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Summary

The Federal Railroad Administration (FRA) is the federal Project lead and
the Washington State Department of Transportation (WSDOT) is the lead
state agency for the Project.

The Project is located in Pierce County along an approximately 21-mile
existing corridor. The three owners of the Project are Sound Transit,
Tacoma Rail, and the Burlington Northern Santa FE (BNSF) Railroad.

The Project would improve railroad track and support facilities, and
relocate the Tacoma Amtrak Station. Following are the five major Project
components:

e Construct a new track adjacent to the existing main line between
South Tacoma and Lakewood.

e Reconstruct and rehabilitate the existing main line track.

e Improve the connection to the main line near Nisqually.

e Construct improvements at existing at-grade crossings to improve
safety features and allow high-speed rail operations.

e Relocate the Tacoma Amtrak Station to the Tacoma Dome Station
at Freighthouse Square.

No new at-grade highway or rail crossings are planned within the Project
area, nor would any at-grade crossings be closed as part of the Project.

Noise Assessment Methodology

Predicted noise levels for the Project area were modeled with the current
(2011 version) Federal Transit Administration (FTA) noise spreadsheet
model. Predicted future noise levels in the Project area were based on
existing measured sound levels and future daily rail operations detailed in
Chapter 1 of the Noise and Vibration Discipline Report. The spreadsheet
was developed by FTA and uses the methods and formulas described in
“Chapter 6: Detailed Noise Analysis” of the FTA guidance manual,
Transit Noise and Vibration Impact Assessment (FTA 2006).

To provide a baseline for the analysis of potential noise effects caused by
the rail operations, long-term (24-hour) measurements were conducted at
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19 sites, which include residences and other buildings where people
normally sleep. These measurement locations were supplemented with
four short-term (15-minute) noise measurements to determine existing
noise levels at typical recreational, institutional, and commercial land uses
with primarily daytime and evening activity.

Noise exposure (future noise that would be generated by the Project) was
forecast using the FTA 2011 spreadsheet-based noise model.

The predicted noise levels were compared to the site-specific criteria to
determine if there would be No Effect, a Moderate Effect, or a Severe
Effect at each site.

Rail Vibration Assessment Methodology

Vibration effects from rail operations are generated through the wheel/rail
interface. The smoothness of these motions/actions is influenced by wheel
and rail roughness, rail vehicle suspension, train speed, track construction
(including types of fixation and ballast), the location of switches and
crossovers, and the geologic strata (layers of rock and soil) underlying the
track. Vibration from a passing train could move through the geologic
strata, resulting in building vibration transferred through the building
foundation. Because vibration levels are rarely sufficient to cause building
damage, the principal concern is annoyance to building occupants.

FRA relies upon the FTA noise and vibration impact assessment
procedures for assessing improvements to conventional passenger rail
lines and stationary rail facilities and horn noise assessment.

Vibration levels caused by the Project were predicted using the vibration
assessment information and procedures contained in the FTA’s guidance
manual, Transit Noise and Vibration Impact Assessment (2006).

All estimates of ground-borne vibration were projected to the foundation
of each building, and did not include estimates of building coupling loss.
Building coupling loss is the amount of vibration energy lost between the
ground vibration and the vibration of the building; generally, the heavier
the building foundation, the greater the coupling loss. Predicted ground-
borne vibration levels were compared to the FTA impact criteria to
determine potential effects.

! Guidance on Assessing Noise and Vibration Impacts (FRA 2011)
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Construction Noise and Vibration Assessment
Methodology

Because the means and methods of construction will not be known until a
contractor is selected for the Project, analysis of construction noise and
vibration was based on typical activities and equipment used for
demolition, excavation, and erection work phases. The evaluated activities
are representative of activities that would occur during Project
construction.

Noise and Vibration Criteria

Per FRA’s Guidance on Assessing Noise and Vibration Impacts (2011),
FRA relies upon the FTA noise and vibration impact assessment
procedures for assessing improvements to conventional passenger rail
lines and stationary rail facilities, and horn noise assessment.

Noise and vibration impact assessment procedures are described in detail
in Chapter 2 of the Noise and Vibration Discipline Report.

Airborne Noise Criteria

The criteria in the FTA guidance manual, Transit Noise and Vibration
Impact Assessment (2006), are founded on well-documented research on
community reactions to environmental noise, and based on project-related
changes in noise exposure using a sliding scale. The degree to which a
project may increase the existing level of environmental noise is reduced
with increasing levels of existing noise. The Noise Impact Criteria group
noise-sensitive land uses into the following three categories:

e Category 1: Sites where quiet is an essential element of their
purpose.

e Category 2: Residences and buildings where people normally
sleep. This includes single- and multi-family residences, hospitals,
and hotels where nighttime sensitivity is assumed to be of utmost
importance.

e Category 3: Institutional land uses with primarily daytime and
evening use. This category includes schools, libraries, churches,
office buildings, and other noise-sensitive commercial land uses.

The Average Day/Night Sound Level (Lg,) in units of A-weighted decibels
(dBA) is used to describe noise exposure for residential receivers/areas
(Category 2). The maximum one-hour Equivalent Sound Level (Leg), also
in units of dBA, is used to describe noise exposure for other noise-
sensitive land uses such as school buildings (Categories 1 and 3). Ly, and
Leq are described in detail in Chapter 3 of the Noise and Vibration

Point Defiance Bypass Project September 2012
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Discipline Report. The criteria, as described in FTA’s Transit Noise and
Vibration Impact Assessment (2006) include two levels of impact:

e Severe Effect: Severe noise effects are considered “significant” as
this term is used in NEPA and its implementing regulations.
Severe noise effects represent the most compelling need for
mitigation measures. However, before mitigation measures are
considered, the project sponsor should first evaluate alternative
locations/alignments to determine whether it is feasible to avoid
Severe Effects altogether while still satisfying project goals. If it is
not practical to avoid Severe Effects by changing the location or
design of the project, mitigation measures must be considered.
Severe Effects have the greatest adverse effect on the community;
thus, there is a presumption that mitigation would be incorporated
in the project unless there are truly extenuating circumstances that
prevent it.

e Moderate Effect: Moderate noise effects are associated with a
change in the cumulative noise level that is noticeable to most
people, but may not be sufficient to cause strong, adverse reactions
from the community. Project noise levels in the Moderate Effect
range would also require consideration and adoption of noise
abatement measures when they are considered feasible and
reasonable. While effects in this range are not of the same
magnitude as Severe Effects, there can be circumstances regarding
the factors outlined below that make a compelling argument for
mitigation. These other factors can include the predicted increase
over existing noise levels, the type and number of noise-sensitive
land uses affected, existing outdoor/indoor sound insulation,
community views, special protection provided by law, and the
cost-effectiveness of mitigating noise to more acceptable levels.

