn) 

Figure 1. Flow diagram of noise modeling process 

Parameter Source 1 

Source Num. Commuter Electric Locomotive 
Distance (source to receiver) distance (ft) 
Daytime Hours speed (mph) 
(7AM-10PM) trains/hour 

locos/train 
Nighttime Hours speed (mph) 
(10 PM - 7 AM) trains/hour 

locos/train 
Wheel Flats? 
Jointed Track? Y/N 
Embedded Track? Y/N 
Aerial Structure? Y/N 
Barrier Present? Y/N 
Intervening Rows of of Buildings number of rows 

Figure 2. Example of model input data 
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HARRIS MILLER MILLER & HANSON INC. 

CREA TE Railroad Noise Model User Guide Copyright HMMH, 2006 

Page 4 

NOISE SOURCE AND RECEPTOR DETAILS 

Summary of Noise Source Reference SELs 

Reference SELs at 50 feet and speed coefficients are shown for all moving noise sources in 
Table 1. These reference SELs are per vehicle except for freight cars and hopper cars, which are 
based on 2000-feet of cars. 

Table 2 shows the reference SELs at 50 feet and coefficients for all stationary noise sources. All 
of the stationary noise source coefficients are 10; however, the references are different (i.e. 
duration of pass-bys, trains per locomotive, buses per hour, etc.) 

Table 1. Moving Noise Source Reference SELs and Speed Coefficients 

Commuter Electric Locomotive 90 10.0 50 
Commuter Diesel Locomotive 92 -10.0 50 
Commuter Rail Car 82 20.0 50 
RRT/LRT 82 20.0 50 
AGT, Steel Wheel 80 20.0 50 
AGT, Rubber Tire 78 20.0 50 
Monorail 82 20.0 50 
Maglev 72 20.0 50 
Freight Locomotive 97 10.0 40 
Freight Cars* 100 20.0 40 
Hopper Cars (empty)* 104 20.0 40 
Hopper Cars (full)* 100 20.0 40 
Automobile 73 28.1 50 
City Bus 84 23.9 50 
Commuter Bus 88 14.6 50 
* Freight and Hopper Cars+A51 SEL is based on 2000 feet of cars 

Table 2. Stationary Noise Source Reference SELs and Coefficients 

Track Crossover 100 10 3600 (seconds) duration of pass-bys 
Rail Yard or Shop 118 10 20 (trains per hour) 
Layover Tracks 109 10 1 (trains during hour) 
Bus Storage Yard 111 10 100 (buses per hour) 
Bus Oerations Facility 114 10 200 (buses per hour) 
Bus Transit Center 101 10 / 10 20 / 60 (buses per hour) I (buses services per hour) 
Parking Garage 92 10 1000 (autos per hour) 
Park & Ride Lot 101 10 / 10 2000124 (autos per hour) I (buses per hour) 

Moving Noise Sources 

Moving noise sources (listed in the Model Input section) are modeled to propagate noise as a line 
source over soft ground (grass, soft dirt). This results in a sound propagation rate of 4.5 decibels 
per distance doubling. 

Moving noise sources also have a "speed coefficient" which represents the variability of the 
sound exposure level (SEL) of a vehicle pass-by as function of vehicle speed. The speed 
coefficients of each vehicle are a function of the potential increase or decrease in maximum 
noise level due to factors such as wheel/rail interaction, tire/pavement interaction or engine speed 
and the duration of the pass-by (a higher speed pass-by can actually result in a lower SEL due to 
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HARRIS MILLER MILLER & HANSON INC. 

CREA TE Railroad Noise Model User Guide Copyright HMMH, 2006 

Page 5 

the shorter duration of the event). For the moving noise sources in the CREATE model, speed 
coefficients range from -10 to 28.1. 

Increasing the number of vehicles for moving sources relates to SEL on a 10 Log-basis. This 
results in a three-decibel increase in SEL for each doubling of the number of vehicles. For 
freight trains, the same relationship exists but is based on the length of cars rather than the 
specific number of cars. 

Stationary Noise Sources 

Stationary noise sources (listed in the Model Input section) are modeled to propagate noise as a 
point source over soft ground (grass, soft dirt). This results in a sound propagation rate of 7.5 
decibels per distance doubling. 

The SELs from noise sources such as rail yards, bus storage yards and parking lots, vary based 
on the number of vehicles present on a 10-Log basis. Similar to moving sources, a doubling in 
the number of vehicles results in an SEL increase of three decibels. 

For the inclusion of idling locomotive noise sources, use layover tracks as a stationary source. 
This noise source will require the input of the number of trains during an hour. If one 
locomotive were to idle for 15 minutes, this is equivalent to 0.25 trains during an hour. 

Track Noise Sources 

For the inclusion of LRT, commuter or freight cars, the average percentage of wheel flats present 
should be input. The adjustment for wheel flats on cars could be as high as an additional five 
decibels; however, typically the actual percentage of cars with wheel flats is relatively low and 
noise levels typically increase by less than one decibel. 

Jointed track produces an additional noise source at the wheel/rail interface as compared to 
continuous-welded rail (CWR). The presence of jointed track, therefore, will increase sound 
levels of commuter locomotives, commuter cars, LRT cars, freight locomotives and freight cars 
by five decibels. 

For the operation of trains on embedded track, noise levels will be three decibels higher than on 
ballast and tie. This increase is due to the hard ground between the noise source and receptor 
allowing more efficient sound propagation. 

Tracks that are elevated on an aerial structure will typically produce noise levels that are four 
decibels higher than tracks at grade. This increase in noise level is due to the radiation of the 
aerial structure as well as more efficient sound propagation from a source that is at a higher 
elevation. 

The presence of a track crossover such as a switch, turnout or crossing diamond acts as a 
stationary noise source whenever the train travels over it. For this noise source, the duration and 
the number of trains per hour are required to determine the SEL from this source. 
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CREA TE Railroad Noise Model User Guide Copyright HMMH, 2006 

Page 6 

Noise-Sensitive Receptor Data 

The FTA land use category must be input into the model. Land use category l and 3 correspond 
to locations where noise-sensitive receptors are present only during daytime hours and do not 
typically sleep (e.g. schools, churches and medical offices). Land use category 2 corresponds to 
locations where noise-sensitive receptors often sleep (e.g. hotel, motels, residences and 
hospitals). The hourly-equivalent (Leq) noise level for the loudest-hour of train-related activity 
during hours of noise-sensitivity is used to assess potential impact at a category 1 or 3 receptor 
and the day-night (Lctn) noise level is used to assess potential impact at a category 2 receptor. 
The Lctn noise level includes a 10-decibel penalty for noise events that occur between 1 Opm and 
7am; therefore, the input of both daytime and nighttime events is required for category 2 
receptors 

The presence of a noise barrier can be included in modeling noise levels. However, in a general 
assessment no details of the height or location of the noise barrier are input. It is assumed that 
the noise barrier would be effective in lowering noise levels a minimum of five decibels. 

The model allows input of the number of intervening rows for receptors that are not adjacent to 
the noise source. For the first intervening building row, noise levels are modeled to decrease 
4.5-decibels. For each additional intervening row (between two and five) an additional 1.5-
decibel reduction is taken into account up to a maximum reduction of 10 decibels. 

SPREADSHEET INFORMATION 

To minimize the potential for error in modifying the CREATE railroad noise model, the 
spreadsheet has been password protected. The password protection disallows the deletion or 
modification to cells other than input or output cells (grey). Should modification of the 
spreadsheet be required for some reason, the spreadsheet can be unlocked with the password: 
"create". 
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Measurement from 3 pumps offloading crude. Measured at 20.2 feet 

Project Name 

SLM005 

Start Time Elapsed Time 

4/3/2013 9:04 00:01:01 

LAeq 25Hz LAeq 31.5Hz LAeq 40Hz LAeq 50Hz LAeq 63Hz LAeq 80Hz LAeq lOOHz LAeq 125Hz 

20.32 16.72 20.86 29.49 30.69 36.64 35.45 48.64 

107.65 46.99 

24.42 

121.90 889.20 1172.20 

38.24 

4613.18 3507.52 73113.91 

54.51 

EX-0015-000018-PCE 



lAeq 160Hz lAeq 200Hz lAeq 250Hz lAeq 315Hz lAeq 400Hz lAeq 500Hz lAeq 630Hz lAeq 800Hz 

53.13 52.75 53.54 60.79 61.33 64.89 63.39 68.01 

lAeq lkHz 

70.09 

lAeq 1.25kHz lAeq 1.6kHz 

64.97 62.52 

205589.06 188364.91 225943.58 1199499.30 1358313.45 3083187.95 2182729.91 6324118.51 10209394.84 3140508.69 1786487.57 

62.08 68.21 72.94 
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LAeq 2kHz 

71.63 

LAeq 2.5kHz LAeq 3.15kHz 

66.97 62.57 

LAeq 4kHz LAeq 5kHz LAeq 6.3kHz LAeq 8kHz LAeq 10kHz 

67.63 58.39 55.14 49.87 43.62 

14554590.81 4977370.85 1807174.13 5794286.96 690239.80 326587.83 97051.00 23014.42 

73.29 69.19 56.50 
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From: 
To: 
Cc: 
Subject: 
Date: 
Attachments: 

Dave, 

Fred Mostashari 
Cororon CDavidcororon@savaqeservices.com) 
Nicho las S. Nash; Russ Bafford ; Kristen Wallace 
RE: 497-005 TSVEDT PN: noise levels from Jordan"s VCUnic 
Tuesday, December 17, 2013 2:56:10 PM 
image002.pna 
image004.pna 
imaqeOOS pna 

110 dBA is very high. According to Jordan with some modification noise level at CEB could be as low as 45 dBA at 
50 meters/unit. Sound level at 1187' for one unit is 27 dBSPL and for 7 units running consecutively is 44 dBSPL. 

However for multiple units we need to add additional dBA. We have 7 units operating at the same time. 5 Units 14 
dBA and 10 units 20 dBA addition. Therefore 7 units -17 dBA. The worst case would be 62 dBA for 7 units running at 
the same time. This is less than exhaust fan. Noise level at prison boundary calculates to be 44 dBA. 

Calculation of the sound level L2, which is found at the distance r2 
Reference distance· r1 Sound levelL1 
from sound source at reference distance r 1 Search for L2 
l1so --:r m or ft !e2 dBSPL 
.Another distance r2 Sound level L2 Sound level difference 

from sound source at another distance r2 k:1 L = L1 -L2 
11187 m or ft 144.03 dBSPL 17_97 dB 

I ca1cu1ate l IJ reset 

Hello Fred, 

I am in our Austin office and we just discussed the CEB noise issue with our European group. 
With modification (minor) we can get the noise levels to 45 dBa at 50 meters. 

Hope this helps 

David Gibson 
Sr. Technical Product Specialist 

DA FLA E 
s I 01.1•T1t1C• 

Yes it is 45 dBa per unit at 50 meters. 
Only 7 can run at one time. We have one built in spare. 

Thanks 

David Gibson 
Sr. Technical Product Specialist 

DA FLA E 
s I 01.1•T1t1C• 

Jordan Technologies 
5051 Commerce Crossing Dr. I Louisville, KY 40229 USA 
Office: +1 (502) 357-0131 I Mobile: +1 (502) 876-3529 
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From: 
To: 
Cc: 
Subject: 
Date: 
Attachments: 

FYI 

Fred Mostashari 

Fred Mostashari 

Corpron CDavidcorpron @savageservices.coml ; Kristen Wallace 

Nicholas S. Nash; Russ Bafford 
FW: 497-005 TSVEDT FW: noise levels from Jordan"s VCUnic 

Wednesday, December 18, 2013 6:39:50 AM 

imageOOl.png 
image002.png 

Intermountain Consumer Professional Engineers, Inc. 
1145 East South Union Ave 
Midvale, Utah 84047 
(801) 255-1111 
Fred.Mostashari@icpeinc.com 
www.icpeinc.com 

-----Original Message-----
From: Dave Gibson [mailto:dgibson@jordantech.com ] 
Sent: Tuesday, December 17, 2013 6:31 PM 
To: Fred Mostashari 
Subject: Re: 497-005 TSVEDT FW: noise levels from Jordan's VCUnic 

Stack noise from the attack is 32 dBa at 50 meters which is less then the blowers. 

Thanks 

Sent from my iPhone 
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From: 
To: 

Cc: 
Subject: 
Date: 
Attachments: 

Kristen, 

Nicholas S. Nash 

Kristen Wallace 

Russ Bafford 

FW: 497-005 TSPT noise 

Thursday, August 01, 2013 10:46:47 AM 

imageOO 1 png 

Please see the below info and below email regarding equipment noise generation. Sorry for the limited info, this is all I 

have been able to get from vendors to date. I will follow with any additional info received. 

Air Compressors = 67 DBa at 3 ft. 

Transfer Pumps= 85 DBa at 3 ft. 

Thanks, 

Nie Nash 
Project Engineer 

11 .ar .w.1£ . 
lntermountain Consumer 

Professional Engineers 
1145 South Union Ave. 

Midvale, UT 84047 

Off-801.255.1111 Cell-801.712.3556 Fax-801.566.0088 

"The information, including any attachments, contained in this communication is the property of ICPE, may be confidential, is 

intended only for the use of the recipient(s) named above, and may be legally privileged. If the reader of this message is not 

the intended recipient, you are hereby notified that any dissemination, distribution, or copying of this communication, or any of 

its contents, is strictly prohibited. If you have received this communication in error or without authorization, please return it to 

the sender immediately and delete the original message and any copy of it from your computer system. If you have any 

questions concerning this message, please contact the sender." 

From: Russ Bafford 
Sent: Wednesday, July 31, 2013 3:17 PM 
To: Nicholas S. Nash 
Subject: 497-005 TSPT noise 

Nie, here is what I have for the Jordan/Flare vapor combustion arrangement. 

Vapor con tro ll system: 

40 hp blower pe r CEB unit 16 un its t ot a ll) 

200 lip blower {2 on blower skid, each running) 

Russ Bafford, PE, PMP 

Ext. 1036 

dB.A 

100.1@ 3.0 ft (ea. bllower) 

90@ 3.0 ft (ea. blower) 

"The information, including any attachments, contained in this communication is the property of ICPE, may be confidential, is intended 

only for the use of the recipient(s) named above, and may be legally privileged. If the reader of this message is not the intended recipient, 

you are hereby notified that any dissemination, distribution, or copying of this communication, or any of its contents, is strictly prohibited. 

If you have received this communication in error or without authorization, please return it to the sender immediately and delete the 

original message and any copy of it from your computer system. If you have any questions concerning this message, please contact the 

sender." 
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ABSTRACT OF THE THESIS 

Assessment of Railway Activity and Train Noise Exposure: 

A Teaneck, New Jersey, Case Study 

by CRAIG B. ANDERSON 

Thesis Director: 

Dr. Barbara J. Turpin 

Three train tracks run through Teaneck, NJ, a suburban city, unimpeded by road 

crossings; the tracks are as close as 7 meters to residential properties. In 2000, trains 

began idling in Teaneck for extended periods of time (up to 54 hours), exposing residents 

to persistent, elevated sound levels, as well as diesel emissions, and generating 

complaints. The goals of this study were to characterize the time-activity patterns of 

passby and idling trains; idling locations; and the sound emission levels of passbys, idling 

locomotives, and train horns over a one-year period. From October 2006 through 

November 2007, source sound levels were measured continuously with a Norsonic 121 

sound-level meter and WA V files of actual sounds were recorded during train events. 

Concurrently, research staff visually noted train activities 24 hours/day, every third day, 

for three consecutive weeks each season, including train direction, track, idle location, 

locomotive-to-meter distance (idles), and other identifying information. Specific source 

characterization measurements of individual locomotives were made at measured 

distances with a hand-held Quest 2900 sound-level meter. Over this time period: ~ 1.2 

trains passed per hour (1.1 daytime; 1.4 nighttime, 10 p.m.-7 a.m.); average passby 

ii 
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duration was 2.8 minutes; and passbys were most frequent during the midnight hour. 

Trains tended to travel southbound during the day and northbound at night, resulting in 

horn blowing behind homes, while people slept, as the trains approached a grade crossing 

on Teaneck's northern boundary. Idles averaged 87.2 minutes in duration, with the 

longest lasting ~36 hours. Idle events occurred equally in southern and northern 

Teaneck, but average idle durations in southern Teaneck were 2-3 times longer than all 

other locations. Train(s) idled in Teaneck for a total of~ 10.7 hours/day, or 44.6% of the 

time. Average sound levels at 30.5 meters (100 feet) were: 78.1 dBA (peak: 84.9 dBA) 

for passby trains; 65.0 dBA (68.5 dBA) for single, idling locomotives; and 104.3 dBA 

(109.0 dBA) for train horns. Ambient sound-level measurements in neighborhoods had 

an Ldn of ~50 dBA. Sound emissions from train activity produced moderate-to-severe 

noise impacts in areas within 152 meters (500 feet) of the railway, especially during non

summer nights. 

iii 
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1. INTRODUCTION 

1.1 1\!Iotivation 

Noise can be described in many ways, but the meaning most widely used by the 

general public defines noise as undesirable and/or excessively loud audible sounds 

impacting a person's ears. For instance, loud music blaring from a home may be 

perfectly acceptable to one neighbor who enjoys listening to the same kind of music; 

however, another neighbor may consider the music to be noise, e.g., unwelcome sound 

emissions. As a result, noise is subjective, with the defining criteria varying from person

to-person. Furthermore, the consequences of noise range can from a minor 

inconvenience; to the disruption of and interference with activities inside and outside the 

home; to physiological harm, such as increased agitation and tension, sleep 

deprivation/fatigue, and higher blood pressure (Saremi et al., 2008; Ising et al., 1999; 

Babisch, 2000). In addition to direct impacts on people, noise has also been shown to 

affect property values (Bellinger, 2006; Cushing-Daniels and Murray, 2005). To this 

day, exact and measurable physiological noise impacts remain difficult to quantify, but 

the anecdotal and real-world evidence is clear. Noise has genuine, tangible effects on 

peoples' lives and health. 

Railways are notorious for sound-producing activities, many of which have 

delighted and fascinated children and train enthusiasts for nearly two hundred years. 

However, the same sounds have also been deemed annoying, upsetting, and completely 

aggravating to people who were unwillingly subjected to the sound emissions. Each 

individual's perception of railway sound emissions generally depends on the person's 

interest in trains as a hobby and the proximity of the person's residence to an active 

railway, especially tracks on which l) train activities occur 24-hours a day; 2) horn use is 
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prevalent; and 3) locomotive idling is possible. The issue of train noise adversely 

affecting people, especially those in residential neighborhoods, has become a major 

source of con ten ti on in the township (city) of Teaneck, New Jersey, during the past ten 

years because many of its residents have suffered from some level of all three types of 

train-noise impacts. 

2 

Teaneck is a suburban area located in northeastern New Jersey, less than 10 miles 

to the northwest of central New York City, New York, with approximately 40,000 

residents (www.city-data.com). The township is largely residential and contains 

gradually varying terrain from about 6 meters (20 feet) above sea level to nearly 49 

meters (160 feet) above sea level, with the lowest elevations running north-south through 

the middle of the city and providing an almost flat thoroughfare for three train tracks 

known as the West Shore Line or River Line. This rail line is nothing new to the area. 

Historical descriptions and aerial photographs of the township from the 1930's (Figures 

1.1 and 1.2) indicate that at least two tracks have been running through the area for at 

least 80 years and, for a period in the middle of the 20th century, as many as four tracks 

were in active use. However, as the need for railroads decreased over the years, the line 

was reduced to only two tracks again by the early 1970's. The line was modified to its 

current state of three tracks (Figure 1.3) sometime in the year 2000, after the CSX 

Corporation took control of the rail line in 1999. This gave the railroad company more 

flexibility with its freight train movements and added capacity for stopping and idling 

trains when routing and trafficking issues arise. 

Railway sound emissions and the perception of noise by residents who live 

adjacent to railroad tracks are not unique to Teaneck; however, the train activities on this 
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Source: New Jersey DEP 

part of the West Shore Line are distinct in that the 4.15 kilometers (2.58 miles) of track 

contain no at-grade crossings, places where streets intersect the tracks at the same 

elevation. In the early 20th century, when there were two tracks, Teaneck's township 

managers decided to build overpasses for all roads crossing the tracks (Figures 1.1 and 

1.2), to improve the flow of vehicles and people between the two sides of the tracks. As 

a result, freight trains with lengths of nearly two miles can stop within Teaneck without 
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hoto of the rail corridor in southern Teaneck durin 

Source: New Jersey DEP 

disrupting a single road. The result is idling of locomotives within 15 - 20 meters (about 

50 - 70 feet) of occupied homes for as little as a couple minutes to more than two days. 

In the northern part of Teaneck, trains are even with the top of many backyard fences, 

allowing fully unobstructed train sound emissions to impact the homes. 

