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ACRONYMS, ABBREVIATIONS, AND DEFINITIONS

AERMOD ...icvviviiiiiiiecee Air quality dispersion modeling system used in this analysis.
The AERMOD modeling system consists of two pre-
processors and a dispersion model. The meteorological
preprocessor (AERMET) provides meteorological information,
and a terrain pre-processor (AERMAP) characterizes terrain,
and generates receptor grids for the dispersion model
(AERMOD).

Ambient air quality standard... Health-based standard representing a pollutant
concentration in the ambient air usually over some averaging
period like 1-hour, intended to protect the health and welfare
of people with a margin of safety

Ambient air...........ooiei the air in outdoor locations to which the public has access,
e.g., outside the property boundary of the emissions source

ASIL v Acceptable Source Impact Level — a screening level (as
opposed to a standard) used to evaluate the potential impact
of TAPs based on the estimated risk of a lifetime of
exposure

Attainment/Nonattainment..... a determination and classification made by EPA indicating
whether ambient air quality in an area complies with (i.e.,
attains) or fails to meet (i.e., nonattainment) the
requirements of one or more NAAQS

Averaging time ..................... a specific length of time (e.g., 1 hour, 24-hours, 1 year) over
which measured or model-calculated concentrations of an air
pollutant are averaged for comparison with the NAAQS
based on the same averaging period. Note that some
NAAQSs are also based on multi-year averages of certain
percentiles of measured or calculated concentrations.

o cubic foot, a measure of volume

CfM cubic feet per minute, a measure of air flow

CO it carbon monoxide, a criteria air pollutant

CO2 ittt carbon dioxide

CO2€. it Greenhouse gas equivalents (emissions of all GHGs

expressed in terms of their "global warning potential™)

Criteria air pollutant .............. an air pollutant specifically governed by the Federal Clean Air
Act for which ambient air quality standards have been set.
Criteria air pollutants include carbon monoxide, particulate
matter, sulfur dioxide, nitrogen dioxide, ozone, and lead.

Dispersion model .................. A computerized calculation tool used to estimate pollutant
concentrations in the ambient air based on numeric
simulations that consider the locations and rates of pollutant
emissions and the effects of meteorological conditions,
usually over specific averaging times (e.g., 8-hours)

AWt oo Deadweight tonnage is a measure of how much weight a ship
is carrying or can safely carry. It is the sum of the weights of
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Maintenance area..................

Ramboll Environ

cargo, fuel, fresh water, ballast water, provisions,
passengers, and crew. The term is often used to specify a
ship's maximum permissible deadweight, and is expressed in
long tons or metric tons (tonnes).

Environmental Control Area
Washington State Department of Ecology
US Environmental Protection Agency

Potential air pollutant in the form of dust (or other pollutant)
emitted from a non-point or non-mobile source such as dust
from a road or from a storage pile caused by wind

Greenhouse gas (e.g., carbon dioxide or methane) that
contributes to the process of a gradual warming of the
atmosphere that can result in global climate change

a measure of the potential of a gas to have an effect in the
atmosphere that could lead to climate change based on the
potential of the gas to cause global warming. This is a
standard measure, typically based on a 100-year time
horizon, used to compare each GHG with the global warming
potential of carbon dioxide (CO2), the most abundant GHG.

horsepower
International Maritime Organization

a unit of speed equal to one nautical mile per hour, or
approximately 1.151 mph

also called imperial ton and equal to 2,240 pounds (1,016
kg)

An area that was once designated as nonattainment that has
since come into compliance with the ambient air quality
standard but where air quality control measures may remain
in effect (in perpetuity).

a compilation of meteorological data representing conditions
over some period of time and including such things as wind
speed and wind direction, and formatted as required by the
dispersion model being used. This analysis used a
meteorological data set covering 5 years.

1,000 kilograms (kg) = 2,204.6 pounds = tonne (see also
short ton)

one millionth of a meter; typically used to distinguish particle
size; typical human hair is 100 about microns in diameter

million metric tons per year

the area included in the dispersion-modeling analysis,
such as in this case, which used a larger than 10 kilometer
by 10 kilometer domain. Modeling receptors are distributed
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within this domain, usually over a standard grid pattern with
receptors every 100 to 500 meters.

Modeling receptor ................. a theoretical (i.e., often non-specific) location used in
computer modeling at which air pollutant concentrations are
calculated. Modeling may also use site-specific receptors
representing individual locations.

MOVES ...t EPA's Mobile Vehicle Emission Simulator

MEYP ceei i e metric tons per year

NAAQS. ..o National Ambient Air Quality Standard

Nautical mile (nm) ................ The nautical mile is a unit of length that is about one minute

of arc of latitude measured along any meridian, or about one
minute of arc of longitude at the equator. By international
agreement it is exactly 1,852 meters (approximately 6,076
feet).

NSPS .. New Source Performance Standard; rules that pertain to air
pollution emission sources subject to air quality permits and
newly manufactured equipment

N nitrogen dioxide, a criteria air pollutant

Nonattainment area............... An area delineated by regulatory agencies including US EPA
and the Washington Department of Ecology in which an
ambient air quality standards have been violated and where
there is a program in place designed to reduce air pollution
so that the standard attained.

NONROAD ....oiviiiiiiiieeieens EPA emissions model for off-road sources except locomotives
and ocean-going vessels

NOX «eiete i e oxide of nitrogen, a general class of air pollutant without a
specific air quality standard but used in monitoring air quality

PSCAA .. e Puget Sound Clean Air Agency; the designated local air
quality control agency in the project area

OGV i Ocean-going Vessel

Particulate matter (PM).......... air pollutant comprised of solid or liquid particles; PM is

usually characterized based on the particle size. See also
PM10 and PM2.5.

PM10. . i "Coarse" inhalable particulate matter with an aerodynamic
size less than or equal to 10 micrometers (microns)

PM2.5 . i "Fine" inhalable particulate matter with an aerodynamic size
less than or equal to 2.5 micrometers (microns)

Point source .......covvvvvvinviinnnns an emission source type defined in AERMOD. Point source
emissions are released from a single location.

[9]5] 2 o IR parts per million (a metric used in quantifying concentrations
of air pollutants)

PSRC .ot Puget Sound Regional Council

Receptor ....covvvviiiviiiiineiieens See modeling receptor.
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an AERMOD term defining the height above ground at which
source emissions are released

Rubber-tired gantry, a mobile unit to transport a container
2,000 pounds (see also metric ton and long ton)

Sulfur dioxide, a criteria air pollutant

A non-health-related effect of air pollution such as staining
or deposition of a fine film typically on exterior surfaces

Toxic air pollutant

Twenty-foot equivalent. A unit of measurement of shipping
containers. Containers are typically 20' or 40' long.

metric ton
tons per year, an estimate of annual emissions

micrograms per cubic meter (a metric used in quantifying
concentrations of air pollutants)

an emission source type defined in AERMOD. Volume sources
emit diffuse air pollutants from a three-dimensional area.
Line sources, such as emissions from transiting trains, can
be simulated using multiple, adjacent volume sources.
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SUMMARY

The Port of Seattle proposes to rehabilitate Terminal 5 to accommodate larger container
ships and provide infrastructure improvements that could lead to improved cargo handling
efficiency and capability. Two action alternatives are under consideration. Each would
rehabilitate and strengthen the wharf as required for operation of larger heavier container
cargo cranes, essential for serving large container cargo vessels. Upland improvements for
Alternative 2 and 3 would enable higher container throughput than existing conditions with
Alternative 3 capability being greater than the capability of Alternative 2.

This report provides technical details of the air quality impact and mitigation analysis
conducted by Ramboll Environ US Corporation (Ramboll Environ) as part of the
environmental review of the proposed project. The methods and findings of the analysis
reported here were summarized in the environmental impact statement for this project.

Engine emissions attributable to ocean-going vessels, tugs, locomotives serving intermodal
rail operations at the site, on-site mobile cargo-handling equipment, and on-road trucks are
calculated for a No Action Alternative in 2020, Alternative 2 in 2020 and 2030, and for
Alternative 3 in 2020, 2030, and 2040. The years of analysis are associated with increasing
throughput at the terminal and are limited in Alternatives 1 and 2 due to physical and
economic constraints. Emissions are affected by three competing factors: 1) improvements
in engine technology and related fuel policies; 2) the level of intermodal activity (i.e., the
number of containers transloaded); and 3) the degree to which ships and cargo handling
are electrified (greatest with Alternative 3). The trends in emissions for the three
alternatives in years 2020, 2030, and 2040 are depicted in the Summary Figure 1 and
tabulated within the body of this technical report.

Terminal 5 emissions are evaluated using an EPA-approved air quality dispersion model and
local meteorological data. Pollutant concentrations are predicted at locations throughout a
ten by fifteen kilometer area centered on Terminal 5. Predicted pollutant concentrations,
including conservative background concentrations, comply with the national and state
ambient air quality standards established to protect human health and welfare.

For all site configurations and years, predicted concentrations of carbon monoxide, sulfur
dioxide, nitrogen dioxide (NO2), PM10 (coarse particulate matter), and PM2.5 (fine
particulate matter) from Terminal 5 operations, in addition to background concentrations,
are below the ambient standards with no action and with the action alternatives.

Although there is no ambient standard for diesel particulate matter, it is a pollutant of
concern. Assuming all particulate matter emissions from the terminal are diesel particulate
matter, model-predicted concentrations from the project are between 15 and 18 percent of
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the annual PM2.5 standard for the 2020 No Action Alternative, the 2020 Alternative 2, and
2030 Alternative 2. Diesel particulate matter concentrations are approximately half of the
No Action Alternative under Alternative 3, with steady improvement from 2020 through
2040. The maximum modeled concentrations occur immediately adjacent to the wharf in
the west waterway. Modeled concentrations in the neighborhoods west and south of the
terminal are far less than those in the waterway.

. . mCO
Annual Emission Trends N2
Across Alternatives and Years = PM10
HPM2.5
mS02
100
B
S
e
Re]
2 10
Alt 1 Alt 2 Alt 3 Alt 1 Alt 2 Alt 3 Alt 1 Alt 2 Alt 3
647k TEUs 647k TEUs 1.3MM TEUs 647k TEUs 1.3MM 1.7MM
TEUs TEUs

2020 2030 2040

Summary Figure 1. Alternative and Analysis-Year Emissions
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1. PROJECT DESCRIPTION

The Port of Seattle is the sponsor of the proposed "Terminal-5 Cargo Wharf Rehabilitation,
Berth Deepening, and Improvements Project." The project is at the existing Terminal-5 (T-
5) marine cargo facility, on the west margin of the West Waterway, in southwest Elliott Bay,
Seattle, Washington. The project area, owned and available for use by the Port, includes the
existing T-5 marine cargo facility that consists of approximately 197 acres for transshipment
activity and approximately 2,900 linear feet of cargo wharf.

1.1 Projected Economic Limitations & Temporal Considerations

The proposed project would improve the container-handling efficiency of the existing
terminal to accommodate the projected fleet mix of larger container vessels, up to 18,000
TEUs, that are anticipated to call T-5 through 2040. This report analyzes the air quality
implications of the proposed project in 2020, 2030, and 2040. The DEIS analyses and
evaluations for the proposed T-5 actions are based on completion of project actions in 2020,
with cargo volumes increasing from approximately 650,000 TEUs to an upper capacity level
of approximately 1,300,000 TEUs by 2030. For Alternative 2 that level would continue
through the 2040 planning horizon unless modifications as proposed for Alternative 3 were
constructed. Alternative 3 modifications would include the electrification of many of the
cargo-handling operations that could provide an estimated throughput capacity 1,700,000
TEUs in 2040. The actual throughput levels and expected progressive timeline of expansion
for the proposed Project may be extremely variable due to market conditions.

1.2 Alternatives Being Considered

1.2.1 Alternative 1 - No Action

The No-Action Alternative proposes that no physical improvements would be made to the
existing 197-acres site. The No-Action Alternative provides a baseline case against which
potential impacts of the proposal can be compared.

The No Action Alternative assumes that no improvements would be made to the existing
197-acre site other than minor alterations, routine maintenance and repair work, none of
which would increase container cargo capacity. The T-5 shoreline and upland area would
continue as a marine cargo transportation facility with vessel moorage, cargo wharf, cargo
marshalling, and truck and rail cargo transshipment operations taking place. The terminal
would continue to be capable of accommodating diverse marine cargo uses such as
breakbulk or neo-bulk (goods that are loaded individually, and not in containers) and other
water-dependent uses and activities intrinsic to marine transportation facilities.

Marine cargo operations would be similar to T-5 uses and activities during the past 15 years,
making use of existing infrastructure designed and constructed to transship approximately
647,000 twenty-foot equivalent units (TEU) per year. The present T-5 marine cargo facility

Project Description 3 Ramboll Environ
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is the result of substantial expansion and improvements completed in 1999. The
construction and operation of the present marine cargo facility was preceded by detailed
environmental analyses and evaluations, including a combined federal, state, and local
government Environmental Impact Statement (EIS), Southwest Harbor Cleanup and
Redevelopment Project, and subsequent authorizations received from federal, state, and
local regulators and government entities, including substantial shoreline development
approval from the City of Seattle.

The No Action Alternative would preclude large post-Panamax vessels and expected larger
capacity container ships from serving the site because they cannot be accommodated by the
existing wharf or cranes.

1.2.2 Alternative 2 - Wharf Improvements, Berth Deepening and Increased
Cargo Handling

Alternative 2 would consist of modification of existing container facilities, including cargo

wharf rehabilitation, berth deepening, water and storm-water upgrades and electrical utility

capacity improvements. Changes to existing T-5 facilities would increase container cargo

transshipment capability at the site to allow throughput of up to approximately 1.3 million

TEU annually.

These changes to allow T-5 to accommodate existing large Post-Panamax and larger New
Post-Panamax container cargo vessels and transship increased cargo volumes are described
in more detail below. Cargo pier improvements would include the following:

o Replacement of cargo pier crane rail beam
e Stabilization of existing armored slope beneath the cargo wharf
¢ Replacement of treated wood piling wharf fender system

 Deepening navigational access to existing berth area, increasing berth depths to
approximately minus 55 feet MLLW

¢ Repair and maintenance of existing wharf piling

o Installation of upgraded utilities, including replacement primary substation
equipment and replacement water service to the existing wharf structure.

e Potential remodel of existing buildings for labor, management, maintenance and
terminal operations and installation of other small buildings as needed to service the
site

e Possible installation of Rubber-Tired Gantry (RTG) crane concrete pads or runways to
move and position containers in a container yard in a portion of the yard.

e Wharf and crane improvements would allow simultaneous loading and unloading of
two 18,000 TEU vessels

e Installation of up 8 new electric Ship-to-Shore cranes.
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e A provision for shore power for moored vessels.

e Cargo handling equipment predominately diesel powered similar to previous
operations

Most relevant to this air quality technical analysis are Alternative 2 upland improvements to
re-design and reorganize the container cargo marshalling yard area land-ward of the
rehabilitated cargo wharf including changes in the distribution of grounded and wheeled
container cargo and revised internal cargo handling circulation, and travel lanes.

1.2.3 Alternative 3 - Wharf Improvements, Berth Deepening, Increased Cargo
Handling and Additional Upland Improvements

Alternative 3 consists of the same improvements listed for Alternative 2 with the addition of
reorganized intermodal rail facilities, a reconfigured gate, and demolition of buildings.
Alternative 3 improvements include:

e Substantial improvements to the upland cargo marshalling area to increase overall
terminal throughput capacity to 1.7 million TEUs per year (by 2040) by increasing
efficiency of cargo handling equipment that would largely be electric-powered.

e Wharf and crane improvements would allow simultaneous loading and unloading of
two 18,000 TEU vessels.

e Installation of up 12 new electric Ship-to-Shore cranes.

e The container yard would be enlarged through relocation or demolition of the existing
entrance gate, freight station, transit shed, maintenance and repair buildings, and
operations buildings.

e The container yard capacity would be increased through use of grounded container
storage served by RTG or RMG cranes.

e« The truck gate would be relocated, and the existing intermodal rail yard would be
reconfigured with additional rail lines and concrete or rail runways for RTG or RMG
equipment.

1.2.4 Shorepower

Shorepower plug in capability for two berths will be provided as part of either Alternative 2
or Alternative 3 when the terminal renews operation. Shorepower reduces annual emissions
for criteria pollutants, Greenhouse Gas Emissions, and has a secondary effect of reducing
noise levels from vessels while at berth.

The air quality emissions analyses assumes 30 percent of at berth vessel power generation
was offset by shorepower in 2020, 50 percent in 2030, and 70 percent in 2040 for the
action alternatives. Estimates of the penetration rate of on-shore power (OPS) capable
container cargo ships calling the Northwest Seaport Alliance (NWSA) terminals in 2015
(baseline), and a low and high range forecasts for shorepower adoption rates in 2020 and
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2030 were derived from a study conducted by Starcrest Consulting. These forecast rates of
penetration are consistent with the high end of the study’s estimates particularly in later
years. The penetration rates used in the EIS are conservatively optimistic in comparison to
the estimates outlined in the study. For example, the study suggests in 2020 the OPS-
capable fleet fraction will be between 33%-59% and in 2030 that fraction will be between
33%-74%. Furthermore, 32% of the current container fleet calling the Northwest Seaport
Alliance terminals is OPS-capable

But, the percentage of vessels calling at Terminal 5 that will use shorepower at berth is
encouraged by several developments and polices:

e Ships entering Puget Sound are required to burn fuel with a maximum sulfur content
of 0.1 percent as of January 1, 2015. The higher cost of lower sulfur fuels vs
electricity costs for shorepower may approach parity encouraging use of shorepower
over diesel generation.

e The CARB (California Air Resources Board) requires ships in California to use
shorepower or equivalent control techniques to reduce at berth emissions by 2020.
The number of vessels modified to accept shorepower has increased since passage of
the policy. Vessels that call at California ports often call at Pacific Northwest ports
after calling at California, increasing the chance that a vessel is equipped to accept
shorepower connections.

e Seattle City Light sells power at rates often less than that of other major shipping
centers, making shorepower equal to or less expensive than using diesel generators.

In southern California, where regulations were promulgated due to poor air quality in the
Los Angeles basin, an 80 percent plug-in rate is required by 2020. The Port and NWSA
anticipated the need to provide shorepower as part of the Terminal 5 modernization project
and directed planners to include a component of shorepower as part of operations, even
though there are no regulatory mandates to do so. The estimated shorepower adoption
rates increase over time is based on reasonable estimates of vessels with the capability to
connect to shorepower and a competitive cost structure relative to use of diesel to power
vessels at berth.

Although shorepower connection will be voluntary, the Port recognizes that additional
incentives beyond low electric rates may further encourage shipping lines to send vessels
equipped with shorepower capability to Terminal 5 in the future. Once a tenant is selected,
the NWSA and Port will work with the company and shipping lines to design a program to
incentivize shorepower utilization.
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2. AFFECTED ENVIRONMENT

This section describes the air quality regulatory environment and existing air quality near
T-5.