Ground-Borne Noise and Vibration Criteria

The FTA has developed impact criteria for acceptable levels of ground-
borne vibration and ground-borne noise. Ground-borne vibration from rail
vehicles is characterized in terms of the root-mean-square (RMS)
vibration velocity amplitude. The threshold of vibration perception for
most humans is around 65-70 vibration decibels (VdB). Levels in the
70-75 VdB range are often noticeable but acceptable, and levels greater
than 80 VVdB are often considered unacceptable.

Ground-borne noise does not generate effects for at-grade rail operations
(such as the Project), because the level of airborne noise from passing
trains transmitted through the windows or walls of a building would
exceed any ground-borne noise potentially transmitted into the building.

September 2012 Point Defiance Bypass Project

Page 4

Noise and Vibration Discipline Report



Noise and Vibration Effects

Noise and vibration effects are described in detail in Chapter 5 of the
Noise and Vibration Discipline Report. Moderate noise effects are
predicted at two sites for the Project: Site 6M and Site 16N. Each site
represents approximately six residences. The noise levels at these sites
would be caused by warning devices at at-grade crossings located near the
noise-sensitive land uses.

Operational- and construction-related vibration effects are predicted at two
sites: Site 3 and Site 11. Site 3 represents approximately five residences,
and Site 11 represents approximately 11 residences located 25-50 feet
from the nearest track. Vibration levels at these locations are a result of the
small distance between the tracks and the vibration-sensitive land uses.

Noise Minimization Measures

No Build Alternative

Under the No Build Alternative, the Project would not be built and would
not cause any additional noise effects. Therefore, no mitigation or
minimization measures are required or proposed.

Build Alternative

No severe noise effects are predicted for the Build Alternative. Moderate
noise effects are predicted at Sites 6M and 16N. These effects would be
caused by warning devices at the nearby at-grade crossings. These
crossings will use wayside horns to limit the sounding of train horns and
reduce the area exposed to train warning sounds; however, noise effects
would still occur near the intersections. The use of wayside horns has been
included in the Project’s design to minimize noise exposure from the
Project. Because the affect would be caused by required warning devices,
elimination of the noise source would not be acceptable because it would
create a safety hazard. While it is not required, mitigation for moderate
effects, where possible, should be considered. Noise barrier placement is
not feasible in these areas, because openings in the barriers would be
needed for roadway crossings and noise barriers in these areas could
create sight-distance hazards.

Structural sound insulation in dwellings is provided only if predicted noise
effects are severe. The predicted noise effects identified for the Project are
less than severe. Therefore, noise insulation is not recommended as a
mitigation measure.

Point Defiance Bypass Project September 2012
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Therefore, no noise mitigation or minimization measures are
recommended for grade-crossing noise effects caused by the Build
Alternative.

Vibration Minimization Measures

No Build Alternative

Under the No Build Alternative, the Project would not be built and would
not cause any vibration effects. Therefore, no minimization measures are
required or proposed.

Build Alternative

Vibration effects at Sites 3 and 11 would be caused by train pass-by. Use
of track treatments to reduce the vibration transmitted to the ground, such
as resiliently supported ties, or ballast mats in this area could reduce the
vibration levels below the 80 VdB criteria.

A detailed vibration analysis of the two areas with predicted vibration
effects will be conducted during final design. This study will address the
vibration from the existing rail line and characterize the soil propagation
in the area, which may reduce the number of vibration effects. The
detailed study will also address any rail vibration treatments that have
already been incorporated by Sound Transit in areas of shared track.

Construction Minimization Measures

Noise and vibration control measures during construction may be required
to minimize noise and vibration levels on existing sensitive land uses. All
construction activities will have to comply with local noise and vibration
regulations. Nighttime work could require a variance for local noise
regulations.

The contractor will be required to comply with any noise regulations
permits acquired for the Project. Construction hours could be set, and
construction activity noise level emission criteria could be determined and
compliance required during construction.

September 2012 Point Defiance Bypass Project
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Chapter 1 —Project Description

Introduction

Under the High-Speed Intercity Passenger Rail (HSIPR) Program and
pursuant to a programmatic Tier | Environmental Assessment (EA) the
Federal Railroad Administration (FRA) has approved an application from
the Washington State Department of Transportation (WSDOT) to improve
the Pacific Northwest Rail Corridor (PNWRC), a federally designated
high-speed rail corridor. One project included in the PNWRC application
is the Point Defiance Bypass Project (the Project), which would respond to
deficiencies in the existing rail operations around Point Defiance. This
Discipline Report has been prepared in support of the project-specific EA
for the Point Defiance Bypass project.

The Project is located in Pierce County along an existing approximately
20-mile rail corridor between Tacoma and Nisqually.2 The Project would
provide for the re-routing of Amtrak passenger trains from the BNSF rail
line that runs along the southern Puget Sound shoreline (Puget Sound
route) to the Point Defiance Bypass route, an existing rail corridor that
runs along the west side of I-5. The Project would consist of railroad track
and support facility improvements, and relocation of the Tacoma Amtrak
Station to Freighthouse Square in Tacoma.

Purpose and Need

As described above, the Point Defiance Bypass route is part of the larger
PNWRC. Within Washington State, the vision for the PNWRC is to
“...improve intercity passenger rail service by reducing travel times and
achieving greater schedule reliability in order to accommodate growing
intercity travel demand...”.

The purpose of the Project is to provide more frequent and reliable high-
speed intercity passenger rail service along the PNWRC between Tacoma
and Nisqually. In conformity with the decisions under the Tier 1
Programmatic EA, the PNWRC Improvement Program has reduced the

2 The three owners of the project corridor are Sound Transit, Tacoma Rail, and BNSF.
3 WSDOT 2009

Point Defiance Bypass Project September 2012
Noise and Vibration Discipline Report Page 7



overall environmental effects of providing improved passenger rail service
with the use of an existing transportation corridor and associated
infrastructure, rather than creating a new corridor.