Despite the long history of railroad tracks in Teaneck, idling trains only became a 

serious community concern in the year 2000, when the third track was re-installed. 
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According to the transcript of the New Jersey Assembly Transportation Committee 

meeting on February 10, 2005 (NJATC, 2005), residents complained that CSX was using 

the township as a "parking lot" for idling trains. The aggravation expressed by residents 

at that time provided the primary motivation for the study described herein. As will be 

discussed in more detail later, the current study of railway operations on the West Shore 

Line in 2006 and 2007 included observations of idling trains with as few as one to as 

many as five locomotives running. Frequently two adjacent idling trains were present, 

and on multiple instances three trains idled simultaneously at the same location, blocking 

all of the tracks and creating significantly more sound and air pollution emissions than a 

typical single, idling train. 

Beyond the specific sound-related problems associated with passby trains and 

idling locomotives, additional noises are produced by items on or within the train cars 
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connected to the idling locomotives, as observed during the study and noted in NJATC, 

2005. Other sound sources include refrigeration units attached to freight truck trailers 

and shipping crates being carried on the train cars; a small, continuously running 

generator engine at the back of the last train car, likely providing electrical power to a red 

warning light; and the contents of the train cars, namely automobiles, some of which have 

alarms and have been reported to repeatedly sound for over 24 hours within a clearly 

audible range of homes. Furthermore, the knuckling of train cars, as in the extension of 

the links between the cars, creates a loud shockwave of sound that propagates from the 

front to the back of the trains when they depart after idling. Many residents expressed 

additional worries related to the safety of people crossing the tracks through an idling 

train, often unaware of the possibility of passby trains. Numerous issues associated with 

railway activities have been raised by Teaneck residents. In response, the current study 

was designed to evaluate the time-activity characteristics of passing and idling trains, the 

location of idling, and the sound emission levels associated with each type of activity in 

order to inform the development of effective mitigation strategies. 

To abate many of the problems associated with idling noise near homes in the 

interim, Teaneck officials requested that the locomotive companies idle the trains near a 

large, unused warehouse in the southern end of the township (Figure 1.4) and adjacent to 

a business park and forested area toward the northern end (Figure 1.5). The locations 

were selected because they had a large building(s) for blocking sound emissions on one 

side and an open space buffer on the other, both features which reduce the magnitude of 

sound reaching residences. However, evidence gathered during this study shows that 

trains stopped in numerous locations throughout Teaneck and even when they stopped in 
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An idling locomotive at the north end business 
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the prescribed locations, trains with multiple locomotives idling extended beyond the 

barrier(s) (the first locomotive in Figure 1.4 was even with the northern wall of the 

warehouse, but the second locomotive extended north to the last house on Thomas St., 

where no sound obstructions exist), causing much of the sound emissions to reach homes 

unimpeded. Thus, specification of idling locations was only occasionally effective. The 

study described herein was designed to provide key information needed to assess the 

exposure of Teaneck residents to train noise and to inform those developing train noise 

mitigation strategies for Teaneck. 

1.2 Background 

8 

Sound emissions from railway activities have been studied in locations throughout 

the world, including Europe (Pronello, 2003; Talotte et al., 2003) and the Middle East 

(Ali, 2005). However, the vast majority of railway activity studies are focused on the 

impact of passenger trains in urban environments. The Teaneck train noise study fills a 

specific gap in knowledge by characterizing the time-activity of a freight train-only rail 

line with substantial idling in a suburban setting. This railway study was also unusual in 

scope: the measurements covered a full year and incorporated both short-term, hand-held 

sampling during intensive observation periods and long-term, continuous monitoring by 

an unmanned sound level meter. 

As was previously mentioned, noise can have many adverse effects on peoples' 

attitude, well-being, and overall health. The severity of noise exposures (i.e., minimal, 

moderate, or severe) is routinely quantified using several standard sound level metrics. 

The key metrics calculated and analyzed for this study were: average during a specified 

time period (Leq); maximum (Lmax); minimum (Lmin); Sound Exposure Level (SEL); 
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and day-night average from midnight-to-midnight (Ldn). The average (Leq) time period 

is typically specified as one hour, but it can be any length of time, as long as the duration 

is noted. With regard to this study, most train events lasted much less than an hour, 

regularly resulting in Leq durations of only a few minutes. The SEL is the total amount 

of sound energy reaching a receiver during an event but compressed into one second, 

allowing events from different types of sound producing sources to be compared to one 

another. An event is a discrete sound-producing occurrence that has a limited duration, is 

above the accepted background or ambient sound level, and is of interest to someone, 

such as a train passing by or stopping near the meter. All sound levels were measured in 

decibels (dB) and the metrics were calculated using the A-weighted scale (dBA), which 

scales the sound levels at frequencies below l kilohertz (kHz) to emulate what the human 

ear can hear. 

Ldn defines a cumulative decibel level for all sounds observed in a specific 

location during the course of a 24-hour period. The 24 hours are broken up into two 

periods: daytime (7 a.m. through lO p.m.) and nighttime (LO p.m. through 7 a.m.), and 

sound levels at night are increased by a factor of 10 dBA to account for peoples' 

increased sensitivity to sound impacts during those hours (Hanson et al., 2006). Ldn is 

used in this study to evaluate the contribution of train sound emissions to existing, 

background sound levels at specified locations within the Teaneck community. 

In this study, sound level measurements and supporting information were 

collected with multiple meters at multiple locations in Teaneck throughout the course of a 

year (Section 2), and used to characterize the sound levels and time-activity of train 

operations in Teaneck (Section 3). The results of this thesis will serve as the basis of a 
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train noise exposure modeling study. Together, the field effort and modeling will be used 

to identify key sources of train noise and effective methods of train noise mitigation, 

(e.g., adjustments to train activity patterns, alternatives to the use of train horns, the 

construction of barriers, and/or the installation of auxiliary power supplies for idling 

locomotives). 

1.3 Objectives 

The primary focus of this thesis is to characterize the sources of community 

exposure to train noise in Teaneck, New Jersey, primarily from idling locomotives near 

residences. The specific aims are to: 1) document train activity, such as the frequency, 

duration, and temporal distribution of passbys and idles, over a one year period; 2) obtain 

extensive sound level measurements of all types of train activity and ambient sound 

levels using multiple automated and hand-held meters; and 3) compute time-activity 

statistics and spectral sound emission levels for use as inputs in an acoustical model. The 

extent and magnitude of noise impacts derived from this thesis research will subsequently 

be used to evaluate the sound impacts of current train activity; to predict the impacts of 

potential changes in train activity; and to assess the impacts of potential noise mitigation 

strategies on community noise exposure in Teaneck. Furthermore, many of the model 

inputs may be useful to other communities that are experiencing freight train-related 

noise problems. 

The work presented in this thesis is the compilation of efforts from several train 

study personnel. The field study design was developed by this author working together 

with Eric Zwerling, Steve Szulecki, and Dr. Barbara Turpin. Field sampling was 

performed by this author along with Eric Zwerling and Francesco Maimone. This author 

EX-0015-000042-PCE 



11 

served as the lead for data management and processing, developed the database that 

compiled the train activity and sound level results, and assembled the acoustic model 

base layers. This author supervised three undergraduate students: Craig Matis and Taylor 

Hays who conducted sound level data processing; and Sumantha Prasad who assisted 

with the construction of the buildings layer in the model and assembly of the hand-held 

meter dataset. Eric Zwerling and Steven Szulecki contributed their substantial expertise 

on noise measurement/modeling and directed the study with Barbara Turpin. 
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2. METHODS 

2.1 Field Sampling 

The Teaneck field sampling campaign (October 7, 2006 - November 21, 2007) 

was comprised of three main components: l) continuous deployment of an unmanned, 

secured sound level meter and recorder (long-term meter); 2) in-person train activity 

observations and hand-held sound level measurements during intensive monitoring 

periods; and 3) in-person measurements of ambient sound levels in residential 

neighborhoods using both the long-term and hand-held meters. The primary goal of the 

long-term meter sampling was to determine the frequency, duration, temporal 

distribution, and sound levels of passby train events over the course of an entire year. 

The main goal of the in-person intensive monitoring campaign was to characterize the 

frequency, duration, temporal distribution, and sound levels of idling trains through 

12 

visual observations and the collection of hand-held sound level measurements close to the 

idling locomotives (approximately 18-27 meters; 20-30 yards) and at multiple distances. 

The hand-held measurements at varying distances around the locomotives were used to 

"ground-truth" the sound propagation model results. Intensive monitoring also provided 

additional information for characterizing passby and idling train activity, including which 

track was in use, the direction of passing trains, the number of locomotives and train cars, 

the company name of the locomotive(s), and exact idling locations. The ambient sound 

level measurements were collected independently from the other two sampling 

components and used to evaluate the degree to which community noise levels were 

enhanced by train activity. 

Monitoring location selection was critical to the success of the study. Initial 

scoping of train activity by study personnel and discussions with residents and township 

EX-0015-000044-PCE 



officials provided crucial information regarding idling locations: by request of the 

township, trains heading southbound are expected to idle adjacent to an unused 

warehouse on the south side of Teaneck and trains heading northbound are expected to 

idle next to a business park on the north side of Teaneck. The intent of the township's 

directive was to deter trains from stopping directly adjacent to or behind residences and 

to limit community exposure to train noise through shielding by the warehouse and 

business park buildings. The understanding that most idling takes place at or near these 

locations guided decisions regarding long-term meter placement and in-person 

observations. 

Long-term monitoring occurred at nine locations in the southern, central, and 

northern sections of Teaneck (Figure 2.1 ). Most locations are within 15 to 20 yards of 

the nearest track and at the same elevation as the tracks in order to obtain unobstructed 

source sound level data from passby and idling trains. Long-term meter locations were 

chosen to meet several objectives: 1) characterize passby train activity and sound levels; 

2) capture idling rate of occurrence, duration, and possibly sound levels in multiple 

locations; 3) avoid sound level interference from sources external to railway activities 

and obstructions between the trains and the meter; 4) provide easy site access for study 

personnel; and 5) minimize the risk of damage to the monitoring station by locating it 

within vegetative cover and away from areas frequented by people. 

Intensive monitoring periods were conducted on a fixed schedule over a three

week period, each season, and involved staffed visual observations and sound level 

measurements with hand-held meters. Every third day during the three-week intensive 

periods, train study members monitored and logged train activity, in three 8-hour shifts, 

13 
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Figure 2.1 Map of the various long-term meter locations (red circles) and 
"townsh!p-approved" idle locations (green _triangl~s~) __ 

- - c.;ountry C.:I 

for a continuous 24 hours. This study design ensured that monitoring occmTed across all 

days of the week and seasons, representing train activity and operations over the course 

of a year. When possible, based on the train idling location and duration accessibility, 

and obstacles train study personnel took hand-held sound level measurements 

perpendicular to the center of each running locomotive and at multiple distances from the 

train to capture sound level degradation as it propagated out into the smToundings. These 
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data were used for source characterization of the idling locomotive(s) and for comparison 

with the output of the sound propagation model discussed in Section 2.3. Furthermore, if 

a train idled within visual range of the long-term meter during an intensive, the distance 

between the long-term meter and the locomotive(s) was measured and the sound levels 

collected by the long-term meter were used to enhance the sound source characterization 

derived from the hand-held measurements. 

The final component of the sound level monitoring campaign involved 

establishing background sound levels within residential areas of Teaneck through in

person measurements. Sound level samples were measured on residential properties at 

various locations on both sides of the tracks, at multiple distances from the tracks, in the 

southern and northern portions of the township, and at three different times of the day: 

morning or evening rush hour; mid-afternoon; and middle of the night. This enabled the 

impact of sound emissions from railway activity on the Teaneck residents to be compared 

to the existing (background) sound levels. 

To achieve the field sampling goals, multiple sound meters and several 

supplemental pieces of equipment were obtained. 

2.1.1 Equipment 

The key piece of equipment acquired for the long-term, continuous measurements 

was a NorSonic 121 sound level meter (NorSonic, Tranby, Norway) shown in Figure 

2.2, which collected broadband and spectral sound level data from 0.125 Hertz (Hz) to 16 

kilohertz (kHz) and calculated key sound level metrics. The meter was deployed as part 

of a sound level monitoring station that also included a microphone with an outdoor 

protection kit (NorSonic 1212, NorSonic, Tranby, Norway) and foam windscreen 
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(NorSonic 4520, NorSonic, Tranby, Norway); an adjustable height microphone stand; a 

removable 2 gigabyte (GB) flash memory card; two marine deep-cycle batteries to 

provide sufficient power and longevity even during exposure to cold winter temperatures 

when battery performance is reduced; and a large, industrial metal tool box with 

camouflage paint and chains for security purposes. 

A second 2 GB data card and two additional batteries facilitated recharging and data 

retrieval during site visits. The station was self-contained and portable, allowing it to be 

deployed for I 0 - 14 days without servicing. 

Most long-term meter deployment locations were in undeveloped areas near the 

train tracks where there were bushes and trees but no sound-blocking obstacles between 

the tracks and the meter. At these locations the microphone was attached directly to the 
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top of the tool box, approximately 0.75 meters (2.5 feet) above the ground. For two 

locations near Teaneck residences on the north side of the township, specific siting 

criteria had to be employed to prevent sound reflections and other sound-emitting devices 

from impacting and interfering with the measurements. The criteria consisted of placing 

the microphone at least 3 meters (10 feet) from the nearest large obstacle, such as a home, 

detached garage, or shed, and at a height greater than any smaller obstacles, such as 

fences; a height of 2 meters ( 6. 5 feet) was sufficient. An addi ti anal consideration was the 

location of air conditioning units and other sound-emitting sources. Study personnel 

evaluated the surroundings and placed the microphone at a sufficient distance from any 

sound sources to make them irrelevant with respect to background sound levels or in a 

location that shielded the microphone from any obvious, stationary sound sources. 

Overall, the meter was remarkably reliable and the sound-level monitoring station 

worked exceptionally well. 

Hand-held noise meters (Quest 2900 and Quest Sound Pro, Quest Technologies, 

Oconomowoc, Wisconsin) were also used for monitoring sound levels. The meters 

primarily measured sound imission levels at measured distances from idling locomotives 

during the intensive observation periods, where imission is the amount of sound received 

at a location away from the emission source. The Quest 2900 proved to be simple and 

reliable; it only stored Leq, Lmax, Lmin, and the sample duration of each measurement. 

However, because of it simplicity, it was very dependable and consistent. The Sound Pro 

meter is more sophisticated than the Quest 2900, measuring all of the same parameters as 

well as collecting spectral data from 16 Hz to 16 kHz. Unfortunately, the Sound Pro 

meter required frequent battery recharging and occasionally malfunctioned, resulting in 

EX-0015-000049-PCE 



the loss of six measurements. Measurements were taken using both meters, but due to 

the performance differences, many more samples were taken with the 2900 (132, of 

which 116 were valid) than with the Sound Pro (84, of which 61 were valid). Appendix 

B contains the complete data set. 
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In conjunction with the hand-held meters, observers used a laser rangefinder 

(Yardage Pro, Bushnell, Overland Park, Kansas) for measuring the exact distance the 

sound level measurement was from the source. The rangefinder had a functional range of 

4.6 meters (5 yards) to 732 meters (800 yards) and an accuracy of 0.9 meters (1 yard). 

Having accurate distance measurements was critical to understanding sound propagation 

from the source because sound levels dissipate with distance, especially over soft terrain. 

Knowing the distance from the source for all measurements allowed the sound imission 

levels recorded by the meters to be standardized to a single distance of 30.5 meters (100 

feet). 

2.1.2 Long-term Monitoring 

Continuous sound level data were collected by the long-term meter over 55 

sampling periods between October 7, 2006, and November 21, 2007, and at multiple 

locations within Teaneck. These measurements provided an annual assessment, primarily 

of trains passing through Teaneck ("passbys"). However, idle events were occasionally 

detected, indicating the presence of a train in the vicinity of the meter, but without a 

distance measurement between the train and the meter, in most cases, the sound level data 

were not usable. Details about the sampling locations are included in Table 2.1 and the 

sampling periods associated with each location are listed in Table 2.2. During this 

"annual" sampling campaign, 8815 hours (367.3 days) of data were collected. Of the 
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8815 hours of data, 8787 hours were valid, producing a data capture rate of 99. 7%. The 

only invalid data resulted from a 28-hour period near the end of March 2007 when the 

microphone stand was blown over by strong winds. During this period, the occurrence 

and duration of passby trains were still noted, but these sound level data were excluded 

from all analyses. As discussed in more detail in Section 2.2, 41 of the 55 data sampling 

periods (291 days of data) were processed by study personnel, producing a dataset 

containing 7,532 passby events (804 of which occurred during intensive monitoring 

days), 206 idling events, and 3 "engines off' events. 

The strategy initially designed for long-term monitoring involved placement of 

the long-term meter in locations along the tracks in north, central and south Teaneck. 

However, with experience at these sites it became clear that during non-intensive periods, 

the goals for long-term monitoring were best accomplished with data collected on the 

north side of Teaneck. This is because the north side (particularly Locations #1 and #6) 

had minimal interference from idling trains and extraneous noise sources. During 

intensive monitoring periods, when on-site staff could directly measure the distance 

between idling trains and the long-term meter, monitoring in both north and south was 

valuable because the data could be used to calculate sound imission levels during idling. 

Of the approximately 367 days on which sound level data were collected by the long

term meter, 69.9% were collected in the north (Figure 2.1, Locations #1, #4, #6, and #7). 

A total of 22.5% were collected at the township-approved idling locations (Figure 2.1, 

Locations #3 and #2 & #8), and 7.6% were collected at other locations in central Teaneck 

(Figure 2.1, Location #5, near the tracks) and southern Teaneck (Figure 2.1, Location 

#9, farther from the tracks). Across the seasons, 31.3% of the data were collected in the 
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T bl 2 1 L a e . ong-term meter ocatwns 
Elevation 

Distance Distance Distance Relative 
Map to Track A to Track B to Track C to Tracks 

Location ID a Site Description m (yds) m (yds) m (yds) m (yds) 
North-side 

l 92 Home - Behind 21.9 (24) 18.3 (20) 11.0 (12) 0 (0) 
Back Fence 

2 14 
End of Thomas 

14.6 (16) 18.3 (20) 25.6 (28) 4.57 (+5) 
St. 

3 75 Charter School 20. l (22) 16.5 (18) 9.14 (10) 0 (0) 

4 81 
North of Spice 

38.4(42) 34.7 (38) 27.4 (30) 1.82 (+2) 
Factory 

5 40 
Mid-Teaneck 

27.4 (30) 23.8 (26) 16.4 (18) 5.49 (+6) 
Parking Lot 

6 83 
Givaudan 

12.8 (14) 16.4(18) 23.8 (26) 0 (0) 
Office Building 

7 91.5 
South of North-

33.8 (37) 30.2 (33) 22.9 (25) 0 (0) 
side Home 

8 10 
Soap Factory 

29.2 (32) 25.6 (28) 18.3 (20) 1.82 (+2) 
Side Rail 

9 9.5 
End of Griggs 

122 (133) 118 (129) 111 (121) 12.8(+14) 
Ave. 

a Identification numbers reference labeled aerial images in Appendix A. 

fall, 23.0% in the winter, 23.6% in the spring, and 22.0% in the summer. Note, the 

annual sampling campaign began and ended in the fall. To compensate for 

disproportionate amount of data collected in the fall and for other reasons described in 

detail below, 13 periods of data totaling 76 days, were not processed (Table 2.2). The 

resulting processed dataset has a nearly equal seasonal distribution. A detailed discussion 

of the monitoring locations and their effectiveness in accomplishing study objectives are 

included here. 

Locations # 1 and #6 (Figure 2.1) were optimal for passby train monitoring. 

These locations were over 150 yards from any major roads; had very few extraneous, 

loud sound sources, and were not common idling spots (meaning nearly all trains were 
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clean passbys). Also, at these locations train direction could be determined, in most 

cases, without an observer present because train-horn use patterns and loudness were 

distinctly different for north vs. southbound trains as they approached the grade crossing 

for New Bridge Road at the north end of Teaneck. Location #5 was chosen for similar 

reasons: it was away from primary roads and the probability of trains idling there was 

extremely low because of its centralized location. These factors allowed for the 

collection of clear pass by data, but the centrality of Location #5 also meant that the meter 

measured the sound levels of every train that was slowing to stop at the north or south 

end of Teaneck. This was evidenced in the two weeks of processed Location #5 

measurements by the 35 trains which stopped to idle before the entire train passed the 

long-term meter, causing each of those passbys to be recorded as separate events by the 

meter, often many hours apart. Trains slowing to idle and subsequently accelerating 

upon departure were identified as two passbys in the processed data, one with locomotive 

sound levels and one without, and only the events containing the locomotive sound levels 

were included in the passby analysis. All passby trains without a noted locomotive sound 

level were excluded from all analyses. These passbys had average durations 20 to 30 

seconds longer than those at Locations #1 and #6. For this reason, the third week of data 

collected at this location was not processed and the location was not used for monitoring 

again. One additional piece of information gained from the data collected at this location 

was that sound levels tended to be several decibels lower than Locations #1 and #6 

because of slower train speeds in many cases, indicating that residents living in central 

Teaneck receive less noise from passby trains than residents in the north and south ends. 
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Locations #2, #3, and #8 were chosen to obtain sound level and time-activity data 

for idling trains. Observations made during the first intensive monitoring period verified 

that the locations are near common idling locations and are accessible to study personnel. 