2.1 Regulatory Overview

2.1.1 Ambient Air Quality Standards and Attainment Status

Air quality is generally assessed in terms of whether concentrations of air pollutants are
higher or lower than ambient air quality standards set to protect human health and welfare.
Ambient air quality standards are set for "criteria" pollutants (e.g., CO, particulate matter
[in two size ranges described later], nitrogen dioxide [NO2], and SO2). Three agencies have
jurisdiction over the ambient air quality near T-5: the U.S. Environmental Protection Agency
(USEPA), the Washington State Department of Ecology (Ecology), and the Puget Sound
Clean Air Agency (PSCAA). These agencies establish regulations that govern the
concentrations of pollutants in the outdoor air. Although their regulations are similar in
stringency, each agency has established its own ambient air quality standards. Applicable
local, state, and federal ambient air quality standards are displayed in Table 1. These
standards have been set at levels that USEPA and Ecology have determined will protect
human health with a margin of safety, including the health of sensitive individuals such as
the elderly, the chronically ill, and the very young.

Ecology and PSCAA maintain a network of air quality monitoring stations throughout the
Puget Sound area. In general, these stations are located where there may be air quality
problems, and so are usually in or near urban areas or close to specific large air pollution
sources. Other stations located in more remote areas provide indications of regional or
background air pollution levels. Based on monitoring information for criteria air pollutants
collected over a period of years, Ecology and EPA designate regions as being "attainment”
or "nonattainment" areas for particular pollutants. Attainment status is, therefore, a
measure of whether air quality in an area complies with the federal health-based ambient
air quality standards for criteria pollutants. Once a nonattainment area achieves compliance
with the National Ambient Air Quality Standards (NAAQSSs), the area is considered an air
quality "maintenance" area. The project study area is considered an air quality maintenance
area for carbon monoxide (CO) and for fine particulate matter (PM10). There have not been
violations of the CO or the PM10 standards in the area in many years.
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Table 1. Ambient Air Quality Standards for Criteria Pollutants

Pollutant ‘ Terms of Compliance ® ‘ Concentration
Total Suspended Particulate (TSP)
Annual Average (ug/m3) Geometric mean not to exceed 60 pg/ms3
24-Hour Average (ug/m?3) Not to be exceeded more than once per 150 ua/m3
WA State only; no federal standard | year Mg
Inhalable Particulate Matter (PM10)
Annual Average (ug/m3) Arithmetic mean; not to be exceeded 50 pg/m3 P
The 3-year average of the 98th percentile of
- 3 3
24-Hour Average (ug/m°) the daily concentrations must not exceed 150 pg/m
Fine Particulate Matter (PM2.5)
The 3-year annual average of daily
3 3
Annual Average (ug/m?) concentrations must not exceed 12 ug/m
The 3-year average of the 98th percentile of
- 3 3
24-Hour Average (ug/m*) daily concentrations must not exceed 35 ug/m
Sulfur Dioxide (SO2) ®)
Annual arithmetic mean of 1-hour averages b
Annual Average (ppm) must not exceed 0.02 ppm
24-Hour Average (ppm) 24-hour average must not exceed 0.10 ppm ®
1-Hour Average (ppm) 1-hour average must not exceed 0.40 ppm ®
The 3-year average of the 99th percentile of
1-Hour Average (ppm) daily max 1-hour conc. must not exceed 0.075 ppm
No more than twice in 7 consecutive days b
1-Hour Average (ppm) may 1-hour average exceed 0.25 ppm
Carbon Monoxide (CO)
The 8-hour average must not exceed more
8-Hour Average (ppm) than once per year 9 ppm
1-Hour Average (ppm) The 1-hour average must not exceed more 35 pom
ge (PP than once per year PP
Ozone (03)
The 3-year average of the 4th highest daily
8-Hour Average (ppm) maximum 8-hour average must not exceed 0.075 ppm
8-Hour Average (ppm) The 3-year average of the 4th highest daily 0.070 pom
Revised 2015¢ maximum 8-hour average must not exceed ' PP
Nitrogen Dioxide (NO3)
The annual mean of 1-hour averages must
Annual Average (ppm) not exceed 0.053 ppm
) 3-year avg. of 98th percentile of daily max 1
1-Hour Average (ppm) hour averages must not exceed 0.1 ppm

Note: pg/m® = micrograms per cubic meter; ppm = parts per million; note that some standards also are sometimes expressed as
parts per billion (ppb); standards for lead (Pb) not reported here

@ All limits are federal and state air quality standards except as noted. All indicated limits represent "primary" air quality
standards intended to protect human health.

b Washington State standards; Washington applies more stringent annual and 24-hour limits for SO2 than in federal rules.

There is also a federal 0.5 ppm 3-hour average "secondary" standard for SO2 to protect welfare.
¢ The latest 8-hour ozone standard became effective 12/28/2015, but will not wholly replace the existing standard until the
current standard is revoked, probably sometime in 2017.
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2.1.2 Air Quality Conformity Review

Federal air quality "conformity" rules require review of some projects in areas that are
designated as nonattainment or maintenance for one or more air pollutants. The
Transportation conformity rules apply to large transportation projects and to components of
other projects that would adversely affect operation of the regional transportation system.
The General conformity rules apply to the portions of projects that are subject to permits or
approvals by federal agencies. Each type of air quality conformity is discussed further
below.

2.1.2.1 Transportation Conformity

Transportation projects in nonattainment and maintenance areas that affect the regional
transportation system are subject to review under the federal and state air quality
Transportation conformity rules. 40 CFR 93.123(a)(1) defines the projects requiring
quantitative carbon monoxide (CO) hot-spot analysis and 40 CFR 93.123(b)(1) defines
projects requiring quantitative fine particulate matter (PM) hot-spot modeling. Both sections
require projects to be analyzed if they affect intersections that are Level-of-Service (LOS) D,
E, or F or if the project will result in intersections with a LOS of D, E, or F. However, to
trigger quantitative PM hot-spot modeling, a project must also include "a significant number
of diesel vehicles." EPA guidance states that a facility servicing 125,000 average annual
daily traffic (AADT) with 8% or more as diesel truck traffic would be considered significant
(EPA 2015b).

Because the proposed project would potentially affect operation of several regionally
significant arterial roads operating at LOS D or worse, it is subject to some level of review
under the conformity rule. This rule is intended to prevent a project or action from causing a
new air quality problem due to potential violations of an ambient air quality standard or the
exacerbation of any existing problem by extending the time it takes to attain the standard.
For this project, this means considering the emissions of both CO and PM (defined and
discussed later) from off-site project-related traffic. This sort of review is typically
accomplished using either screening or more sophisticated modeling tools, and for the T-5
project the transportation conformity review was conducted using an approved screening
method to consider the potential for pollutant "hot spots."

2.1.2.2 General Conformity

Actions and plans in nonattainment and maintenance areas that require an approval or
permit from a federal agency are subject to review under the General air quality conformity
rule. This rule is intended to prevent a project or action from causing a new air quality
problem due to potential violations of an ambient air quality standard or actions that might
worsen any existing problem by extending the time it takes to attain the standard. Very
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importantly, the emissions subject to review under the general conformity rule must be
subject to continuing control of the reviewing federal agency that issues the approval or
permit. For the T-5 project, this means considering emissions of several air pollutants
related to some parts of construction of the facility, while excluding both construction
activities that are not subject to federal review and emissions from operation of the facility.
The specific actions and pollutants considered are described in a later methods section.

2.2 Existing Air Quality Conditions

Existing sources of air pollution in the vicinity of the proposed project site include industry
and transportation, including marine diesel-fueled vessels, both diesel and gas vehicles on
the nearby roadways, and existing cargo-handling equipment. Criteria air pollutants of
primary concern are NOx and particulate matter (PM10 [coarse particulate matter of 10
microns in diameter or less] and PM2.5 [fine particulate matter of 2.5 microns in diameter or
less]). Other pollutants include ozone precursors (hydrocarbons and NOx) and SOz. Given
the setting, industrial and transportation sources likely comprise the largest contributors to
ambient pollutant concentrations in the vicinity of the project site. Wood smoke from
residential wood combustion may also be a significant contributor to particulate matter
concentrations in winter months.

Estimated existing concentrations of air pollutants in the general vicinity of the project site
were developed based on monitored air data during 2012-2014 at the Beacon Hill and 10t
and Weller monitoring sites and, as requested in the Draft EIS comments, during 2011-
2013 at the Marginal Way Duwamish site for PM2.5. Data from these monitors were used to
estimate existing background concentrations for a variety of air pollutants. Modeled
estimates of background provided by the Northwest International Air Quality Environmental
Science and Technology Consortium() (NW AIRQUEST) were used if monitoring data were
unavailable. Additionally, if the monitor data was less than that of the modeled estimates,
the higher value was used to remain conservative. The exception to this rule was the
background 1-hour NO2 concentrations from Beacon Hill. These measurements provided
background NO: variations by season and by hour of day. Applying background in this
manner is consistent with EPA methodologies used for permitting purposes and accounts for
the considerable variation in seasonal NO2 concentrations. The background pollutant
concentrations are included in the results tables in Chapter 4. Several pollutants of
particular interest and their sources are described below.

1 Northwest International Air Quality Environmental Science and Technology Consortium
Overview (https:// www.lar.wsu.edu/nw-airquest/lookup_overview.html)
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2.2.1 Inhalable Coarse and Fine Particulate Matter

Particulate matter air pollution is generated by industrial activities, fuel combustion sources
like marine vessels, residential wood burning, locomotives, motor vehicle engines and tires,
and other sources. Federal, state, and local regulations set limits for particulate
concentrations in the air based on the size of the particles and the related potential threat
to health. When first regulated, airborne particulate matter rules were based on
concentrations of "total suspended particulate," which included all size fractions. As air
sampling technology has improved and the importance of particle size and chemical
composition to human health risk has become clearer, ambient standards have been revised
to focus on the size fractions thought to be most dangerous to human health. Based on the
most recent studies, USEPA has redefined the size fractions and set more stringent
standards for particulate matter based on fine (i.e., PM2.5) and coarse (i.e., PM10) inhalable
particulate matter to focus control efforts on the smaller size fractions.

There are currently health-based ambient air quality standards for PM10, as well as for PM2.5
(Table 1). PM2.5 and even smaller (ultra-fine) particles are now thought to be the most
harmful size fractions of airborne particulate matter.

With the revocation of the federal annual standard for PM10 in October 2006, the focus of
ambient air monitoring and control efforts related to particle air pollution in the region has
been almost entirely on PM2.5. The model-calculated existing background PM2.5
concentrations, shown in the results tables in Chapter 4, represent about half the daily and
annual NAAQS. Particulate matter emissions attributable to T-5 were analyzed in detail as
part of the air quality review documented here.

2.2.2 Ozone

Ozone is a highly reactive form of oxygen created by sunlight-activated chemical
transformation of nitrogen oxides and volatile organic compounds (hydrocarbons) in the
atmosphere. Ozone problems tend to be regional in nature because the atmospheric
chemical reactions that produce ozone occur over a period of time, during which ozone
precursors can be transported far from their sources. Transportation sources, including large
marine vessels, locomotives, trucks, and general traffic are some of the sources that
produce ozone precursors. Because ozone is not emitted directly, only very sophisticated air
quality models are capable of assessing ozone formation in the atmosphere, and such
models are typically used for regional assessments of air quality plans. Thus, ozone
modeling is not typically performed for project-specific reviews, and ozone was not
considered in this project-specific air quality analysis.

In October 2015, EPA adopted a more stringent primary NAAQS for ozone based on an
8-hour average concentration of 70 ppb that became effective December 28. The current
standard of 75 ppb (Table 1) will remain in effect until it is revoked sometime in the next
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several years. The current standard and the new standard have no immediate implications
for the proposed project.

2.2.3 Sulfur Dioxide

SO: is a colorless, corrosive gas produced by burning fuels containing sulfur like coal and
oil, and by industrial facilities such as smelters, paper mills, power plants, and steel
manufacturing plants. Except near large sources of SO2, ambient SO2 concentrations are
typically well below federal standards.

The model-calculated existing background SO2 concentrations shown in the results tables in
Chapter 4 are about 6% and 7% of the daily and the annual NAAQSs, respectively.

Sources of SOz in the project vicinity include industry, vessels in transit and generating
electrical power while moored (called hoteling), vehicles traveling on I-5 and other area
roadways, and diesel locomotives. Potential SO2 concentrations attributable to the proposed
project were analyzed in detail as part of the air quality review documented in this report.

2.2.4 Carbon Monoxide

Carbon monoxide is the product of incomplete combustion. It is generated by transportation
sources and other fuel-burning activities like residential space heating, especially heating
with solid fuels like coal or wood. Carbon monoxide is usually the pollutant of greatest
concern related to roadway transportation sources because it is the pollutant emitted in the
greatest quantity for which short-term health standards exist. CO is a pollutant whose
impact is usually localized, and CO concentrations typically diminish within a short distance
of roads. The highest ambient concentrations of CO usually occur near congested roadways
and intersections during wintertime periods of air stagnation.

Central Puget Sound was designated a CO nonattainment area in 1991. Because no
monitoring stations have recorded violations of the standards in recent years, in 1997 EPA
redesignated the Central Puget Sound region as attainment for CO. The region remains an
air quality maintenance area for CO, but there have been no measured violations of the
standards in many years, and the former CO problem is thought to have been resolved.

2.2.5 Nitrogen Oxides

Collectively, nitric oxide (NO) and nitrogen dioxide (NOz) are commonly called oxides of
nitrogen or NOx. Other oxides of nitrogen, including nitrous acid and nitric acid are part of
the nitrogen oxide family. Of this family of gasses, NO: is the only component for which
ambient air quality standards have been established. An annual average standard for NO2
that has been in effect for many years.
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EPA adopted a new 1-hour standard for NO2 that became effective in April 2010. NO2 has
not been measured in the project vicinity, though measurements have been taken at
Beacon Hill. The 1-hour (by season and by hour of day) NO2 background concentrations,
described in section 2.2, and reported annual average concentrations presented in Table 1
indicate that background NO2 concentrations are well below the current NAAQS. NO:2
concentrations attributable to sources associated with the proposed T-5 project are
considered in detail in the air quality review documented in this report.

2.2.6 Toxic Air Pollutants

In addition to the criteria air pollutants for which health-protective air quality standards
have been set, fuel combustion sources emit a number of known or suspected toxic air
pollutants that may be directly harmful due to their chemistry and/or cause cancer or other
detrimental effects to human health with long-term exposure. Although there are not any
specific health-related air quality standards for such pollutants, Ecology and PSCAA have
established screening levels for a variety of toxic air pollutants (TAPs) that can be used in
assess predicted concentrations. One TAP, diesel engine exhaust particulate matter (DPM),
was considered in this analysis because information regarding T-5 project-related emissions
of this pollutant is expected to be of interest during the environmental review phase for this
project.

A common method of assessing potential risk related to exposure to TAPs is to estimate the
likelihood of increases in cancer due to a lifetime of exposure (usually assumed to be 70
years) to a given contaminant. Some screening levels for assessing such potential risk are
based on an increased risk of one additional cancer among one million people. Ecology and
PSCAA apply "Acceptable Source Impact Levels" (ASILs) during air quality permitting of
proposed new or modified stationary emission sources. ASILs are applied based on the
incremental changes in pollutant concentrations expected to occur due to proposed projects.
The Washington State ASILs are not intended for use in evaluating emissions from mobile
sources such as those associated with the T-5 project because such sources are not subject
to air pollution permits. The ASILs nonetheless represent general benchmarks that can be
used to assess potential risk related to exposure to TAPs.

As screening levels, ASILs and guidelines used to review predicted TAP concentrations are
based on estimated health impact thresholds derived from scientific studies. Unlike the
ambient air quality standards for criteria air pollutants which are adopted after rigorous
review of the science involved, screening levels like ASILs are adopted based on much less
thorough evaluations.

The ASIL referred to in this assessment is also fundamentally different than the ambient air
quality standards (NAAQSs) adopted to protect human health and welfare with a margin of
safety. The NAAQSs shown in Table 1 are designed to protect against known or suspected
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short-term acute and long-term chronic health effects due to exposure over certain periods
of time. The NAAQSs are based on protecting even the most sensitive populations from
exposure over periods ranging from 1 hour to 1 year. For example, SOz standards are based
on 1-hour, 3 hour, 24-hour, and annual average concentrations, and the ambient standards
for other criteria pollutants are similarly based on time-weighted average exposure limits.

In contrast, ASILs such as the one for DPM considered in this analysis are based on
estimates of the risk of additional incidence of cancer in a population with continuous (i.e.,
24 hours per day) exposure over 70 years. So instead of standards based on relatively well-
defined dose-responses, the DPM screening levels are based on the estimated potential risk
associated with long-term, constant exposure.

2.3 Meteorological Conditions and Climate

Air quality is substantially influenced by climate and meteorological conditions, so prevalent
weather patterns are a major factor in both short and long-term air quality conditions.
Regional geography affects climate in the T-5 study area. The combination of mountains
and water create a regional meteorology unique to the Pacific Northwest. The climate in the
proposed project study area is predominately temperate, characterized by wet, mild winters
and dry, warm summers. The climate is influenced by the relative proximity of the Pacific
Ocean and the Cascade Range of Washington.

Wind direction and wind speed are affected by geography so it is more difficult to represent
predominant winds using more distant climatological data. Ramboll Environ created a 5-year
meteorological data set for purposes of dispersion modeling using data from PSCAA's
Duwamish monitoring site. These data captured all hourly combinations of meteorological
conditions from 2010 through 2014 and provided the basis of the air quality modeling.
These data are described more completely in section 3.2.1.7.

2.4 Greenhouse Gases and Global Climate Change

The phenomena of natural and human-caused effects on the atmosphere that cause
changes in long-term meteorological patterns due to as climate change. Due to the
importance of the greenhouse effect and related atmospheric warming to climate change,
the gases that affect such warming are called GHGs. The GHGs of primary importance are
CO2, methane, and nitrous oxide. Because CO: is the most abundant of these gases, GHGs
are usually quantified in terms of COze, based on their relative longevity in the atmosphere
and the related "global warming potential” of these constituents. CO: is not considered an
air "pollutant” that causes direct health-related effects, so it is not subject to ambient air
quality standards used to gauge pollutant concentrations in the air.

Fuel combustion used for transportation is a significant source of GHG emissions primarily
through the burning of gasoline and diesel fuels. National estimates indicate the
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transportation sector (including on-road, construction, airplanes, and vessels) accounts for
about 31 percent of total domestic CO2e emissions from fossil fuels in 2014 (EPA 2016). In
an interim tabulation of 2012 emissions within Washington, Ecology estimated transporta-
tion accounted for about 46 percent of statewide GHG emissions?; the higher percentage is
due to lower GHG emissions from electrical generation because the state relies heavily on
hydropower for electricity.

No specific federal, state, or local emission reduction requirements or targets are applicable
to the proposed project, and there are no generally accepted emission level thresholds
against which to assess potential localized or global consequences of GHG emissions.
Ecology has issued internal guidance to assist its staff in determining which projects should
be evaluated and how to evaluate GHG emissions under SEPA (Ecology 2011).

2 http://www.ecy.wa.gov/climatechange/docs/2012GHGtable.pdf
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3. ANALYTICAL METHODS

This chapter documents how Ramboll Environ conducted its analysis of the air quality
implications of the project alternatives. Section 3.1 addresses emissions - the types and
quantities of air pollutants created as engines in locomotives, trucks, cargo handling
equipment, tugs and ships combust fuel. Emissions are typically measured in pounds per
hour or tons per year. Evaluating facility-wide emissions over time can provide a general
characterization of air quality effects, but emissions alone do not indicate whether a source
has a significant impact on neighboring properties.