The Project is needed to address the deficiencies in the existing rail
alignment around Point Defiance. The existing alignment (Puget Sound
route), shared by freight and passenger rail traffic, is near capacity and is
therefore unable to accommodate additional high-speed intercity
passenger rail service without substantial improvements. In addition, the
existing alignment has physical and operational constraints that adversely
affect both passenger train scheduling and reliability.

Improving intercity passenger rail service in the project area and meeting
the Project needs would be accomplished by:

Enhanced Frequency: Increasing Amtrak Cascades round-trips from four
to six by 2017 to meet projected service demands.

Improved Reliability: Reducing scheduling conflicts with freight trains
that often result in delays, and by minimizing or avoiding operational
delays (e.g., drawbridge openings) and weather-related delays (e.g.,
mudslides), and improving on-time performance from 68 percent to 88
percent.

Enhanced Efficiency: Enhancing the efficient movement of people by
decreasing trip times by 10 minutes, and reducing the amount of time
passenger trains spend yielding to freight movements.

Improved Safety: Constructing at-grade crossings with upgraded safety
features, including wayside horns, median barriers, advance warning
signals, and traffic signal improvements.

What alternatives are being considered for the Point
Defiance Bypass Project?

FRA and WSDOT conducted an evaluation of three build alternatives: the
Point Defiance Bypass Alternative, the Shoreline Alternative, and the
Greenfield Alternative. Two of the alternatives (the Shoreline Alternative,
and the Greenfield Alternative) were eliminated from further study.
Although both alternatives could meet the Project’s purpose and need,
they were determined to be impracticable and unfeasible due to technical
constraints, high construction costs, and significant environmental effects.
Grade separations were also evaluated for further consideration. FRA and
WSDOT’s preliminary analysis revealed that current and projected future
traffic volumes do not warrant the construction of new grade-separated
crossings.

September 2012 Point Defiance Bypass Project
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What’'s happening in the bypass corridor today?

The rail line between TR Junction and East “D” Street in Tacoma hosts
both freight and commuter trains, including freight operators Tacoma Rail
and BNSF, and Sound Transit’s Sounder commuter rail service. Freight
train traffic between TR Junction and East “D” Street averages under two
trains per day, while Sound Transit currently operates 18 trains per day
between Freighthouse Square and Seattle each weekday, and also offers
occasional special event trains, usually on weekends, to serve sporting and
other events in Seattle. Sounder service to Lakewood begins in late 2012.

What would happen if the Project were not built?

If the Project were not built (the No Build Alternative), Amtrak’s
Cascades and Coast Starlight passenger train service would continue to
use the existing Puget Sound route. The No Build Alternative includes
only the minor maintenance and repair activities necessary to keep the
existing Puget Sound route operational. With the No Build Alternative, it
would be expected that as freight traffic increases, congestion would
adversely affect Amtrak service reliability, and the travel time for Amtrak
trains between Seattle and Portland would increase.

Along the Point Defiance Bypass route, the Tacoma Rail and BNSF
freight services would continue. The at-grade crossings at Clover Creek
Drive Southwest, North Thorne Lane Southwest, Berkeley Street
Southwest, 41st Division Drive, and Barksdale Avenue Southwest would
not be upgraded.

Sound Transit’s Sounder commuter passenger trains will become
operational in late 2012 between the Tacoma Dome Station at
Freighthouse Square in Tacoma and Sound Transit’s Lakewood Station
(on the Point Defiance Bypass route) with as many as 18 Sounder trains
per day.

What are the proposed improvements and related activities
of the Point Defiance Bypass Project?

The Project consists of railroad track and support facility improvements,
and the relocation of Amtrak’s Tacoma Station. Error! Reference source
not found. shows the components of the Build Alternative. The following
details specific components of the Build Alternative.

e Construct New Track Adjacent to the Existing Main Line — A new
3.5-mile track adjacent to the existing main line would be constructed
from South 66th Street (Rail MP 6.9) in Tacoma to between Bridgeport
Way SW (Rail MP 10.4) and Clover Creek Drive SW (Rail MP 10.9) in
Lakewood.

Point Defiance Bypass Project September 2012
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Reconstruct and Rehabilitate the Existing Main Line — Starting just
southwest of Bridgeport Way Southwest (Rail MP 10.4) in Lakewood, the
existing track would be reconstructed to a location southeast of the I-
5/Mounts Road Southwest interchange (Rail MP 19.8) at Nisqually
Junction.

Improvements at at-Grade Crossings — Several grade crossings would
be improved with wayside horns, gates, traffic signals and signage,
sidewalks, median separators, and warning devices. These crossings
include Clover Creek Drive Southwest, North Thorne Lane Southwest,
Berkeley Street Southwest, 41st Division Drive and Barksdale Avenue.

Tacoma Amtrak Station Relocation — The existing Tacoma Amtrak
Station would be relocated from its Puyallup Avenue location to the
Tacoma Dome Station at Freighthouse Square, at 430 E. 25th Street in
Tacoma.

What are the proposed operational changes that would
result from the Point Defiance Bypass Project?

Amtrak’s existing Cascades and Coast Starlight passenger train service
would be rerouted from the Puget Sound route along the Puget Sound
shoreline to the Point Defiance Bypass route. The Project would also
provide for additional Amtrak Cascades service by increasing the number
of round trips provided from 4 to 6, or a total of 12 Cascades service train
trips. All Amtrak Cascades and Amtrak Coast Starlight service would
occur between 7:00 a.m. and 10:00 p.m. No Amtrak nighttime service
would be operated on the Point Defiance Bypass route. Amtrak Coast
Starlight would also travel on the Point Defiance Bypass route for a total
of two Coast Starlight service train trips. The speed of these passenger
trains would be up to 79 mph.

September 2012 Point Defiance Bypass Project

Page 10

Noise and Vibration Discipline Report



Exhibit 1. Build Alternative Components
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Chapter 2 — Methodology

Per FRA’s Guidance on Assessing Noise and Vibration Impacts (FRA
2011), FRA relies upon the FTA noise and vibration impact assessment
procedures for assessing improvements to conventional passenger rail
lines and stationary rail facilities and horn noise assessment.

The study area for the noise and vibration analysis is the project corridor.
Noise and vibration effects were evaluated at noise- and vibration-
senisitive receptors within 1,000 feet of the track centerline.