Location #2 is at the end of a dead end street, limiting vehicle traffic while being very 

accessible to study personnel. However, nearly all southbound trains which stopped and 

idled did so with the locomotives 40 to 60 yards south of the meter location, adjacent to 

the unoccupied warehouse. As a result, the geometric centers of the locomotives were far 

from the long-term meter and at a very sharp angle. The positioning of the idling 

locomotives relative to the meter was not optimal for sound-level measurements of idles. 

Despite the lack of useable data for idle imissions, the train time activity data were valid. 

In addition, when idling trains were not present and the track of the passby trains was 

noted by study personnel (i.e., during intensive monitoring days), the sound levels for 

those passbys could be determined; these were included in the analyses. 

Location #3 was also at the end of a road and proximate to a single-building 

school. This location seemed, at first, to be a good choice because of the frequent 

number of trains observed to idle in this vicinity during the first few intensive days and 

the location's distance from major roads. However, data collection was complicated by 

vehicle traffic associated with the school during the morning and afternoon hours and 

business park activities, such as delivery trucks, garbage hauling, and landscaping 

equipment during mid-day. Cars, trucks, and busses passed within 8.2 meters (9 yards) 

of the long-term meter when leaving the school and the various other activities were 

frequently within 45 meters (50 yards). Fortunately, vehicle passby durations were 

typically less than five seconds; WAV files, recordings of what a person would hear if he 
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was standing at the meter location during the event, could be used to positively identify 

and exclude non-train events; and the shape of the sound level profiles for the vehicle and 

non-train activity events were very distinct. Thus, train events from this location could 

be reliably identified and processed. Because of all the additional events triggered on the 

long-term meter, data processing took longer. Despite having valid and useable passby 

and idle data from this monitoring location, the meter was not deployed here again due to 

the complicating factors associated with the vehicle and business park activities. 

Long-term monitoring Location #4 was in the yard of a house to the north of a 

spice production and shipping facility. Trains had been observed idling directly behind 

the house, making it a favorable place to deploy the meter. The meter was placed at the 

even with the back wall of the house to collect sound level data at the same distance from 

the tracks as an exposed residence. In addition, there were no obstructions between the 

meter and the track, enabling the collection of clean passby data. However, with 

experience at this location we found that this monitoring location was impacted by 

considerable noise associated with the shipping, receiving, and handling of goods by 

trucks and forklifts at a nearby spice facility. Study personnel were aware of the activity 

before selecting this location, but the frequency, duration, and amount of noise were 

substantially underestimated. As a result, only one week of sound level data collected at 

this location was processed due to the extra time required to distinguish the train passby 

activity data from the external noise sources. 

Location #8 was collocated with an unused side rail, or rail spur, that ran nearly 

parallel to the three main tracks and was on the eastern side of track C (see track numbers 

in Figure 2.3). This location allowed positioning of the long-term meter opposite of the 
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warehouse, directly even with the primary idling location. The meter was elevated 2 

meters (2 yards) above the tracks, so that the microphone was at the same height as the 

middle of the locomotives and there were no obstructions between the source and the 

microphone. The site was about 100 meters (109 yards) from the nearest major road, 

reducing the chance for interference from extraneous sources. Track-side sound level 

measurements using the hand-held meter could also be easily made from this location and 

on 19 occasions, distance measurements from the long-term meter to an idling 

locomotive(s) were made. The side rail turned out to be an extremely valuable location. 

The final location, #9, was selected to collect ambient sound level data. This 

location is farther from the tracks and a block from noise associated with the nearest road 

by homes, while still being accessible to train study staff and not requiring access to 

private property. Unfortunately, railway activity was still clearly discernible in the sound 

level data; therefore, the week of data collected at this site was not processed. To 

accomplish the collection ambient data, measurements were taken in spring 2008 with the 

long-term and hand-held meters in several Teaneck neighborhoods. These measurements 

are detailed in Section 2.1. 5. 

Overall, long-term meter placement was determined through a combination of 

advanced planning and adjustments to study activities based on the insights provided by 

field observations and data analysis. All monitoring locations except Location #9 

produced valid, usable train passby activity data. Viable idling data were also obtained 

by the long-term from Locations #2, #3, and #8, with the vast majority of high quality 

idling data coming from Location #8 and the hand-held meters. The field measurements 
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collected by the long-term meter, combined with the in-person observations made during 

the intensive monitoring periods, allowed study objectives to be achieved. 

2.1.3 Long-term l\feter Deployment 

The NorSonic 121 meter was programmed to collect continuous sound levels at 

one second intervals for one week (168 hour) sampling periods. When sound levels 

exceeded an A-scale threshold of 65 decibels ( dBA) for five consecutive seconds, an 

"event" was triggered causing the meter to 1) create an electronic data marker that was 

displayed in the data review software, NorReview, discussed in Section 2.2, and 2) record 

the actual sound received by the microphone in a WA V file. Event markers ended and 

recording of the WAV files ceased when sound levels dropped below 65 dBA for five 

consecutive seconds. To conserve the long-term meter's memory and disk space, events 

were set to last no longer than 15 minutes and W AV files were limited to a maximum 

duration of 1 minute, regardless of how long at event extended beyond those constraints. 

The event and WA V file durations were long enough to fully identify all trains and even 

most other sound producing sources, such as planes, vehicles, sirens, birds, children 

playing, thunder, and numerous types of landscaping equipment. The threshold of 65 

dBA was chosen because it is substantially above background sound levels in most 

suburban and residential areas, including Teaneck, reducing the chance for excessive 

triggering of non-train events and WA V file recordings. The WA V files were extremely 

useful during data processing, allowing positive identification of the source of sound

producing activities occurring near the meter, whether or not train study personnel were 

present. 
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To test the long-term sound level meter and optimize the programmed settings for 

the measurement of train sound level emissions, the instrumentation was deployed for 

three separate 4-day periods in September 2006 on the track side of a residence in 

northern Teaneck (Figure 2.1, Location #1). The meter was located 13.7 meters (15 

yards) from the nearest train track. During this pilot period, study staff optimized meter 

settings, verified that data collection was reliably triggered by passby trains, and that the 

meter was recording WA V files and storing the data to the flash memory card. 

Measurements collected during these September periods were excluded from all analyses 

because the meter setup, the station configuration, and the microphone siting criteria all 

varied slightly from the final configurations used during the official sampling campaign. 

On October 7, 2006, the full station, including the meter, one deep-cycle battery, 

and the storage box, was deployed to Location #2 (Figure 2.1) for a complete week of 

testing in anticipation of the first intensive monitoring period. The meter was set to run 

for a full week ( 168 hours). After reviewing the data collected for the period of October 

7 through October 14, it was determined that valid sound level data were collected and 

that the week should be deemed the first sampling period of the annual monitoring 

campaign. In total, sound level data were collected at nine different locations in Teaneck, 

eight of which were within 27.4 meters (30 yards) the tracks, and across 58 sampling 

periods (Table 2.2). Subsequently, the first intensive period began on October 14th. It 

was during this intensive period that train study personnel discovered how complicated it 

would be to capture idling with the long-term meter due to the numerous stopping 

locations. As a result, the long-term meter data were used primarily to characterize 
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Table 2.2 Long-term meter sampling periods, meter location during each period, 
an ddt . tt a a processm2 s a us 

Period T -- c 

1: 9/9/06-9/13/06a 1 Yes 

2: 9/16/06-9/20/06a 1 Yes 

3: 9/20/06-9/24/06a 1 Yes 

4: 10/7/06-10/14/06 2 Yes 

5: 10/14/06-10/22/06b 2 Yes 

6: 10/22/06-10/29/06b 
,., 

Yes .) 

7: 10/29/06-l l/5/06b 3 Yes 

8: 11/6/06-11/11/06 4 No 
9: 11/13/06-11/20/06 4 Yes 

10: 11/21/06-11/28/06 5 Yes 

11: 11/29/06-12/6/06 5 Yes 

12: 12/6/06-12/13/06 5 No 
13: 12/14/06-12/21/06 6 Yes 

14: 12/21/06-12/28/06 6 Yes 

15: 12/28/06-1/4/07 6 Yes 

16: 1/4/07-1/11/07 6 No 
17: l/12/07-l/19/07b 6 Yes 

18: l/19/07-l/26/07b 6 Yes 

19: l/26/07-2/1/07b 6 Yes 

20: 2/1/07-2/08/07b 6 Yes 

21: 2/9/07-2/16/07 2 Yes 

22: 2/16/07-2/23/07 2 Yes 

23: 2/23/07-3/02/07 2 Yes 

24: 3/2/07-3/9/07 2 Yes 

25: 3/9/07-3/16/07 2 Yes 

26: 3/19/07-3/26/07 1 Yes 

27: 3/29/07-4/5/07 1 Yes 

28: 4/5/07-4/12/07 1 Yes 

29: 4/13/07-4/20/07 1 Yes 
"Testing periods - data excluded from all analyses 
b Intensive monitoring periods 
c Locations are shown in Figure 2.1 

Period Loe.~ 
30: 4/20/07-4/27/07 1 Yes 

31: 4/28/07-5/5/07 1 Yes 

32: 5/5/07-5/12/07b 1 Yes 

33: 5/12/07-5/18/07b 1 Yes 

34: 5/18/07-5/24/07b 1 Yes 

35: 5/24/07-5/31/07 1 Yes 

36: 5/31/07-6/7/07 1 No 
3 7: 6/7 /07-6/14/07 1 No 
38: 6/15/07-6/22/07 1 No 
39: 6/22/07-6/29/07 1 No 
40: 6/29/07-7/2/07 7 Yes 

41: 7/6/07-7/7/07 7 Yes 

42: 7/10/07-7/17/07 7 Yes 

43: 7/17/07-7/24/07 7 No 
44: 7 /24/07-7 /31/07 7 Yes 

45: 7/31/07-8/7/07 7 No 
46: 8/9/07-8/16/07b 8 Yes 

4 7: 8/16/07-8/22/07b 8 Yes 

48: 8/22/07-8/28/07b 8 Yes 

49: 8/28/07-9/4/07 8 Yes 

50: 9/4/07-9/11/07 8 Yes 

51: 9/11/07-9/18/07 6 Yes 

52: 9/20/07-9/27/07 6 Yes 

53: 9/27/07-10/4/07 6 No 
54: 10/4/07-10/11/07 6 No 
55: 10/11/07-10/18/07 6 No 
56: 10/20/07-10/27/07 6 Yes 

57: 11/5/07-11/12/07 6 No 
58: 11/14/07-11/21/07 9 No 
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passby activities while the detailed observations made during the intensive monitoring 

periods were used to characterize idle activities. 
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During approximately weekly visits, train study staff replaced the memory card 

and batteries, checked the meter accuracy against a calibrator, and, in some cases, moved 

the meter to a new location. Data were downloaded from the data card to a laptop to 

provide redundant data storage and to verify meter performance/data collection. After 

each site visit, the depleted batteries were brought back to Rutgers University for 

recharging (12 to 24 hours per battery), and data were downloaded from the data card to a 

study-specific computer for additional data storage redundancy. The data were also 

visually scanned using the NorReview (NorSonic, Tranby, Norway) software, to assist 

study personnel in quickly identifying problems with the meter or the monitoring location 

that might necessitate an unscheduled site visit and adjustments to the monitoring 

equipment. 

2.1.4 Intensive Monitoring Periods 

Seasonal, in-person intensive monitoring periods were designed and incorporated 

into the annual field sampling campaign to supplement the largely unmanned data 

collected by the long-term meter. The intensive monitoring campaign provided an annual 

assessment of the location, frequency, duration and sound levels of idling locomotives, as 

well as details and time activity information about passby trains not captured by the long

term meter. Hand-held sound level data collected during the intensives were used as 

inputs to an acoustical model that propagated train sound emissions into the community 

to assess population exposure to railway activity noise in Teaneck. The intensive 

regimen consisted four seasonal (fall, winter, spring, summer) periods during which three 
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study staff members conducted comprehensive observations. Observations were made 

for 24 continuous hours every third day over a three week period each season, capturing 

all seven days of the week. The intensive days were spread over three weeks for multiple 

purposes: to reduce the influence of stagnant weather patterns and periods of anomalous 

weather; to prevent short periods of abnormal train activity from biasing observations; 

and to accommodate the work and school schedules of the train study staff The dates 

and times of the 28 intensive monitoring days, as well as the long-term meter location on 

those days, are noted in Table 2.3. Each intensive day was split into three 8-hour shifts 

beginning in the early afternoon and continuing through the early afternoon of the next 

day. 

Before the start of the first intensive and at least once during each of the other intensives, 

the Teaneck police department was notified, in person, of the activities associated with 

and personnel involved in the train noise study. The authorities were also alerted to the 

presence of the long-term meter near the tracks in case any suspicious calls were 

received. During the intensive period shifts, staff positioned themselves in parking lots 

adjacent to the tracks or on overpasses where they could ensure an unobstructed view of 

the tracks and/or trains idling on them. They logged any and all activities associated with 

the railway (e.g., passbys, idles, horns, and track utility vehicles), extraneous noise 

sources such as planes and weather conditions. When possible, hand-held sound level 

measurements were made perpendicular to, and at measured distances from, idling 

locomotives to obtain sound imission levels. Measurements were also taken at multiple 

distances, when feasible and practical, for comparison with the sound propagation model 

output. 
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T bl 2 3 I a e . ntens1ve 1\1 . p . d omtorm~ eno s 

ID Season Begin Time End Time Begin Day End Day 
Meter 
Location 

1 Fall 2006 10/14/06 3 PM 10/15/06 3 PM Saturday Sunday 2 

2 Fall 2006 10/17/06 3 PM l 0/18/06 3 PM Tuesday Wednesday 2 

3 Fall 2006 10/20/06 3 PM 10/21/06 3 PM Friday Saturday 2 

4 Fall 2006 l 0/23/06 3 PM 10/24/06 3 PM Monday Tuesday 3 

5 Fall 2006 l 0/26/06 3 PM 10/27/06 3 PM Thursday Friday 3 

6 Fall 2006 10/29/06 3 PM 10/30/06 3 PM Sunday Monday 
,., 
.) 

7 Fall 2006 11/01/06 3 PM 11/02/06 3 PM Wednesday Thursday 3 

8 Winter 2007 01/16/07 1 PM 01/17/07 l PM Tuesday Wednesday 6 

9 Winter 2007 01/19/07 1 PM 01/20/07 1 PM Friday Saturday 6 

10 Winter 2007 01 /22/07 l PM 01/23/07 1 PM Monday Tuesday 6 

11 Winter 2007 01/25/07 1 PM 01/26/07 l PM Thursday Friday 6 

12 Winter 2007 0 l/28/07 1 PM 01/29/07 l PM Sunday Monday 6 

13 Winter 2007 01/31/07 1 PM 02/0 l/07 1 PM Wednesday Thursday 6 

14 Winter 2007 02/03/07 1 PM 02/04/07 1 PM Saturday Sunday 6 

15 Spring 2007 05/05/07 l PM 05/06/07 l PM Saturday Sunday 1 

16 Spring 2007 05/08/07 1 PM 05/09/07 1 PM Tuesday Wednesday 1 

17 Spring 2007 05/11/07 1 PM 05/12/07 1 PM Friday Saturday 1 

18 Spring 2007 05/14/07 1 PM 05/15/07 l PM Monday Tuesday 1 

19 Spring 2007 05/17 /07 1 PM 05/18/07 l PM Thursday Friday 1 

20 Spring 2007 05/20/07 1 PM 05/21/07 1 PM Sunday Monday 1 

21 Spring 2007 05/23/07 1 PM 05/24/07 l PM Wednesday Thursday 1 

22 Summer 2007 08/09/07 1 PM 08/10/07 l PM Thursday Friday 8 

23 Summer 2007 08/12/07 1 PM 08/13/07 1 PM Sunday Monday 8 

24 Summer 2007 08/15/07 1 PM 08/16/07 1 PM Wednesday Thursday 8 

25 Summer 2007 08/18/07 1 PM 08/19/07 l PM Saturday Sunday 8 

26 Summer 2007 08/21 /07 1 PM 08/22/07 l PM Tuesday Wednesday 8 

27 Summer 2007 08/24/07 1 PM 08/25/07 1 PM Friday Saturday 8 

28 Summer 2007 08/27/07 1 PM 08/28/07 l PM Monday Tuesday 8 

To ensure consistent information collection during the intensive periods, a data 

book was designed containing all of the pieces of information desired from each passby 

or idling train (see Appendix C). In addition, a bound, free-form log book was used for 

more elaborate descriptions and notes, drawings of idling train scenarios, measurement 
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locations, dialogue between train study staff, and related information. The standard set of 

information collected for each passby and/or idling train, as relevant, included: 

• train arrival and departure times at the observers location; 

• train event type (i.e., a passby or idle); 

• number of locomotives; 

• number of train cars (summer 2007 intensive only), using a hand-held 

counter; 

• locomotive company name and identification numbers; 

• train direction; 

• track (i.e., A, B, or C as labeled in Figure 2.3); 

• exact idling location(s) using the annotated aerial images (Figure 2.3 and 

Appendix A); 

• distance from long-term meter to idling trains, using the laser rangefinder; 

• qualitative noise levels and train speeds; 

• quantitative noise levels with the long-term noise meter for passbys on a 

known track and idles at a known distance from the meter; and 

• quantitative noise levels from idling locomotives, at measured distances, with 

a handheld noise meter (winter, spring, and summer 2007 intensives only) 

When possible (i.e., a train stopped to idle for a long enough period of time and in 

an accessible location), the observer recorded sound levels with a hand-held meter at a 

measured distance and increasing distances from the locomotives in nearby 

neighborhoods. The distance between the sound level measurements and the source 

locomotives ranged from 13.7 meters (15 yards) to as much as 161 meters (176 yards), 
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Figure 2.3 Satellite image of warehouse region on the south side of Teaneck, 
annotated with location numbers for assigning train idling position and 
track letters; a train was idling at location #10 on the day this image was 
taken . .... _..-.. ... 

Source: City of Teaneck 

but the distance was typically 27-32 meters (30-35 yards). Hand-held measurements of 

this type were taken during the second half of the winter intensive (Quest 2900), the 

spring intensive (Quest 2900), and the summer intensive (Quest 2900/Sound Pro). 

On-site observations made during the intensive monitoring periods were critical to 

the accurate characterization of the train activity in Teaneck. We were able to specify the 

location and duration of idling events and document that idling events occur in numerous 

locations throughout the study area. In total, train study personnel spent over 800 hours 

in the field during the course of the study, 672 hours during intensive periods. The in-

person observations provided data that the unmanned, long-term meter could not, such as 

the exact distance of a specific sound source from the meter at the time of an idle, 

substantially enhancing the usefulness of the collected long-term meter data. 
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2.1.5 Ambient Sound Level Measurements 

One of the goals of this study was to determine the contribution of sound 

emissions from trains to the ambient, or background, sound levels in residential 

neighborhoods. To do this, it was necessary to characterize existing sound levels in the 

neighborhoods when train activity was not occurring. Train study personnel began by 

choosing eight areas within Teaneck, at approximately 500 feet and 1200 feet from the 

railway, in residential neighborhoods on both sides of the tracks (Figure 2.4). In March 

2008, preliminary measurements were taken from the sidewalk at each location during 

afternoon and evening rush hour periods, using both the Quest 2900 hand-held meter and 

NorSonic 121 long-term meter, which was operated in manual mode for the starting and 

stopping of 15-minute sampling periods, but with all other settings used during the annual 

monitoring campaign. Initial evaluation of the collected data indicated that 

measurements were highly influenced by passing vehicles on neighborhood roads, except 

for location B, which was at the end of a dead end street and near a vacant, undeveloped 

lot. Therefore, in early April 2008, letters were distributed to five homes in the vicinity 

of the remaining seven locations requesting access to private property. The intent was to 

take sound level measurements at distances half way between each home and its closest 

street. 

After receiving a very positive response from nine residents in five of the 

locations, final measurements were taken with the long-term meter in late May 2008 at 

locations A, C, F, G, and H (data for B were retained from the April sampling), during 

daytime (10 a.m. to 4 p.m.), rush hour (6 a.m. to 9 a.m. or 4:30 p.m. to 7:00 p.m.), and 

overnight (12 a.m. to 5 a.m.) periods. The three time ranges were selected based on 

observed activity patterns in Teaneck and ensured that ambient measurements were 
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country Cll!.I 

Base Map Source: Google Maps 

obtained during the three types of activity patterns seen in suburban regions. Each 

measurement lasted 15 minutes and included the sounds from all typical neighborhood 

activities. The only activity excluded from the measurements was landscaping at a 

neighboring property, which was substantially louder than the ambient sound levels 

during the majority of each day. Measurements at locations D and E were not taken 
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because property access was not granted from any of the homes in those two areas. The 

results of the ambient sampling are discussed in Section 3.5. 