In order to determine and characterize air quality impacts, one must consider how the
emissions from a source disperse in the atmosphere and affect off-site concentrations.
Concentrations are commonly measured in micrograms (millions of a gram) per cubic meter
of air (pg/m3). It is standard industry practice to apply EPA-approved air quality computer
models to calculate concentrations of air pollutants at off-site locations using the emissions
information for the site and local meteorological conditions. Section 3.2 describes the
computer model, the operating scenarios and meteorological inputs, and other modeling
considerations. In Chapter 4, the results of the modeling (off-site concentrations of air
pollutants) are identified and compared with national air quality standards to provide
context for the impact assessment.

3.1 Emission Inventory Methods

The proposed modifications to T-5 would result in emissions from OGVs, harbor craft,
locomotives, cargo-handling equipment, and on-road trucks. The emissions derived from
these sources change in response to fleet turnover, engine deterioration rates, and
regulatory triggers. These sources of emissions and their forecast changes in emissions
were considered in the analysis and documented here.

3.1.1 Emission Factor Tools and Sources

The emissions estimates for project-related sources employed several standard computer
tools as well as emission rate calculations using formulas published by the EPA, the
California Air Resources Board, and topic-specific studies conducted by individual ports.
Important assumptions employed in this portion of the assessment are summarized in
Table 2.

3.1.2 Facility Operational Air Emissions

Ramboll Environ estimated combustion source emissions associated with full capacity
operation of the terminal in 2020, 2030, and 2040 based on the maximum expected
commodity throughput. The combustion source emissions assessment used detailed
operational scenarios of peak hour, peak day, and annual levels of activities developed in
discussions with the Port. Emission estimates considered the following sources:

Ramboll Environ 16 Analytical Methods



Terminal 5 Wharf Rehabilitation, Berth Deepening, and Improvements Project

Air Quality Technical Report

e Vessels within the modeling domain that are in transit, maneuvering, and hoteling at

berth;

e tugs assisting vessels during docking and undocking;

¢ empty and loaded trains traveling between East Marginal Way and the facility;

e a switch engine arranging train cars;

e cargo handling equipment, including yard tractors, top picks, RTGs, and RMGs; and

e on-road trucks traveling between East Marginal Way and the facility, queueing before
the main gate, queueing at the main gate, and traveling on the facility.

Table 2 lists critical assumptions regarding terminal operations and basic dispersion
modeling characteristics associated with project-related combustion sources.

Table 2. Tools, Sources, and Critical Assumptions

Equipment
Type

Tool/Method Source and Critical Assumptions

Ocean-going
Vessels & Tugs

Emission Factors - OGV

Emission factors based on 1,000 ppm (0.1%) S distillate fuel (in
accordance with the 2015 IMO ECA requirements) (2
Vessel average propulsion by TEU capacity ()
— 2,200 TEU: 19,391 kW
— 5,500 TEU: 43,058 kW
— 8,000 TEU: 65,833 kW
— 14,000 TEU: 70,040 kW
Load factors were derived using the propeller law for propulsion
engines. Conservatively assumed a 15 knot cruise speed outside of
Elliott Bay and a 7 knot maneuvering speed inside the bay.
For hoteling, auxiliary power was calculated based on data
collected during the Port of Los Angeles and Port of Long Beach
vessel boarding study programs and reported in the Port of Los
Angeles (PoLA) 2014 emission inventory. (¢
— The PoLA 2014 maximum reported auxiliary power at berth
(1,450 kW) for container ships was conservatively used for all
vessel hoteling calculations. These reported power ratings
describe engine load at berth and do not represent total
available auxiliary engine power.
For cruise and maneuvering, auxiliary engine load factors and
boiler loads were taken from EPA, 2009 (9:
— Auxiliary Cruising - 0.13
— Auxiliary Maneuvering - 0.48
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Table 2. Tools, Sources, and Critical Assumptions

Equipment
Type

Tool/Method Source and Critical Assumptions

— Boiler Maneuvering and Hoteling - 506 kW

e Applied forecasted ECA-based NOx adjustments from EPA, 2009
guidance. These adjustments account for IMO-imposed NOx control
measures that reflect penetration of new, higher tier engines.

e For 2020, 230 and 2040 respectively, shore power efficacy of 0%,
50%, and 70% was applied for Alternative 1, and 30%, 50%, and
70% efficacy was applied for the action alternatives as reported in
Starcrest, 2016 (@

Emission Factors — Tugs

e Propulsion assumed as two 1,540.1 kW Category 2 (conservative
assumption) engines and two Category 1 auxiliary engines at 100.2
kW (EPA, 2009 (9 Table 3-10)

Propulsion and auxiliary engine loads taken from EPA, 2009 (9
(0.31 and 0.43 respectively)

Assumed Tier 2 propulsion and auxiliary engines for all years based
on the Northwest Ports Clean Air Strategy goals for harbor craft by
2020, recent upgrade to Tier 3 for a tug serving the Port of Seattle,
and on-going auxiliary engine replacement funded by the Clean Air
Agency and the department of Ecology.(™

PM emission factors corrected for ultra-low sulfur fuel content
Assume 2 tugs for each vessel

Operations
e Transit speed at 15 knots

e Maneuvering Speed 7 knots

Vessels maneuver for approximately 40 minutes of activity within
the model domain

Assumed 2 tugs for each vessel

Tugs escort inbound vessels starting from middle of Elliott Bay
Maneuvering occurs with tugs for approximately 20 minutes of
activity to and from the dock

Time at berth (i.e., hoteling emissions) based on M&N estimates of
berthing required for unloading

e Considers two vessels hoteling simultaneously

Modeling
e Transiting vessels considered series of point sources

¢ Annual modeling considered total annual emissions related to
transiting, maneuvering, and hoteling vessels - distributed evenly
in time and space, accounting for expected ship-to-shore power ()

e Short-term, 1-hour modeling initially included a single vessel and
two tugs maneuvering to dock, and the vessel hoteling the
remaining 20 minutes of the hour while a second vessel hotels for
the entire hour (9)- However, analyses demonstrated that two

Ramboll Environ
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Table 2. Tools, Sources, and Critical Assumptions

Equipment
Type

Tool/Method Source and Critical Assumptions

hoteling vessels resulted in higher concentrations and thus this
configuration was used for the model presented within this
document.

e Short-term, 24-hour modeling assumed two vessels trips, with
tugs, and both vessels hoteling for the remaining period (9

e Conservatively, shore power was not considered for the 1-hour and
24-hour scenarios.

Locomotives

Emission Factors - Line-haul Locomotives

e Conservatively assumed EPA-forecasted U.S. fleet average
emission rates for class-I line-haul engines that reflect fuel quality
requirements (™

e Per locomotive power assumed to be 4,300 HP

e Assumed operations occur at idle (0.4% of rated power), notch 1
(5% of rated power), or notch 2 (11.4% of rated power) in and
near the terminal

e Conservatively assumed no AESS (automatic engine stop during
idling)
Emission Factors - Switch Locomotives

e Conservatively assumed EPA-forecasted U.S. fleet average
emission rates for switch engines that reflect fuel quality
requirements (™

e Applied average time-in-notch weighted emission factors (¢)
e Assumed 3,000 HP per switch engine

Operations

e Arriving trains include 3 locomotives operating in notch 1 for an
hour

e Departing trains include 4 locomotives operating in notch 2 for
about 30 minutes

e Assumed a switch engine would operate for two hours per train,
after the arriving train engines have split the cars and departed

Modeling

¢ Annual modeling based on total annual emissions evenly
distributed in time and space across the entire year ()

e Annual modeling considered trains along all on-site rail routes and
out to approximately East Marginal Way.
e Short-term modeling considered reasonable worst-case conditions

during periods up to 24-hours long (because this is the longest
"short-term" ambient standard) (9

Analytical Methods
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Table 2. Tools, Sources, and Critical Assumptions

Equipment Tool/Method Source and Critical Assumptions
Type

e Short-term, 1-hour modeling considered worst-case conditions by
assuming departing train emissions on-site during any (and every)
hour

e Short-term, 24-hour modeling considered average daily train
traffic, including arrivals, departures, and switch engine activity
every day

— Train movements were treated as a series of point sources
onsite and offsite between the Facility and Marginal Way East

Trucks Emission Factors
e Modeled using USEPA's MOVES 2014a

e Fleet data from Puget Sound Regional Council (PSRC) population
and forecast using the PSRC approach of static relative fleet
distributions

High emitting older trucks not included in accordance with the
Port's Clean Truck Program(" to reduce truck emissions (2007 and
newer model years by January 1, 2018)

Average daily emission rates calculated for the following
conditions:

— 35 mph off-site movement speed
— 10 mph on-site movement speed
— Daily average idle emission rate
Assumes short-haul combination trucks (MOVES Class 61)

Operations

e Operations considered for the main gate queue, pre-queue
(assuming queueing for half the time at the main gate), on-site
movements, and off-site movements extending to East Marginal
Way

e Modeling assumed peak daily truck traffic, and typical queue
lengths based on traffic data provided by Heffron Transportation,
Inc.

Modeling

e Modeled as series of point sources

e Off-site truck traffic was considered in a separate analysis
explained in Section 3.2.2

Cargo Handling | Emission Factors

Equipment .. .
e Calculated emission rates (g/hp-hr) using USEPA's NONROAD
model via MOVES2014a

e Fleet turnover and deterioration rates estimated for 2020, 2030,
and 2040
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Table 2. Tools, Sources, and Critical Assumptions

Equipment Tool/Method Source and Critical Assumptions
Type

e Equipment horsepower taken from the 2011 Puget Sound Emission
Inventory except for RTGs

e Communications with Total Terminals International indicated that
the Port of Seattle RTGs have 535 HP engines ()

Load factors for RTGs (20%) and Yard Tractors (39%) were taken
from equipment-specific studies conducted by the Port of Los
Angeles and the Port of Long Beach (M

The top pick load factor (59%) was taken from EPA, 2009 (9
e Equipment SCC values provided below:

— Yard Tractors - SCC 2270003070

— Top Picks - SCC 2270003040

— RTGs - SCC 2270003050

Operations

e Assumed activity and operations based on schedule provided by
Moffatt & Nichol

e The CHE schedule only considered operations during the 1st and 2"
shift and did not account for hoot shift activity (3am-8am) that
may be required in irregular situations.

Modeling

e Under alternatives 1 and 2, the cargo handling equipment was
assumed to operate throughout the site
— Under alternative 3, cargo handling equipment emissions would
occur in designated areas near the vessels and cranes or near
the rail yard.

(@) The International Maritime Organization (IMO) has established a program to create and
administer Emission Control Areas (ECA) intended to result in lower emissions within specially
designated areas.

(b) | loyd’s Registry of Ships, Containership Records by TEU Capacity, Purchased and Accessed in
2012

() 2014 Port of Los Angeles Emission Inventory, September 2015,
https://www.portoflosangeles.org/pdf/2014 Air Emissions Inventory Full Report.pdf

(d) EPA, 2009. Current Methodologies in Preparing Mobile Source Port-Related Emission Inventories.
USEPA Office of Policy, Economics, and Innovation. April 2009

(e) Forecasting the Penetration of On-Shore Power Supply (OPS) Capable Container Ships,
Memorandum from Starcrest Consulting to the Northwest Seaports Alliance, February 2016.

() "Annual™ modeling refers to the process of assessing pollutant emissions and concentrations
based on expected emissions over an entire year. Calculated concentrations are compared with
ambient standards based on annual statistics and/or with annual average health risk estimate
criteria.

(9) "Short-term" modeling refers to assessments considering emissions and concentrations to be
compared with short-term ambient standards such as 1-hour and 24-hour averages.
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Table 2. Tools, Sources, and Critical Assumptions

Equipment Tool/Method Source and Critical Assumptions
Type

(h) Port of Seattle’s Clean Truck Program, Accessed February 2016,
http://www.portseattle.org/Environmental/Air/Seaport-Air-Quality/Pages/Clean-Trucks.aspx

() personal Communication between Ramboll Environ and the Puget Sound Regional Council,
Rebecca Frohning, February 8, 2016

) Personal Communication between Ramboll Environ, Moffatt & Nichol, and Total Terminals
International, March 9, 2016

(k) 2008, POLA and POLB, Yard Tractor Load Factor Study Addendum
(M 2009, POLA and POLB, Rubber Tired Gantry Crane Load Factor Study

(m) EPA, 2009a. Emission Factors for Locomotives, Office of Transportation and Air Quality, April
2009.

(M) Northwest Ports Clean Air Strategy: 2014 Implementation Report, October 2015,
https://www.portseattle.org/Environmental/Air/Seaport-Air-
Quality/Documents/2014_nw_ports_clean_air_strat_report.pdf

3.1.3 Greenhouse Gas Emissions

Ramboll Environ estimated short-term GHG emissions associated with construction and
long-term emissions related to operation of the proposed facility based on the proposed
configurations and combustion source activity. Those emissions estimates considered
combustion source emissions directly related to the construction and operation of the facility
(Scope 1), indirect emissions from purchased energy (Scope 2), and indirect emissions due
to combustion sources associated with the operational activities of the facility (Scope 3).
The estimates also included indirect emissions associated with product delivery by rail,
along with emissions associated with transferring products via vessel (from the wharf out to
the edge of the modeling domain). Emissions of CO2, N20, and CH4 were calculated using
the assumptions and models described in Table 2.

3.2 Dispersion Modeling

Ramboll Environ used air quality dispersion modeling simulations to estimate air pollutant
concentrations due to emissions from on-site emission sources associated with selected
alternatives and throughputs. This section discusses the methods used to develop these
simulations for T-5.

3.2.1 Modeling Operations

The U.S. EPA has designated AERMOD as the preferred guideline air dispersion model for air
dispersion modeling (EPA "Guideline on Air Quality Models," codified as Appendix W to 40
CFR Part 51) for complex source configurations and for sources subject to exhaust plume
down-wash. AERMOD incorporates numerical plume rise algorithms (the PRIME algorithms)
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that implicitly include the downwash effects a structure may have on an exhaust plume
rather than using the wind tunnel based empirical algorithms of ISCST3. The PRIME
algorithm also treats the geometry of upwind and downwind structures and their
relationship to the emission point.

3.2.1.1 Model Setup and Application

Ramboll Environ employed the most recent version of AERMOD (version 15181) with
meteorological data from PSCAA's Duwamish monitoring station and regional upper air data
from Quillayute, Washington. Missing surface data observations were substituted from the
Boeing Field station. The meteorological data were processed with AERMET (version 15181)
using the adjust U-star (ADJ_U*) option to account for over predictions due to low wind
speeds under very stable conditions. The ADJ_U* option is listed in the draft of Appendix W
to become a default option for this sort of modeling in the near future. The meteorological
pre-processing also included an analysis of the physical characteristics of land use
surrounding the terminal.

3.2.1.2 NO2 Modeling - PVMRM

Ramboll Environ applied the Plume Volume Molar Ratio Method (PVMRM) within AERMOD to
allow the model to consider factors that affect both NO2 emission rates and resulting
concentrations in the ambient air. This EPA-designated Tier 3 method is the most technically
rigorous approach and was used instead of less detailed Tier 1 and Tier 2 methods. The
PVMRM method accounts for both direct NO2 emissions from stacks (e.g., locomotive
exhausts) as well as atmospheric transformations that create NO: in the presence of
estimated concentrations of ozone. Atmospheric formation of NO2 from NOx sources in the
project study area is almost certainly limited due to the lack of ozone. For this portion of the
analysis Ramboll Environ assumed 10% of exhaust emissions from mobile sources were NO2
and up to 80% of NOx could be converted to NO: in the atmosphere (Boulter, 2007).

Hourly ozone monitoring data were collected from the Beacon Hill ozone monitor (ID 53-
033-0088) for the entire modeling period (2011-2014). Missing hourly ozone data were
substituted using the 98th percentile of hourly concentrations (i.e., 44 ppb).

3.2.1.3 Elevation Data and Receptor Network

Dispersion modeling receptor elevations were estimated using digital elevation models
developed by the United States Geological Survey (USGS) and available on the USGS
National Map system. These data have a horizontal spatial resolution of approximately 10
meters (m). The base elevation and hill height scale for each receptor were determined
using the EPA terrain processor AERMAP (version 11103). AERMAP generates a receptor
output file that is read by AERMOD.

Analytical Methods 23 Ramboll Environ



Terminal 5 Wharf Rehabilitation, Berth Deepening, and Improvements Project
Air Quality Technical Report

The dispersion modeling analyses used modeling receptors spaced 1000 meters apart
covering the 10 kilometer (km) by 15 km simulation domain, with a 10-km by 10-km
nested receptor grid at 500-m spacing, a 5-km by 5-km nested receptor grid at 200-m
spacing, a 3 km by 3 km nested receptor grid at 50-m spacing, a 1.8 km by 1.8 km nested
receptor grid at 25-m spacing, and fence line receptors with 10-m spacing. The modeling
domain and receptor locations are depicted in attached Figure 1.

3.2.1.4 Operational Scenario Selection

Ramboll Environ developed six modeling scenarios for the terminal based on alternative
throughputs and associated modeling years. The modeling analysis assumed full-capacity
operation for all emission source activities. The selected modeling scenarios considered with
air quality modeling are shown in Table 3 with filled cells. Empty cells in this table were not
considered with modeling because operations would not be possible due to physical and
year-based economic limitations on the facility.

Table 3. Operational Scenarios Considered
with Air Quality Modeling

Throughput Year Alt. 1 Alt. 2 Alt. 3
647K TEUs 2020 O @) O
1.27MM TEUs 2030 @) @)
1.7MM TEUs 2040 @)

Modeling was not conducted for the 2030 and 2040 throughput scenarios for Alternative 1,
or the 2040 throughput scenario for Alternative 2. Alternative 1, with no improvements,
would not allow the port to expand throughput beyond 647,000 TEUs. Similarly, Alternative
2 could not support 1,700,000 TEU throughput without the cargo-handling equipment
changes proposed in Alternative 3. Assessing emissions in future years without additional
growth in throughput would result in lower emissions due to fleet turnover and regulatory
changes. Accordingly, the scenarios not modeled would be expected to produce lower
maximum concentrations than the modeled scenarios. The selected scenarios provided in
Table 3 are reflective of the most conservative configurations with the highest emissions
and maximized throughput. See Table 6 for total emissions (tons/year) expected for each
alternative in each year.
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3.2.1.5 Dispersion Modeling Source Parameters
The modeling scenarios considered and the emissions parameters for all the sources
considered in the dispersion modeling assessment are presented in Attachment E.