Noise Assessment Methodology

Predicted noise levels in the area surrounding the Project were modeled
with the current (2011 version) FTA noise spreadsheet model. Predicted
future noise levels in the study area were based on existing measured
sound levels and future daily rail operations oulined in Chapter 1. The
spreadsheet was developed by FTA and uses the methods and formulas in
“Chapter 6: Detailed Noise Analysis” of the FTA guidance manual,
Transit Noise and Vibration Impact Assessment (2006).

The operations assumptions (speed, headways, and schedule) used in the
noise analysis were the same as those used in estimating ridership, fare
revenue, and other effects of the Project.

Noise effects from rail operations are generated from the interaction of
wheels on track and motive power. The interaction of steel wheels on rails
generates four different types of noise, depending on track work. These
include:

1. Noise generated by passing trains operating on tangent track
sections;

2. Noise generated from wheel squeal on tightly curved track;

3. Noise generated on special trackwork sections, such as at
crossovers or turnouts; and

4. Noise generated at grade crossing, including warning bells,
locomotive horns, or wayside horns.

This noise impact analysis considered each of these different sources.

Point Defiance Bypass Project September 2012
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Potentially noise-sensitive land uses and vibration-sensitive buildings
were identified, as well as appropriate locations for noise and vibration
monitoring by reviewing maps and aerial photographs, and conducting a
site visit. Noise levels were measured at locations along the proposed
alternative alignments and near the proposed rail station locations to
establish the most sensitive existing environment. All noise measurements
were made in accordance with American National Standards Institute
(ANSI) procedures for community noise measurements. Larson Davis
Model 720 or Model 820 sound level meters were used for all noise
measurements.

To provide a baseline for the analysis of potential noise effects of the rail
operations, long-term (24-hour) measurements were conducted at 19 sites
that include residences and other buildings where people normally sleep.
These measurement locations were supplemented with four short-term
(15-minute) noise measurements, as needed to determine existing noise
levels at typical recreational, institutional, and commercial land uses with
primarily daytime and evening activity.

Noise exposure (future project-generated noise) was forecast using the
FTA noise model. The FTA model includes default reference noise levels
for 23 different noise sources that could be part of a rail project. The
default noise reference levels for train types are based on measurements
taken from different vehicles types. They are conservative because the
reference levels represent the worst-case noise from the vehicle types. The
noise model spreadsheet takes into account the speed of the train, the
number of engines and number of cars per train set, and the number of
trains per hour during daytime and nighttime hours. Other inputs included
the type of track, track on aerial structures, if a barrier is present, and if
there are buildings between the rail and the receiver. This report uses the
default reference noise levels provided by FTA (for Amtrak trains
comprised of one locomotive and eight rail cars in each train) and
validates the calculation using reference sound levels from similar Amtrak
passenger trains that are expected to use the tracks.

To validate the noise level predictions, pass-by noise measurements were
taken in areas outside the Project area. These pass-by measurements
provide additional data about the specific Amtrak passenger trains that
would travel on the improved tracks. These areas have already improved
tracks and joints that are similar to the Project improvements. Straight-line
noise measurements were taken west of the track that parallel to East
Valley Highway, between Lake Tapps Parkway and Lakeland Hill Way
approximately 50 feet from the railroad tracks. These measurements were
compared to the modeled noise levels from the FTA noise model. The
result of the pass-by noise measurements correspond to an average sound
exposure level (SEL) of 93 dBA for the observed trains; the FTA noise
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model uses a reference SEL of 93 dBA 50 feet from the railroad tracks for
a passenger trains comprised of one locomotive and eight rail cars
traveling at 50 miles per hour. Because the measured SEL is similar to the
FTA noise model reference SEL, the pass-by noise measurement validates
the use of the FTA noise model and reference noise levels.

Pass-by noise measurements were also taken to characterize potential
wheel squeal. Wheel squeal is caused when the wheels slip or stick to the
rails as trains negotiate tight radius curves. Pass-by noise measurements
were taken on the curve track west of East Valley Highway north of
Puyallup Street. No wheel squeal was measured or observed during the
measurement. The FTA Transit Noise and Vibration Impact Assessment
(2006) states that a standard steel wheel on steel rail system will tend to
initiate curve squeal at curves with radii less than 100 times the truck
wheelbase. The Amtrak Cascades trains are typically operated in a push-
pull configuration with an EMD F59HI engine at one end, a 12 or 13 car
Talgo-built trainset, and an unpowered EMF F40PH locomotive called a
Non-Powered Control Unit (NPCU) on the other end. The leading
locomotive engine and the NPCU both have truck wheelbase lengths of
nine feet. The Talgo passenger cars are equipped with one set of single
axle wheels per car and therefore would not act in the same way as a
conventional double axle truck, such as the ones on the locomotive
engines. Therefore, according to the FTA guidance, wheel squeal at curves
would only be likely to occur on curves with a radius of 900 feet or less
(nine feet multiplied by 100).
Data from the WSDOT Rail Offices indicates that there are two curves on
the project alignment with curve radii less than 900 feet:

e Curve C-19A-1 at Station # a 534+85.80 with a curve radius of

685.42 feet
e Curve C-20-1 at Station # a 547+15.71 with a curve radius of
828.88 feet

Both these curves are located next to one another near the southern end of
the project alignment where the track crosses Interstate 5, south of the City
of DuPont. There are no noise-sensitive land uses in the vicinity of these
two curves and so wheel squeal was not considered further in the noise
impact analysis.

The FTA noise model also provides for the analysis of locomotive horns
and waysides horns, at grade crossings, and special track work as separate
airborne noise sources. These sources were modeled at the receivers where
the Project could affect noise levels.

The predicted noise levels are compared to the site-specific criteria to
determine if there is No Effect, a Moderate Effect, or a Severe Effect at
each site.
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Rail Vibration Assessment Methodology

Vibration effects from rail operations are generated through the wheel/rail
interface. The smoothness of these motions/actions are influenced by
wheel and rail roughness, rail vehicle suspension, train speed, track
construction (including types of fixation and ballast), the location of
switches and crossovers, and the geologic strata (layers of rock and soil)
underlying the track. Vibration from a passing train has the potential to
move through the geologic strata, resulting in building vibration
transferred through the building foundation. The principal concern is
annoyance to building occupants.