2.1.6 Data Time Standards 

Observations and sound level data collected by the hand-held meters are stored 

and presented in Eastern Time (ET). Specifically, all final data are presented in ET. As a 

result, data collected during the late-fall and winter months are in Eastern Standard Time 

(EST) and data collected during the spring, summer, and early-fall months are in Eastern 

Daylight Time (EDT). Selecting ET as the standard for reporting purposes was a logical 

because it allowed train study personnel to more easily correlate the collected sound level 

data with hourly activity patterns of Teaneck residents and observations and log book 

entries made during the intensive monitoring periods. However, to produce a consistent 

long-term meter dataset and avoid complications with changing the meter's internal clock 

while it was deployed, all long-meter data were collected and stored in the database in 

EST. Raw data viewed in NorReview between October 7, 2006, and November 5, 2006, 

need to be shifted by 6/7 hours, depending whether ET was on EDT/EST, because they 

were collected in Norwegian Time as set by the manufacturer. 

2.2 Data Processing and Storage 

2.2.1 Train Study Database 

Due to the large number of train events expected during the annual monitoring 

campaign and the need to manipulate, summarize, and extract information from the large 

dataset, a database (Microsoft Access, Office 2003) was created as the central data 

storage location. The database contains observations of train activity, all processed long

term meter data; corresponding hand-held meter data; supplemental information such as 
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listings of the long-term meter sampling periods and locations and the intensive 

monitoring days; and queries and functions to perform calculations and allow study 

personnel to extract explicit pieces of information. The data record structure within 

Access is ideal for the train study events, which are comprised of the numerous and 

variable pieces of information listed in Section 2.1.4. In addition, the relational table 

feature allows information that is identical for many records, such as the meter locations 

and sampling periods, to be listed and stored once in separate tables and linked back to 

each data record with a single, unique identifier. Not only did this feature increase 

efficiency within the database and reduce its size, but it allowed for pieces of information 

from multiple tables to be quickly and easily linked for cross referencing and data 

querying. Furthermore, all of the tables, queries, forms, and data processing functions are 

contained in one database file, allowing for easy storage, transport, and backup of the 

entire train study events dataset. 

Another feature within Access that aided data management, integrity, and 

consistency is the form feature. A data input form (Figure 2.5) was designed containing 

fields for nearly all of the pieces of information that could be stored for each event, 

providing one centralized location and format for creating and maintaining events in the 

database. The form also provided a fast and consistent way to view data records already 

entered into the database. All drop-down boxes on the form were populated with pre

defined entries to reduce the chance for typographical errors, to limit and standardize the 

values for each field, and reduce data entry time. The text box fields were constrained to 

either character strings with a specific character limit or numerical values with preset 

formats, such as an integer or a real number with one decimal place. 
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Figure 2.5 Data entry form within the train study database and a data record for a 
assb train event 

Teaneck Train-Noise Study Event Log 
Event ID: I 54 61 I 

~---
Event Creator. lcraig Anderson vi Oreation Date: I 8127120071 

~----

Event lnfonnation Estimated Speed and Noise Levels by Observer 

IEvent Type: IT rain vi Observed Train Speed: !Very Slow/Stopping v I 
Train Event Type: IPassby vi Observed Sound Level {foes.): !Moderately Loud vi 
By Noise Meter jevenH hres'rnotd is 65 dB): 

Start Date: 8113120 071 End Date: 8113120071 
Observed Sound Level {cars): !Moderately Loud vi 

Start lime: 6:15:54AM I Efldlime: 6:20:26 AMI N'oise Levels from Hanel-Held Meter 

By OtJserver. 

Start Date: 8113120071 E1md Date:: 

Start lilme:: 628 AMI Eimdllme: 

OtJservation Location: ~17_6._5 __ 

[Far example: Vet. Brid ge=J.2 , Sony Lot=71, Law Offire=34, Knight's=35) 

kl~e locati.oo (IQl to 3; use map #'s): 

1: 116.5 I 2: 3: 

Train Information 

l rack Letter: ~l e ___ ~ vi Train Heading: I North vi 
2 vi Number of Locs.: ~I ---~ NumtJer of Ca rs:: I 71 1 

Model# Locomotive On 

1st Loc. Company: 

21111 Loc. Company: 

3rd Loc. Companr. 

4th Loc. Company: 

5th Loc. Company: 

IMeter Location: 

Samplinig Period: 

Record: [ff][IJ I 

1csx v 54371 ~ 

1csx v 53051 ~ 

IUNK v 01 D \ 

IUNK v 01 D 

IUNK v 01 D 

I Soap facto ry s de rail 

!Week 46 819107, 8116107 

Save This Event 

8155 [}][ill~ of 97'16 

Minimmn (dB): Leq(dB): 

Maximum {dB): Duration (m m:ssi : ~ 

Dist to Train {yds): 

N'oise Levels from Norson.c IMeter 

Lavg: 73.41 SEL ("Surn" tao): 
:==~ 

Lmax floes.}: I 87.61 Lmax 11molilil): 
~=~ 

Lmax fears): I 80.31 Dist , to Train (ydsl: 

WAV file narnejs), if availa'tlle:: 

IR0000985.wav to R0000988.wav 

Comments: 

Combination of 4 events. Observer also saw this train 
idling at location 76.5. Mixedl cars but mostly auto carriers 

I Delete This Event I 

The time and date fields also have an input mask, displaying the required format 

and moving the cursor accordingly as the user types. All study personnel involved in 

processing the sound level data did so systematically using the same form, ensuring that 

every entered event would be a unique record in the data table; each numeric, date, and 

time field was in the same format; and all calculated fields were computed the same way 

every time an event was saved. To create an event, the train study staff member viewed 
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the sound level data in NorReview (discussed in Section 2.2.2) and filled out the form 

based on the information available for the event from the data and the log books. The 

person entering the information chose his or her name, but the event ID and the record 

creation date were automatically assigned by the database. Next, the event type, which 

was usually a train but could be anything from a plane, to vehicles, to weather (i.e. 

thunder, wind, rain), was selected, along with the type of train event (passby, passby+ I 

idle, passby+2 idles, idle, or engines off). Following the event descriptions are the start 

and end times of the event as detected by the meter and/or as noted by study personnel. 

The location at which the observation was made was also entered, if available, and up to 

three idle locations could be entered, since trains were occasionally observed to stop in 

one location but move to a different location at a later time. 

The next section of the form contains characteristics about the track on which the 

train was traveling (A, B, or C); the direction the train was heading (north or south); the 

number of locomotives and attached cars; the company (i.e. CSX, Conrail, Norfolk 

Southern); the identification number listed on the side of each locomotive; and whether 

each locomotive was turned "on". This information was usually only available for trains 

observed during the intensives, during the daylight hours when visible air emissions 

could be seen exiting the stack of each locomotive, and during idling. The last two items 

in this section of the form are the meter location and the sampling period. 

The right side of the form includes three qualitative and subjective selections for 

observed trains to help relate the sound levels recorded by the long-term meter with the 

perceptions of someone viewing and listening to the train event from the side of the 

tracks. Below these items are input boxes for sound levels collected with the hand-held 
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and long-term meters and a general comment box for noting additional details, 

descriptions, and information about each event. The contents of the qualitative and 

subjective fields were not used systematically in any calculations, but they provided 

supplemental information to assist data processors in creating the events and for assessing 

each event's data quality during analysis. Upon completion of the form, the event was 

saved and the form was navigated to a new record using the arrows at the bottom. 

Another feature within Access that added tremendous power and flexibility to the 

input form is the incorporation of the Visual Basic programming language. Within the 

form and in the separate "Modules" section of the database, functions were written to 

perform additional calculations and data reformatting each time the "Save This Event" 

button was pressed on the form. For instance, to save time during data entry, if both a 

start date and an end date were entered for an event, which was usually the case, pressing 

the "Save This Event" button called a function to create a combined date-time value for 

both the start and end times of the event and compute the duration of the event in 

seconds, minutes, and hours; the hour of the day in which the event began; and the day of 

the week on which the event occurred, in numerical and text formats. In a fraction of a 

second, all of this information was compiled and the corresponding fields in the data 

table were updated accordingly. 

Using the data input form and NorReview, week-after-week of data was 

processed by multiple train study personnel, entering as much information as possible 

from NorReview and the intensive and weekly site visit data sheets and log books. 

Because this effort was very labor intensive, even with all of the efficiencies of the 

database and entry form, not all of the weekly sampling periods were processed, as was 
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discussed in Sections 2.1.2 and 2.1.3. First, and foremost, all of the weeks spanning the 

intensive periods were processed. Second, weeks from each season and most monitoring 

locations were chosen to ensure that the events dataset would capture the annual 

variability of train activity at Teaneck, as described previously. 

The final aspect of the Access database that was beneficial to this study is the 

query functionality. Through a simple design window, tables and queries were selected, 

allowing the user to choose any field(s) available within them. The selected fields could 

be displayed in the query results without any manipulation, or the fields could be 

converted to a new format They could be incorporated into "IF" statements to limit the 

results, used in equations for the computation of new fields, or their summary statistics 

could be viewed (e.g., mean, median, sum, count, maximum, minimum). In the end, 

dozens of queries were created and most query results were obtained in less than a second 

despite the large size of the database (~9,750 records). The performance and flexibility 

of the database structure aided the quick, consistent, and efficient analysis of results 

(Section 3). 

2.2.2 Long-term :Meter Data 

All data collected with the NorSonic 121 long-term meter were viewed using the 

NorReview software package (Version 2.0, Type 1026, NorSonic, Tranby, Norway), 

designed specifically to work with sound level data. Each weekly sampling period has a 

separate set of folders and files associated with it, containing a varying number of event 

marker and WA V files depending on the number and types of sound producing events 

that occurred during the period. All of the files for each week were referenced in one, 

central "Nor-121.npf' file that was opened directly in NorReview. The sound profile for 
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each sampling period was plotted in the main graph window with the local clock time on 

the horizontal axis and decibels on the ve1iical axis. An example of a passby train event 

and ambient sound levels before and after the event is shown in Figure 2.6. Also shown 

are event markers (turquoise bar above the graph), triggered between when sound levels 

exceeded 65 dBA and dropped below 65 dBA, and WA V file markers (green bar above 

the graph). Based on the meter settings selected for this study, the event markers could 

be 15 minutes in duration· coITesponding WA V files were recorded for no more than 1 

minute due to their large size (approximately 1 MB per minute) . Some idling events 

occurring for many hours near the monitor created several hundred markers. This 

happened because air releases and the cycling of the locomotive engines and compressors 

caused sound levels to rise above the 65 dBA threshold and fall below it again 

approximately eve1y minute for the majority of the idling event (Figure 2.7). 

Figure 2.6 NorReview data window showing the continuous sound profile and a 
assb train event 

1,,. ............. ___ ,,..._..., 
WAY file marker (green bar) • 6 • 

iil # lil - ~~- 'ls Event marller (cyan bar) 

·~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ... ... ... 
'" .. .. .. .. 

" " ,. 

Hom at 109 8 dBA - --..... ... 
- Passby train event (>65 dBAJ 

Ambient sound levels 

~'--:::::o=:::--:::,,~~-~-::--::: .. ~.~-::-:: .. ~ .. ~-::-: .. ~.-:::-:.=,M~ .. ~-~.~.M~-~-~,,~~-=~---::'.,. ,~,.~-:--:;-~~-~-:--:;:~~-~-::-'"':::::-::::::-::::;:;;:~~=-:=:::~;;;:::=-~ 

Passby start/end times and duration 
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Figure 2.7 NorReview data window showing multiple event and WAV file markers 
durin an idlin event 
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WA V files were played with an internal or external media player to verify the type of 

noise event (e.g. , airplane train idle passby horn). 

The processing of each weekly sound profile consisted of first, setting the stru.i 

time of the week to the conect time standard using a built-in time offset feature in 

NorReview. Because all long te1m monitor data collected after November 6, 2006 were 

collected in EST and the data were stored in the database in local time (EST or EDT, as 

> 

appropriate), a one hour adjustment was made for data collected between March 11 , 2007 

and November 4, 2007. Once the proper local time was set the train study staff member 

would begin scrolling fmward through the sound level time series until a passby or idling 

event was found. Next, the WAV file was played and the event marker was selected 

highlighting the event period. Occasionally, sound levels dropped below 65 dB during an 

event causing the creation of multiple event markers and WA V files . In this case the 
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entire event was manually selected from the beginning of the first event marker through 

the end of the last marker. In other instances, no marker was created at all, even though 

the sound profile clearly indicated a train, either because the event was not loud enough 

or for some other reason the NorSonic 121 meter software did not trigger a marker. For 

train events without a marker, the user simply highlighted the event manually based on 

the 65 dBA trigger threshold. 

Once the event marker was selected, the user would create a new event in the train 

study database using the event form, entering the type of event, the start and end time of 

the event, the meter location, the sampling period, and several sound level statistics 

available on tabs in the NorReview window: average, sum (also called SEL), and 

maximum. The user would then enter the maximum dBA value for the locomotive(s); all 

of the train cars combined; and the horn, if the horn was blown and it could be identified. 

For idling events, such as the one shown in Figure 2.8, only the locomotive sound level 

associated with the idling portion of the event, i.e. the steady portion of the sound profile 

after passage of the locomotives, was entered. 

The direction in which a train was heading could usually be determined for 

passby events that occurred when the meter was located near the north-side grade 

crossing, based on the horn-use pattern by trains approaching the grade crossing as 

evidenced during intensives. For instance, if the horn was blown next to the meter when 

it was in locations #1 and #6 (reference Figure 2.1), as shown in Figure 2.6, then the 

train was heading northbound. However, if a distinct horn blowing pattern was evident in 

advance of the passby event (meaning multiple sharp spikes in sound levels and 

increasing maximum dBA levels for as long as five minutes before the train reached the 
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Figure 2.8 Nor Review data window showing the slow approach of a train that 
sto ed to idle with sound levels well above ambient before event 
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Figure 2.9 NorReview data window showing a typical horn blowing pattern ahead 
of a southbound train 
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meter) (Figure 2.9), then the train was heading southbound. This pattern reflects the fact 

that southbound trains tend to blow their horns as they approach and pass through several 

grade crossings in the city to the north of Teaneck and at Teaneck's northern boundary. 

Frequently while processing the sound level data, events triggered by non-train 

sound sources (e.g., planes, vehicles, birds, sirens, landscaping equipment, thunder) were 

encountered. When a previously undocumented source type was encountered, an event 

was created in the train study database for documentation purposes, but for the most part, 

non-train events were simply ignored. 

On occasion, multiple trains passed the meter concurrently, making the sound 

levels from the two or three trains nearly indistinguishable from one another. When this 

happened the average dBA levels for each train and the train car maximum dBA levels 

were not entered. 

During the long-term monitoring campaign study personnel processed sound level 

data for 7,532 passby trains (regardless of whether or not there were idling trains and 

limited to trains with a noted locomotive sound level >O) from which hourly, daily, 

weekly, seasonal, and annual train activity patterns and average passby duration were 

derived. Of those 7,532 trains, data for 804 passbys were obtained during the intensive 

monitoring periods, when additional observational data were collected. For 765 of these 

trains, we know the track the train was traveling on and the direction it was heading. 

From this subset, the distance between the train and the long-term meter was calculated, 

allowing these sound levels to be used in sound level computations and for modeling. 

NorReview was also used to compute ambient sound levels at the various long

term meter locations through the use of manually created exclude markers. The raw data 
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collected for each sampling period included all activities that occurred near the meter, but 

also general background sound levels when no particular sound producing source was 

near the meter. Data processing personnel manually generated markers for all train 

events during selected weeks and excluded those periods from the sound level 

calculations, producing average Leq values for those monitoring locations without any 

train activity. Unfortunately, these derived ambient sound levels only have limited 

applicability to the study since they are focused along the rail corridor and not the 

surrounding neighborhoods. Ambient sound level measurements were made in the 

neighborhoods in April and May 2008 to supplement these. 

To evaluate the sound contribution from each type of train activity, i.e., passby or 

idle, the markers for just passby events were enabled and then conversely, the passby 

events were excluded and the idle events were included. These various analysis 

techniques identified how much of the sound measured at the meter location was due to 

non-train activity, all train activities, passby trains alone, and idling trains. The results of 

this process are discussed in Section 3. 

Data processing required standardized procedures and knowledge of the train 

study objectives, factors affecting the collected data, and behavioral characteristics and 

sound-producing activities of the trains in Teaneck. To increase the understanding of all 

data entry staff, each person spent at least one day in the field during an intensive 

observation period. Visually and audibly experiencing the trains and activity in Teaneck 

substantially improved the data processor's comprehension of the data viewed in 

NorReview and his or her ability to interpret features of the sound profiles. 
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2.2.3 Hand-Held l\feter Data 

The short-term data collected with the Quest 2900 meter were downloaded 

directly from the instrument to text files for input into a Microsoft Excel spreadsheet and 

the appropriate fields on the Access database entry form. For the Quest Sound Pro meter, 

the data were manually transferred by study staff using software designed specifically to 

work these data from a display screen to the same spreadsheet. The complete dataset for 

both meters is available in Appendix B. Very little processing was required for data from 

either meter and most of the effort was simply compiling the data into one centralized 

spreadsheet and inputting fields into train event records in the Access database. 

2.3 Model Setup and Development 

In this work, an acoustical model of Teaneck was constructed within commercial 

sound propagation modeling software (CadnaA, Version 3.7, Datakustik, Greifenberg, 

Germany), and field measurements were used to establish appropriate spectral inputs. 

This model will ultimately be used for several purposes: 1) to depict the sound emission 

propagation characteristics from freight train locomotives in a suburban, residential area 

during idling, passby, and horn use activities; 2) to evaluate the impacts of train sound 

level emissions on the community above existing background sound levels; 3) to provide 

a framework for evaluating sound emission impacts/benefits from potential scenarios not 

considered in this study and various noise mitigation strategies; and 4) to provide spectral 

model inputs that could reasonably be used in other suburban cities experiencing similar 

freight train noise problems. Predictive sound propagation modeling to determine the 

approximate spatial extent of sound emission impacts and areas of maximum noise 
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impacts can provide considerable insight to those evaluating noise mitigation strategies 

and planning monitoring programs. 
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Two established sound propagation modeling software packages were considered 

for use in this study: SoundPLAN (Braunstein & Berndt GmbH, Sheldon, WA) and 

CadnaA (Datakustik, Greifenberg, Germany). Evaluation based on ease-of-use, cost, 

technical support, and reputation lead train study staff to choose the CadnaA model for 

this train noise study. Regardless of which model had been chosen, the model needed to 

be built from scratch, beginning with base layers, such as elevation and roads, and adding 

in buildings, the railway, and sound emission points. The process required multiple data 

sources and software packages. 

2.3.1 Base Layers 

The first of three geographical data layers prepared consisted of the roads, blocks, 

and land parcels for Teaneck Township. These data were obtained from the township 

itself Because all three layers were exported from the same system, they were all 

mapped to the same projection and had the same units (feet). All steps used to establish 

the layers in CadnaA are detailed in Appendix D. 

The second layer was a 10-meter resolution digital elevation map obtained from 

the U.S. Geological Survey. The steps performed with this layer in the ArcMap software 

(ESRI, Redlands, CA) to prepare the data for import into CadnaA are detailed in 

AppendixD. 

The final layer, which contained over 2000 buildings (mostly homes) in Teaneck, 

was manually generated within CadnaA using high-resolution aerial images of Teaneck, 

parcel boundaries, and building heights obtained by train study personnel who drove 
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around Teaneck from building-to-building, categorizing buildings by the number of 

stories. It was assumed that each story was 10 feet tall (3.048 meters). This estimate was 

validated for several buildings using a laser rangefinder and triangulation. 

The version of CadnaA used for this study had a limitation of 1000 active 

buildings, which presented a problem due to the extensive area being modeled. As a 

result, the buildings were broken up into small groups based on the street and the 

building's location on the street. This process allowed staff to enable and disable 

buildings based on the location of interest for each model run. The model has since been 

upgraded to allow for an unlimited number of structures. 

The procedure for creating the buildings is detailed in Appendix D and the 

completion of this layer in CadnaA enabled model runs to be performed once the inputs 

for idling trains (point sources in CadnaA) and passbys (railway activity or line sources in 

CadnaA) were determined. 

2.3.2 :Model Inputs 

Analysis of the sound level data collected by the long-term and hand-held meters 

was performed to determine the inputs for the sound emitting features modeled in 

CadnaA. These and other results are presented in Section 3. 

Multiple model inputs were necessary to account for the three main types of 

sound producing activities performed by the trains: idling, passby, and horn use. Average 

sound level measurements for a single idling locomotive were computed from hand-held 

noise measurements of 9 idling trains that only had one locomotive running and long

term meter measurements from 10 other idling trains with only one locomotive running 

and an observer present to measure the distance between the meter and locomotive. 
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Sound level profiles were segmented into l 0-minute periods, to simplify the process of 

filtering out sounds measured from non-idle related sources. In total, 4,311 minutes of 

data from 426 l 0-minute segments captured by the long-term meter, plus 11 

measurements (51 minutes total) collected with the hand-held meters, were used to 

compute the average sound imission levels for a single locomotive. These values were 

the direct inputs for average single-locomotive idling scenarios in the model. 