3.2.1.6 Averaging Periods

Pollutant concentrations predicted by the model were averaged over annual and short-term
(1, 3, 8, and 24-hour) periods, as appropriate for a given pollutant's ambient standards or
screening level. The modeling assessments for the CO standards and the short-term SOz,
PM2.5, and NO:2 standards were based on the peak-day modeling described above. The
assessments for comparison with the ambient standards for PM10, PM2.5, and the annual
S0z and NO:2 concentrations were all based on the annual operations modeling scenarios
due to the statistical techniques required for assessing compliance.(3)

3.2.1.7 Meteorological Data

Ramboll Environ constructed a 5-year meteorological data set for use in the AERMOD
dispersion model using surface and upper air data for the period of 2010 through 2014 after
conducting a survey of available and complete meteorological data for use in the modeling
simulations. For surface meteorological data, the closest and most representative PSCAA
station was the Duwamish River Valley, in Washington. A wind rose presenting wind speed
and wind direction data for the five year period is shown in Figure 2. The wind rose indicates
that the winds are observed and modeled for all directions, but predominantly arrive from
the south

Because winds from the south are most common, annual average pollutant concentrations
are higher north of T5 (over Elliot Bay) than south of T5. However, winds from every wind
direction occur some hours of the year, so all wind directions have the potential to affect
short term (hourly or daily) pollutant concentrations. AERMOD evaluation calculates
pollutant concentrations at each of the 7,000 receptor locations for each hour of the five
year period. Consequently, the analysis addresses the full range of meteorological
conditions that occur in the project vicinity.

(3) For example, the PM2.5 24-hour standard is based on the 3-year average of the 98th percentile of
daily concentrations, which eliminates one or more of the highest concentrations each year and
requires averaging the results. These calculations can be completed with the AERMOD model based
on the realistic annual operations scenario, and cannot be based on the worst-case day modeling
process used to evaluate not-to-exceed short-term standards. Thus, the annual operations
modeling scenario was used to consider PM2.5 and PM10 which are subject to statistical ambient
standards.
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Upper air data from Quillayute, Washington were also used for the 5-year meteorology data
set. The Quillayute upper air data were compiled from the National Oceanic and
Atmospheric Administration (NOAA) Forecast Systems Laboratory Radiosonde Database. (4

EPA guidance indicates that surface parameters (albedo, Bowen ratio, and surface
roughness) surrounding the primary meteorological site should be used in AERMET to
construct the meteorological profiles used by AERMOD. Seasonal surface parameters were
determined for the Duwamish and Boeing Field meteorological site using the AERMET
preprocessor, AERSURFACE (Version 13016).

3.2.2 Transportation Conformity “"Hot-spot” Modeling

Ramboll Environ reviewed the traffic study performed by Heffron Transportation Group to
determine the applicability of PM and CO hot-spot modeling. The specific models and
analysis methods are described below.

3.2.2.1 PM Hot-spot Determination

PM hot-spot analyses are only required for projects of local air quality concern. These
projects include highway and transit projects that involve significant levels of diesel vehicle
traffic. EPA has indicated facilities serving greater than 125,000 annual average daily traffic
(AADT) with 8% or more (i.e., 10,000 or more) of such AADT as diesel truck traffic would
be considered a significant level of diesel vehicle traffic (EPA 2015b). Based on review of the
traffic study, the maximum total average daily trips would occur in 2040 with the project.
Under Alternative 3 in 2040, Terminal 5 is expected to serve 3,320 average daily truck trips
and 4,660 design day truck trips. These volumes are well below the 10,000 average annual
daily truck trips that would represent significant levels of diesel vehicle traffic. Therefore, a
quantitative hot-spot analysis was not required for PM.

3.2.2.2 Intersection Screening

The traffic study considered seven project-affected intersections in the study area. Ramboll
Environ screened these intersections for possible "hot-spot" modeling based on review of
intersection LOS and delay (in average seconds per vehicle) in future years. The
intersection, highlighted in Table 4, indicates SW Spokane St / West Marginal Way SW /
Chelan Ave SW would be worse than any other intersection under every alternative based
on LOS, delay, and traffic volumes (volumes not reported here). Since idling vehicle
emissions represent the greatest source of traffic-related CO emissions, this five-way
intersection was selected for quantitative CO "hot-spot" modeling based on the methods,
described further, below.

(4) http://lesrl.noaa.gov/raobs/
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Table 4. Intersection Level-of-Service (LOS) during PM Peak Hour

2020 2030 2040
1.27 M 1.7 M
No Action No Action TEU/Yr No Action TEU/Yr
Delay Delay Delay Delay Delay
Intersection LOS (a) LOS (a) LOS (a) LOS (a) LOS (a)

SW Spokane St/
Harbor Ave SW C 22 D 36 D 40 D 50 D 43
SW Spokane St /
West Marginal Way
SW / Chelan Ave F 124 F 191 F 204 F 282 F 301
SWw (b)
SW Spokane St / B 18| C 25| ¢ 34| D 41| D 53
Terminal 5 Access
SW Spokane St/
11th Avenue SW A > A 7 A 7 A ° A 10
S Spokane St/ East | - 31| E 57| E 57| E 66| E 66
Marginal Way S
S Hanford St/ East | 26| D 43| D 43| E 80| F 81
Marginal Way S
East Marginal Way
NB Ramp / North B 13 B 15 B 15 B 19 B 19
Argo Access Road 3

Notes:

(@) Delay represents the average traffic delay at the intersection, in seconds per vehicle.

(®) The highlighted intersection represents the worst-performing project-affected intersection included
in the traffic study.

Source of traffic data: Heffron Transportation Group 2016

The traffic volumes and total delays of the top three worst performing intersections are
compared in Table 5. This table indicates SW Spokane St / West Marginal Way SW / Chelan
Ave S has the most traffic and total delay of the worst-performing intersections. Based on
the comparison of intersection volumes, delays, and LOS, the potential air quality impacts at
any other intersection would likely be less than at this intersection. Therefore, this
intersection was selected for evaluation using dispersion modeling for the alternatives
considered in the traffic study.
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Table 5. Intersection Traffic Volume and Total Delay Comparison

2020 2030 2040
1.27 M 1.7 M
No Action No Action TEU/Yr No Action TEU/Yr
Total Total Total Total Total

Intersection Vol. Delay | Vol. Delay Vol. Delay Vol. Delay Vol. Delay
SW Spokane St /
West Marginal Way 2440 84 | 2830 150 2911 165 3290 258 3418 286
SW / Chelan Ave SW
S Spokane St/ East | g 12 | 1685 27 | 1693 27 | 1960 36| 1965 36
Marginal Way S
S Hanford St / East 1045 8 | 1220 15| 1225 15 | 1435 32| 1439 32
Marginal Way S

Notes:
Vol. represents the total intersection volume, in vehicles per hour.

Total Delay is calculated by multiplying intersection volume and average vehicle delay, expressed in
hours.

The highlighted intersection represents the project-affected intersection with the greatest volume and
total delay.

Source: Traffic volumes and average delays by Heffron Transportation Group, 2016

3.2.2.3 Emission Factor Model Setup and Application

Traffic-related air quality dispersion modeling requires vehicle emission factors for the years
and region of interest. Under current air quality rules, the EPA motor vehicle emission
simulator model, MOVES, is required to generate emission factors for this purpose. The
Puget Sound Regional Council (PSRC), Ecology, and other agencies have developed
standard inputs for use in MOVES modeling for analyses of various plans and projects.
Vehicle emission factors are calculated in grams of pollutant per vehicle mile-of-travel based
on a wide array of vehicle classes, basic emission rates, driving patterns, separation of start
and running emissions, and fleet composition. Ramboll Environ employed the following
assumptions in MOVES modeling:

e Methodology based on EPA guidance (EPA 2015a)

 King County meteorology and vehicle database files provided by PSRC (Rebecca
Frohning, email February 8, 2016); files include vehicle age distribution, I&M
coverage, fuel supply, and fuel formulation - all developed by Ecology for the 2014
emissions inventory

e Local traffic composition adjusted based on traffic volume data provided by Heffron
Transportation Group

e MOVES operated in Inventory Mode/Project scale using road type "Urban
Unrestricted" for summer and winter weekday, hour 5 p.m., for all fuel types and
vehicle classifications
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3.2.2.4 Hot-spot Dispersion Modeling

Ramboll Environ used the EPA CAL3QHC dispersion model (version 2.0, dated 04244) to
calculate peak-hour CO concentrations near the single most project affected intersection.
CAL3QHC is designed to calculate pollutant concentrations caused by transportation
sources. It considers "free-flow" and "queue" emissions based on MOVES emission factors
together with intersection geometry, wind direction, and other meteorological factors.

The following assumptions and parameters were used in the CAL3QHC modeling. These
factors are consistent with the Washington State CO SIP, CO Maintenance Plan, and EPA
guidance for dispersion modeling:

e Meteorological parameters included a 1,000-meters mixing height, low wind speed (1
m/s) and a neutral atmosphere (Class D)

e Modeling evaluated 72 wind directions (in 5 degree increments) to ensure worst-case
conditions were considered for each receptor location

e A "background" 1-hour carbon monoxide concentration of 5 ppm was assumed to
represent other sources in the project area

 The modeling configuration considered road links extending more than 1,000 feet
from the single worst-operating intersection in the study area

¢ Both free-flow and queue links were configured approaching and departing the
intersection

 Near-road receptors were placed along all roadways where sidewalks, bike paths, or
other areas accessible by pedestrians exist. Receptors were located about 3, 25, 50,
and 100 meters from cross streets, 3 meters from the nearest traffic lane, and 1.8
meters above ground (typical sidewalk locations at breathing height)

e Modeled calculated 1-hour CO concentrations were converted to represent 8-hour
concentrations using a 0.7 "persistence factor" (i.e., the ratio of 8-hour to 1-hour CO
concentrations) to represent variability in both traffic volumes and meteorological
conditions.
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4. AIR QUALITY ANALYSIS RESULTS

The air quality analysis results present the emissions modeling and dispersion modeling
results for construction and operational scenarios. As indicated in the prior section, the
mass of emissions expected to be produced by the on-site equipment for each scenario is
reported. Then the results of dispersing these emissions for every hour of 5-years of
meteorological data is reported as the maximum off-site concentrations.

4.1 Alternative 1

4.1.1 Construction

As described in section 1.2.1, Alternative 1 represents no change to the current facility or
operating practices. Without wharf rehabilitation, berth deepening, or other improvements,
no construction-related emissions would be produced.

4.1.2 Operation

4.1.2.1 Emissions

The emission factors of criteria air pollutants from full capacity operation of T-5 in 2020 are
presented in Attachment A (Table 19). Source-specific annual emissions are provided in
Attachment B (Table 22). The total estimated annual operational emissions for
alternative 1 are presented in Table 6.

Table 6. Annual Alternative 1
Emissions (tpy)

Alt 1

Pollutant

2020 | 2030 2040
PM1o 7.4 5.2 4.8
PM2.5 7.0 4.8 4.5
SO2 8.0 8.0 8.0
CcO 49.7 39.2 37.4
NO2 254.5 | 161.1 154.6

Emissions are, in many cases, lower in successive years because engine emissions are
generally decreasing over time, and vehicles are increasingly required to use ultra-low sulfur
distillate fuel. The improving emission factors reflect regulatory requirements of engine
manufacturers, regulations on in-use fuel for ocean-going vessels and harbor craft, and
EPA-model predicted turnover of the cargo-handling equipment fleet for King County. The
validity of emission improvements is proven by decades of success with federal mobile
source emissions regulations improving urban air quality throughout the United States.

Ramboll Environ 30 Air Quality Analysis Results



Terminal 5 Wharf Rehabilitation, Berth Deepening, and Improvements Project
Air Quality Technical Report

4.1.2.2 Off-Site Concentrations

With no physical changes to T-5, operations would be consistent with those that have
occurred in the past. Potential emissions would be lower than in the past because engine
emissions are generally decreasing over time with fleet turnover and because equipment
are increasingly required to use ultra-low sulfur distillate fuel.

As noted above, Ramboll Environ calculated pollutant concentrations at more than 7,300
locations in the vicinity of T-5. Of all those receptors, the highest model-predicted
concentrations of criteria air pollutants attributable to capacity operation of T-5 in 2020 -
with existing ambient air quality concentrations added - are presented in Table 7. Table 7
indicates that the maximum predicted concentrations of all pollutants comply with ambient
air quality standards, which are designed to be protective of human health.
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Table 7. Alternative 1 Modeling Results: Maximum Criteria Pollutant
Concentrations (pg/m?3)

Project-Related Project Conc.
Conc. (b)(<) with Background
Ambient
Criteria Averaging | Background 2020; 2020; Standard
Pollutant Time Conc. (@) 0.64M TEUs 0.64M TEUs (d)
co 1-hour 3,779 64.0 3842.5 40,000
8-hour 1,947 40.2 1986.7 10,000
NO:2 1-hour Varies (¢ N/A 183.7 188
Annual 26.3 41.1 67.4 100
PM2.5 24-hour 24.3 2.9 27.2 35
Annual 10.2 1.2 11.4 12
PM10 24-hour 48 4.0 52.0 150
SOz 1-hour 68.1 19.9 88.0 196
3-hour 52.4 17.1 69.5 1,310
24-hour 21.5 8.7 30.2 365
Annual 3.7 1.3 5.0 52

(a) Background concentrations (expressed as pug/m?3) based on the higher of nearby monitor design
values (identified as complete by EPA) or values provided by Northwest Airquest 2009-2011 design
values specific to the Terminal-5 location, except for 1-hr NO3.

(b) Reported pollutant concentrations are those occurring at the maximum impact location for each
pollutant. Concentrations at all other locations are less than those reported here.

(¢) Except as noted below, all short-term concentrations are based on modeling that considered
maximum hourly activity during every hour of the 5-year meteorological data set, which is not a
possible actual level of activity. These results therefore represent intentionally conservative
conditions. Note that consistent with USEPA guidance, the annual modeling results are based on 5-
year averages from the 5-year meteorological data set instead of 3-year as per the NAAQSs.

(d) All ambient concentrations are expressed in terms of micrograms per cubic meter (ug/m3);
importantly, other sources may report the ambient air quality standard concentrations in parts per
million (ppm) or parts per billion (ppb).

(®) Hourly and seasonal variation were assessed at Beacon Hill and incorporated into the dispersion
model. The use of this form of background concentrations is consistent with EPA guidance.

() Denote Washington State ambient air quality standard (only, i.e., no federal standard)
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4.2 Alternative 2

4.2.1 Construction

The T-5 wharf rehabilitation, berth deepening, and other improvements would include
grading, re-paving, utility trenching, demolition of portions of the wharf and other
substantial infrastructure improvements. Such activities could result in temporary, localized
increases in particulate concentrations due to emissions from construction-related sources.
For example, dust from construction activities such as excavation, grading, sloping and
filling would contribute to ambient concentrations of suspended particulate matter.
Construction contractor(s) would be required to comply with PSCAA regulations requiring
that reasonable precautions be taken to minimize dust emissions.

If demolition of any existing structures is required it might require the removal and disposal
of building materials that could possibly contain asbestos. If this proves to be the case,
demolition contractors would be required to comply with EPA and PSCAA regulations related
to the safe removal and disposal of any asbestos-containing materials.

Construction would require the use of heavy trucks, excavators, graders, work vessels, pile
drivers, and numerous types of smaller equipment such as generators, pumps, and
compressors. Based on humerous previous analyses and evaluations, emissions from
existing industrial and transportation sources around the project area would very likely
outweigh any emissions resulting from construction equipment. Pollution control agencies
are nonetheless now urging that emissions from diesel equipment be minimized to the
extent practicable to reduce potential health risks. With appropriate controls, construction-
related diesel emissions would not be likely to substantially affect air quality in the project
vicinity. Recent construction specifications for Port-related projects include requirements
such as; use of Tier 2 or better engines for off-road equipment; use of model year 2007 or
newer engines for heavy duty vehicle; use of biofuel B20,and; idle reduction plan.

Although some construction phases would cause odors, particularly during paving
operations using tar and asphalt, any odors related to construction would be short-term and
located within commercial/industrial land uses where such odors would likely go unnoticed.
Construction contractor(s) would be required to comply with PSCAA regulations that prohibit
the emission of any air contaminant in sufficient quantities and of such characteristics and
duration as is, or is likely to be, injurious to human health, plant or animal life, or property,
or which unreasonably interferes with enjoyment of life and property.

Construction equipment and material hauling can affect traffic flow in a project area if
construction vehicles travel during peak periods or other heavy-traffic hours of the day and
pass through congested areas.

Air Quality Analysis Results 33 Ramboll Environ



Terminal 5 Wharf Rehabilitation, Berth Deepening, and Improvements Project
Air Quality Technical Report

With implementation of the controls required for the various aspects of construction
activities and consistent use of best management practices to minimize on-site emissions,
construction of the proposed project would not be expected to significantly affect air quality.

4.2.2 Operation

4.2.2.1 Emissions

Emission factors of criteria air pollutants with full capacity Alternative 2 operation in 2020
and 2030 are presented in Attachment A (Table 19 and Table 20), source-specific annual
emissions are provided in Attachment B (Table 23), and alternative 2 emissions are
reported in Table 8.

Table 8. Annual Alternative 2
Emissions (tpy)

Alt 2

Pollutant

2020 | 2030 2040
PMi1o 6.3 6.4 4.4
PM2.5 6.0 5.9 4.0
SOz 4.3 5.1 3.6
co 42.4 52.6 42.5
NO> 180.9 | 156.7 117.6

Emission factors are, in many cases, lower in successive years because engine emissions
are generally decreasing over time, vehicles are increasingly required to use ultra-low sulfur
distillate fuel, and because of the use of shore power. The improving emission factors
reflect regulatory requirements of engine manufacturers, regulations on in-use fuel for
ocean-going vessels and harbor craft, and EPA-model predicted turnover of the cargo-
handling equipment fleet for King County. The validity of emission improvements is proven
by decades of success with federal mobile source emissions regulations improving urban air
quality throughout the United States. Additionally, larger vessels expected to serve Seattle
are newer, and more fuel efficient per unit of cargo. The number of vessels needed to
transport cargo will decrease even if cargo throughput increases.

4.2.2.2 Off-Site Concentrations

The physical and operational changes associated with Alternative 2 would enable an
increase in container throughput capacity. Model-predicted concentrations of criteria air
pollutants attributable to capacity operation in 2020 and 2030 are presented in Table 9. As
shown in Table 9, the maximum model-predicted concentrations of all pollutants comply
with ambient air quality standards, which are designed to be protective of human health.
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Emissions are expected to decrease or be unchanged in 2040 because no design or
throughput change is expected.
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Table 9. Alternative 2 Modeling Results: Maximum Criteria Pollutant Concentrations (Hg/m?3)

Criteria Avg. Back-ground Project-Related Conc. (b): (<) Project Conc. with Background Ambient
Pollutant | Time Conc. (@ Standard
2020; 0.64M TEU | 2030; 1.27M TEU | 2020; 0.64M TEU | 2030; 1.27M TEU (d)

Cco 1-hour 3,779 48.8 48.7 3827.3 3827.2 40,000
8-hour 1,947 35.2 35.2 1981.7 1981.7 10,000

NO2 1-hour Varies (e N/A N/A 179.6 163.3 188
Annual 26.3 25.1 21.6 51.4 47.9 100

PM2.5 24-hour 24.3 2.6 2.3 26.9 26.6 35
Annual 10.2 1.1 0.9 11.3 11.1 12

PM10 24-hour 48 3.0 2.8 51.0 50.8 150
SOz 1-hour 68.1 13.1 13.2 81.2 81.3 196
3-hour 52.4 11.5 11.6 63.9 64.0 1,310

24-hour 21.5 5.8 5.9 27.3 27.4 365 (M

Annual 3.7 0.5 0.5 4.2 4.2 52®

(3 Background concentrations (expressed as pug/m?3) based on the higher of nearby monitor design values (identified as complete by EPA)
or values provided by Northwest Airquest 2009-2011 design values specific to the Terminal-5 location, except for 1-hr NO3.