FRA relies upon the FTA noise and vibration impact assessment
procedures for assessing improvements to conventional passenger rail
lines and stationary rail facilities and horn noise assessment (FRA 2011).

Vibration effects expected from the Project were determined using the
general vibration assessment information and procedures contained in the
FTA’s guidance manual, Transit Noise and Vibration Impact Assessment
(2006). FTA vibration reference levels for rail vehicles were used to
represent the train’s force density level function. Transfer mobility
functions used to determine the ground attenuation were based on
vibration reference data. The combination of force density and transfer
mobility functions provide an estimate of ground vibration as it relates to
distance from the fixed guideway.

The vibration reference levels are based on FTA reference levels, which
use base curves that are representative of the upper range of well-
maintained North America systems. The vibration model uses the method
and formulas in Chapter 10 of the FTA Transit Noise and Vibration
Impact Assessment to determine if there are possible vibration effects. The
model also takes into account the speed of the train and distance from the
nearest track to the building of interest, and then calculates the predicted
vibration levels by adjusting the speed and distance of the reference base
curves. A number of adjustment factors can be added, including type of
track joint, type of wheels on car, type of track bed, if special track work is
in place, and if vibration control track treatments are in use.

All estimates of ground-borne vibration were projected to the foundation
of each building, and do not include estimates of building coupling loss.
Building coupling loss is the amount of vibration energy loss between the
ground vibration and the vibration of the building—generally the heavier
the building foundation, the greater the coupling loss. Predicted ground-
borne vibration levels were compared to the criteria to determine potential
effects.
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Vibration measurements were taken at locations that could have potential
effects based on distance from the tracks or special trackwork.
Measurements were completed using Instantel Minimate Plus vibration
monitors.

Construction Noise and Vibration Assessment
Methodology

Because the means and methods of construction would not be known until
a contractor is selected for the Project, analysis of construction noise and
vibration was based on typical activities and equipment used for
demolition, excavation, and erection work phases. Both daytime and
nighttime construction activities were analyzed, since it is possible that
construction work would occur 24 hours a day.

The Washington Administrative Code (WAC) has provisions for
regulating noise on the state level, and imposes limits on the allowable
environmental noise levels from a variety of sources in any 1-hour period
(WAC 173-60, Maximum Environmental Noise Levels) that would be
applicable to construction noise associated with the Project. The maximum
allowable levels depend on the classification of the property receiving the
noise and the noise source. The classification system is called the
Environmental Designation for Noise Abatement (EDNA) and is generally
based on a property’s use. However, WAC 173-60-050 exempts sounds
originating from temporary construction sites as a result of construction
activity except insofar as such provisions relate to the reception of noise
within Class A EDNAs (which include residential properties, multiple
family living accommodations, recreational and entertainment facilities
[e.g., camps, parks, camping facilities, and resorts], and community
service facilities [e.g., orphanages, homes for the aged, hospitals, health
and correctional facilities]) between the hours of 10:00 p.m. and 7:00 a.m.

The City of Tacoma municipal code Title 8.122, Noise Enforcement,
regulates noise from construction activities within the City of Tacoma
limits, and prohibits construction and demolition activity, excluding
emergency work, from being performed between the hours of 9:00 p.m.
and 7:00 a.m. on weekdays or between the hours of 9:00 p.m. and 9:00
a.m. on weekends and federal holidays, except than by variance. However,
the code states that after hours work on weekdays and weekends shall be
allowed, provided that no sound created by the work exceeds the limits in
8.122.080(a).

The City of Lakewood municipal code Title 8.36, Noise Control, regulates
noise from construction activities within the City of Lakewood limits, and
prohibits sounds originating from construction sites, including but not
limited to sounds from construction equipment, power tools and
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hammering between the hours of 10:00 p.m. and 7:00 a.m. on weekdays
and 10:00 p.m. and 9:00 a.m. on weekends.

The City of DuPont municipal code Title 9.09, Sound and Vibration,
regulates noise and vibration from construction activities within the City
of DuPont. City of DuPont municipal code Title 9.09.050, Exemptions,
exempts sounds originating from temporary construction sites as a result
of construction activity except insofar as such provisions relate to the
reception of noise within WAC Class A EDNAs (as described above)
between the hours of 10:00 p.m. and 7:00 a.m.

The City of DuPont municipal code Title 9.09.050, Prohibited vibrations,
prohibits the operation or permitting the operation of any device that
creates vibration which is above the vibration perception threshold of an
individual at or beyond the property boundary of the source if on private
property or at 50 feet from the source if on a public space or public right-
of-way. For the purposes of this regulation, “vibration perception
threshold” means the minimum ground- or structure-borne vibration
motion necessary to cause a person to be aware of the vibration by such
direct means as, but not limited to, sensation by touch or visual
observation of moving objects.

Pierce County Code, Title 8.76, Noise Pollution Control, regulates noise
from construction activities within the limits of Pierce County. Pierce
County Code Title 8.76.070, Exemptions, exempts sounds originating
from temporary construction sites as a result of construction activity
except insofar as such provisions relate to the reception of noise within
WAC Class A EDNAs (as described above) between the hours of 10:00
p.m. and 7:00 a.m.
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Chapter 3 — Noise and Vibration
Criteria and Fundamentals

Understanding Noise

The basic unit of measurement for noise is the decibel (dB), which is a
logarithmic measure of sound energy that tracks closely with human
perception of loudness. To better account for human hearing sensitivity to
different frequencies contained in sound (or “unwanted sound” called
noise), noise is quantified in units of decibels on an “A-weighted” scale,
abbreviated as dBA. The “A” scale incorporates frequency weightings that
approximates the average human ear’s sensitivity to sounds comprised of
many different frequencies. The terms “sound” and “noise” are used
interchangeably in this report.

The most commonly used noise metric (also called a “noise descriptor”) is
the Equivalent Noise Level (Leg), which is the energy sum of all the sound
that occurs during a measurement period. Another descriptor known as
Average Day-Night Noise Level (Lgn) is often used to evaluate
environmental noise in areas with noise-sensitive uses that include
sleeping quarters such as residential areas. The Lgn is a 24-hour Leg with a
10-dB penalty added to noise occurring from 10 PM to 7 AM. The effect
of this penalty is that, in the calculation of Lg,, any sound (or noise event)
during nighttime hours is equivalent to 10 identical events occurring
during daytime hours. This strongly weights Lg, toward nighttime noise, to
reflect that most people are more easily annoyed by noise during nighttime
hours when background sounds may be lower and most people are
sleeping.