Sound emission levels for the average passby were derived using two methods. 
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The first method used to determine passby sound levels involved averaging spectral 

sound level data for all passbys measured on four (4) intensive monitoring days 

(1/16/2007-1/17/2007; 1/22/2007-1/23/2007; 5/11/2007-5/12/2007; and 5/17/2007-

5/18/2007). These four days were chosen because they all had at least the average 

number of daily passbys, 28, and they represented two monitoring locations. The sound 

level data for all trains for which the track and train heading were known and the horn did 

not impact the sound levels during the duration of the passby were obtained using 

NorReview. The resulting dataset included 83 samples out of 122 observed trains. 

The second method used the complete database to confirm the sound level values 

computed from the four-day subset and entailed taking sound levels entered into the 

database for each passby and combining them with the track information collected by 

study personnel during the intensives and the distance measured from all long-term meter 

locations to each track. This resulted in a dataset of 246 trains for which all three sources 

of information were available. It also excluded passbys where horn use was noted, an 

idle was present, or some other interference was indicated by the observer/data processor. 

The sound level measurements were then standardized to 30.5 meters (LOO feet) using a 
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standard sound level decrease rate for moving sources of 3 dBA for every doubling of 

distance from the source (Hanson et al., 2006). However, because so much data was 

collected on the north side of Teaneck, near the grade crossing, nearly all of the 

southbound passbys had recorded horn use, even though the horns were blown long 

before the train reached the meter, meaning that the horns had no influence on passby 

sound levels and the trains were inadvertently excluded from the analysis. To determine 

an acceptable cut-point for including trains with noted horn use, a histogram of horn 

sound levels for all passbys measured and processed for monitoring locations #1 and #6 

was produced (Figure 2.10). The data show a large drop in the rate of occurrence after 

the 65-70 dBA range, which corresponds to the maximum sound levels of southbound 

trains. As a result, all trains without horn use or those with horn sound levels <73 dBA 

were included in the computations. The resulting dataset increased to 425 trains. 

Unfortunately, this method cannot provide the spectral data necessary for the model 

inputs; therefore, the results can only be used for verification of the first method used to 

derive passby sound levels. 

Hom blowing within Teaneck was mostly associated with passbys heading 

northbound between the spice facility (map locations #79-80; see Appendix A) and the 

grade crossing at the north end of Teaneck. These horns were quite loud, exceeding 100 

dBA at 30.5 meters (100 feet) approximately 80% of the time, and residents living along 

the tracks in northern Teaneck complained about the horns waking them at night. To 

extract horn sound level data from NorReview, the peak decibel reading and associated 

spectral frequencies were noted for passbys that blew their horns exactly as they passed 

the meter (as determined by listening to the WA V files and by examining the shape of the 
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sound profiles), ensuring that the distance between the horn and the meter was known. 
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Only data from trains on the same four intensive days used to determine the passby sound 

levels were used to determine the average horn sound level and spectral frequency 

distribution, resulting in 20 samples. 

The three types of sound level inputs were incorporated into the model together 

and independently to account for several train activity scenarios, such as a single idling 

train, multiple idling trains at the same location, passbys, and horn blowing adjacent to 

homes in northern Teaneck. The modeling of these scenarios is beyond the scope of this 

thesis. 
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2.4 Quality Assurance and Quality Control 

During the long-term monitoring campaign, data review and processing occurred 

simultaneously with the sampling so that analysis of the sound levels and adjustments to 

the sampling methods and intensive monitoring procedures could be made during the 

study to ensure that objectives would be achieved. Changes to the monitoring, intensive 

observation, and hand-held measurement protocols were occasionally necessary to 

correct for data and information gaps. Of primary interest were the temporal and spatial 

activities of passbys, e.g. trains passing through Teaneck without stopping, and idles, e.g. 

the trains which stopped within Teaneck' s boundaries and kept at least one locomotive 

running. Due to large amount of sound level data collected during the annual monitoring 

campaign and data redundancy in some of the meter locations with extensive sampling, 

data processing was limited to 41 of the 55 non-testing sampling periods, but included all 

weeks containing the intensive monitoring days. The following quality assurance and 

control procedures were implemented to ensure that high quality data were collected; that 

processing of the data was consistent and accurate; and that all components of the noise 

propagation model were incorporated properly and that output was reasonable with 

respect to measured sound levels. 

2.4.1 1\-fonitoring Equipment 

The NorSonic 121 sound level meter was purchased new with a certified 

calibration from the manufacturer. Also, as is standard practice, a calibrator (Quest QC-

10, Serial Number QID070226, with one setting of 114 dBA; certified annually in April 

2006 and again in April 2007; or a Quest QC-20, Serial Number Q090900323, with dual 

settings of 94 dBA and 114 dBA; certified in October 2006) was used to verify the 
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meter's accuracy when it was deployed in the field on October 7, 2006, and on 16 

additional dates during the study. Table 2.4 contains a list of the accuracy check dates, 

the duration, the calibrator setting, the long-term meter reading, and the difference 

between the setting and the reading. Over the 13 months of deployment, through the full 

range of weather and temperature variations common to northern New Jersey, the long

term meter generally remained within ±0.3 dBA, except on November 29, 2006, and 

September 11, 2007. However, because the calibrators have an output accuracy of ±0.3 

dBA and the accepted accuracy of sound level meters is ±0.3 dBA, any readings within 

±0.6 dBA of the calibrator decibel setting are considered valid. 

Other quality assurance checks performed during weekly site visits and after 

monitor relocation included: noting battery voltage on the deep-cycle batteries; noting the 

internal battery gauge on the long-term meter; verifying the long-term meter's clock time; 

and physically evaluating of the storage box, microphone, pad locks and chains used to 

secure the station. 

The hand-held Quest 2900 and SoundPro meters were certified annually. An 

accuracy check of the 2900 was performed in the field on January 22, 2007, matching 

both QC-20 calibrator settings of 94 and 114 dBA exactly, and again on May 5, 2007, 

registering 93.7 dBA and 113.7 dBA for the two QC-20 settings, respectively. An 

additional test was performed with the Quest 2900 by placing it vertically on top of the 

long-term meter box during an idling event on August 13, 2007. The Quest 2900 

measured an average sound level of 69.0 dBA (Lmax=70.5 dBA), while the co-located 

long-term meter for the same period reported a 68.3 dBA (Lmax of 69.7 dBA). 
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T bl 2 4 L a e . h k ong-term meter accuracy c ec s 
Duration Calibrator Setting Meter Reading Difference 

(dBA) (dBA) (dBA) 

10/7/2006 40 sec 94.0 94.1 +0.1 
10/14/2006 50 sec 94.0 94.2 +0.2 
] 0/29/2006 35 sec 94.0 93.9 -0.1 
11/21/2006 30 sec 114.0 113.8 -0.2 

35 sec 94.0 93.8 -0.2 
l l/29/2006a 30 sec 94.0 94.5 +0.5 

25 sec 114.0 114.6 +0.6 
1/4/2007 35 sec 94.0 94.0 0 

1/19/2007 30 sec 114.0 114.0 0 
30 sec 94.0 93.8 -0.2 

5/5/2007 30 sec 114.0 113.7 -0.3 
40 sec 94.0 93.7 -0.3 

6/29/2007 30 sec 114.0 113.9 -0.1 
40 sec 94.0 93.8 -0.2 

8/9/2007 35 sec 114.0 114.0 0 
9/11/2007 45 sec ] 14.0 114.4 +0.4 

40 sec 94.0 94.5 +0.5 
9/20/2007 1 min 30 sec 114.0 113.9 -0.1 
9/27/2007 1 min 15 sec 114.0 113.9 -0.1 
] 0/4/2007 1min30 sec ] 14.0 114.0 0 
11/5/2007 1min25 sec 114.0 114.0 0 

11/14/2007 45 sec 114.0 114.2 +0.2 
3/17/2008b 25 sec 114.0 114.1 +0.1 

a Study staff member noted that calibration was off by 0.5-0.6 dBA, but did not make any 
adjustments to the meter; b Calibration was perfonned before start of ambient measurements 

2.4.2 Train Study Database 

Data validation activities included the double-checking of event entries by a 

second staff member, the use of a standardized entry form, comparing entries with the 

study log books, and the use of Access queries and data sorting features. Many of the 
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components and features of the Access database used to store the processed train activity 

data were designed to maximize data consistency. 
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For example, the start and end times of an event documented by the long term 

meter were entered using a 24-hour clock time. If 11 pm was entered as 11 rather than as 

23, a negative "event duration" was generated. These errors were identified by sorting 

the main "Events" table in the database by the event duration; erroneous events were 

filtered to the top or bottom of the table. Similarly, for database entries such as the 

sampling period, a simple query showing a summary of the data processed by "sampling 

period" quickly revealed this type of data entry error by showing more than one row for 

the same sampling period. For example, period #28 might have 200 trains listed in the 

first row and then two additional trains in a second row. Other data validation checks 

involved the examination of a variety of statistics generated from the input data. Suspect 

records were few and in all cases were corrected after checking the original data. 

The cross-referencing of entered events with log book entries was critical to data 

processing personnel for two main reasons: 1) it ensured that all train events, namely 

idles, were identified during the intensive monitoring periods, and 2) it guaranteed that 

the time offset used in NorReview to adjust the sound level data display from EST to 

EDT during the appropriate times of the year was properly changed each time the 

program was used. The log books also provided invaluable information during times 

when multiple trains were concurrently passing the meter. During these occurrences, the 

sound level profile in NorReview appeared as one long passby, when in reality it was two 

separate trains, and the log book entries allowed the events to be accurately entered into 

the database. 

The final quality control method was the manual review of processed data and 

event entries by a second person. For all four of the seasonal intensives and many of the 
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weeks where data processing was complicated by sound producing activities external to 

the railway, the train events in the database and the sound profiles in NorReview were 

viewed by a second staff member not involved in the original processing of the sampling 

period. This process occasionally identified data entry errors that were not detected 

through other means. The database was a fundamental tool for processing and storing this 

large dataset. It provided a high level of data integrity through intrinsic relational 

database design features and manual quality control checks performed by train study 

staff 

2.4.3 CadnaA Model 

The primary quality assurance issue for construction of the CadnaA model layers 

was scaling. Distance plays a critical role in sound propagation; therefore, confirming 

that all layers and objects in the model were standardized to meters was essential. 

As discussed in Section 2.3, the digital elevation layer was acquired in meters and 

the buildings were created within CadnaA, causing them to be in meters. However, the 

road, block, and parcel layers received from the City of Teaneck were in feet and had to 

be converted after import into CadnaA (the methods used for the conversion are detailed 

in Appendix D). Proper conversion of the layers was obvious because all of the features 

were aligned geographically as expected, based on staff experience gained through their 

extensive amount of time in Teaneck. However, to physically justify that all layers were 

correctly aligned, a free, external software package named Google Earth (Google, 

Mountain View, CA) was used. Google Earth provides high-resolution satellite images 

of the Earth combined with a digital terrain, allowing for the identification of relatively 

small objects, such as vehicles, specific trees, and telephone poles, and the elevation at 
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any point. Built into the software is a ruler function, which calculates the distance 

between selected points, in any units chosen. Using these features, train study staff 

compared the distances between noise measurement locations and the tracks in the model 

with the measured (laser rangefinder) distances. This confirmed that the digital terrain 

map had been properly imported and adjusted from feet to meters in CadnaA. 

An additional quality assurance technique employed in CadnaA was building 

height confirmation. All buildings entered into the model were assigned building height 

categories, i.e., the number of stories. To verify that building height assignments were 

accurate, actual building heights for each category were measured. The manual 

measurements of some one and two story homes, as well as some multi-story buildings, 

in Teaneck were made using the laser rangefinder and triangulation. At a fixed point, 

level with the base of a structure, the distance from the observer to the building was 

determined. A second measurement of the distance from the observer to the roof line of 

the building was then made. Assuming that the wall of the structure was at a 90° angle to 

the ground, the vertical height from the base of the building to the top of the roof was 

calculated. This measurement technique confirmed that each story of the average home 

was about 10 feet and that attic space typically added an additional 5 feet; therefore, one

story homes were created in the model as l.5 stories, two-story homes were 2.5 stories, 

and three-story homes were 3.5 stories. 

Noise propagation within the model was assumed to be accurate because the 

model is thoroughly tested by its developers. However, sound levels predicted by the 

noise propagation model were compared with sound level measurements taken at 

multiple distances from idling locomotives using the hand-held meters. The closest 
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sound imission measurement to the locomotive, typically taken at about 27.4 meters (30 

yards), was used to compute the source emission sound level, which was then propagated 

out into the community and compared with the hand-held distance measurements. 

Overall, data processing was accomplished with only a few pieces of equipment, 

one full time person (myself) and five part-time study personnel. The data chain of 

custody remained with the one, full-time person (myself), and training/oversight 

regarding data processing methodologies were provided to all data processing personnel 

by one central staff member (myself), further ensuring the integrity of the train study 

dataset. 
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3. RESULTS 

The results described below characterize the train activity within Teaneck, NJ 

during the period October 2006 - October 2007. In addition to characterizing the sources 

of train noise exposure, these data provide critical inputs for noise propagation and 

exposure assessment modeling. 

3.1 Passby Trains 

The average number of passbys per hour was 1.16 ± 0.11(la)or27.8 passbys per 

day and ranged from a minimum of 1 train (0.04 trains per hour) on December 25, 2006, 

to a maximum of 38 trains (1.58 trains per hour) on March 9, 2007. The number of 

passbys varied little between weeks, months, and seasons (Figure 3.1). A few days, 

including major holidays and extreme weather events, had substantially reduced railway 

activity. There were numerous hours without any passbys, 128 hours with four passbys, 

20 hours with five passbys, and 1 hour with 6 passbys. 

A higher percentage of passbys occurred at night than during the day (Figure 

3.2), with an average of 1.4 per hour during typical sleeping hours (10 p.m. - 6:59 a.m.) 

compared to 1.1 per hour at other times (7:00 a.m. - 9:59 p.m.). Furthermore, the least 

amount of passby activity occurred on Mondays and a gradually increased through 

Thursday (Figure 3.3). 

The direction the trains were heading (Figure 3.4) was used to extract 

information about horn usage near the north-side grade crossing. For each northbound 

train, the horn was blown an average of 3 .1 times and for an average duration of 3 .3 

seconds, resulting in a total of 10.2 seconds of horn blowing per passby. This amount of 

horn use, combined with an average of 8.3 northbound trains per night and a sound level 

EX-0015-000092-PCE 



2 

1.8 

1.6 

1.4 
I/) 
c ·; 1.2 .. 
I-
~ 
0 .. 
Cl) 
.D 
§ 0.8 
z 

0.6 

0.4 

0.2 

6 

-5 
~ 0 -I/) 
c: 
'ii 4 ... .... .... 
0 
-c 3 
Q) 
u ... 
Q) 

0... 2 

1 

Figure 3.1 Average number of passbys per hour by day (Ndays = 291) 
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Figure 3.3 Average number of passbys and la error bars by day of the week 
(Ntrains = 7532) 
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of 104.3 dBA at 30.5 meters (100 feet) from the horn, is a major source of noise for 

residents living in houses adjacent to the tracks on the north end of Teaneck. Ironically, 

most of the southbound trains passed during the daytime, and blew their horns in 

Bergenfield (the city to the north of Teaneck), sufficiently far from Teaneck to result in 

minimal impact on Teaneck residents. 
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The duration of passby events varied greatly from a minimum of 12 seconds for a 

single locomotive without any train cars, to 30 seconds for the shortest train with cars, to 

nearly 19 minutes for extremely slow moving trains (Figure 3.5). However, over 92% of 

the passbys detected by the long-term meter and observers during the intensives were 

between 1 and 5 minutes in duration, with an average duration of 2.8 minutes, a standard 

deviation of 1. 7 minutes, and a median of 2.5 minutes. This duration, combined with the 

number of passbys per hour, resulted in an average of 78 minutes of passby train noise 

per day for all areas along the tracks in Teaneck, which translates to 546 minutes per 

week or a total of 20 complete days of continuous passby activity per year. Note that the 

highest passby frequency occurred during the midnight hour, increasing the probability of 

sleep interruption by passbys and horns. 

As was discussed in Section 2.3.2, multiple methods were used for analyzing the 

measured passby sound level data and determining a representative sound emission level. 

The first method produced an average sound level at 30.5 meters (100 feet) of 78.1 dBA, 

with a standard deviation of 3. 9 dBA and a range of 67. 5 dBA to 84. 9 dBA. The 

corresponding spectral data are shown in Table 3.1. The second method used to 

determine passby sound levels resulted in an average of 77.7 dBA, a standard deviation 

of 5.1 dBA, and a range of 58.2 dBA to 90.4 dBA. The average sound levels computed 
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with the first and second methods were comparable, within 0.4 dBA, providing 

confidence in the calculated average passby sound level of 78.1 dBA. While the second 

method used a larger data set, the result was a single Leq. Since the sound propagation 

model requires spectral data for inputs, the results of the first method were selected to 

represent passby sound levels. 

Table 3.1 Spectral Inputs for the Average Passby Train 
Frequency Z-Scale A-Scale 

(Hz) (dB) (dBA) 

3 l.5 83.3 43.9 

63 88.9 62.7 

125 83.2 67.l 

250 75.7 67.l 

500 73.4 70.2 

1,000 71.8 71.8 

2,000 69.2 70.4 

4,000 68.6 69.6 

8,000 69.l 68.0 

16,000 68.l 61. l 

The above passby train activity defined how the observed sound levels should be 

applied within the model. However, the passbys were only part of the railway activities; 

idling trains were the other main component. 

3.2 Idling Trains 

The primary purpose of this study was to characterize the time-activity, location, 

and sound levels of idling trains and their impact on the residents of Teaneck. Of the 

approximately 28 trains that passed through Teaneck each day, on average, about 7.4 

(26%) stopped within the Teaneck Township limits and kept at least one locomotive 

running, resulting in a total of 206 observed idling events (192 unique trains; 14 that idled 
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Figure 3.5 Percentage of pass by trains by duration (Ntrains = 7532) 
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in multiple locations) during the 28 intensive monitoring days. On three occasions, train 

study staff observed a stopped train that had all locomotives "off', and those trains 

stopped for an average of 801 minutes (13 .4 hours). The average idling duration was 

87.2 ± 158 (lcr) minutes, the median duration was 34.5 minutes, and the idle duration 

ranged from 2 minutes to 20.5 hours. Long-term meter data indicated that one idle lasted 

36.7 hours, over one-and-a-half days, based on the continuous sound level profile; this 

event was not observed in person. The distribution of idling trains by duration is shown 

in Figure 3.6. Based on the above statistics, Teaneck residents were exposed to 

approximately 642 minutes, or 10.7 hours, of idling train sound emissions per day, and 

the total amount of idling observed in a 24-hour period ranged from 30 to 1431 minutes. 

Idling varied considerably from week to week. For example, across the tracks from the 

warehouse on the south side of Teaneck nearly 98 hours (over 4 complete days out of 7) 
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Figure 3.6 Percentage of idling trains by duration (Nevents = 206) 
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of idling occurred from 8/22/07 to 8/28/07, whereas less than two weeks later at the same 

location, the weekly idling only totaled 18.6 hours. On average, a train was idling in 

Teaneck 44.6% of the time, which over the course of a year translates to 163 entire days 

out of 365. 

The average idling train had 2.4 ± 0.69 (la) locomotives, based on observations 

during the intensives. For 87 of the 206 idling events, study personnel were able to 

determine that the number of running locomotives was 2.1 ± 0.67. These are 

approximately the same numbers of locomotives that were observed for passbys (2.3 total 

locomotives and 2.0 running). The number of running locomotives will be used when 

defining idling sound sources in the acoustical model. 

Idling was most prevalent after 4 p.m. and before 7 a.m. and trains were most 

likely to begin idling during the 6 a.m. hour (Figure 3.7). The 6 a.m. hour also had the 
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highest average number of minutes with a train idling (Figure 3.8), and idling was most 

prevalent on Tuesdays (Figure 3.9). There were more than 20 minutes of idling per hour, 

on average, every hour of the day except from 12 - 3 p.m. (Figure 3.8). Sound impacts 

from idling are more likely to have been realized by residents because idles occurred 

preferentially during evening, overnight, and morning hours, when residents were more 

likely to be home. 

As is shown in Figure 3.10, idle locations varied widely throughout Teaneck, 

with a fairly even distribution of idling locations across several map locations in the north 

end, but the location were mostly concentrated in the south end of Teaneck between a 

few locations near the warehouse. 