(b) Reported pollutant concentrations are those occurring at the maximum impact location for each pollutant. Concentrations at all other
locations are less than those reported here.

(¢) Except as noted below, all short-term concentrations are based on modeling that considered maximum hourly activity during every hour
of the 5-year meteorological data set, which is not a possible actual level of activity. These results therefore represent intentionally
conservative conditions. Consistent with USEPA guidance, the annual modeling results are based on 5-year averages from the 5-year
meteorological data set instead of 3-year as per the NAAQSs.

(d) All ambient concentrations are expressed in terms of micrograms per cubic meter (ug/m3); importantly, other sources may report the
ambient air quality standard concentrations in parts per million (ppm) or parts per billion (ppb).

(e} Hourly and seasonal variation were assessed at Beacon Hill and incorporated into the dispersion model. The use of this form of
background concentrations is consistent with EPA guidance.

() Denote Washington State ambient air quality standard (only, i.e., no federal standard)
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4.3 Alternative 3

4.3.1 Construction

As described in section 1.2, Alternatives 2 and 3 have the same construction-related
improvements, despite the distinct differences in operations. The construction-related
emissions associated with Alternatives 2 and 3 are described in section 4.2.1.

4.3.2 Operation

4.3.2.1 Operational Emissions

Emission factors of criteria air pollutants with full capacity Alternative 3 operation in 2020,
2030, and 2040 are presented in Attachment A (Table 19, Table 20, and Table 21,
respectively). Source-specific annual emissions are provided in Attachment B (Table 24)
and total project emissions are reported in Table 10.

Table 10. Annual Alternative
3 Emissions (tpy)

Alt 3

Pollutant

2020 | 2030 2040
PM1io 2.8 3.3 3.2
PM2.5 2.6 2.9 2.8
SOz 3.5 4.0 3.4
co 20.6 26.5 29.5
NO> 115.1 93.3 82.2

Emission factors are, in many cases, lower in successive years because engine emissions
are generally decreasing over time, vehicles are increasingly required to use ultra-low sulfur
distillate fuel, and because of the use of a second truck gate and reservation system. The
improving emission factors reflect regulatory requirements of engine manufacturers,
regulations on in-use fuel for ocean-going vessels and harbor craft, and EPA-model
predicted turnover of the cargo-handling equipment fleet for King County. The validity of
emission improvements is proven by decades of success with federal mobile source
emissions regulations improving urban air quality throughout the United States.
Additionally, larger vessels expected to serve Seattle are newer, and more fuel efficient per
unit of cargo. The number of vessels needed to transport cargo will decrease even if cargo
throughput increases. Project-specific total emissions frequently decrease over time, despite
the increased intermodal activity, due to the increased adoption of shore power and due to
fleet turn-over. The trends in emissions across alternatives and throughputs are described
in more detail in section 4.3.2.2.
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4.3.2.2 Predicted Off-Site Concentrations

The physical and operational changes associated with Alternative 3 would enable an
increase in container throughput capacity. The maximum model-predicted concentrations of
criteria air pollutants attributable to capacity operation in 2020, 2030, and 2040 are
presented in Table 11. As shown in Table 11, the maximum model-predicted
concentrations of all pollutants comply with ambient air quality standards. Increased
electrification and lower engine emissions offset the increase in container throughput
capacity to result in lower future concentrations.
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Table 11. Alternative 3 Modeling Results: Maximum Criteria Pollutant Concentrations

3
Criteria IS\lljgg/m B)ack- Project-Related Conc. (b)() Project-Related Conc. w/ Background Ambient
Pollutant | Time ground 2020; 2030; 2040; 2020; 2030; 2040; Standard
Conc. @ 0.64M 1.27M 1.70M 0.64MTEU | 1.27MTEU | 1.70M TEU @

TEU TEU TEU

Cco 1-hour 3,779 40.5 40.4 40.8 3819.0 3818.9 3819.3 40,000
8-hour 1,947 26.4 26.2 26.9 1972.9 1972.7 1973.4 10,000
NO:2 1-hour Varies (®) 148.3 139.5 139.1 148.3 139.5 139.1 188
Annual 26.3 12.5 10.3 9.4 38.8 36.6 35.7 100
PM2.5 24-hour | 24.3 1.8 1.7 1.8 26.1 26.0 26.1 35
Annual 10.2 0.3 0.3 0.2 10.5 10.5 10.4 12
PM1o 24-hour | 48 2.5 2.4 2.4 50.5 50.4 50.4 150
SO 1-hour 68.1 13.1 13.1 13.1 81.2 81.2 81.2 196
3-hour 52.4 11.4 11.4 11.5 63.8 63.8 63.9 1,310
24-hour | 21.5 5.8 5.8 5.8 27.3 27.3 27.3 365
Annual 3.7 0.4 0.4 0.3 4.1 4.1 4.0 52

(@ Background concentrations (expressed as pg/m?) based on the higher of nearby monitor design values (identified as complete by EPA) or values
provided by Northwest Airquest 2009-2011 design values specific to the Terminal-5 location, except for 1-hr NO».
() Reported pollutant concentrations are those occurring at the maximum impact location for each pollutant. Concentrations at all other locations are less
than those reported here.
(©) Except as noted below, all short-term concentrations are based on modeling that considered maximum hourly activity during every hour of the 5-year
meteorological data set, which is not a possible actual level of activity. These results therefore represent intentionally conservative conditions. Note
that consistent with USEPA guidance, the annual modeling results are based on 5-year averages from the 5-year meteorological data set instead of 3-
year as per the NAAQSs.
(@ All ambient concentrations are expressed in terms of micrograms per cubic meter (ug/m?3); importantly, other sources may report the ambient air

quality standard concentrations in parts per million (ppm) or parts per billion (ppb).

(®) Hourly and seasonal variation were assessed at Beacon Hill and incorporated into the dispersion model. The use of this form of background
concentrations is consistent with EPA guidance.

() Denote Washington State ambient air quality standard (only, i.e., no federal standard)
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4.4 Comparison of Alternatives Emissions

A comparison of the annual emission totals and how they change over time is presented in
Table 12. The shaded columns in Table 12 were not assessed using air quality dispersion
modeling because they represent conditions with no operational or site configuration
changes, and thus have either unchanged or decreasing emissions (e.g., Alternative 2 at
1.3MM TEU throughput in 2040 has lower emissions than Alternative 2 at 1.3MM TEU
throughput in 2030). However, emissions for these scenarios are presented for comparison
with those scenarios that were evaluated with modeling.

The shaded scenarios in Table 12 have estimated emissions equal to or less than with the
same facility configurations in the decade prior because of equipment fleet turnover,
changes to regulations, and increased utilization of shore power. For these reasons, there
was no need to conduct modeling to conclude that emissions associated with the shaded
scenarios would be expected to comply with the NAAQS because the prior decade scenario
was in compliance.

As discussed in the introduction to Chapter 3, a facility-wide emissions summary can
provide the “big picture” overview of the air quality effects of a project. While not providing
the level of detail as the dispersion modeling analysis, Table 12 indicates that
concentrations generally decrease in the future even with the increased activity with
Alternatives 2 and 3. There are competing factors that affect the facility-wide emissions:

* Emissions increase with higher activity levels associated with the development
alternatives (more ground equipment moving more containers);

e Emissions decrease because the gradual retirement and replacement of locomotives,
trucks, ground equipment, and ships substitutes cleaner, less pollutant equipment;

e« Emissions decrease with the development alternatives as the percentage of ships
using shorepower increases with time.

e Emissions decrease with redevelopment because fewer vessels would call due to
increased vessel TEU capacity

The degree to which emissions rates decrease with fleet turnover is different for each
pollutant and each type of equipment (trucks vs locomotives vs ships). Detailed information
on emission factors applied in 2020, 2030, and 2040 are provided in Attachment A. The
effect of increased use of shorepower is discussed below.
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Table 12. Annual Project Emissions (tpy)

2020 2030 2040

647K 647K 1.3MM 647K | 1.3MM | 1.7MM

Pollutant TEUs TEUs TEUs TEUs | TEUs | TEUs

Altl | Alt2 | Alt3 | Altl | Alt2 | Alt3 | Altl | Alt2 | Alt3
CO| 49.7| 42.4| 206| 39.2| 52.6| 26.5| 37.4| 425 29.5
NO: | 254.5 | 180.9 | 115.1 | 161.1 | 156.7 | 93.3| 154.6 | 117.6 82.2
PM25| 7.0 6.0| 2.6 48| 59| 29 4.5 4.0 2.8
PMi0| 7.4| 63| 2.8 52| 6.4| 3.3 4.8 4.4 3.2
So.| 8.0 43| 3.5 8.0 5.1| 4.0 8.0 3.6 3.4

Note: The shaded cells indicate scenarios that were not considered with air quality modeling but
that are expected to comply with the NAAQS because, for the same alternative, the
emissions decreased from the prior decade and no operational or configuration changes
occurred between the two decades.

Table 12 indicates all criteria pollutant emissions would decrease with modernization and
upgrades of the Terminal 5 facility in 2020. This reduction is largely true for the other years,
but exceptions exist between Alternative 1 and Alternative 2 in 2030 for PM and CO, and in
2040 for CO. These increases are attributable to the increased activities required to
accommodate a 1.3MM TEU throughput with Alternative 2. Additionally, the larger potential
vessel sizes expected with the action alternatives also contribute to these exceptions in the
emission reduction trend.

For the scenarios that were considered with air quality modeling shown in Table 12 (i.e.,
the non-shaded cells), emission decreases between Alternatives 1 and 2 in 2020 are
attributable to (1) fewer vessels calling on the Port due to increased vessel TEU capacity
and (2) a projected 30 percent use rate of shore power (there is no shore power available
for the no-build scenario).

The decreases in emissions from Alternative 2 to Alternative 3 in 2020 are largely due to the
electrification of the majority of container-handling equipment activities. As Alternative 2
and Alternative 3 progress into years beyond 2020, their respective activity levels increase
with throughput, but they benefit from increasingly greater use of shore power and vehicle
fleet turnover, which result in reduced overall emissions, except for CO and SOz. The
estimates for CO and SOz increase with activity and do not have the same pronounced
reductions in future years as the other pollutants. For Alternatives 2 and 3, the anticipated
emissions reductions expected to result from use of shore power are shown in Table 13.
The emissions reductions associate with shore power are higher with Alternative 2, 2040
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than Alternative 3, 2040 because the numbers of hours spent at berth are higher in
Alternative 2 (.e. less efficient movement of cargo).

Generally, over time, improving emission factors reflect regulatory requirements of engine
manufacturers, regulations on in-use fuel for ocean-going vessels and harbor craft, EPA-
model predicted turnover of the cargo-handling equipment fleet for King County, and
increased utilization of shore power. The validity of expecting emission improvements is
proven by decades of success with federal mobile source emissions regulations improving
urban air quality throughout the United States.

Table 13. Reduction in Annual Emissions with Shore Power (tpy)

Alternative 2 Alternative 3

Pollutant 2020 2030 2040 2020 2030 2040

Shore Power Efficacy: 30% 50% 70% 30% 50% 70%
Cco 3.9 9.3 13.0 3.1 7.8 12.3
NO:2 34.3 56.4 79.0 27.2 47.5 74.4
PM10 0.6 1.5 2.1 0.5 1.3 2.0
PM2.5 0.6 1.4 2.0 0.5 1.2 1.9
SOz 1.5 3.5 5.0 1.2 3.0 4.7

4.5 Diesel Particulate Matter

Ramboll Environ evaluated potential off-site concentrations of diesel engine exhaust
particulate matter (DPM) associated with project emission sources using PM2.5 emissions as
a surrogate for DPM emissions. Ramboll Environ used the AERMOD-predicted PM2.5
concentrations across the entire modeling domain receptor grid to produce isopleths of
estimated annual average DPM concentrations.

Predicted concentrations can be compared to a range of DPM unit risk factors to assess
potential health implications. Ecology has adopted a DPM Acceptable Source Impact Level
(ASIL) for use in the permit process for industrial facilities. However, the basis of
Washington's ASIL value has recently been questioned by numerous studies. The
inadequacies of the DPM ASIL are discussed at length in Attachment C.

The USEPA has not adopted a cancer risk factor for DPM because of uncertainties in the
underlying health risk data. However, in 2002 the EPA suggested a range of values for
assessing DPM risk: 1 x 10-5 - 1 x 10-3 yg/m?3. In practical terms, this means the increased
risk of cancer after a 70-year exposure to 1 ug/m3 DPM is between one in 100,000 and one
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in 1,000. Figure 5 and Figure 6 indicate predicted DPM concentrations in neighborhoods
west and south of the site are about 0.1 pg/m3 with No Action (Alternative 1) and
approximately 0.01 pug/m3 with Alternative 3 in 2040, a 10-fold improvement. The model-
predicted concentrations of DPM associated with Alternative 2 were within the bounds of the
DPM results identified for Alternatives 1 and 3. Further details on the health assessment are
discussed in the proceeding section and provided in Attachment C.

4.6 Health Risk Characterization for DPM and PM2.5

The Puget Sound Clean Air Agency (PSCAA) requested an evaluation of potential air quality
health impacts associated with the modernization of Terminal 5. Specifically, PSCAA
requested evaluation of potential cancer risks associated with exposure to DPM and non-
cancer health risks associated with exposure to PM2.5 attributable to Terminal 5 activities.
As part of this effort, Ramboll Environ developed a white paper describing possible DPM
cancer unit risk numbers and made a recommendation for a range of values to be applied in
this evaluation. Based on PSCAA’s recommendation, Ramboll Environ focused the impact
assessment on residential areas nearest the terminal and on two communities south of
Terminal 5, South Park and Georgetown, but assessed all communities adjacent to the
Terminal. A detailed description of the methods and results is provided in Attachment C, a
summary is presented here.

The health risk study was conducted in parallel with the DEIS technical report and was not
updated to include the more realistic characterization of the vessels (vessel shape, stack
height, stack location, etc.) that was included in the air quality impact assessment in the
DEIS and this FEIS. Those unrefined parameters resulted in higher modeled concentrations
and add to the conservatism of the health risk characterization.

To complete the health risk characterization, future DPM and PM2.5 air concentrations
attributable to Terminal 5 activities were modeled and incorporated into health risk models
to estimate cancer risk and non-cancer health risks for relevant health endpoints. The
relative impacts of each of 2 proposed alternatives were assessed by comparison with
baseline (i.e., comparison with health impacts associated with the no-action alternative).
Maximum and minimum model-predicted DPM and PM2.5 concentrations scenarios were
selected to bound the impacts from all alternatives and temporal configurations. Of the
modeled scenarios, the lowest concentration was associated with Alternative 3, 2040 and
highest was associated with Alternative 2, 2020.

Cancer risk was evaluated using annual average DPM concentrations; Non-cancer risks were
evaluated using both annual and 24-hour maximum concentrations of PM2.5, depending on
the health outcome.
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The following health endpoints were evaluated for short-term exposures to PM2.5:

e Mortality

o All-cause
o Cardiovascular
o Respiratory

e Morbidity:

o Hospital admissions for cardiovascular effects
o Hospital admissions for respiratory diseases
o Hospital admissions for asthma

The following health endpoints were evaluated for long-term exposures to PM2.5:

e Mortality

o All-cause

o Cardiovascular
The relationship between a specific concentration of DPM or PM2.5 and a particular health
outcome is called the concentration-response relationship. Epidemiology and toxicology
studies are used to quantify these concentration-response relationships; resulting in
numerical values that can be combined with measured or monitored air concentration to
derive estimated health impacts. The white paper developed to support this risk
characterization provides the rationale for the quantitative toxicity estimate for DPM, called
a cancer unit risk factor. Attachment C also provides the statistics used to quantify the
noncancer health outcomes associated with PM2.5 exposures. For the noncancer health
evaluation, baseline US Census population and Washington State Department of Health
health incidence data also were utilized.

With respect to DPM and cancer risk, the use of a single, discrete value representing
potential cancer potency of diesel exhaust attributes greater confidence to cancer risk
estimates than is appropriate given the underlying shortcomings in the current quantitative
assessment of diesel exhaust cancer risk. While it is apparent that the body of research as a
whole supports a positive relationship between exposure to diesel exhaust (particularly from
older diesel engines) and lung cancer, the numerical values that estimate potential cancer
risk are hampered by a large range of uncertainty that is rarely communicated and
considered in project planning and risk communication efforts. An analysis of this literature
(see Attachment C) supports the use of a range of unit risk factors rather than selecting a
single diesel exhaust risk estimate for appraising potential cancer risk. This selection allows
a comparison of relative ranges in impacts of each alternative, without assigning a single
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“cancer risk” number which might overstate the certainties of the science. We therefore
took this approach to assess cancer risk.

Compared to baseline, or Alternative 1, changes in air quality resulting from Alternatives 2
and 3 were small, and the resulting changes in health risks relative to baseline were
correspondingly small. The maximum modeled air concentrations of DPM and PM2.5 are
associated with Alternative 2 (year 2020) and are similar to the no action, Alternative 1.
Thus, there are no anticipated changes in health risk - both cancer risk and risk for a
variety of relevant noncancer health outcomes - associated with the Project when
considering the alternative and time-frame when air concentrations of DPM and PM2.5 are
expected to be greatest. While Alternative 3 (year 2040) is expected to result in improved
air quality as compared to baseline, the corresponding observed improvement in the health
outcomes is negligible. Attachment C provides a detailed discussion, numerical results, and
figures for the DPM cancer risk characterization and for each noncancer health outcome
identified for the evaluation of PM2.5.

4.7 Greenhouse Gas Emissions

In order to evaluate the potential for climate change due to the Terminal 5 action
alternatives, direct GHG emissions associated with implementation of the project were
calculated based on fuel combustion related to construction of the facility, operation of the
facility, indirect activities associated with project actions, and purchased electricity.

4.7.1 Construction-Related Greenhouse Gas Emissions

The construction-related GHG assessment was based on estimates of emissions from facility
construction using expected construction equipment (specified by SCC code and
horsepower) and the time all such equipment is expected to be active. Each phase of
construction was considered separately and in detail. GHG emissions were tabulated based
on emission rates estimated using the EPA NONROAD emissions model and the specific
equipment population in King County, Washington. The emissions estimates considered both
land-side and in-water equipment.

In total, the estimated lifespan emissions attributable to the project are about 12,000
MTCOze over the three-season construction period. (3 A summary of the GHG emissions
calculations is presented in Table 14. As shown, direct annual GHG emissions are less than
6,000 MTCOZ2e during each of the first two years of construction and even less in the final

(5) MTCO2e is defined as Metric Ton Carbon Dioxide Equivalent; equates to 2,204.62 pounds of CO2.
This is a standard measure of amount of C02.
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year. According to Ecology, no additional analysis is required of projects that are expected

to produce an average of less than 10,000 metric tons per year, (Ecology 2011).