A rural area with no major roads nearby would have a typical Lg, of
around 40 dBA; a noisy urban residential area close to a major arterial
highway would average around 70 dBA Lg,. Most residential areas in the
study corridor fall within the range of 60-75 dBA Lgn. Exhibit 2 provides
typical Ly, values experienced in a range of residential and urban areas.
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Exhibit 2. Typical L4y Values

Source: Transit Noise and Vibration Impact Assessment (FTA 2006)

Understanding Ground-Borne Vibration

Ground-borne vibration differs from airborne noise in that it consists of
energy transmitted through the earth rather than the air. Ground-borne
vibration is not a widespread environmental problem, and is generally
limited to localized areas very near roadways, rail systems, construction
sites, and some industrial operations. Automobile, bus, and truck traffic
rarely create perceptible ground-borne vibration, except where bumps,
potholes, or other discontinuities in the roadway surface exist.

When traffic causes phenomena such as rattling windows, the cause is
more likely to be acoustic (airborne) excitation rather than ground-borne
vibration. The unusual situations where traffic or other existing sources
cause intrusive vibration can be an indication of geologic conditions that
could also result in higher-than-normal levels of train vibration.

Vibration is an oscillatory (back-and-forth) motion that can be described
in terms of the displacement, velocity, or acceleration of the oscillations.
Vibration velocity has been standardized as the metric for evaluating
environmental vibration effects on humans. Therefore, vibration in this
context usually is expressed in units of inches per second (ips). However,
because of the very large velocity range over which typical environmental
vibration energy can occur (below .001 to above 1.0 ips), a more
convenient decibel scale has been adopted that allows for compression of
this large range into a more practical scale. The velocity of vibration is
expressed in units of decibels relative to one micro-inch per second, and
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the abbreviation VVdB is used for vibration decibels to avoid confusion
with sound decibels. The vibration level in most urban areas ranges
typically from about 40-100 VdB.

Train vibration is almost always characterized in terms of the RMS
amplitude of the velocity. RMS is a widely used but sometimes confusing
method of characterizing vibration and other oscillating phenomena. It
represents the average energy over a short time interval; typically, a one-
second interval is used to evaluate human response to vibration. RMS
vibration velocity is considered to be the best available measure of
potential human annoyance from ground-borne vibration because it is
highly correlated with the human body’s response to vibration.

Existing background building vibration usually ranges from 40-50 VdB,
which is well below the range of human perception. Although the
perceptibility threshold is about 65-70 VVdB, human response to vibration
is usually not substantial unless the RMS vibration velocity level exceeds
70 VdB (see Exhibit 3). This is a typical level of vibration experienced 50
feet from railroad tracks. Buses and trucks rarely create vibration that
exceeds 70 VdB, unless there are large bumps or potholes in the road.

Exhibit 3. Typical Levels of Ground-borne Vibration

RMS Vibration Velocity Level (Vdb)
60 70 80 90 100
\ \
Approximate Generally acceptable Sufficient to cause Approximate
threshold of human for residential land difficulty with tasks such threshold for
perception uses as reading a VDT screen damage
Perceptible to most ~ Very noticeable, generally not Approximate threshold for damage
people, but rarely intrusive for office or institution to fragile historic buildings.
considered land uses. Only acceptable Sufficient to cause cosmetic
unacceptable for residential land uses if damage to some buildings.
vibration occurs a limited
number of times per day.

Source: Transit Noise and Vibration Impact Assessment (FTA 2006)
Impact Criteria and Applicable Regulations
State and Local Regulations

There are no applicable state or local noise or vibration impact criteria for
operation of the Project.

This project does not contain any Type | elements as described in the
WSDOT 2011 Traffic Noise Policy and Procedures.
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The Washington State Administrative Code (WAC) does have provisions
for regulating noise on the state level, and imposes limits on the allowable
environmental noise levels from a variety of sources in any 1-hour period
(WAC 173-60, Maximum Environmental Noise Levels) that would be
applicable to construction noise associated with the Project. The maximum
allowable levels depend on the classification of the property receiving the
noise and the noise source. The classification system is called the
Environmental Designation for Noise Abatement (EDNA) and is generally
based on a property’s use. However, WAC 173-60-050 exempts sounds
originating from temporary construction sites as a result of construction
activity except insofar as such provisions relate to the reception of noise
within Class A EDNAs (which include residential properties, multiple
family living accommodations, recreational and entertainment facilities
[e.g., camps, parks, camping facilities, and resorts], and community
service facilities [e.g., orphanages, homes for the aged, hospitals, health
and correctional facilities]) between the hours of 10:00 p.m. and 7:00 a.m.

The City of Tacoma municipal code Title 8.122, Noise Enforcement,
regulates noise from construction activities within the City of Tacoma
limits, and prohibits construction and demolition activity, excluding
emergency work, from being performed between the hours of 9:00 p.m.
and 7:00 a.m. on weekdays or between the hours of 9:00 p.m. and 9:00
a.m. on weekends and federal holidays, except than by variance. However,
the code states that after hours work on weekdays and weekends shall be
allowed, provided that no sound created by the work exceeds the limits in
8.122.080(a).

The City of Lakewood municipal code Title 8.36, Noise Control, regulates
noise from construction activities within the City of Lakewood limits, and
prohibits sounds originating from construction sites, including but not
limited to sounds from construction equipment, power tools and
hammering between the hours of 10:00 p.m. and 7:00 a.m. on weekdays
and 10:00 p.m. and 9:00 a.m. on weekends.

The City of DuPont municipal code Title 9.09, Sound and Vibration,
regulates noise and vibration from construction activities within the City
of DuPont. City of DuPont municipal code Title 9.09.050, Exemptions,
exempts sounds originating from temporary construction sites as a result
of construction activity except insofar as such provisions relate to the
reception of noise within WAC Class A EDNAs (as described above)
between the hours of 10:00 p.m. and 7:00 a.m.