Further characterization of the idling patterns was done by grouping the locations 

into one of five zones based on the maps in Appendix A: 

Zone 1: Map locations 0 up to 32 (southern border of Teaneck to the Veterans 

Bridge/Cedar Lane) 

Zone 2: Map locations 32 up to 64 (Veterans Bridge to the State Street Bridge) 

Zone 3: Map locations 64 up to 72 (State Street Bridge to Galway Place) 

Zone 4: Map locations 72 up to 81 (Galway Place to the Spice Factory) 

Zone 5: Map locations 81 through LOO (Spice Factory to the north end of 

Teaneck) 
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Figure 3.7 Percent of idle start times by hour (Nevents = 206) 
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Figure 3.8 Average number of idling minutes per hour by hour of the day 
(N events = 206) 
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Figure 3.9 Percent of idling by day of the week (Nevents = 206) 
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Figure 3.10 Distribution of idling events by map location number (Nevents = 206). 
Number of events over the 28 intensive monitoring days. 
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Figure 3.11 shows idling minutes per hour by zone. The largest number of minutes per 

hour can be attributed to idling near the warehouse (Zone 1). Other items to note are: 1) 

when idles do occur in Zone 5, they tend to be at night, and 2) the majority of idling in 

Zone 4 occurs between 2 and 10 am. The idling sound emissions in Zone 5 at night and 

the northbound passby horn use were the primary train noise complaints raised by 

residents on the north end of Teaneck. 

Trains are about as likely to idle in Zone 1, near the warehouse at the south end of 

Teaneck, as they are to idle in Zone 4, between a commercial building area and the 

residential area toward the north side of Teaneck (Figure 3 .12). However, the vast 

majority of idling, 68%, occurred in southern Teaneck (Zone 1; Figure 3.13) because the 

Figure 3.11 Average number of idling minutes per hour by hour of the day and 
geographic zone 
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Figure 3.13 Percent of total idling minutes by geographic zone (Nevents = 206) 
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Figure 3.14 Average idling duration by geographic zone (Nevents = 206) 
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average idle duration in Zone I was more than double that in any other zone (Figure 

3.14). Figure 3.12 also confirms that idling events rarely occurred behind residences on 

the very north end, Zone 5, where the homes are closest to the track (i.e.,~ 25 yards). 

As discussed in Section 2.3 .2, sound level measurements of single idling 

locomotives were made on several occasions using hand-held and long-term meter data. 

The combined sound level measurements resulted in an average sound level of 65.0 dBA, 

with a standard deviation of2.7 dBA and a range of 60.9 dBA to 68.5 dBA, standardized 

to 30.5 meters (100 feet), and assuming a sound level decrease rate for stationary sources 

of 6 dB for every doubling of distance from the source (Hanson et al., 2006). The 

spectral frequencies and corresponding decibel levels in the Z-scale (un-weighted) and A-

scale (weighted) are listed in Table 3.2. 
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Table 3 2 S . ipectra II nputs i h A or t e verage, s· 1 Idl. L motive mgle mg oco 
Frequency Z-Scale A-Scale 

(Hz) (dB) (dBA) 

31.5 76.5 37. l 

63 80.7 54.5 

125 68.0 51.9 

250 60.8 52.2 

500 61.] 57.9 

1,000 56.5 56.5 

2,000 55.2 56.4 

4,000 55.8 56.8 

8,000 56.l 55.0 

16,000 46.7 39.7 

The above-mentioned idling activity patterns, durations, and locations will be 

combined with the sound level measurements to run the sound propagation model. 

3.3 Train Horns 

In addition to sound levels measured and analyzed for passby and idling trains, we 

also captured data from horn use behind homes near a grade crossing on the northern 

boundary of Teaneck. The average horn sound level was 104.3 dBA at 30.5 meters (100 

feet), with a standard deviation of 3.9 dBA and ranged from a low of 94.2 dBA to a 

maximum of 109.0 dBA. The spectral data associated with the average horn sound level 

are included in Table 3.3. 
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Table 3 3 S tr II . ipec a npu s or e vera2e t ~ th A H f orn rom a P b Train ass •y 
Frequency Z-Scale A-Scale 

(Hz) (dB) (dBA) 

31.5 88.6 49.2 

63 98.5 72.3 

125 93.0 76.9 

250 96.6 88.0 

500 103.8 100.6 

1,000 100.3 100.3 

2,000 93.9 95.1 

4,000 86.5 87.5 

8,000 79.9 78.8 

16,000 71.9 64.9 

An impo1iant observation made during the study was that passby trains frequently 

blew their horn as they approached the locomotives of an idling train (Figure 3.15). This 

practice was not systematic and seemed to be at the discretion of the train engineer, but 

none-the-less, the presence of the idling trains, especially in the southern end of Teaneck, 

resulted in horn use that most likely would not have occuned othe1wise. 

Figure 3.15 A passby blowing its horn as it passes an idling train 
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The above detailed time-activity data and spectral sound level data were used as 

inputs for running the acoustic model for passby, idling, and horn blowing scenarios. 

3.4 AH Trains 
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We collected and analyzed data to determine which train companies own and 

operate the locomotives, so as to identify the number of corporations that would need to 

be addressed and involved in future noise abatement efforts. For all passby and idle 

events observed during the intensives, study personnel noted the company name 

identified on the side of all locomotives, assuming that the labels were not obscured by 

other trains or obstacles or that there was enough light to actually read the labels. Table 

3.1 contains a listing of all companies and the corresponding percentage of the total 

number of locomotives observed. As expected, due to the company's ownership of the 

railway, the vast majority of the locomotives belonged to CSX, but it was obvious that 

numerous companies will need to be accounted for in any future railway policy and 

activity changes. 

An additional item noted from each of the locomotives was the unit number, 

which uniquely identifies each locomotive within each company's fleet. Although no 

practical use of the information has been made, it was envisioned that if questions were 

raised with regard to measurements of a particular locomotive, the unit number could be 

used obtain specific information about the locomotive, such as the manufacturer, 

manufacture date, and engine power capacity. 

Track usage was also analyzed. Track A is the westernmost track. Track B is the 

center track and is 3. 6 meters ( 4 yards) east of Track A Track C is the easternmost and is 

7.3 meters (8 yards) east of Track B. Because of the fairly narrow rail corridor, e.g., 11 
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Table 3.4 Train companies operating on the West Shore Line. 
Abbreviated Complete Name Percent of Observed 

Name Locomotivesa 
BNSF Burlington Northern Santa Fe Railway l.2 
CEFX CIT Group/Capital Finance Incorporated 1.0 
CELX Celtran Incorporated 0.0 
CON Consolidated Rail Corporation (Conrail) 3.5 
CSX CSX Corporation 85.0 

FURX First Union Rail 0.1 
GCFX Alstom Canada Incorporated Transport 0.8 
HCLX Montell Canada Incorporated 0.3 
HLCX Helm Financial Corporation 2.1 
LMS Locomotive Management Services 0.5 

MPRX Motive Power & Equipment 0.1 
NS Norfolk Southern Railway Company 1.5 
QG Quebec Gatineau Railway Incorporated 0.1 
RIO Denver & Rio Grande Western 0.4 
SP Southern Pacific Railroad Company 0.0 
UP Union Pacific Railroad Company 3.4 

a Values of 0.0% represent train companies for which only one or two locomotive(s) was observed. 

meters (12 yards) between the outermost tracks, sound emissions from the railway were 

similar on both sides of the corridor regardless of the track on which the trains passed by 

or idled. However, there was a noticeable difference in the usage pattern. Track A was 

used most frequently by northbound trains, Track B was used equally by northbound and 

southbound trains, and Track C was used most by southbound trains (Figure 3.16). Out 

of the 206 idling events, 23% of the trains idled on Track A; 39% idled on Track B; and 

38% idled on Track C. The comparable split between Tracks Band C makes sense 

because Track A is the continuous rail; the other tracks split off from and merged back 

into Track A 

Two additional characteristics of trains, for which information was collected 

during the intensives, were the numbers of locomotives and train cars. When possible, 

the observer also noted whether or not each locomotive was "on." However, this was 
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Figure 3.16 Track usage on the 28 intensive monitoring days (Ntrains = 765) 
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only practical during daylight hours, when air emissions could be seen exiting the exhaust 

stack. Locomotive and train car counts were obtained for a total of 703 observed trains 

and a hand-held counting device was used to tally each car as it passed. There were an 

average of 2.3 ± 0.7 (lcr) locomotives per passby, of which an average of 2.0 were "on", 

and an average of 90.4 ± 36.3 (lcr) train cars. In addition, the number of locomotives 

ranged from one (1) up to six (6), while the number of train cars varied from a minimum 

of 16 up to a maximum of 214. Nine (9) locomotives were seen on one passby, but it did 

not have any train cars. Similar statistics for idling trains were discussed in the previous 

section. 
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3.5 Ambient Sound Level Measurements 

Ambient sound level measurements were manually made with the long-term 

meter in late May 2008 at five of the locations (see Figure 2.4) noted in Table 3.2, 

during daytime (10 a.m. to 4 p.m.), rush hour (6 a.m. to 9 a.m. or 4:30 p.m. to 7:00 p.m.), 

and overnight (12 a.m. to 5 a.m.) periods to capture ambient sound levels during three 

types of activity patterns common to suburban areas. Measurements for location B were 

taken in April 2008 and were not re-sampled in May because they were not impacted by 

passing vehicles like the measurements in each of the other locations. All samples were 

15 minutes in duration and included the sounds from all typical neighborhood activities. 

The results are shown in Table 3.2. 

In addition to the raw data, Ldn, a composite 24-hour, day-night sound level 

where nighttime (10 p.m. - 7 a.m.) measurements are increased by 10 dB due to peoples' 

increased sensitivity to sound during those hours (Hanson et al., 2006), was computed 

using the method and equations detailed in Hanson et al., 2006, Appendix D, Option 3. 

The computation calls for the use of hourly sound levels, but 15-minute samples were 

used as inputs because, based on the extensive amount of staff time spent in Teaneck, 

they adequately represented an entire hour and limited the additional amount of time 

required to obtain the samples, especially during the overnight hours. As can be seen in 

the table, Location Chad the loudest ambient sound levels and that makes sense because 

it was near Teaneck Rd., which is one of the busiest roads in the township and has all 

types of vehicles traveling on it, including heavy duty trucks and buses. The quietest 

location, B, also was logical based on observations made during measurement taking 

because it is far from Teaneck Rd. (137 meters/150 yards) on the east side, is at the end 

of a cul-de-sac where automobile activity is minimal, and has a school on the west side, 
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with the railroad tracks beyond it at a distance of 137 meters (150 yards). Study 

personnel spoke with a resident who lives adjacent to the measurement location and the 

resident stated that idling trains and passby trains, with and without horns, were 

disturbing at night. With the nighttime sound levels being the lowest in this location out 

of all the measurement location, sound emissions from train activity would not have to be 

very loud to have a significant impact on the residents. 

Table 3.5 Ambient Sound Level Monitoring Results 
Day Time Peak Hour Overnight 

Leq Lmax Lmin Leq Lmax Lmin Leq Lmax Lmin Ldna 
Loe. dBA dBA dBA dBA dBA dBA dBA dBA dBA dBA 

A 52.8 64.3 44.9 52.3 66.6 43.6 41. l 57.3 46.6 50.2 

B 46.3 58.8 41.1 47.2 59.1 41.2 39.0 NA NA 45.6 

c 60.3 78.4 46.7 59.5 73.4 50.1 45.9 58.0 36.6 57.0 

D No Measurements 

E No Measurements 

F 51.9 71.5 40.5 54.3 73.2 41.9 49.0 67.4 39.8 54.1 

G 50.5 70.2 40.1 51.6 66.6 43.4 43.1 53.6 38.1 49.8 

H 50.6 66.3 39.4 51.0 64.7 40.5 43.4 61.0 33.3 49.9 
a Calculated using Option 3 in Appendix D of Hanson et al., 2006. 

The ambient sound level data in neighborhoods were compared to neighborhood 

(propagated) sound levels from railway activity to assess the impact of various train 

activities on residents. Using the model input sound levels discussed in Section 3 for 

idling and passby trains and combining those with the guidelines that sound levels from a 

stationary source (idle) decrease by 6 dBA (3 dBA from a line source, such as passbys) 

for every doubling of distance away from the source (Hanson et al., 2006), average sound 

levels were calculated for Location B, assuming the trains were on track C, the nearest 

track to the location. For an idling train (stationary source) with one locomotive at 65.0 

dBA@ 30.5 meters (100 feet), the sound levels at Location B, 137 meters (450 feet) 
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away, would be ~59.1 dBA. This would be audible during the day since it is above the 

ambient sound level measured, but with an added penalty of 10 dBA at night, the sound 

levels would be 30 dBA louder than background. An increase this substantial would be 

considered severe (Hanson et al., 2006) and would confirm the comments made by the 

nearby residents that the trains are disturbing. A similar calculation for passby trains 

with an average sound emission level of 78. l dBA@ 30.5 meters (100 feet), results in a 

daytime sound imission level at Location B of ~71.6 dBA. At night, this would produce 

a sound level of more than 40 dBA higher than the ambient levels measured. These 

calculations assume that there are no barriers between the train and the measurement 

location and that the resulting sound levels would vary based on the number of 

locomotives (this case only had one locomotive, but the average idle had 2.1), cycling of 

the engines, and air releases for the idling scenario and the speed, length, and throttle 

level of the trains for the passby scenario. 

Additional impacts of train sound emissions will be modeled and are beyond the 

scope of this thesis. 
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4. l\UTIGATION STRATEGIES 

A variety of train noise mitigation strategies can be used to reduce the residential 

impact of train noise in Teaneck. There are only a few options for mitigating passby train 

noise because of their relatively short durations and limited restrictions on railway 

commerce. Idling train noise is the result of controlled stopping of the trains for any 

number of reasons, such as train routing, the scheduling of shipments, and weather, and 

the continual operation of the locomotive engines. Because Teaneck has extended 

stretches of uninterrupted track, it is an ideal location for idling long freight trains. 

Fortunately, there are many options for controlling noise from stationary sources. Based 

on our observations, train engineers have significant flexibility in where they idle the 

locomotives, which allows for additional mitigation alternatives. 

4.1 Train Activity Adjustments 

The simplest and least costly option for reducing the impacts of idling sound 

emissions would be to alter the locations of the idling. The goal of this mitigation 

method is to have trains idling as far from residences as possible. The vast majority of 

trains by number and duration did idle in "approved" areas, so there was considerable 

compliance by the train engineers. However, trains were also observed to idle behind 

homes in the northern end of Teaneck and in areas north and south of the warehouse in 

the southern end. Even if there was 100% compliance with respect to idling in agreed 

locations, sound emission levels are still loud enough on many occasions, especially at 

night, to be audible at residences beyond the barriers and forested areas. 

Reductions in passby-train noise are likely to occur if trains passed more slowly 

through Teaneck, since substantial sound emissions are generated from the wheels, rails, 

EX-0015-000113-PCE 



82 

load of the locomotives. This kind of action would prolong the passby events, but reduce 

the average sound level and decrease the likelihood of disruption of human activities. 

4.2 Sound Barriers 

A second option would be to install sound barriers, or walls, as done in many 

highways in most major cities. These barriers would be installed in areas along the tracks 

where the homes are most affected by idling. This option is likely to reduce a range of 

sound impacts, but it is expensive and barriers only abate certain frequencies of sound 

that are efficiently attenuated by the material used and thickness chosen for the barriers 

(Hanson et al., 2006). Sound waves also refract over barriers, so if the distance between 

the sound sources (trains) and the sound receptors (homes) are not ideal, the effectiveness 

of the barrier is reduced (Hanson et al., 2006). In addition, many residents who are not 

bothered by noise may become unhappy with the interim noise generated by the 

construction of the barriers and the long-term aesthetics of a wall versus the current 

vegetation that exists between the tracks and homes. The location of the barriers would 

define the limits of the recommended idling areas, but there still is not a way to ensure 

that the train engineers will stop within those areas. Another major issue is that if the 

barriers are placed behind homes, the train engineers might actually idle longer, having 

the false impression that the barriers are attenuating all sound emissions, which is not the 

case. 

Erecting barriers between sound sources and receptors often seems like a practical 

and straightforward idea, but in reality, these barriers might not be very successful in the 

abatement of idling noise in Teaneck because of sound refraction around the barriers; 

varying sound emission frequencies; and the potential for increased idling. In addition, 
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some residents may find them to be unsightly, especially if they replace natural 

vegetation. 

4.3 Auxiliary Power Units 
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To curtail the sound emissions from idling locomotives, the easiest solution is to 

tum off the locomotives. However, during cold weather and short stops, i.e., less then 

two hours, it is not feasible to tum off the locomotives due to 1) the risk of not being able 

to restart the cooled diesel engines, or 2) the duration of time required to start the engines 

and return them to operating conditions. In addition, the engines provide electrical power 

for the heating and cooling units on the locomotives used to keep the functional 

components warm during the cold periods (<7.2°C or <45°F) and the train staff cool 

during hot summer periods. 

An alternative to turning off the engines, while retaining sufficient power to 

operate essential equipment, is the installation of auxiliary power units (APUs). APUs 

are essentially small electricity generators that run on the same diesel fuel as the 

locomotives. They have been installed on numerous freight train locomotives across the 

U.S., including many owned and operated by CSX (SWRI, 2004). The key advantage is 

that the APU's allow trains to stop anywhere because they do not require any external 

resources and because the units are installed within the locomotive. Any noise they 

produce is shielded by the locomotive's structure, greatly reducing sound emissions 

levels in comparison to the idling oflocomotive engines. Beyond the noise-related 

benefit, the units greatly reduce fuel usage during idling, pollutant emissions from the 

fuel burning, and wear-and-tear on the locomotive engines. 
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The biggest hindrances to the installation of the APUs are space with the 

locomotives and cost per locomotive. The cost can be as much as tens of thousands of 

dollars (Montanez and Mahler, 2005). However, the reduction in fuel use and wear on 

the locomotive engines would make the installation of APU s extremely cost effective in 

the long run. 
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An alternate option to installing the APUs on each locomotive would be to install 

a track side power supply, allowing trains to plug into the power grid. This option would 

specify where the trains must stop due to the limited reach of the power device, which is 

good for Teaneck, but it would also still require some retrofitting of each locomotive and 

would decrease the flexibility in idling locations for the train companies. 

The use oflocomotives equipped with APUs or that are able to plug in to track

side power would be a very effective mitigation measure for idle noise in Teaneck, but 

the implementation of this solution across the hundreds of locomotives that pass through 

the township each week and the numerous locomotive companies would be challenging. 

4.4 Wayside Horns 

One of the primary noise concerns for the residents living at the north end of 

Teaneck is the train horn usage preceding the grade crossing between Teaneck and 

Bergenfield, especially for train heading northbound. As was previously shown, more 

trains pass through Teaneck northbound at night, contributing to a higher frequency of 

horn usage behind the homes on the eastern side of the track during the hours when 

people are sleeping and most susceptible to horn- related impacts. The most effective 

solution for noise reduction could be the installation of wayside horns at the grade 

crossing (Raub et al., 2003). This system consists of horns located at the grade crossing 
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which are pointed perpendicular to the tracks, along the roadway, and are triggered by an 

approaching train (Gent et al., 2000). The horn sound emissions are focused on the 

vehicles they are intending to alert rather than on a broad area to the south of the grade 

crossing that includes many Teaneck residences. While these systems cost money to 

install, train study personnel observed that the grade crossing already contains arms that 

drop down, flashing lights, and ringing bells, all which are automatically triggered by 

approaching trains, so the majority of the infrastructure needed to operate the wayside 

horns and limit train-horn use is already in place. 

The installation of the wayside horns at the north end grade crossing would vastly 

improve the quality of life for the hundreds of Teaneck residents that are impacted by 

train-horn noise, especially during the overnight hours. However, the use of wayside 

horns would not have any impact on the horns blown by passbys to alert those on idling 

trains. Passby horn use during idling events was very sporadic, though, and an activity 

that we noted during the study, not something the residents mentioned. The residents' 

complaints focused on the idling noise itself and horn use near the grade crossing. 

While there are several options for mitigating the sound level emissions from 

various train activities in Teaneck, extensive cooperation by the railway companies will 

be essential for any of the methods to be successful. Additional efforts by locomotive 

manufacturers could also be effective at limiting noise emissions from the engines and 

other locomotive infrastructure. 
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5. CONCLUSIONS 

The findings of this study indicate that passby and idling freight train activities 

are indeed prevalent in Teaneck Township and impose several sound-related impacts on 

several hundred residents. With approximately 28 passby trains (2.8 minutes/train) and 

7.4 idling events (87.2 minutes/event) per day, on average, residents as a whole are 

exposed to 12 hours of train sound emissions daily. In addition, more passbys per hour 

occur at night than during the day (1.4 versus 1.1) and a higher percentage of the 

nighttime passbys are northbound, meaning residents living near the north end of 

Teaneck are exposed to frequent train sound emissions and horn use at night, when noise 

impacts are greatest. 

In terms of idling sound levels, it was shown that the average idling locomotive 

produces enough noise to be considered a severe impact on many residences, especially 

at night, because the idling noise can be 20 to 40 of decibels higher than ambient sound 

levels, as was computed for ambient monitoring Location B. This partially explains why 

residents could clearly hear the idling locomotives and were bothered by it. The other 

reason was the variation in loudness associated with many of the observed idles due to 

cycling of the engines or air compressors on the locomotives and louder air releases for a 

couple seconds. Trains with a low steady idle were much less noticeable than those with 

variable noise output. 