Table 14. Construction-Related GHG Emissions (tonnes)

Construction Phase CO> N.O CHa COze
Phase I (year 1) 1,679 11.90 26.78 5,896
Phase II (year 2) 1,529 10.83 24.38 5,367
Phase III (year 3) 206.7 1.46 3.29 725.1
Total 3,415 24.20 54.45 11,987

4.7.2 Operational Greenhouse Gas Emissions

Long term (operational) GHG emissions were estimated for on-site sources as well as
limited off-site locomotive, vessel, and truck emissions (as described in Section 3.1.2). The
operational GHG emissions were quantified within the immediate vicinity of T-5 and were
based on project-specific operations. Statewide, off-site emissions from locomotives,
vessels, and on-road trucks were not quantified because they are expected to improve
under either action alternative. By leasing T-5, business entities would seek to improve their
transportation efficiency and cut associated costs. The Terminal 5 action alternatives would
enable larger vessels to serve Seattle and the surrounding region. These larger vessels are
more fuel efficient and therefore produce less GHGs per unit of cargo. The improvement in
transportation efficiency would be concurrent with improvements in environmental
efficiency. Table 15 identifies the total estimated annual T-5 GHG emissions.

Air Quality Analysis Results 47 Ramboll Environ



Terminal 5 Wharf Rehabilitation, Berth Deepening, and Improvements Project

Air Quality Technical Report

Table 15. Operational Greenhouse Gas Emissions

Annual Emissions CO,e - Metric Tons

Emissions 647k 647k 1.3MM 647k 1.3MM | 1.7MM
TEUs TEUs TEUs TEUs TEUs TEUs
2020 2020 2030 2020 2030 2040
Direct Emissions
On-Site Cargo- 36,176 33,419 82,229 10,754 20,742 27,578
Handling & Trucks
Indirect Emissions
Purchased Energy (@ 0 0 0 0 0 0
Employee Commute(® -- -- -- -- -- --
Rail Product Delivery 2,914 2,914 5733 2888| 5733| 7,620
On-road Truck 2,164 2,164 2,108 2,164 2,108 1,746
Delivery (4
Vessel Product Delivery (€
Transiting 13,884 9,076 16,625 9,076 16,625 16,144
Hoteling 53,669 31,639 26,872 25,503 22,121 15,271
Annual Facility- 108,808 79,211 133,568 50,385 67,329 68,359
Related GHG
Emissions

as direct emissions.

(@) Seattle City Light operates as a "Zero-net Carbon" entity. Their fuel mix is heavily dependent
on hydroelectric power and other fuels that produce carbon are offset. Because of these
offsets the purchased energy CO2e emissions are zero.
(http://www.seattle.gov/light/enviro/)

(b) Employee data were not available at the time of this analysis.

(9) "Rail Product Delivery" refers to locomotive operations to and from East Marginal Way and
operation on-site. Note that these projected emissions do not consider the GHG emission
reductions that would result from the use of AESS to shut down unneeded locomotives
because AESS is not used all the time (i.e., when temperature are less than about 40°F).
Since temperatures exceed 40°F about 85% of the time, the locomotive AESS would reduce
GHG to less than represented in this tabulation.

(d) “On-road Truck Delivery” refers to truck movements to and from East Marginal Way, but
does not consider on-site truck queue idling or movements. On-site truck activity is captured

(e) "Vessel Product Delivery" Transiting emissions represent engine and boiler combustion
emissions associated with transiting activities during the arrival and departure of vessels and
assist tugs. Hoteling emissions are vessel-related combustion emissions from the auxiliary
engines and boilers while the vessels are docked at the wharf.

As mentioned in Section 2.4, no specific federal, state, or local emission reduction

requirements or targets are applicable to the proposed project, and there are no generally
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accepted emission level thresholds against which to assess potential localized or global
consequences of GHG emissions. The relatively small contribution from this Terminal facility
would not result in significant impacts from GHGs. The project would reduce world-wide
emissions of GHGs due to improved efficiencies in commodity deliveries compared with
existing transport systems - and due to improving emission controls in future years.

4.8 Transportation Conformity Review

4.8.1 Emissions

The CAL3QHC dispersion model uses emission rates for "free-flow" and "queue" links. Free-
flow links represent emissions from traffic traveling through the intersection and are
expressed in terms of grams per vehicle mile. Queue links represent emissions from idling
vehicles and are expressed in terms of grams per vehicle hour. These emission rates, which
vary by speed traveled and model year, are presented in Table 16. The greater of the
emission rates during the summer and winter months simulated with MOVES were modeled.
Based on the traffic study, the total traffic volume at SW Spokane St / West Marginal Way
SW / Chelan Ave SW would include less than 9% heavy vehicles under all alternatives.
Therefore, the composite emission rates based on the King County fleet population were
increased to 9% for each model year.

Table 16. Hot-Spot CO Emission Rates

Model Year Emission

Link Type Speed 2020 2030 2040 Unit

35 mph 3.67 1.98 1.18 | g/mi
Free-flow

30 mph 4.03 2.12 1.24 | g/mi
Queue Idle 12.41 4.81 3.19 | g/hr
Notes:
Emission rates based on King County 2014 fleet population,

adjusted for the increase in heavy vehicles in the area.

4.8.2 CO Model Concentrations

The results of the CO "hot-spot" modeling, provided in Table 17, represent the maximum
concentration among the receptors included in the CAL3QHC dispersion model. Based on
projected future traffic conditions in 2020, 2030, and 2040, and assuming a background CO
concentration of 5 ppm, model-calculated concentrations would be less than the ambient air
quality standards for CO. The results of the "hot-spot" modeling indicate additional traffic
due to Alternatives 2 and 3 would not noticeably increase concentrations compared to the
Alternative 1 scenario during the PM peak period.
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Table 17. Hot-Spot Model Results (ppm)

Modeled Concentration (b)

Alt 1 Alt 3
(No Action Alt 2 Alt 3 Mit. (9
Ambient 2020; 2030; 2040; 2030; 2040; 2040;
Avg. Standard 0.64M 0.64M 0.64M 1.27M 1.70M 1.70M
Intersection | Period (a) TEU TEU TEU TEU TEU TEU
SW Spokane
St / West 1 HR 35 5.7 5.5 5.2 5.5 5.2 5.2
Marginal Way
SW/Chelan | g g 9 5.5 5.4 5.1 5.4 5.1 5.1
Ave SW
Notes:

(@ Ambient concentrations are expressed in terms of parts per million (ppm)

() 1-HR and 8-HR modeled concentrations include 5 ppm CO background. 8-HR concentrations
assume a 0.7 persistance factor

(¢) Under the Alt 3 Mitigated scenario, the northwest leg of the intersection would be closed, removing
access to the T5 terminal.

Due to the poor performance of this intersection, the traffic study assessed a mitigated
Alternative 3 scenario. Under the mitigated Alternative 3 scenario, the northwest leg would
be closed permanently, reducing delays from trains and trucks accessing Terminal 5 through
this intersection. The results from this alternative also indicate there would be no change in
the maximum local air quality because the intersection would continue to perform at LOS F
due to local traffic conditions not related to Terminal 5.

Although project-related traffic delays almost double in 2040 over those in 2020, maximum
predicted CO concentrations decrease in 2040 due to vehicle emissions reduction measures
implemented by federal and state regulatory requirements in future years. Based on this
finding, the proposed plan would not be expected to result in any significant air quality
impacts due to its effect on the surface roadways in the area.

4.9 General Conformity Review

The proposed project would result in air pollutant emissions related to demolition of portions
of the existing wharf structure, reconstruction of the wharf, and related activities to deepen
the adjacent waterway and to stabilize the underwater slope abutting the wharf structure.
Because the facility is located in air quality maintenance areas for PM10, ozone, and carbon
monoxide, and because portions of the facility construction are subject to approval by the
U.S. Army Corps of Engineers, facility construction emissions are subject to consideration
under the federal air quality General Conformity rules. Consequently, construction-related
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emissions were quantified as required under the General Conformity rules for comparison
with the General Conformity de minimis levels. This tabulation is summarized in Table 18.

The General Conformity de minimis levels are based on annual tons of pollutant emissions,
and because each construction phase of the project is more or less representative of a
single year, the emissions associated with each construction phase may be compared with
the de minimis levels. Although total construction-related emissions are not typically used in
General Conformity assessments, the total project-related construction emissions are listed
in Table 18 to illustrate the relatively minor nature of this project. As shown, the estimates
of project construction-related emissions are far less than the respective General Conformity
de minimis levels, and as a result, these emissions would not be expected to significantly
affect air quality.

Importantly, Alternative 1 does not require a General Conformity review because no in-
water work, with federal oversight, will occur. The emissions and comparison against de
minimis thresholds are relevant to Alternatives 2 and 3, which have identical construction
emissions.

Table 18. Project Construction-Related Air Pollutant Emissions (tons)

Construction Phase VOC CcO NOx CO> SOz PM
Phase I 0.92 3.96 13.41 1,851 0.06 0.53
Phase II 0.82 3.58 11.82 1,685 0.06 0.47
Phase III 0.13 0.58 1.63 228 0.02 0.08
Total Construction- 1.87 8.12 26.86 3,764 0.15 1.08
Related Emissions

General Conformity 100 100 100 N/A 100 100
De Minimis Levels

Note that CO; emissions are not considered under General Conformity rules but are included here for

completeness. Likewise, total construction emissions are not used for comparison with the annual-oriented de
minimis levels, but are included for completeness.

VOC = volatile organic compound
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5. TRACKING TERMINAL PROGRESS

Port and Terminal Operator will track T5 air quality performance after the Terminal renews
operation to ensure air quality predictions as described in the EIS are consistent with
operations over the twenty-year horizon of the project. Tracked data will supplement the
Puget Sound Maritime Air Emission Inventory, the ongoing summary reporting of airshed
wide air emissions related to Pacific Northwest port operations sponsored by the NWSA and
part of the Northwest Ports Clean Air Summary. The Port will work with the Terminal
Operator to identify the appropriate level of detail for publication of Terminal 5-specific data
(as opposed to aggregate maritime-related information that is currently reported) without
compromising proprietary information. T5 performance information reported on website
annually will include:

e Cargo throughput in TEU or other unit

e Summary of CHE inventory e.g. how many units are alternatively fuels (propane,
electric, CNG, hybrid) vs. diesel

e % of CHE meeting Tier 4 interim (T4i) emission stds or equivalent

e Summary/status of fuel efficiency planning for CHE and trucks calling at terminal
e Shorepower utilization rate (number and % of ships plugged in)

e AQ trends from representative local PSCAA air monitoring station

Every 5 years, emission inventory data specific to terminal will be extracted from Puget
Sound Maritime Air Emission Inventory, the ongoing summary reporting of airshed wide air
emissions related to Pacific Northwest port operations. The next emission data will be
reported in 2022 for data collected in 2012.

Ramboll Environ 52 Tracking Terminal Progress



Terminal 5 Cargo Wharf Rehabilitation, Berth Deepening,
And Improvements Project final Environmental Impact Statement

6. MITIGATION

6.1 Construction

Although construction at the proposed terminal is not expected to significantly affect air
quality, construction contractors will be required to comply with all relevant federal, state,
and local air quality rules. In addition, implementation of best management practices will
reduce emissions related to the construction phase of the project. Management practices for
reducing the potential for air quality impacts during construction include measures for
reducing both exhaust emissions and fugitive dust. The Washington Associated General
Contractors brochure Guide to Handling Fugitive Dust from Construction Projects and PSCAA
suggest a number of methods for controlling dust and reducing the potential exposure of
people to emissions from diesel equipment. A list of the control measures that will be
implemented during construction follows:

e Require Tier 2 or better engines for off-road equipment

e Require model year 2007 or newer engines for heavy duty vehicles (exempt trucks
that are operated < 100 hours/yr on this job)

e Require use of biofuel B20, or offer contractor incentive for this fuel

e Require contractor to have idle reduction plan or ensure that project specs have a
max idle time of 5 min

e Use only equipment and trucks that are maintained in optimal operational condition.

e Require all off-road equipment to have emission reduction equipment (e.g., require
participation in Puget Sound Region Diesel Solutions, a program designed to reduce
air pollution from diesel, by project sponsors and contractors).

e Use car-pooling or other trip-reduction strategies for construction workers.

e Spray exposed soil with water or other suppressant to reduce emissions of PM and
deposition of particulate matter.

e Pave or use gravel on staging areas and roads that would be exposed for long
periods.

e Cover all trucks transporting materials, wetting materials in trucks, or providing
adequate freeboard (space from the top of the material to the top of the truck bed),
to reduce PM emissions and deposition during transport.

e Provide wheel washers to remove particulate matter that would otherwise be carried
off site by vehicles to decrease deposition of particulate matter on area roadways.

o Cover dirt, gravel, and debris piles as needed to reduce dust and wind-blown debris.

e Stage construction to minimize overall transportation system congestion and delays
to reduce regional emissions of pollutants during construction.
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6.2 Operations
The project, as proposed, includes a number of measures intended to reduce operational emissions,
including GHG Emissions.

e Shorepower plug in capability for two berths will be provided as part of project when
the terminal renews operation.

e The NWSA and Port will work with the Terminal Operator and shipping lines to design
a program focused on attracting ships that are already carrying shipside onshore
power equipment and encourage usage of electric shore power at berth to meet the
30% adoption goal that increase over time. The program will be in place beginning
when the terminal restarts operations. The NWSA, Port and Terminal Operator will
be responsible for tracking progress toward the modeled goals.

e Trucks entering container terminals will be required to meet model-year 2007 EPA
emissions standards beginning in 2018 as part of the Northwest Ports Clean Air
Strategy.

« Development of facility will utilize an electrical power supplier that obtains >90% of
their power from non-fossil fuel sources reducing greenhouse gas emissions for
terminal operations.

e Operational management plans to reduce truck queuing and wait times as outlined in
proposed Queue Management Plan (see Traffic Technical Report) will reduce idling of
diesel drayage vehicles. -

e Port and Terminal Operator will track T5 air quality performance after the Terminal
renews operation to ensure air quality predictions as described in the EIS are
consistent with operations. The tracking plan will be approved prior to occupancy.
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Figure 1. AERMOD Modeling Domain and Receptor Locations
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Figure 2. Windrose of Duwamish Meteorological Station (2010-2014)
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Figure 3. Alternative 1 (2020): Model-Calculated 1-Hour NO:
Concentrations
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Figure 4. Alternative 3 (2030): Model-Calculated 1-Hour NO:
Concentrations
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Figure 5. Alternative 1 (2020): Model-Calculated Diesel Particulate
Concentrations Attributable to Terminal 5 Activities
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Figure 6. Alternative 3 (2030): Model-Calculated Diesel Particulate
Concentrations Attributable to Terminal 5 Activities
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ATTACHMENT A: EMISSION FACTORS
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Table 19. 2020 Emission Factors

Locomotive Emission Factors (g/hp-hr)(

Type NOx PM1o0 PM2.5 co SOz
Line-haul 4.8 0.11 0.11 1.3 0.017
Switcher 12.3 0.27 0.26 1.3 0.023
Vessel Emission Factors (g/kW-hr) (b

Engine Type NOx PM1o0 PM2.5 co SOz
Tug Mains 9.8 0.72 0.6984 5 1.3
Tug Aux 6.8 0.3 0.291 5 1.3
Vessel Mains 17 0.19 0.17 1.4 0.36
Vessel Aux 13.9 0.18 0.17 1.1 0.42
Vessel Boiler (9 13.9 0.18 0.17 1.1 0.42
Cargo-Handling Emission Factors (g/hp-hr)(

Equipment Type NOx PM10 PM2.5 co SOz
Top Picks 1.52 0.09 0.09 0.54 0.0030
RTGs 3.76 0.39 0.38 2.41 0.0038
Yard Tractors 0.53 0.02 0.02 0.21 0.0027
On-road Truck Emission Factors (g/hr)(®)

Engine Mode NOx PM10 PM2.5 co SOz
Idle 29.88 0.44 0.43 6.82 0.17
10 mph 38.67 11.22 1.89 8.46 0.23
35 mph 69.67 8.44 2.00 14.30 0.50

quality.

model

model.

(3 Future year emission rates provided within EPA, 2009

(b) Emissions factors for vessel engines varied by year using the forecasted adoption rates of ECA
imposed restrictions for NOx. These emission adjustments were applied to the uncontrolled
emission rates provided here. Additionally, specific emission rates varied as a function of fuel

(¢) Boiler emission factors conservatively assumed to be equivalent to auxiliary emission factors.
(d) CHE emission factors taken from the NONROAD model component of the EPA MOVES2014a

(e) On-road truck emission factors were estimated based on estimated fleet turnover, consistent
with the projections of the Puget Sound Regional Council, and applied using the EPA MOVES2014
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Table 20. 2030 Emission Factors

Locomotive Emission Factors (g/hp-hr)(

Type NOx PM10 PM2.5 co SOz
Line-haul 2.5 0.05 0.05 1.3 0.017
Switcher 7.8 0.16 0.16 1.3 0.023
Vessel Emission Factors (g/kW-hr) (b

Engine Type NOx PM1o0 PM2.5 co SOz
Tug Mains 9.8 0.72 0.6984 5 1.3
Tug Aux 6.8 0.3 0.291 5 1.3
Vessel Mains 17 0.19 0.17 1.4 0.36
Vessel Aux 13.9 0.18 0.17 1.1 0.42
Vessel Boiler (9 13.9 0.18 0.17 1.1 0.42
Cargo-Handling Emission Factors (g/hp-hr)(

Equipment Type NOx PM10 PM2.5 co SOz
Top Picks 0.54 0.02 0.02 0.18 0.0027
RTGs 1.80 0.15 0.15 1.10 0.0034
Yard Tractors 0.38 0.01 0.01 0.16 0.0026
On-road Truck Emission Factors (g/hr)(®)

Engine Mode NOx PM10 PM2.5 co SOz
Idle 22.02 0.42 0.43 6.37 0.160
10 mph 28.61 11.17 1.86 7.89 0.226
35 mph 51.24 8.38 1.95 13.32 0.473

quality.

model

model.

(3 Future year emission rates provided within EPA, 2009

(b) Emissions factors for vessel engines varied by year using the forecasted adoption rates of ECA
imposed restrictions for NOx. These emission adjustments were applied to the uncontrolled
emission rates provided here. Additionally, specific emission rates varied as a function of fuel

(¢) Boiler emission factors conservatively assumed to be equivalent to auxiliary emission factors.
(d) CHE emission factors taken from the NONROAD model component of the EPA MOVES2014a

(e) On-road truck emission factors were estimated based on estimated fleet turnover, consistent
with the projections of the Puget Sound Regional Council, and applied using the EPA MOVES2014

Emission Factors

65

Ramboll Environ



Terminal 5 Wharf Rehabilitation, Berth Deepening, and Improvements Project
Air Quality Technical Report

Table 21. 2040 Emission Factors

Locomotive Emission Factors (g/hp-hr)(

Type NOx PM10 PM2.5 co SOz
Line-haul 1.3 0.02 0.02 1.3 0.017
Switcher 3.9 0.08 0.08 1.3 0.023
Vessel Emission Factors (g/kW-hr) (b

Engine Type NOx PM10 PM2.5 co SOz
Tug Mains 9.8 0.72 0.6984 5 1.3
Tug Aux 6.8 0.3 0.291 5 1.3
Vessel Mains 17 0.19 0.17 1.4 0.36
Vessel Aux 13.9 0.18 0.17 1.1 0.42
Vessel Boiler (9 13.9 0.18 0.17 1.1 0.42
Cargo-Handling Emission Factors (g/hp-hr)(

Equipment Type NOx PM10 PM2.5 co SOz
Top Picks 0.47 0.01 0.01 0.15 0.0026
RTGs 0.97 0.04 0.04 0.48 0.0032
Yard Tractors 0.38 0.01 0.01 0.16 0.0026
On-road Truck Emission Factors (g/hr)(®)

Engine Mode NOx PM10 PM2.5 co SOz
Idle 20.95 0.42 0.43 6.31 0.159
10 mph 25.20 11.17 1.86 7.82 0.231
35 mph 48.73 8.37 1.95 13.19 0.469

quality.

model

model.