The City of DuPont municipal code Title 9.09.050, Prohibited vibrations,
prohibits the operation or permitting the operation of any device that
creates vibration which is above the vibration perception threshold of an
individual at or beyond the property boundary of the source if on private
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property or at 50 feet from the source if on a public space or public right-
of-way. For the purposes of this regulation, “vibration perception
threshold” means the minimum ground- or structure-borne vibration
motion necessary to cause a person to be aware of the vibration by such
direct means as, but not limited to, sensation by touch or visual
observation of moving objects.

Pierce County Code, Title 8.76, Noise Pollution Control, regulates noise
from construction activities within the limits of Pierce County. Pierce
County Code Title 8.76.070, Exemptions, exempts sounds originating
from temporary construction sites as a result of construction activity
except insofar as such provisions relate to the reception of noise within
WAC Class A EDNAs (as described above) between the hours of 10:00
p.m. and 7:00 a.m.

Federal Noise Impact Criteria

FRA relies upon the FTA noise and vibration impact assessment
procedures for assessing improvements to conventional passenger rail
lines and stationary rail facilities and horn noise assessment (FRA 2011).

FTA has developed standards and criteria for assessing noise impacts
related to transit projects. The standards outlined in Transit Noise and
Vibration Impact Assessment (2006) are based on community reaction to
noise.

These standards evaluate changes in existing noise conditions using a
sliding scale. The higher the level of existing noise, the less room there is
for a project to contribute additional noise.

Some land use activities are more sensitive to noise than others; for
example, parks, churches, and residences are more noise-sensitive than
industrial and commercial areas. The Noise Impact Criteria group
sensitive land uses into the following three categories:

e Category 1: Tracts of land where quiet is an essential element in
their intended purpose. This category includes lands set aside for
serenity and quiet, and such land uses as outdoor amphitheaters
and concert pavilions, as well as national historic landmarks with
significant outdoor use. Also included are recording studios and
concert halls.

e Category 2: Residences and buildings where people normally
sleep. This includes residences, hospitals, and hotels, where
nighttime sensitivity is assumed to be of utmost importance.
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e Category 3: Institutional land uses with primarily daytime and
evening use. This category includes schools, libraries, theaters, and
churches where it is important to avoid interference with such
activates such as speech, meditation and concentration on reading
material. Place for meditation or study associated with cemeteries,
monuments, museums, campgrounds and recreational facilities can
also be considered to be in this category. Certain historical sites
and parks are also included.

L4n IS used to characterize noise exposure for residential areas (Category
2); maximum one-hour Leq (during the period that the facility is in use) is
used for other noise-sensitive land uses such as school buildings
(Categories 1 and 3).

Exhibit 4 shows the levels of impact included in the noise impact criteria.

Exhibit 4. Noise Impact Criteria for Transit Projects
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Existing Noise Level (dBA)

Source: Transit Noise and Vibration Impact Assessment (FTA 2006)

Residential Land Use Noise Impact Level

The level of impact also affects potential mitigation and minimization
requirements for a project. FRA and WSDOT follow this policy for
determining impacts on transit and inter-city rail projects for which it is
the local lead agency.

e Severe Impact: Severe noise impacts are considered “significant”
as this term is used in NEPA and its implementing regulations.
Severe noise impacts represent the most compelling need for
mitigation measures. However before mitigation measures are
considered, the project sponsor should first evaluate alternative
locations/alignments to determine whether it is feasible to avoid
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Severe Impacts altogether. If it is not practical to avoid Severe
Impacts by changing the location or design of the project,
mitigation measures must be considered. Impacts in this range
have the greatest adverse impact on the community; thus, there is a
presumption that mitigation would be incorporated in the project
unless there are truly extenuating circumstances which prevent it.

e Moderate Impact: Moderate impacts are associated with changes
in the cumulative noise level that are noticeable to most people, but
may not be sufficient to cause strong, adverse reactions from the
community (FTA 2006). Project noise levels in the Moderate
Impact range would also require consideration and adoption of
mitigation measures when it is considered reasonable. While
impacts in this range are not of the same magnitude as Severe
Impacts, there can be circumstances regarding the factors outlined
below which make a compelling argument for mitigation. These
other factors can include the predicted increase over existing noise
levels, the type and number of noise-sensitive land uses affected,
existing outdoor/indoor sound insulation, community views,
special protection provided by law and the cost-effectiveness of
mitigating noise to more acceptable levels.

Exhibit 5 summarizes the noise impact criteria for commuter and intercity
rail operations.

The first column of Exhibit 5 shows the existing noise exposure, and the
remaining columns show the level of impact (Moderate Impact or Severe
Impact) for future noise exposure. There would be No Impact if noise
levels are below the Moderate Impact noise levels. The future noise
exposure is the combination of the existing noise exposure and the
additional noise exposure caused by the rail project. As the existing noise
exposure increases, the amount of the allowable increase in the overall
noise exposure caused by the project decreases.

For example, Exhibit 6 and Exhibit 7 show the impact levels for future
noise exposure. Exhibit 6 shows the impact level if the existing noise
exposure is 53 dBA. As shown, for residential land use (Category 1 or 2),
a Moderate Impact would occur at 55 dBA and a Severe Impact would
occur at 60 dBA. For commercial land use (Category 3), a Moderate
Impact would occur at 60 dBA and a Severe Impact would occur at

65 dBA.

Point Defiance Bypass Project September 2012
Noise and Vibration Discipline Report Page 25



Exhibit 5. Noise Impact Criteria

Existing Noise
Exposure1 Leq OF

Project Noise Exposure Impact Thresholds: Lgy OF Leg"
(all noise levels in dBA)

Category 1 or 2 Sites

Category 3 Sites

Lan Moderate Effect Severe Effect Moderate Effect Severe Effect
<43 Amb.+10 Amb.+15 Amb.+15 Amb.+20
43-44 52 58 57 63
45 52 58 57 63
46-47 53 59 58 64
48 53 59 58 64
49-50 54 59 59 64
51 54 60 59 65
52-53 55 60 60 65
54 55 61 50 66
55 56 61 61 66
56 56 62 61 67
57-58 57 62 62 67
59-60 58 63 63 68
61-62 59 64 64 69
63 60 65 65 70
64 61 65 66 70
65 61 66 66 71
66 62 67 67 72
67 63 67 68 72
68 63 68 68 73
69 64 69 70 74
70 65 69 70 74
71 66 70 71 75
72-73 66 71 71 76
74 66 72 71 77
75 66 73 71 78
76-77 66 74 71 79
>77 66 75 71 80

Source: Transit Noise and Vibration Impact Assessment (FTA 2006)

1

Lqn is used for land uses where nighttime sensitivity is a factor; Daytime L is used for land
uses involving only daytime activities.