Extensive visual information collected during the intensive monitoring periods, 

combined with anecdotal data captured by the long-term meter showed that, while idling 

in unapproved areas does not appear to be as excessive as reports and complaints suggest 

that it was in the past, some trains continue to idle in areas outside of the locations 

approved by township officials. 
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The focus of this study was initially intended to be just idling trains and their 

noise impacts, but it quickly became clear that one of the most disruptive behaviors 

associated with the trains was the horn blowing. The two main reasons for it were I) to 

alert those at the grade crossing on the northern edge of Teaneck and 2) to alert idling 

trains. The first reason is mandated for the safety of the public, but there are other 

methods for alerting people and vehicles at the grade crossing without having to blow the 

horn multiple times, at well over 100 dBA at 30.5 meters (100 feet), as the trains travel 

through the township. The second purpose for horn blowing is actually a consequence 

and function of idling. Mitigation of the horns for the grade crossing should be the first 

concern due to the numerous complaints about them by residents and the high decibel 

levels regularly impacting broad areas of the community at all hours of the day and night. 

The amount of train activity during some of the hours was surprising, for example 

when there were 6 passbys in one hour, or when there were multiple idling trains on 

multiple tracks, while passbys simultaneously passed on the third track. There were 

many more spans of 4 or 5 hours without a single train, providing many hours of relief 

from the train noise. Unfortunately for Teaneck residents, the least active times tended to 

be during the day, when people are not likely home or sleeping, resulting in reduced 

noise impacts. 

Overall, there are several issues that could be addressed with the mitigation 

strategies discussed, but it will take the will and cooperation of the township, the 

residents, and the train companies, and resources to reduce the exposure of impacted 

residents to train-related noise. 
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6. IMPLICATIONS 

Several results from this case study could serve as valuable inputs and points of 

comparison for modeling studies elsewhere. Specifically, the sound-level frequency 

distributions determined for different types of train events will certainly be applicable to 

train-noise propagation modeling in other U.S. communities, namely those with 

residential impacts of idling, diesel freight locomotives and the use of horns near grade

crossings. Not only are the sound emission data usable for obtaining initial guidance 

before beginning sampling, the monitoring and observational methods we used to 

conduct this study provide a solid basis for anyone interested in performing a similar 

study in another location. 

Our findings are consistent with complaints filed by Teaneck residents in several 

regards: both this study and residents report idling outside of approved areas; idles of 

excessive duration; and horn of sufficient volume to disturb and disrupt sleep during 

nighttime hours. However, the idling behavior that lead to complaints in the northern end 

of Teaneck did not seem to match the level of activity observed during the annual 

monitoring campaign. A substantive change in train activity just before the study began 

was corroborated through a conversation with a train engineer, who indicated that idling 

in Teaneck had been reduced due to the establishment of new idling locations north of 

Teaneck. 

Another key observation made by residents and study personnel is that the trains 

produce significant air pollutant emissions, particularly when multiple trains, with 

multiple locomotives running, idled in the same location. On the occasions when we 

observed three concurrent idles, air emissions were clearly coming from the locomotive 

exhaust stacks; pollutants lingered between the trees and buildings lining the rail corridor; 
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emission plumes were seen drifting into adjacent neighborhoods; and the air was stifling 

to breathe. Studies show that emissions from the diesel burning engines, such as those on 

locomotives, consist of nitrogen oxides, sulfur dioxide, metals, toxics (e.g., benzene, 

PAHs), and particulate matter. These pollutants are known to have direct health impacts 

and lead to increased health risks (McEntee and Ogneva-Himmelberger, 2008). One 

study showed that emissions increase as engine load decreases, with maximum emissions 

occurring during idling (Sharma et al., 2005). As a result, an air pollution study to 

evaluate exposure to locomotive idling emissions during extended idling events would be 

warranted. 

In conclusion there is a need to address horn noise in northern Teaneck and idling 

noise in all areas through adjustments in idling locations and the use of auxiliary power 

systems, whether on the trains or trackside. Changes to idling locations have already 

alleviated some of the train noise impacts and it is likely that the current economic 

slowdown is further reducing train noise impacts through reductions in the movement of 

goods. The implementation of mitigation strategies for horns would likely provide the 

largest residential reductions in the loudest train noise and the installation of APUs would 

significantly reduce noise from idling locomotives and would additionally yield the 

largest train-related air quality benefits. The people of Teaneck have a reasonable 

expectation of train noise since many knowingly purchased homes near active railroad 

tracks, but changes to railway activities since the takeover of the tracks by CSX pushed 

many residents beyond their tolerance thresholds. Out of common courtesy by the train 

companies and a need for the township to help its citizens, viable noise mitigation 

strategies should be actively considered. 
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Model Verification Scenarios 
Model A Weighted Scale 

Verification Memloc# Distance 
Scenario Meter Date Time (24h m) or Session# Duration (m:s) Leq Lmax Lmin (yds) #locos Valid File name Comments 

Quest 2900 1/25/07 16:16 12 00 22 75.7 78.6 74.2 36 5 
Quest 2900 1/25/07 16:17 13 00 26 75 2 80 5 72.6 36 5 

1 
Quest 2900 1/25/07 16:18 14 00:42 74 5 80.7 72.6 36 5 
Quest 2900 1/25/07 16:19 15 00 31 72.6 73 9 71.6 34 5 
Quest 2900 1/25/07 16:21 16 00 28 70 5 72 3 69.8 34 5 
Quest 2900 1/25/07 16:22 17 00 54 65.7 71.6 62 88 5 
Quest 2900 8122107 09:39 1 01:45 69.6 78 8 64.4 30 2 TEA12 
Quest 2900 8122107 09:42 2 02 58 69.4 77.6 64 30 2 

2 Quest 2900 8122107 09:47 3 01 52 60.7 66.1 56.1 118 2 
Quest 2900 8122107 09:52 4 0219 53.6 57 8 49.9 176 2 
Quest 2900 8122107 10:01 5 02 28 54.7 60.4 51.7 130 2 
Quest Sound Pro 8/19/07 7:11 01 Session102 1 30 69.1 73.4 67.7 28 2 csx7704-7:11 a.m. 
Quest Sound Pro 8/19/07 7:1554 Session102 1 31 69 8 73 9 68.6 24 gcfx3058-7 16 a.m. 
Quest Sound Pro 8/19/07 7:3316 Session102 1 31 57 62 8 54.1 64 csx7704-7:33 a.m. 

3 
Q1::1est S9b1R9 Prg ~ +-44-1-4 ~ G-M ~1>1--'I- 4,9 .:i.;m ;! !>J<> ~ ~Jg 9ggQ; ~lat:ie flew 9"9F 

Qyest S9YR9 Prg ~ ~ ~ G-;l;l ~ ~ ®-+ .:i.;m ;! !>J<> ~ ~Jg 9ggQ; ~lat:ie flew 9"9F 

Quest Sound Pro 8/19/07 7:46:44 Session102 1 32 51.4 57 3 49.4 120 2 gcfx3058-746 a.m. 

Norsonic Meter 8/19/07 
716:00 AM-

10:00 61.6 74 3 66.7 30 2 
Train with two locomotives, the first (CSX 7704) at 28 yards and quiet, but not 

7 25 59 AM EDT "off", the second (GCFX 3056) at 30 yards and loud 
Quest Sound Pro 8124107 16:5241 Session108 5 26 67 2 70.4 65.7 22 1 Study147 csx7844 
Quest Sound Pro 8124107 18:4411 Session108 3:10 52 5 59 8 47 130 1 Study148 

4 
Qyest SGLmd Pm lli24IO+ ~ - = ~ ~~ "4.w 4 stOOy44ll SGrnewhat behind barrier; a IGYd GriGket was nearby; shGuld tJe Ysed GaYtiGYsly 
Quest Sound Pro 8124107 18:55 54 Session108 3:42 57 5 63 52.9 -70 1 Study150 

Norsonic Meter 8/24/07 
4:45:00 PM-

10:00 61.1 64.1 59.2 38 1 
Train with two locomotives. the first (CSX 7844) at 38 yards and "on", the second 

4:54 59 PM EDT (CSX 8383) at an unknown distance (maybe -55 yards) but "off" 
Quest Sound Pro 8125107 7:3110 Session109 1 30 68 8 76 2 66.7 22 2 csx5113-1 
Quest Sound Pro 8125107 7:35 22 Session109 1 31 69 2 76 9 66.2 22 2 csx7822-1 

5 Quest Sound Pro 8125107 7:53 29 Session109 1:17 54.7 60 2 52.7 118 2 csx5113-csx7822-118yds 

Norsonic Meter 8/25/07 
728:00 AM-

10:00 60 5 47 2 
Train with two locomotives. the first (CSX 5113) at 47 yards and "on", the second 

7 37 59 AM EDT (CSX 7822) at -70 yards and "on" 
Qyest SGYRd i;2m mSPJ+ = ~ ~ +4 +'I-A +.o,+ 2 stOOy4S4 

6 
Quest Sound Pro 8/28/07 8:02 08 Session117 o 32 71.4 73 70.5 26 2 csx7503-1 CSX 7503 "on" with occasional cycling 
Quest Sound Pro 8/28/07 8:04 05 Session117 o 32 72 3 73 9 71 26 2 gcfx3100-1 GCFX 3100 "on" with steady noise 
Quest Sound Pro 8/28/07 8:1015 Session117 0:44 56.7 61 56.1 150 2 Study184 Train horn to north may have influenced last few seconds 
Quest Sound Pro 8/28/07 11:22 25 Session118 1 30 73 78.6 72 24 3 csx8400-1 CSX 8400, steady noise, no cycling, air releases infrequent, 3rd locomotive is off 
Quest Sound Pro 8/28/07 11:2640 Session118 1:01 72.1 74.7 70.4 22 3 csx7376-1 CSX 7376 
Quest Sound Pro 8/28/07 11:5440 Session118 o 26 58 8 59 3 58.1 70 3 csx8400-2 Taken east of the train. in cleared area to the north of the soap factory 

7 Quest Sound Pro 8/28/07 13:00 20 Session118 o 51 53.7 54 5 53.3 118 3 csx8400-3 Taken at 590 Chestnut; CSX 8400 with steady idle noise 
11:12:00 AM- Train with three locomotives. the first (CEFX 1105) at 28 yards and "off", tl1e 

Norsonic Meter 8128107 11 21:59 AM 10:00 67 71 3 63.5 36 3 second (CSX 8400) at 36 yards and "on" and loud, t11e third (CSX 7376) at 50 
EDT yards and "on", but low noise. 
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Model Verification Scenarios (continued) 
Model Leq Frequency Spectrum Lmax Frequency Spectrum 

Verification 
Scenario WI. OFF 16Hz 31 5Hz 63Hz 125Hz 250Hz 500Hz 1 kHz 2kHz 4kHz 8kHz 16kHz Wei OFF 16Hz 31.5Hz 63Hz 125Hz 250Hz 500Hz 1kHz 2kHz 4kHz 8kHz 16kHz 

1 

2 

z 88.5 81.7 62.3 86.8 72.4 60 65.5 62.4 60.7 60.9 58 9 47 z 88.9 64 82.2 87.1 74 66.9 64.1 60.7 63.9 68.5 67.3 55.4 
z 90.1 62.2 83.6 88.1 74.7 62.2 66.7 62.5 60.8 62.3 58 2 48 z 90.5 66.2 84.1 88.6 75.3 63.4 67.9 64.3 64.6 68.9 67.3 57.3 
z 75.4 55 68.1 73.4 63.4 52.1 51.1 49.7 48.6 49.7 462 32.7 z 76.3 60 68.5 73.7 64.4 53.1 52.5 54.6 55.7 57.5 54.5 40.2 

3 
6 ~~ ~+ht ~ SQA ~ 44.-2 42, ~ ~ ~6 7-4,5 WA ~~ 62-a 61-A- ~~49AS2A4+.-S ~ 

z '~-~ SJ,9 &7 i'1A 6Q,9 46,g 4&.~ 44A 42,8 45,3 ~99 22,9Z 74A 55,~ &8 i't,9 ~,t 50.~ ~.9 47Z 49,1 52,g 48,2 29,g 
z 73.1 50.6 66.3 71.1 60.4 45.9 46.8 42.1 42.4 44.2 37 8 21.8 z 73.5 53.3 66.7 71.5 61.3 48.7 50.1 46.3 49.6 52.9 48.4 30.5 

z 61.0 77.8 87.7 71.8 59.4 64.6 61.0 60.1 60.3 58 5 49.5 z 62.6 77.6 87.8 71.8 59.3 65.2 63.7 64.4 69.5 69.5 59.9 

z 85.5 81.6 80.2 78.5 72.4 68.2 66.1 58.9 57.2 52.2 51.9 41.3 z 87.8 83.8 82.5 80.8 78 5 72 68 62.2 61.7 62.9 61.3 53 
z 70.6 63.6 63.9 66.3 60.7 56.6 47.9 44.2 41.9 39.7 34 23.2 z 75.2 69 70.8 69.2 67.5 63.7 56.8 54.7 48.4 44.5 41 31.8 

4 
z W,G 65 Q2,5 65,3 ~ ~ 43,5 ~ 3S.,9 ~ 45--9 ;w.,g z 7-4,5 &8,.7 ~~ 00-4 00,J ~ ~ 49-Z ~ 48,5 ~ 

z 77.6 71.4 68.8 68.3 67.9 62.2 52.2 45.4 43.5 40.5 43 27.3 z 88.5 76.9 71.2 70.5 74.6 68.9 53.8 47.7 49.1 47.4 53.6 36.2 

z 76.5 75.8 76.8 64.3 58.8 60.6 53.6 50. 7 45.4 46 9 37.6 z 78.1 78 77.7 69.6 62.5 61.2 55.8 55.6 53.4 53.4 46.2 

z 85.9 81.5 79.5 80.7 72.1 66.6 65.3 60.4 59.5 59.9 62.1 56.5 z 88.6 84.1 82.5 82.6 80 3 73.3 68 65 69.6 71.1 70.5 64.2 
z 85.3 80.3 79.5 80.4 71.4 66 66.1 60.5 59.5 61.3 61.5 53.4 z 87.8 83.1 82.7 82.5 78.8 72.9 69 66.2 69.3 73.2 70.8 65.2 

5 z 73.9 69.2 65.4 68.4 63.6 55.8 53.2 46.5 43.9 42.1 39.6 22.7 z 76.9 71.6 67.8 71.3 71.1 61.3 54.3 49.6 52.9 53.6 48.3 35.3 

z 75.0 76.7 74.7 62.8 55.9 56.9 51.3 48.3 49.3 56.1 44.9 

z ~~ 86,5 ~ :++.+ 65.,5 ~~G-1-,f,~~ ~z ~~ 8+.-2 39 ~ ~ ~ 65,+ 9bi' 55A 49A *4 

6 
z 91.5 80.6 86.8 88.5 79 67.1 68.4 65.1 61.8 56.1 48 3 38.7 z 92.7 83.1 87.5 89.6 82 70.9 69.5 66.5 64.2 60.1 52.3 46.6 
z 91 78.3 85.8 87.8 82.3 67 68.3 65 63.9 57.6 50 3 40.6 z 92 80.9 86.5 88.5 85.4 70.6 69.2 65.8 65.4 62.8 60.1 50.9 
z 76.9 63.7 71.5 74.5 65.3 54.4 54.5 48.5 44.3 41.4 41.2 19 z 78.2 66.8 73.6 75.2 67.7 57.6 59.8 51.3 52. 7 52 47.4 27.9 
z 89.1 62.5 76.9 88.2 76.6 65.5 68.3 66.3 62.8 63.6 68.4 62 z 89.9 66 77.6 89 77.5 66.5 70.4 67.9 70.1 72.6 75 68.1 
z 84.1 59.6 79.7 81.3 68.1 58.5 63. 7 60.4 61.6 66 69 5 61.5 z 84.5 62.2 80 82 68.8 59.4 65.2 61.5 63.4 69 72.9 65.4 
z 73.8 58.2 63 70.6 65.3 52.6 54.8 51.9 51.3 48.6 49.6 37.6 z 75.8 61 64.1 71.3 66 54 55.7 53 52.8 49.9 50.8 39.5 

7 z 71.6 55.1 61.9 70.1 60.1 50.6 51.8 47.1 43.8 41.1 38.7 19 z 74.2 59.9 66.5 72.2 62.8 54 53 48.4 46 42.8 45.1 27.4 

z 62.7 75.7 85.1 73 62.4 63.5 59.4 58.3 56 57.3 45.6 z 65.1 73 86.6 74 3 64.6 66 64.4 64.3 62 .3 61 .5 50.6 
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Hand-Held Sound Level Measurements 
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Hand-Held Sound Level Measurements (continued) 
MemloC'fr 

Date Valid File narie 
Ouest2900 511 //0T 
0U>)S!2900 5/17/07 
Ouest'.:>900 

Ouest2900 

0U>)S!2900 
Ouest'.:>900 

Ouest2900 

Oue~2900 

Oue~'.:>900 

Oue~2900 

Ouest2900 

0U>)S!2900 
Ouest'.:>900 

Ouest2900 

0U>)S!2900 
Ouest'.:>900 

Ouest2900 

0U>)S!2900 
Ouest'.:>900 

Ouest2900 

0U>)S!2900 
Ouest'.:>900 10/20/07 

10/20/07 

Quest Sound Pro 8/10/07 
8/18/07 

Quest Sound Pro s11s1or 
OU>)S!Sound Pro 8/18/07 
OuestS,)Ulld Pro 
Quest Sound Pro 

0708 

0942 
0947 
095) 

10 

12 
13 
14 

16 

18 
I 

0137 697 76 656 

20 

20 
16 
2C 
C4 
10 

4 No 

18 2 (1 on) No 

TEi'.\12 

TEi'.\13 

loo47 

Plane 

Hon1s 

Onlvo11e locon1ot1ve ')n 

Plane 

Anirnalsou11ds,11terferedw1th 

Quest Sound Pro 8/18/07 1845 J7 54 7 57 6 No good 

Quest Sound Pro s11s1or 
OU>)S!Sound Pro 8/18/07 
OuestS,)Ulld Pro 
Quest Sound Pro 8/19/07 

Quest Sound Pro 8/19/07 
8/19/07 

Quest Sound Pro 8119/0T 
OU>)S!Sound Pro 8/19/07 

OU>)S!Sound Pro 8/19/07 

Quest Sound F'ro 
OU>)S!Sound Pro 
OuestS,)Ulld Pro 
OU>)S!Sound Pro 

~Jo good 
No good 

~],)goo,] 

l\Jogc,,)d 

l_eq Frequenq'Spectrum 
Wt OFF- 16Hz 31 63Hz 125Hz 250Hz 500Hz 2kf-1z 4Vf-4z S"Hz 16kHz Wei OFF- 16Hz 31 !:>Hz 2"Hz 4kf-1.:: Skrz 16VHz 
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Hand-Held Sound Level Measurements (continued) 
Quest Sound Pro 

OuestS,)Ulld Pro 

Quest Sound Pro 

OU>)S!Sound Pro 

Quest Sound Pro 
OU>)S!Sound Pro 
OuestS,)Ulld Pro 
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Teaneck Train-Noise Exposure Study 

PARTICIPANT DATA BOOK 

Household Name 

Address 

----------------

-------------------

Observation Start Date 
End Date 

EX-0015-000142-PCE 



m x 
I 

0 
0 ...... 
01 
I 

0 
0 
0 ...... 
.j:>. 
(,) 

I 

"U 
() 
m 

Participant Datasheet 
Address: 
Please read instructions at beginning of binder prior to completing the table below. Remember, complete one row for each train 
event and indicate times in which data cannot be obtained If possible 

Column 1 Train Column 2 Column 3 Column 4 I Column 5 Column 6 Column 7 Column 8 I Column 9 
Arrival Train Idling, Hear Train How many Model # of each Track Letter Location of Initials/Comments 

(Date/Time) Departure Engines Off, Noise? (Yes/No; locomotives locomotive on (a,b,c- use Idling (See instructions) 
(Date/Time) or Pass-by? Indoor/Outdoor) (engines) are train, On/Off map)& Locomotive 

present on the (See instructions) train direction (5, 86, 12, 91 
train? (North, South) etc. use map) 

-
4/28/2006 4/28/2006 l....!s!!Y Yes, Indoor 4 Locomotive 1: b, North 6 FM. 

9:15AM ll :15AM CSX9023- On (See exrmples in 
Engines Off Locomotive 2: 

HLEX7204- On .l{Stl ll.::ti,:m~ -
Pass-by Locomotive 3: also, add your 

CSX8733- Off own important 
Locomotive 4: comments) 
CSX7846- On 

ND 

:~ En ·nes Off 

412812006 11: 1 5AM - 5:00PM -- -NO DATA---- ev 'ryone at work o school 
Pass-

Idle 

Engines Off 

Pass-by 

Idle 

Engines Off 

Pass-by 

Idle 

Engines Off 

Pass-by 
...... 
...... 
...... 
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Column 1 Train 
Arrival 

(Date/Time) 

Column 2 
Train 

Departure 
(Date/Time) 

Column 3 
Idling, 

Engines Off, 
or Pass-by? 