(3 Future year emission rates provided within EPA, 2009

(b) Emissions factors for vessel engines varied by year using the forecasted adoption rates of ECA
imposed restrictions for NOx. These emission adjustments were applied to the uncontrolled
emission rates provided here. Additionally, specific emission rates varied as a function of fuel

(¢) Boiler emission factors conservatively assumed to be equivalent to auxiliary emission factors.
(d) CHE emission factors taken from the NONROAD model component of the EPA MOVES2014a

(e) On-road truck emission factors were estimated based on estimated fleet turnover, consistent
with the projections of the Puget Sound Regional Council, and applied using the EPA MOVES2014
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ATTACHMENT B: EMISSION TOTALS BY SOURCE-TYPE
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Table 22. Alternative 1 Total Annual Emissions

Criteria Air Pollutant Operational Alt 1 Emissions (tpy)
Sources 2020; 647k TEU 2030; 647k TEU 2040; 647k TEU
Inhalable Coarse Vessels in Transit 1.0 1.0 1.0
?;I:/tlilc;)late Matter Vessels Hoteling 3.0 3.0 3.0
On-Site Trains 0.3 0.1 0.05
Off-Site Trains 0.03 0.01 <0.01
Trucks 0.1 0.1 0.1
CHE 3.0 0.9 0.6
Inhalable Fine Vessels in Transit 1.0 1.0 1.0
'(Dslf/tlizc";')ate Matter Vessels Hoteling 2.8 2.8 2.8
On-Site Trains 0.2 0.1 0.05
Off-Site Trains 0.03 0.01 <0.01
Trucks 0.03 0.03 0.03
CHE 2.9 0.9 0.6
Sulfur Dioxide (S02) Vessels in Transit 0.8 0.8 0.8
Vessels Hoteling 7.0 7.0 7.0
On-Site Trains 0.03 0.03 0.03
Off-Site Trains <0.01 <0.01 <0.01
Trucks <0.01 <0.01 <0.01
CHE 0.1 0.1 0.1
Carbon Monoxide (CO) | Vessels in Transit 8.3 8.3 8.3
Vessels Hoteling 18.2 18.2 18.2
On-Site Trains 2.4 2.4 2.4
Off-Site Trains 0.4 0.4 0.4
Trucks 0.4 0.4 0.3
CHE 20.0 9.5 7.8
Nitrogen Dioxide Vessels in Transit 32.2 18.9 18.9
(NO2) Vessels Hoteling 159.5 110.7 110.7
On-Site Trains 11.2 6.3 3.3
Off-Site Trains 1.4 0.7 0.4
Trucks 1.7 1.2 1.2
CHE 48.6 23.2 20.1

Assumes 100% of NOx emissions are NOz; Vessels in Transit include tug assists during maneuvering.; Train
emissions without AESS produces conservative results; including AESS would reduce emissions.; On-Site
Trains include arrivals, departures, and switch engine emissions while at the facility.; Off-Site Trains include
emissions between Marginal Way East and the Facility.; CHE includes top picks, and yard hostlers.; Truck
emissions include trucks idling in pre-queue, at the main gate, on-site movements, and off-site movements.

Shaded scenarios were not used for air quality modeling (discussed in detail in the report).
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Table 23. Alternative 2 Total Annual Emissions

Criteria Air Pollutant Operational Alt 2 Emissions (tpy)
Sources 2020; 647k TEU | 2030; 1.3MM TEU | 2040; 1.3MM TEU
Inhalable Coarse Vessels in Transit 0.9 1.9 1.9
E;;/tlilc;)late Matter Vessels Hoteling 1.5 1.5 0.9
On-Site Trains 0.3 0.2 0.1
Off-Site Trains 0.03 0.03 0.01
Trucks 0.1 0.2 0.2
CHE 3.5 2.5 1.3
Inhalable Fine Vessels in Transit 0.8 1.7 1.7
?;Ltlizc'l;l)ate Matter Vessels Hoteling 1.4 1.4 0.9
On-Site Trains 0.2 0.2 0.1
Off-Site Trains 0.03 0.03 0.01
Trucks 0.03 0.05 0.05
CHE 3.4 2.4 1.3
Sulfur Dioxide (S02) Vessels in Transit 0.6 1.2 1.2
Vessels Hoteling 3.5 3.5 2.1
On-Site Trains 0.03 0.07 0.07
Off-Site Trains <0.01 <0.01 <0.01
Trucks <0.01 0.01 0.01
CHE 0.2 0.2 0.2
Carbon Monoxide (CO) | Vessels in Transit 6.7 14.1 14.1
Vessels Hoteling 9.2 9.3 5.6
On-Site Trains 2.4 4.7 4.7
Off-Site Trains 0.4 0.7 0.7
Trucks 0.4 0.4 0.4
CHE 23.4 23.3 16.9
Nitrogen Dioxide Vessels in Transit 28.8 32.8 32.8
(NO2) Vessels Hoteling 80.0 56.4 33.8
On-Site Trains 11.2 12.5 6.5
Off-Site Trains 1.4 1.4 0.8
Trucks 1.7 1.4 1.4
CHE 57.9 52.2 42.4

Assumes 100% of NOx emissions are NOz; Vessels in Transit include tug assists during maneuvering.;
Vessels Hoteling assume 30%, 50%, and 70% ship-to-shore power in 2020, 2030, and 2040 respectively.;
Train emissions without AESS produces conservative results; including AESS would reduce emissions.; On-
Site Trains include arrivals, departures, and switch engine emissions while at the facility.; Off-Site Trains
include emissions between Marginal Way East and the Facility.; CHE includes top picks, and yard hostlers.;
Truck emissions include trucks idling in pre-queue, at the main gate, on-site movements, and off-site
movements. Shaded scenarios were not used for air quality modeling (discussed in detail in the report).
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Table 24. Alternative 3 Total Annual Emissions

Criteria Air Pollutant Operational Alt 3 Emissions (tpy)
Sources 2020; 647k TEU | 2030; 1.3MM TEU | 2040; 1.7MM TEU
Inhalable Coarse Vessels in Transit 0.9 1.3 1.7
?Slz/tlilc;)late Matter Vessels Hoteling 1.2 1.3 0.9
On-Site Trains 0.3 0.2 0.1
Off-Site Trains 0.03 0.03 0.01
Trucks 0.1 0.2 0.2
CHE 0.3 0.2 0.3
Inhalable Fine Vessels in Transit 0.8 1.2 1.5
?;I:/tlizc'tél)ate Matter Vessels Hoteling 1.1 1.2 0.8
On-Site Trains 0.2 0.2 0.1
Off-Site Trains 0.03 0.03 0.01
Trucks 0.03 0.05 0.05
CHE 0.3 0.2 0.3
Sulfur Dioxide (S02) Vessels in Transit 0.6 0.9 1.2
Vessels Hoteling 2.8 3.0 2.0
On-Site Trains 0.03 0.07 0.09
Off-Site Trains <0.01 <0.01 0.01
Trucks <0.01 0.01 <0.01
CHE 0.04 0.05 0.07
Carbon Monoxide (CO) | Vessels in Transit 6.7 9.7 12.7
Vessels Hoteling 7.3 7.8 5.3
On-Site Trains 2.4 4.7 6.3
Off-Site Trains 0.4 0.7 1.0
Trucks 0.4 0.4 0.3
CHE 3.5 3.2 4.0
Nitrogen Dioxide Vessels in Transit 28.8 22.9 29.9
(NO2) Vessels Hoteling 63.4 47.5 31.9
On-Site Trains 11.1 12.5 8.6
Off-Site Trains 1.3 1.4 1.0
Trucks 1.7 1.4 1.2
CHE 8.9 7.6 9.6

Assumes 100% of NOx emissions are NOz; Vessels in Transit include tug assists during maneuvering.;
Vessels Hoteling assume 30%, 50%, and 70% ship-to-shore power in 2020, 2030, and 2040 respectively.;
Train emissions without AESS produces conservative results; including AESS would reduce emissions.; On-
Site Trains include arrivals, departures, and switch engine emissions while at the facility.; Off-Site Trains
include emissions between Marginal Way East and the Facility.; CHE includes top picks, and yard hostlers.;
Truck emissions include trucks idling in pre-queue, at the main gate, on-site movements, and off-site

movements.
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1. INTRODUCTION

1.1 Objective

The Port of Seattle ("the Port") is interested in understanding the potential air quality
health implications associated with modernization of the Port's Terminal 5 (T-5) facility.
Specifically, the Port requested a health risk characterization of project-related cancer
risks associated with exposure to diesel particulate matter (DPM) and non-cancer health
endpoints associated with exposure to fine particulate matter (PM2.5). The risk
characterization documented in this report focused on residences nearest the terminal
and on the communities of South Park and Georgetown, which are considered "highly
impacted" communities nearest the T-5 facility due to existing levels of air pollution. The
analysis only considered the incremental health implications caused by the Port project
and does not assess the overall health risk across the lower Duwamish.

1.2 Overview of Proposed Project

The Port is sponsoring the proposed "Terminal-5 Cargo Wharf Rehabilitation, Berth
Deepening, and Improvements Project" (the project). The project site is the existing T-5
marine cargo facility, on the west margin of the West Waterway, in southwest Elliott Bay,
Seattle, Washington. The project area, owned and available for use by the Port, includes
the existing T-5 marine cargo facility that consists of approximately 197 upland and
approximately 19 acres of cargo pier.

The proposed project would improve the container-handling efficiency of the existing
terminal to accommodate the projected fleet mix of larger container vessels that are
anticipated to call on T-5 through 2040. The project alternatives being considered
include a baseline or "no action" (Alternative 1) and two action alternatives. Both
Alternatives 2 and 3 would rehabilitate and strengthen the wharf and support structure
for larger cranes. Upland improvements with Alternatives 2 and 3 would enable higher
container throughput than existing/baseline conditions represented by Alternative 1, and
Alternative 3 would allow greater throughput capacity than Alternative 2. Brief
descriptions of each alternative are provided in Sections 1.2.1 to 1.2.3.

1.2.1 Alternative 1 — No Action

The No-Action Alternative generally establishes baseline conditions against which the
development (action) alternatives can be evaluated. If the Port does not redevelop the
site as proposed, the site would remain as is or may be redeveloped for a different use.
With the No Action Alternative, future uses are unknown. The market and existing zoning
would dictate how the sites are developed.

The No Action Alternative assumes that no improvements would be made to the existing
197-acre site other than minor alterations, routine maintenance and repair work, none of
which would increase container cargo capacity. The T-5 shoreline and upland area would
continue as a marine cargo transportation facility with vessel moorage, cargo wharf,
cargo marshalling, and truck and rail cargo transshipment operations taking place. The
terminal would continue to be capable of accommodating diverse marine cargo uses such
as breakbulk or neo-bulk (goods that are loaded individually, and not in containers) and
other water-dependent uses and activities intrinsic to marine transportation facilities.

Marine cargo operations would be similar to the uses and activities conducted at T-5
during the past 15 years, making use of existing infrastructure designed and constructed
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to transship approximately 650,000 twenty-foot equivalent units (TEU) per year. The
present T-5 marine cargo facility is the result of substantial expansion and
improvements completed in 1999. The construction and operation of the present marine
cargo facility was preceded by detailed environmental analyses and evaluations, includ-
ing a combined federal, state, and local government Environmental Impact Statement
(EIS), Southwest Harbor Cleanup and Redevelopment Project, and subsequent
authorizations received from federal, state, and local regulators and government
entities, including substantial shoreline development approval from the City of Seattle.

The No Action Alternative would preclude super Post-Panamax vessels from utilizing the
site because they cannot be accommodated by the existing wharf or cranes.

1.2.2 Alternative 2 - Wharf Improvements, Berth Deepening, and Increased
Cargo Handling

Alternative 2 would consist of modification of existing container facilities, including cargo
wharf rehabilitation, berth deepening, and water, storm-water and electrical utility
capacity improvements. Changes to existing T-5 facilities would increase container cargo
transshipment capacity at the site to allow up to approximately 1.3 million TEU annually.
Alternative 2 includes the provision of shore power for vessels moored at the
rehabilitated wharf.

These changes to allow T-5 to accommodate existing large Post-Panamax and larger New
Post-Panamax container cargo vessels and transship increased cargo volumes are
described in more detail below. Cargo pier improvements would include the following:

e Replacement of cargo pier crane rail beam
e Stabilization of existing armored slope beneath the cargo wharf
e Replacement of treated wood piling wharf fender system

e Deepening navigational access to existing berth area, increasing berth depths to
approximately minus 55 feet MLLW

e Repair and maintenance of existing wharf piling

¢ Installation of upgraded utilities, including replacement primary substation
equipment and replacement water service to the existing wharf structure.

e Potential remodel of existing buildings for labor, management, maintenance and
terminal operations, and installation of other small buildings as needed to service
the site

e Possible installation of Rubber-Tired Gantry (RTG) crane concrete pads or runways
(Rubber-Tired Gantry - a traveling crane used to move and position containers in a
container yard) and a steel framed 3 level high platform (reefer rack system) to
access grounded and stacked 4-high refrigerated containers

- Installation of up 12 new electric Ship-to-Shore cranes

The Alternative 2 components most relevant to the air quality technical analyses for this
project are the upland improvements to redesign and reorganize the container cargo
marshalling yard area (i.e., landward of the rehabilitated cargo wharf). These changes
would relocate and alter the distribution systems for grounded and wheeled container
cargo (e.g., changes in internal circulation and travel lanes).
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1.2.3 Alternative 3 - Wharf Improvements, Berth Deepening, Increased Cargo
Handling and Additional Upland Improvements

Alternative 3 consists of the same improvements listed for Alternative 2 with the addition
of reorganized intermodal rail facilities, a reconfigured gate, and demolition of buildings.
Alternative 3 also includes the provision of shore power for vessels moored at the
rehabilitated wharf. Alternative 3 improvements include the following:

e Substantial improvements to the upland cargo marshalling area to increase overall
terminal throughput capacity to 1.7 million TEUs per year (by 2040).

e Wharf and crane improvements would allow simultaneous loading and unloading of
two 18,000 TEU vessels.

e The container yard would be enlarged through relocation or demolition of the
existing entrance gate, freight station, transit shed, maintenance and repair
buildings, and operations buildings.

e The container yard capacity would be increased through use of grounded container
storage served by RTG or RMG cranes.

e The truck gate would be relocated, and the existing intermodal rail yard would be
reconfigured with additional rail lines and concrete or rail runways for RTG or RMG
equipment.

1.3 Report Outline
This report is organized as follows:

e Section 2 provides an overview of the project site setting, including a discussion of
features at the project site relevant to the risk characterization.

The remainder of the report is then organized to reflect the basic steps of this health risk
characterization, as follows:

e Section 3 presents the air modeling methodology

e Section 4 presents the hazard identification for PM2.5

e Section 5 presents the hazard identification for diesel particulate matter (DPM)
e Section 6 presents the detailed health assessment for PM2.5

e Section 7 presents the detailed health assessment for DPM

e Section 8 presents the conclusions and

e Section 9 presents references

Additional information regarding the PM2.5 analysis is included in Appendix A, and a
whitepaper supporting the DPM analysis is included in Appendix B.
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2. SITE SETTING

This section presents an overview of the project Site Setting, including a discussion of
features at the project site relevant to the human health risk characterization.

2.1 Location & Land Use

Terminal 5 is located approximately 1.5 miles southwest from the City of Seattle urban
center. Terminal 5 is immediately bordered by existing industrial land, shoreline and
aquatic area use designations. The nearest residential neighborhoods are West Seattle to
the west and Delridge to the south, with the nearest residential location approximately
500 feet from the southwest corner of the Terminal property. The nearest major roadway
is the West Seattle Bridge to the south and Alaskan Way Viaduct to the east (highway
99). Interstate 5 is approximately 2 miles east of the Terminal 5 property.

2.1.1 South Elliott Bay Setting

Terminal 5 is located on the west shoreline of the West Waterway in southwest Elliott
Bay. The West and East Waterway comprise the principal deep draft cargo vessel
navigational access threshold facilities in south Elliott Bay. The West and East
Waterways, separated by Harbor Island, are located at the north, downstream, end of
the Duwamish Waterway in the Duwamish River Valley. The West and East waterways
and the Duwamish Waterway serve maritime navigational requirements throughout the
south Elliott Bay and Duwamish industrial areas.

The shoreline and surrounding upland area extending from south Elliott Bay to the
upstream portion of the Duwamish Waterway include marine industrial uses and marine
industrial infrastructure and commercial uses, approximately 80 percent of industrially
zoned area in the City of Seattle. The south Elliott Bay and Duwamish industrial areas
are served by substantial rail road and highway infrastructure. Rail lines located east and
west of the waterways provide direct access to the national rail network. Similarly,
industrial area arterial traffic routes converge and connect with the interstate highway
system through three principal west-to-east corridors and the primary north-south
corridor.

The existing Terminal 5 marine cargo site is one of four deep draft container cargo
facilities in Elliott Bay. Along with four other terminals providing cargo use areas, port-
owned container cargo facilities include dedicated international containerized cargo
shipping facilities and deep draft maritime vessel access.

2.1.2 Terminal 5 Facility—Location and Surrounding uses

Publicly-owned port property at the existing Terminal 5 marine cargo site was built and
committed to the principal site use and marine cargo transshipment uses and activities.
This property includes existing combined upland cargo marshalling/transfer areas, cargo
wharves, and adjacent deep draft navigational access areas in the west margin of the
West Waterway. Total publicly-owned property comprising the Terminal 5 facility in
southwest Elliott Bay includes port-owned upland and aquatic areas and publicly-owned
state property, upland, and aquatic areas available for use by the port through a harbor
area management agreement with the Washington Department of Natural Resources.

In addition to the principal marine cargo use site, port-owned Terminal 5 facility includes
property not directly associated with marine cargo terminal operation. These areas
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consist of industrial use and activity work areas, un-improved tenant use areas, and
areas used for vehicle access/circulation. A portion of the Terminal 5 facility is committed
to public shoreline access and landscaped open space and pedestrian/bicycle access
areas.

The principal water-dependent marine industrial cargo portion of the Terminal 5 facility
entails transshipment of containerized and break-bulk cargo, accomplished by means of
a concrete wharf providing two vessel berths, located at the east margin of Terminal 5,
in the west portion of the West Waterway. Six container cranes operate as mobile cargo
handling equipment, installed on parallel wharf surface crane rails. Terminal 5 includes
occupied marine industrial warehouse, maintenance, and administrative buildings, truck
entrance canopy buildings, intermodal rail transshipment facilities, a container cargo
marshalling and vessel loading/unloading area, and entrance, vehicle queuing lanes, and
internal vehicle circulation routes.