Category Definitions:

Category 1: Buildings or parks where quiet is an essential element of their purpose.

Category 2: Residences and buildings where people normally sleep. This includes residences,
hospitals, and hotels where nighttime sensitivity is assumed to be of utmost importance.

Category 3: Institutional land uses with primarily daytime and evening use. This category includes
schools, libraries, and churches.
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Exhibit 6. Example Effect Levels with an Existing Noise Exposure Level of 53 dBA

Exhibit 7 shows the effect level if the existing noise exposure is 63 dBA.
As shown, for residential land use (Category 1 or 2), a Moderate Effect
would occur at 60 dBA and a Severe Effect would occur at 65 dBA. For
commercial land use (Category 3), a Moderate Effect would occur at 65
dBA and a Severe Effect would occur at 70 dBA.

Exhibit 7. Example Effect Levels with an Existing Noise Exposure Level of 63 dBA

Federal Vibration Impact Criteria

FRA relies upon the FTA noise and vibration impact assessment
procedures for assessing improvements to conventional passenger rail
lines and stationary rail facilities (FRA 2011).
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FTA has developed impact criteria for acceptable levels of ground-borne
noise and vibration (FTA 2006). Ground-borne vibration from rail
vehicles is characterized in terms of the RMS vibration velocity
amplitude, which is a good indicator for the potential for human
disturbance. A one-second RMS time constant is assumed. This is in
contrast to vibration from blasting and other construction procedures that
could cause building damage. When assessing the potential for building
damage, ground-borne vibration is usually expressed in terms of the peak
particle velocity.

The threshold of vibration perception for most humans is around
65-70 VdB; levels from 70-75 VdB are often noticeable but acceptable;
and levels greater than 80 VVdB are usually considered unacceptable.

For human annoyance, there is a relationship between the number of
events and the degree of annoyance caused by the vibration. It is intuitive
to expect that more frequent or longer duration vibration events would be
more annoying to building occupants. To account for the fact that most
commuter rail systems having fewer daily operations than the typical
urban transit line, the criteria in Transit Noise and Vibration Assessment
(FTA 2006) include an 8-VdB higher threshold if there are fewer than 30
events of the same source type per day, regardless of the number of cars
per train. Thus, for rail systems with fewer than 30 trains per day, the limit
for an acceptable level of residential ground-borne vibration is 80 VdB.

Ground-borne vibration from any type of train operation would rarely be
high enough to cause any sort of building damage, even minor cosmetic

damage. The only real concern is that the vibration would be intrusive to
building occupants or interfere with vibration-sensitive equipment.

The vibration of floors and walls may cause a rumble noise within a
building. This rumble is the noise radiated from the motion of the room
surfaces. In essence, the room surfaces act like a giant loudspeaker. This is
called ground-borne noise. Ground-borne noise could result in an affect
for underground rail operations. For an urban rail system with 10-20 rail
movements per hour throughout the day, the acceptable levels of
residential ground-borne noise is 35-38 dBA, with levels above 48 dBA
often considered unacceptable. It is not considered for at-grade or above-
ground rail operations because the level of airborne noise from the passing
train that is transmitted through the windows or walls of a building would
exceed the ground- borne noise level occurring inside the building.
Existing and proposed rail operations are not underground operations, thus
it would not be discussed further.
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Exhibit 8 summarizes the impact criteria for ground-borne vibration.
These criteria are based on previous standards, criteria, and design goals,
including the ANSI S3.29 (Acoustical Society of America, 1983) and the
noise and vibration guidelines of the American Public Transit Association
(APTA 1981). Some buildings such as concert halls, television and
recording studios, and theaters can be very sensitive to vibration but do
not fit into any of the three categories. Because of the sensitivity of these
buildings, they usually warrant special attention during the environmental
review of a transit project.

Exhibit 8. Ground-borne Vibration Impact Criteria

Ground-Borne Vibration Impact Levels
(VdB re: 1 micro-inch/sec)

Land Use Category Frequent Events® | Occasional Events® | Infrequent Events®
C_ateg_ory _1: Bwldmgs Wh_ere I_ow existing 65 VdB* 65 vdB* 65 VdB*
vibration is essential for interior operations
Category 2: Residences and buildings where 72 VdB 75 VdB 80 VdB
people normally sleep
Ca_tego_ry 3: In_st|tut|ona| land uses with 75 VdB 78 VdB 83 VdB
primarily daytime use

Source: Transit Noise and Vibration Impact Assessment (FTA 2006)

Notes:

! “Frequent Events™ is defined as more than 70 vibration events of the same source per day. Most
rapid transit projects fall into this category.

2 «Qccasional Events” is defined as between 30 and 70 vibration events of the same sources per
day. Most commuter trunk lines have this many operations.

3 “Infrequent Events™ is defined as fewer than 30 vibration events of the same kind per day. This
category includes most commuter rail branch lines.

4 This criterion is based on levels that are acceptable for most moderately sensitive equipment,
such as optical microscopes. Vibration-sensitive manufacturing or research uses would require
detailed evaluation to define acceptable vibration levels. Ensuring lower vibration levels in a
building often requires special design of the HVAC system and stiffened floors.

Amtrak would use the new track adjacent to the existing main line from
South 66™ Street (Rail MP 6.9) in Tacoma to between Bridgeport Way
Southwest (Rail MP 10.4) and Clover Creek Drive Southwest (Rail MP
10.9) in Lakewood. Sounder and through freight trains would
predominantly use the existing main track. Therefore the Project would
have infrequent events as there would be less than 30 vibration events
from the same source per day in the Project area. The vibration criteria
would be 80 VdB throughout the Project area. Chapter 1 details the
existing and future daily rail operations.

Between the northern project terminus at the TR junction in Tacoma and
the Lakewood Station in Lakewood, existing vibration from Sound Transit
Sounder service was also factored into the vibration impact analysis. This
segment of the corridor would experience more than twelve train passby
events per day as a result of Sounder service, but the addition of the
Amtrak Cascades and Amtrak Starlight service would not result in a
significant increase in the number of vibrations events (defined by the
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FTA as a doubling in the number of daily vibration events). Therefore,
additional vibration impact