Idle 

Engines Off 

Pass-by 

Idle 

Engines Off 

Pass-by 

Idle 

Engines Off 

Pass-by 

Idle 

Engines Off 

Pass-by 

Idle 

Engines Off 

Pass-by 

Idle 

Engines Off 

Pass-by 

Column 4 Column 5 
Hear Train How many 

Noise? (Yes/No; locomotives 
Indoor/Outdoor) (engines) are 

present on the 
train'? 

Column 6 Column 7 
Model # of each Track# 
locomotive on (a,b,c- use 
train, On/Off map)& 

(See instructions) train direction 
(North, South) 

Column 8 
Location of 

Idling 
Locomotive 
(5, 86, 12, 91 
etc. use map) 

Column 9 
Initials/Comments 

..... 
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Participant Datasheet Instructions: Please complete the provided datasheets to the best of your ability using the column-specific directions 
below. Complete one row for each train event. Also indicate date and times in which nobody in your residence was able to obtain data, and a 
brief explanation, such as "everyone sleeping", "everyone at work &/or school". "morning walk", "vacation,, etc. Two examples are provided on 
the first datasheet. GIS maps are provided in the end of this binder to complete table columns 7 and 8. 

Columns 1: Indicate train arrival date and time in the following formats: mm/dd/yyyy, hh:mmAM or hh:mmPM. 

For example, if the train arrived on July 4, 2006 at 4:30PM, input the following information into the table: 07 /04/2006, 04:30PM 

Columns 2: Indicate train departure date and time in the following formats: mm/dd/yyyy, hh:mmAM or hh:mmPM. 

See example above 

Column 3: Indicate whether the train is idling (train remained still with engine on), is present but has no engines on (engines off), or ifit 
passed-by by circling the appropriate response. 

Column 4: Indicate if you hearthe train (Yes or No), and whether you are inside or outside (Indoor or Outdoor) of your home during the event. 

Column 5: Indicate how many locomotives (engines) are present on the train. The first locomotive is the beginning of the train. For example, if 
one train is present with four attached locomotives, place ''4" in this column. 

Column 6: If possible, indicate the model number of each locomotive on the train. For example, if the train has multiple locomotives, provide 
information in the following format: locomotive l: CSX9023, - locomotive 2: HLEX7204, locomotive 3: CSX8733, locomotive 4: 
CSX7846 etc. Also indicate which train locomotives appear to be "on" by indicating "On" or "Off' next to the locomotive model number. 

If it is not possible or convenient to identify the locomotives by model number, then simply identify them as # 1, #2, etc., starting at the 
front of the train and working back. Then, if possible, note whether each locomotive is idling. 

..... 

...... 
w 
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Column 7: Indicate which track the train is on (a, b, or c). Track a is the west-most track, while Track c is the east-most track (see map at back). 
Also, indicate which direction (North or South) the train is facing; this is the opposite direction of the train cars and is the direction the 
first 
locomotive faces. 

Column 8: Using maps included at the end of this data book, indicate location number where the locomotive of the train is located. If no number 
represents 
the idling location, fill-in the closest number and use quarter distances (0.25, 0.50, 0.75). For example, ifthe train is idling halfway 
between location numbers 2 and 3, place "2.5" in the data sheet. 

Column 9: Provide your initials and necessary comments. Comment examples should include: "loud", "quiet", "house vibrates", "house not 
vibrating", 

"fumes in house", "no fumes in house", etc. Provide information you believe is important for the study team to know. 

IMPORTANT NOTES: 

• If you can't determine the answer for any boxes, simply write ''ND" for no data. For instance, if you know that the train is idling, but can 
not see the locomotives, then just write ''ND" in the box for Column #6, which asks for identifying information regarding the locomotives. 

• It is not uncommon for several trains to simultaneously idle, and for pass-by events to occur during idling events. An overlap in train 
arrival and train departure times will reflect this. Record as many train events as possible. 

• If you arrive or leave your home in the middle of a train event, or are not sure of the arrival or departure time, leave the appropriate train 
arrival or departure time blank. However, fill-in the remaining columns as best as possible. 

Contact Francesco Maimone at TeaneckTrainStudy@envsci .rutgers.edu or 732-932-8065 voice mailbox #5 for any questions regarding the 
Participant 

Datasheet. Data books will be collected periodically by study team members. 

...... 

...... 
+-
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Appendix D 

Methods and Standard Operating Procedures for Creating 

Base Layers in CadnaA 
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1.1 Creating Elevation Contours for Use in CadnaA 

1) Go to the U.S. Geological Survey web site to download data: 
http://seamless.usgs.gov 

2) Select "View & Download United States Data" 
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3) Select area to download or under the "Download" menu item, chose the "Define 
Download Area By Coordinates", select "Switch to Decimal Degrees" at the bottom 
of the window, and enter the following coordinates: West: -74.034491, East: -
73.98875, North: 40.919676, South: 40.872176 

4) Select "Add Area", then in the resulting window, choose "Modify Request" (ignore 
the no data products statement) 

5) Toward the bottom of the long list, uncheck the box for "National Elevation Dataset 
(NED) 1 Arc Second", wait for the page to reload, then choose the option below it 
"National Elevation Dataset (NED) 1/3 Arc Second", for 10 meter resolution data 
(more information is available here: http ://ned.usgs.gov/). At the time of this study, 
the 1/9 Arc Second, or 1 meter resolution, data did not exist for the Teaneck, NJ, 
reg10n. 

6) At the bottom, choose "Save Changes and Return to Summary". The window 
should then list the area requested and a file size of about 2 MB. 

7) Press the "Download" button and when it finished, unzip the file into its own folder 
8) Open ArcMap (Version 9.2 was used for this project) 
9) Navigate to the folder containing the raster dataset and choose the file with an eight 

digit number for a name, such as "97664505". The data should appear in the Arc 
Map display window as a contour map shaded in black, white, and gray. 

lO)From the button menu bar, choose the red toolbox to display the ArcToolbox 
window, if it is not open already. 

11) In the ArcToolbox window, under "Conversion Tools", choose "From Raster", then 
"Raster to Point". This step creates Height Points for direct use in CadnaA. 

12) For the "Input Dataset", choose the filename with the 8-digit number, name the 
output file to something like "Height_Points.shp", and choose "OK". 

13) In the ArcToolbox window, under "Data Management Tools" choose "Projections 
and Transformations", then "Feature", then "Project". This step projects the new 
height points on to the same coordinate system as the layer files from Teaneck 
Township so that all of the layers will align properly. 

14) For the "Input Dataset", choose the points file name that was just created, then for 
the "Output Coordinate System", select the button to the right of the text box, select 
"Import", find the road shape files (.shp) received from Teaneck Township and load 
the one with the name "60_roads.shp", give the new projected files a name, then 
select "OK". 

15) In the "Layers" section of ArcMap window, right-click on the new projected layer 
name, select "Data", then "Export Data", choose a file name, then "OK". The 
resulting shapefile can be imported directly into the CadnaA model. 
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1.2 Importing Data Layers into CadnaA 

1) Open CadnaA and select "Import" from the "File" menu option 
2) Browse to the desired import file: roads, blocks, parcels, projected height points 
3) Before pressing "Open", choose the "Options" button 
4) Depending on the type oflayer being imported (roads= "Road"; block and 

parcels= "Aux. polygons"; height points= "Height Points"), enter in the text box 
next to the type label, a unique part of the file name for one of the shape files 
followed by an asterisk to load all files associated with the shapefile, such as 
"60_roads*". Do not include the period before the extension of the file name or 
the import will fail. 

5) If height points are being imported, in the same "Options" window, enter in the 
"Transform Attributes" text box "MEMO=GRID _CODE", which will assign the 
elevation value stored as the name "GRID_ CODE" in the shapefile to the memo 
field in CadnaA, then proceed with step 5. 

6) Select "OK", then "Open". The layer will load into CadnaA and should appear in 
the window. If not, try zooming out several levels. 

Once the layer is loaded, separate steps need to be performed, depending on the layer 
imported, to finish loading all attributes of each layer, standardize the layers to the 
same scale, and fit the layers to the terrain. 

7) For height points: 
a. Select one of the points in CadnaA, right-click on it and choose "Modify 

Objects ... " 
b. In the "Action" drop-down box select "Modify Attribute ... ", select 

"Height Points" in the "Object Types" section, and press "OK". 
c. For the "Attribute", select "Z", for the vertical coordinate, choose the 

radio button next to "Arithmetic", and enter "MEMO" in the text box after 
"New Value=" 

d. Press "OK" and then choose "All" on the "Change Objects" window. The 
count will cycle through all height points. To verify that the elevation was 
properly assigned to the z-coordinate of the height points, select a point, 
right-click on it, and choose "Edit". The "Height Z" value should be a 
non-zero value in meters, which were the units of the elevation file. 

e. From the menu bar, choose "Options", then "Limits", and then "Cale", to 
compute the limits of the window to the area covered by the height points. 
Press "OK" and the window size will be adjusted. 

f. Next, in the main CadnaA window, in the menu drop-down box that says 
"Day", choose "Ground". 

g. From the menu bar, choose "Grid" and the "Cale Grid". The calculation 
should only take a minute or two. 

h. From the menu bar, choose "Grid", "Appearance", and "Areas of Equal 
Sound". Set the "Lower Limit" to zero, the "Upper Limit" to anything 
above 53, the maximum elevation in Teaneck, and the "Interval" to one. 
Pressing the "Options>>" button allows the colors to be set. Once 
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finished, press "OK" and filled contours will be drawn under the heights 
points. 

1. Press "Alt-Fl2" to create contour lines from the gridded elevation output. 
J. Select a contour line, right-click and choose "Modify Objects ... ", in the 

"Action" drop-down box select "Modify Attribute ... ", select "Contour 
Line" in the "Object Types" section, and press "OK". 

k. For the "Attribute", select "ID", choose the radio button next to "Replace 
Strings", enter"*" in the text box after "Find What" and 
"CONTOUR_###" in the "Replace With" box, and make sure the last box 
at the bottom is checked. 

1. Press "OK" and then choose "All" on the "Change Objects" window. The 
count will cycle through all contour lines. To verify that the ID was 
properly assigned to each contour line, select a line, right-click on it, and 
choose "Edit". The "ID" value should be a string with the format of 
"CONTOUR [number]". 

m. Finally, select a height point, right-click and choose "Modify Objects ... ", 
in the "Action" drop-down box select "Delete", select "Height Point" in 
the "Object Types" section, and press "OK". 

n. Press "OK" and then choose "All" on the "Change Objects" window. The 
count will cycle through all height points until they are deleted. 

8) For the roads: 
a. Select one of the road segments making up the line running north-south 

through the middle of Teaneck (this is actually the railway), right click on 
it and choose "Connect lines ... ", deselect the option "Check ID", select 
"First Point", "Last Point", and "Rekursively", and then press "OK". This 
will connect all of the segments, creating one continuous line for the 
railway. 

b. Select the new line, right click on it and choose "Convert to Railway". 
This will create a track that is assumed to be the middle one, or track B. 

c. Select the new railway, right click on it and choose "Parallel Object", 
select "Railway" for the object option, select "Left from Active Object", 
enter a distance of 4 m, and press "OK". This will create a track on the 
west side of the original railway, or track A 

d. Repeat the previous step, but select "Right from Active Object" and enter 
a distance of 8 m. This will create a track on the east side of the original 
railway, or track C. 

e. The railways default to no activity. 
9) For the blocks: 

a. No additional operations need to be performed on the blocks after import. 
10) For the parcels: 

a. There are two parcels with erroneous diagonal lines, one in the 
southeastern portion of the map and one in the northwestern portion of the 
map. To remove the diagonal lines, select one of the polygons, right click 
on it and choose "Edit", deselect "Closed Polygon", and press "OK". This 
will prevent the drawing of a line from the first point of the polygon to the 
last, which are not at the same location. 
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b. Repeat the previous step for the other polygon. 
11) Convert all components from feet to meters: 

a. Anywhere in the map window, right click and choose "Modify 
Objects ... ". 

b. In the "Option" drop-down box, select "Transformation ... " 
c. In the bottom portion of the window, select "Contour Line" and press 

"OK" 
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d. In the resulting window, select "General Transformation", enter 
"x*0.3048" for "Xnew", enter "y*0.3048" for "Ynew", and press "OK". 
Only the X and Y coordinates need to be adjusted because the Z 
coordinate is already in meters. Make sure you enter the zero before the 
decimal place or the transformation will not be performed. 

e. Repeat steps a through c, but select "Road", "Railway" and "Aux. 
Polygon" in step c. 

f. Repeat step d, but also enter "z*0.3048" for "Znew" before pressing 
"OK". 

12) Re-grid the ground layer by choosing "Grid" from the menu bar and then 
selecting "Cale Grid". 

13) Adjust the workspace to fit the transformed features by choosing "Options" from 
the menu bar, then "Limits", then "Cale", and then "OK". 

14) Fit the features to the terrain: 
a. Anywhere in the map window, right click and choose "Modify 

Objects ... ". 
b. In the "Option" drop-down box, select "Modify Attribute ... " 
c. In the bottom portion of the window, select "Road" and "Aux. Polygon" 

and press "OK". 
d. In the resulting window, select "HA_ ATT" for "Attribute", select 

"Replace String", enter "a" (as in absolute) for "Find What", enter "\r" (as 
in relative) for "Replace With", and press "OK". This will convert all of 
the road and polygon Z coordinates from absolute to relative. 

e. Repeat steps a through c, but in step b, select "Fit Object to DTM" (or 
Digital Terrain Map" in the "Option" drop-down box. 

f. In the resulting window, select "All". 

Once the all of the layers were set, the orthoimagery (hi-resolution aerial imagery) 
received from Teaneck Township were loaded into CadnaA as bitmaps, using the same 
coordinate system as the other layers, for use in creating the buildings. 

1.3 Creation of Buildings in CadnaA 

1) Open "Teaneck_Roads_Railway_Maps.cna." 
2) Right click anywhere on the grid and select "Modify Objects ... " from the context 

menu. In the "Action:" pull-down menu, choose "Activation ... "; under "Object 
types:" choose Building. Make sure the "don't care" radio button is selected for 
"Activation:" and click "OK". Change the activation to "inactive." This will 
cause all of the current buildings to appear as dashed lines. 
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3) Draw a polygon over the bitmap image of each desired building using the "Aux. 
Polygon" button in the lower left comer of the toolbox window. Double click on 
the border of the building to bring up the Building dialogue box. Check the 
activation check-box to a check with a grey background (indeterminate). 

4) Assign IDs to the buildings you have just added based on the street name. 
Reference the file Teaneck Train Locations 7-27-06.mxd for street names and 
reference the file "The One With Everything.cna" for IDs of existing buildings 
along a street. (ie, If you are adding more buildings to Elm Street going north, 
reference "The One With Everything.cna" for the last letter designation used to 
determine which letter to start with for a new block. 

a. The format is STREETNAME _ E _A, STREETNAME _ E _ B, 
STREETNAME _ E _ C, etc. for houses on the eastern side of a street that 
runs north-south and STREETNAME _ W _A, STREETNAME_ W _B, 
STREETNAME _ W _ C, etc. for houses on the western side of a street that 
runs north-south. The A, B, C designation starts with A as the 
southernmost and Z as the northernmost. 

b. The format is STREETNAME_S_A, STREETNAME_S_B, 
STREETNAME _ S _ C, etc. for houses on the southern side of a street that 
runs east-west and STREETNAME _N_A, STREETNAME_N_B, 
STREETNAME _ N_ C, etc. for houses on the northern side of a street that 
runs east-west. The A, B, C designation starts with A as the westernmost 
and Z as the easternmost. 

5) Click on the Geometry ... button and make sure the pull-down is set to 
"Interpolate from First/Last Point." Under "First Point" enter the value of the 
building height. The height is determined by multiplying 3.048 to the number of 
stories. Also make sure the "Relative" radio button is selected. Click "OK" to 
exit the dialogue box, and then click "OK" to exit the Building dialogue box. 

6) Save the file, and then save the file again using "Save As ... " to give the file a new 
name. Make sure you continue working in the new file so that the old file 
remains the same. 

7) Right click anywhere on the grid and select "Modify Objects ... " from the context 
menu. In the "Action:" pull-down menu, choose "Delete ... " Under "Object 
types:" choose Bitmap. Make sure the "don't care" radio button is selected for 
"Activation:" and click "OK". 

8) Right click anywhere on the grid again and select "Modify Objects ... " from the 
context menu. In the "Action:" pull-down menu, choose "Delete ... " Under 
"Object types:" choose Building. Make sure the "only inactive" radio button is 
selected for "Activation:" and click "OK". 

9) Right click anywhere on the grid again and select "Modify Objects ... " from the 
context menu. In the "Action:" pull-down menu, choose "Transformation ... " 
Under "Object types:" click on "All" and then click "OK". Choose the "General 
Transformation" radio button and for the box for Xnew, type x*0.3048, and for 
the box for Ynew, type y*0.3048. 

10) In the Options menu, select "Limits." Click on the "Cale" button and then click 
"OK." 

11) Save and close the file. 
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12) Open The One With Everything.cna. In the File menu, select "Import ... " When 
the dialogue box opens, make sure the "Files of type:" pull-down menu is set to 
"Cadna/ A." Click on "Options ... " Click on the radio button for "Select Object
Types:" and click on "Buildings." Click "OK." Choose file you have just created 
to be the file to be imported, and click on "Open." The buildings you have just 
created should be present in The One With Everything.cna. 

13)Right click anywhere on the grid again and select "Modify Objects ... " from the 
context menu. In the "Action:" pull-down menu, choose "Fit Object to DTM" 
and under "Object types:" choose Building. Make sure the "don't care" radio 
button is selected for "Activation:" since the buildings that were already there will 
have already been fit to the DTM and the new buildings still need to be fit to the 
DTM, and click "OK." 

1.4 Creating Variants in CadnaA 

Variants are modeling scenarios within Cadna. It is possible to have multiple 
variants within one Cadna file, which is beneficial because if the properties of one object 
change, the properties only have to be changed once instead of multiple times in separate 
files. 

To add a variant, select "Variant. .. " from the Tables menu and click on one of the 
pre-numbered variants in the left hand side menu. Confirm that there is a check in the 
check box next to "Use Variant" and enter a description of the modeling scenario in the 
variant's "Name" field. 

1.5 Adding Buildings to Groups in CadnaA 

Objects must be in a group to enable them to be added to a variant and it is 
beneficial to have them in a variant so that they are not forced to always be active or 
inactive, regardless of which variant is chosen. To add buildings to a group, select 
"Group ... " from the Tables menu. Each group has a descriptive name. The 
"Expression" field specifies which IDs are in a particular group. For example, the actual 
roads are encompassed in the group "Roads", which has an expression of ROADS*, with 
*being a wildcard indicator that any object with an ID starting with "ROADS" will be 
included. Each idle point source exists in its own group so that one variant may have one 
idle without being affected by another idle. If a north-south running street is long enough 
that it is bisected by Route 4, such as Sussex, it is split into a group that has the houses 
north of Route 4, indicated by (North of Route 4) after the name and a group that has the 
houses south of Route 4, indicated by (South of Route 4) after the name. If the added 
buildings are See section 18 .2 .1 of the CadnaA manual for details on the operators used 
for adding multiple IDs to a group. 

1.6 Calculating the Sound Level Contour Grid in CadnaA 

1) In the Grid menu, select "Properties ... ". Make sure the Receiver Height (m): is 
set to 1.50. Click on the "Options>>" button and make sure there are checks in 
the "Define Grid over entire Limits" checkbox and the "Use Heights of 
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Buildings" checkbox. Also make sure that the "Exclude Sound Sources" and 
"Exclude Buildings" checkboxes do not have checks in them. Click "OK." 

2) In the Calculation menu, select "Configuration ... " 
a. On the Country tab, make sure the Country is set to "International." 
b. On the General tab, make sure the "Extrapolate Grid 'under' Buildings" 

check box is checked. 
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c. On the Ref Time tab, make sure that Allocation Hours boxes from 00 to 
06 and 22 to 23 (in the top row) are designated N and the boxes from 07 to 
21 (in the top row) are designated D. Also, make sure there is "10.0" in 
the "Night-time Penalty (dB)." 

d. On the Eval. Param. tab, in row 1, under "Type," choose "Ld" and make 
sure that the check box is checked and the "Name" box is "Day." In row 
2, under "Type," choose "Ln" and make sure that the check box is 
checked and that the "Name" box is "Night." 

e. On the DTM tab, make sure the value in the "Standard Height (m):" box is 
0.00. For "Model of Terrain", choose the "Triangulation" radio button. 

f. On the Ground Absorption tab, set the default ground absorption, G, to 
1.00. Also ensure the "Roads/Parking Lots are reflecting (G==O)" and 
"Buildings are reflecting (G==O)" checkboxes are checked. 

g. On the Reflection tab, make sure the "max. Order of Reflection" is 1. 
3) Chose the variant that you want to calculate the grid for from the drop-down box 

on the toolbar. 
4) In the Grid menu, choose "Cale Grid." For simple idling scenarios with only a 

couple of locomotives (point sources) in one part of Teaneck, the sound levels 
contours should be drawn in about 30 minutes. 
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