The Terminal 5 facility, including the marine cargo site and adjacent facility area consist
entirely of industrial uses and activities. The south margin of the Terminal 5 facility is
bordered by private industrial upland and shoreline barge/warehouse/truck drayage uses
and tug/barge terminal operations. The area south of Terminal 5 includes substantial
arterial traffic infrastructure, primarily the Southwest Spokane Street corridor and the
West Seattle expressway, and a large steel production/mill facility. The west margin of
the Terminal 5 facility consists of arterial right-of-way present as Harbor Avenue
Southwest, with area west of Harbor Avenue Southwest including industrial and
commercially zoned property.

The existing Terminal 5 marine cargo use area was improved, most recently, in the
period 1996 through 1999. Cargo facility improvements completed in 1999 included: (1)
adding upland cargo marshalling area; (2) construction of intermodal cargo transfer rail
lines; (3) construction of cargo wharf; (4) construction of a grade-separated vehicle/rail
overpass entrance; and, (5) improvement of public shoreline access, landscaped buffer
areas, pedestrian/bicycle pathways, and fish and wildlife habitat.

Environmental review for the 1999 Terminal 5 redevelopment project, referred to as the
Southwest Harbor Cleanup and Redevelopment Project, included a joint U.S. Army Corps
of Engineers, Ecology, and Port SEPA/NEPA analysis. Environmental analyses and
evaluations assessing potential environmental effects due to the Terminal 5
redevelopment project were presented in the Southwest Harbor Cleanup and
Redevelopment Project Final EIS published in November 1994. The draft and final EIS
analyzed the potential effects due to the redevelopment and determined mitigation
actions necessary for off-setting potential negative redevelopment project effects.

2.1.3 Existing Use and Purpose for Proposed Actions—Terminal 5 Marine
Cargo Site

The proposed Terminal 5 rehabilitation actions are in response to industry changes, and
the need to ensure that existing cargo facilities remain capable of serving industry

needs. The inability of the Terminal 5 site to accommodate existing large capacity
vessels and increased capacity cargo carriers currently being deployed in Pacific trade
forecloses the capability of Terminal 5 to serve future marine cargo activity. Relocation of
Terminal 5 container cargo shipping operations to other port-operated cargo shipping
terminals in Elliott Bay provides the Port with an opportunity to rehabilitate elements of
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the Terminal 5 container cargo shipping infrastructure. Strengthening the existing
Terminal 5 wharf and deepening navigational access is timely since the site is not
committed to a long-term cargo use at present, allowing for efficient, cost-effective,
comparatively un-impeded marine cargo site rehabilitation actions.

2.2 Demographics

This analysis evaluated impacts in the Duwamish River Valley, focusing on six residences
bordering the facility to the west and south and on the zip codes falling within the air
quality assessment study area. These zip codes include 98108, which encompasses the
South Park and Georgetown neighborhoods, as well as the following:98101 (downtown),
98102 (Eastlake/Capitol Hill), 98104 (downtown), 98106 (Riverview/Delridge), 98109
(Queen Ann/Westlake/South Lake Union), 98112 (Madison Park/Montlake), 98116 (North
Admiral/West Seattle), 98119 (Queen Ann), 98121 (Belltown), 98122 (Capitol
Hill/Madrona), 98126 (Fauntleroy/Roxhill), 98134 (Industrial District), 98136
(Fauntleroy), and 98144 (Beacon Hill). Results specific to South Park and Georgetown
(98108) are emphasized in this report because they are communities nearest the T-5
facility that the Puget Sound Clean Air Agency (PSCAA) has identified communities as
being highly impacted by transportation, economic, or historic barriers to participation in
clean air decisions and solutions.

South Park and Georgetown are low-income riverfront neighborhoods south of downtown
Seattle, near the King County International Airport and approximately two miles south of
T-5 along the Duwamish Waterway. According to the 2010 Census, households in South
Park (census tract 112) and Georgetown (census tract 109) had a median income of
$42,907 and $37,097, respectively, compared to a median income of $60,665 in the
greater city of Seattle. Similarly, 9.9% and 11.4% of families in South Park and
Georgetown, respectively, had incomes below the poverty line while in Seattle that
percentage was 6.8% (USCB 2010a). South Park is additionally an ethnically-diverse
neighborhood made up of 44.6% white residents, 15.8% Asian residents, 10.3% Black or
African American residents, 1.9% American Indian and Alaska Native residents, 1.6%
Native Hawaiian and Other Pacific Islander, and the remaining 25.8% "some other race"
or two or more races. Thirty seven point three percent (37.3%) of the South Park
population is Hispanic or Latino (UCSB 2010b).

2.3 Highly Impacted Communities

PSCAA identifies "highly impacted communities" as "geographic locations characterized
by degraded air quality, whose residents face economic or historic barriers to
participation in clean air decisions and solutions" (PSCAA 2015). PSCAA has established
partnerships with South Park and Georgetown to improve their air quality through
mitigation measures at the individual and residential level as well as via broader policy
changes.

As outlined in the Cumulative Health Impacts Analysis (CHIA) of the Duwamish River
Valley (Gould and Cummings 2013), South Park and Georgetown, and other residents
living in zip code 98108, have higher heart disease death rates and a lower life
expectancy than other communities in Seattle and greater King County. This analysis
was conducted based on the 2010 Census data for these two neighborhoods. Due to poor
health status in these communities relative to other Seattle communities and knowledge
of air quality and other environmental impacts from many nearby sources, PSCAA
requested that this health evaluation focus on these areas.
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3. AIR MODELING METHODOLOGY AND RESULTS

3.1 Emission Inventory Methods

The proposed modifications to Terminal 5 would result in emissions from ocean-going
vessels, harbor craft, locomotives, cargo-handling equipment, and on-road trucks. The
emissions derived from these sources change in response to fleet turnover, engine
deterioration rates, and regulatory triggers. These sources of emissions and their forecast
changes in emissions were considered in the analysis, are documented here, and with more
detail in the Terminal 5 Draft Environmental Impact Statement (DEIS).

3.1.1 Emission Factor Tools and Sources

The emissions estimates for project-related sources employed several standard computer
tools as well as emission rate calculations using formulas published by the USEPA, the
California Air Resources Board, and topic-specific studies conducted by individual ports.
Important assumptions employed in this portion of the assessment are provided in the DEIS.

As a caveat, this study was conducted in parallel with the DEIS technical report, but contains
assumptions which are more conservative than those in the DEIS. Notably, the vessel
parameters used for the health study were based on conservative values and were not
refined to reflect the vessels which are expected to call the Terminal. These assumptions
result in higher modeled concentrations and add to the conservatism of the health risk
characterization.

3.1.2 Facility Operational Criteria Pollutant Air Emissions

Combustion source emissions associated with operation of the terminal in 2020, 2030, and
2040 were estimated based on the maximum expected commodity throughput. The
combustion source emissions assessment used detailed operational scenarios of peak hour,
peak day, and annual levels of activities developed in discussions with the Port of Seattle.
Emission estimates considered the following sources:

e Vessels in transit, maneuvering, and hoteling at berth.

e Tugs assisting vessels during docking and undocking.

¢ Empty and loaded trains traveling between East Marginal Way S and the facility.
e A switch engine arranging train cars.

e Cargo handling equipment, including yard tractors, top-picks, rubber-tired gantry
cranes, and rail-mounted gantry cranes.

e On-road trucks traveling between East Marginal Way S and the facility, queueing before
the main gate, queueing at the main gate, and traveling on the facility.

The DEIS details the critical assumptions regarding terminal operations and basic dispersion
modeling parameters associated with project-related combustion sources.

3.2 Dispersion Modeling

Air quality dispersion modeling simulations were used to estimate air pollutant
concentrations due to emissions from on-site emission sources associated with selected
alternatives and throughputs. This section discusses the methods used to develop these
simulations for Terminal 5.
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Modeling Operations

The USEPA has designated AERMOD as the preferred guideline air dispersion model for air
dispersion modeling (USEPA "Guideline on Air Quality Models," codified as Appendix W to 40
CFR Part 51) for complex source configurations and for sources subject to exhaust plume
down-wash. The most recent version of AERMOD (version 15181) was employed with
meteorological data from PSCAA's Duwamish monitoring station and regional upper air data
from Quillayute, Washington. Missing surface data observations were substituted from the
Boeing Field station. The meteorological pre-processing also included an analysis of the
physical characteristics of land use surrounding the terminal.

Dispersion modeling calculates pollutant concentrations at locations referred to as receptors.
The Terminal 5 dispersion modeling analyses used receptors spaced 1000 meters apart
covering the 10 kilometer (km) by 15 km simulation domain, with a 10 km by 10 km nested
receptor grid at 500-m spacing, a 5 km by 5 km nested receptor grid at 200-meter (m)
spacing, a 3 km by 3 km nested receptor grid at 50-m spacing, a 1.8 km by 1.8 km nested
receptor grid at 25-m spacing, and fence line receptors with 10-m spacing. The modeling
domain and receptor locations are depicted in Figure 1. Note that the dispersion modeling
results discussed in Section 3.2.2.present the maximum concentrations of each pollutant
from the more than 7,000 receptors displayed in Figure 1.
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Figure 1: AERMOD Modeling Domain and Receptor Locations
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3.2.2 Operational Scenario Selection

Six modeling scenarios were developed for the terminal based on alternative throughputs
and associated modeling years. The modeling analysis assumed peak-throughput operation
for all emission source activities. The selected modeling scenarios considered with air quality
modeling are shown in Table 1 with filled cells. Empty cells in this table were not considered
with modeling because operations would not be possible due to physical and year-based
economic limitations of the facility.

Table 1: Operational Scenarios Considered with Air Quality Modeling
Throughput Year Alt. 1 Alt. 2 Alt. 3
647K TEUs 2020 O O @)
1.27MM TEUs 2030 . .
1.7MM TEUs 2040 @)

Modeling was not conducted for the 2030 and 2040 throughput scenarios for Alternative 1,
or the 2040 throughput scenario for Alternative 2. Alternative 1, with no improvements,
would not allow the port to expand throughput beyond 647,000 twenty-foot equivalent units
(TEUs). Similarly, Alternative 2 could not support 1,700,000 TEU throughput without the
cargo-handling equipment changes proposed in Alternative 3. Assessing emissions in future
years without additional growth in throughput would result in lower emissions due to fleet
turnover and regulatory changes. In other words, the scenarios not modeled would be
expected to produce lower maximum concentrations than the modeled scenarios. The
selected scenarios provided in Table 1 are reflective of the most conservative configurations
with the highest emissions and maximized throughput. Additional detail of the emissions for
each scenario is provided in Section 3.2.3.

3.2.3 Operational Emissions

The total estimated annual operational emissions for three alternatives are presented in
Table 2. Note that the shaded scenarios in Table 2 were not considered with air quality
dispersion modeling because they represent conditions with no operational or site
configuration changes. Emissions for these scenarios are presented for comparison with
those scenarios that were evaluated with modeling.

The shaded scenarios shown in Table 2 have estimated emissions equal to or less than the
same facility configurations in the decade prior (e.g., Alternative 2 at 1.3MM TEU throughput
in 2040 has lower emissions than Alternative 2 at 1.3MM TEU throughput in 2030). These
decreases are due to equipment fleet turnover. For these reasons, there was no need to
conduct modeling to be able to conclude that emissions associated with the shaded scenarios
would be expected to comply with the NAAQS if the prior decade scenario was in compliance.
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Table 2: Annual Project Emissions (tons per year)

2020 2030 2040

647K 647K 1.3MM 647K | 1.3MM | 1.7MM

TEUs TEUs TEUs TEUs | TEUs TEUs
Pollutant | Alt1l | Alt2 | AIt3 | Altl | Alt2 | AIt3 | Alt1l Alt 2 Alt 3
Cco 49.7 | 42.4 20.6 39.2 52.6 | 26.5 37.4 42.5 29.5
NO> 254.51180.9 | 115.1 161.1 | 156.7 | 93.3 | 154.6 117.6 82.2
PM2.5 7.0 6.0 2.6 4.8 5.9 2.9 4.5 4.0 2.8
PM10 7.4 6.3 2.8 5.2 6.4 3.3 4.8 4.4 3.2
SO; 8.0 4.3 3.5 8.0 5.1 4.0 8.0 3.6 3.4

Note: The shaded cells indicate scenarios that were not considered with air quality modeling but that
are expected to comply with the NAAQS because, for the same alternative, the emissions decreased
from the prior decade and no operational or configuration changes occurred between the two
decades.

3.2.3.1 Intra-year Comparisons

Table 2 indicates nearly all criteria pollutant emissions would decrease with modernization
and upgrades of the Terminal 5 facility. The exception to the emission reduction trend is the
expected change in emissions between Alternative 1 and Alternative 2 in 2030 for PM and
CO, and in 2040 for CO. These increases are attributable to the increased activities required
to accommodate a 1.3MM TEU throughput with Alternative 2. Additionally, the larger
potential vessel sizes expected with the action alternatives also contribute to these
exceptions in the emission reduction trend.

3.2.3.2 Modeled Scenarios

For the scenarios that were considered with air quality modeling shown in Table 2 (i.e., the
non-shaded cells), emission decreases between Alternatives 1 and 2 in 2020 are attributable
to (1) fewer vessels calling on the Port due to increased vessel TEU capacity and (2) a
projected 30 percent use rate of shore power (there is no shore power available for the no
action alternative).

The decreases in emissions from Alternative 2 to Alternative 3 in 2020 are largely due to the
electrification of the majority of container-handling equipment activities. As Alternative 2 and
Alternative 3 progress into years beyond 2020, their respective activity levels increase with
throughput, but they benefit from increasingly greater use of shore power and vehicle fleet
turnover, which result in reduced overall emissions, except for CO and SO2. The estimates
for CO and SOz increase with activity and do not have the same pronounced reductions in
future years as the other pollutants. For Alternatives 2 and 3, the anticipated emissions
reductions expected to result from use of shore power are shown in Table 3. The emissions
reductions due to use of shore power are higher with Alternative 2, 2040 than Alternative 3,
2040 because the expected numbers of hours spent at berth are higher in Alternative 2 due
to more cargo handling equipment electrification, resulting in increased efficiency, but the
total ship emissions are lower with Alternative 3.
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Table 3: Reduction in Annual Emissions with Shore Power (tons per year)
Alternative 2 Alternative 3

Pollutant 2020 2030 2040 2020 2030 2040
g;?ch’j e 30% 50% 70% 30% 50% 70%
Cco 3.9 9.3 13.0 3.1 7.8 12.3
NO2 34.3 56.4 79.0 27.2 47.5 74.4
PM10 0.6 1.5 2.1 0.5 1.3 2.0
PM2.5 0.6 1.4 2.0 0.5 1.2 1.9
SOz 1.5 3.5 5.0 1.2 3.0 4.7

Model Results & NAAQS Compliance

The modeled results comply with the NAAQS for each alternative, temporal configuration,
and criteria pollutant considered. The DEIS provides the dispersion modeling results for all
pollutants in detail and contrasts the results against the NAAQS. A summary of the NAAQS-

based results for PM2.5 are provided in Table 4.
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Table 4: Comparison of Model-Predicted PM2.5 Concentrations to the NAAQS

Model-Predicted PM2.5
Concentrations(b)(<)
(Hg/m?3)
Project-
Background Year @ Specific Ambient
Averaging | Concentration(?) | Capacity Project- with Standard
Period (ng/m3) (# TEUs) | Alternative | Specific | Background | (pg/ms3)
Alt. 1 4.4 25.4
2020 @
647k Alt. 2 6.4 27.4
Alt. 3 5.9 26.9
24-Hour(<) 21 35
1.3MM Alt. 3 5.8 26.8
2040 @
1.7MM Alt. 3 5.8 26.8
Alt. 1 1.3 9.4
2020 @
647k Alt. 2 1.5 9.6
Alt. 3 0.7 8.8
Annual(e) 8.1 12
2030 @ Alt. 2 1.2 9.3
1.3MM Alt. 3 0.7 8.8
2040 @
1. 7MM Alt. 3 0.5 8.6

(a

-

Background concentrations (expressed as micrograms per cubic meter [ug/m?3]) based on the higher of
nearby monitor design values (identified as valid by USEPA) or values provided by Northwest Airquest 2009-
2011 design values specific to the Terminal 5 location.

(®) Reported concentrations are those occurring at the maximum impact location. Concentrations at all other
locations are less than those reported here.

(©) Short-term concentrations are based on modeling that considered maximum hourly activity during every
hour of the 5-year meteorological data set, which is not a possible actual level of activity. These results
therefore represent intentionally conservative conditions. Note that consistent with USEPA guidance, the
annual modeling results are based on 5-year averages from the 5-year meteorological data set instead of 3-
year as per the NAAQS.

(@ The 24-hour project-specific concentrations represent the 5-year average of the 98™ percentile 24-hour

concentrations in accordance with the NAAQS standards.

The annual project-specific concentrations represent the annual arithmetic mean averaged over 5-years in

accordance with the NAAQS standards.

(e

-
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Health-Based Model Results

In an effort to provide the most conservative modeled concentrations for the health risk
characterization, statistics other than those used for determining NAAQS compliance were
applied. AERMOD produced model results for every receptor and every hour of the 5-year
modeling period, allowing for numerous statistics to be considered. The short-term and long-
term health assessments considered the extremes of the modeled-concentrations against a
baseline (Alternative 1, 2020) to understand the extents of possible health endpoints
associated with any alternative, year, and throughput. For both the short-term and long-
term assessments, the modeled concentrations predicted for Alternative 2 in 2020 (modeled-
concentration exceeding baseline) and Alternative 3, 2040 (lowest modeled-concentration
and less than baseline) served as bounds for the health assessments.

24-Hour Model-predicted PM2.5 Concentrations

In contrast to the NAAQS-form, which is the 5-year average of the 98th percentile values at
each receptor, the health risk characterization is based on the average of the maximum daily
PM2.5 concentration in each of the five years. These results, calculated for each receptor,
served as input to the non-cancer PM2.5 assessment.

For the 24-hour assessment, the concentrations were further assessed to determine the
maximum concentration observed in each of the zip codes adjacent to Terminal 5. A zip code
level of analysis was required to pair with incidence data obtained from the Washington
Department of Health. These health data were used to facilitate risk calculations. The model-
predicted zip code concentrations of project-specific concentrations are provided in Table 5.

Table 5: 24-Hour Maximum PM2.5 Concentrations by Zip Code

Modeled Maximum 24-Hour Concentrations(@ (ug/m3)
Zip Code
Alt. 1, 2020 Alt. 2, 2020 Alt. 3, 2040
98106 1.40 1.45 0.65
98108 0.11 0.11 0.06
98126 2.71 2.46 1.62
98134 2.44 1.59 1.18

(@ Pproject-specific concentrations (i.e., do not include background). The health
assessment only considers the difference between scenarios. Additionally, a background
of 21 pg/m? (as reported elsewhere) would be used for either scenario being
considered, thereby making it redundant.

Annual Model-predicted DPM Concentrations

Using annual emission rates, annual average PM concentrations were calculated at each
receptor for each year. Of these 5 years of annual averages, the year corresponding to the
maximum-modeled concentration was used as a conservative approximation of the long-
term impacts. This is in contrast to the NAAQS-form which is the 5-year average of the
annual average concentrations at each receptor. These long-term results were intended to
serve as input to the DPM assessment.
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For the DPM analysis, the modeled-concentrations were assessed for six of the residences
nearest Terminal 5. The project-related DPM annual average modeled concentrations at
selected residences for baseline and the bounding scenarios are provided in Table 6.
Isopleths of concentrations for the DPM scenarios are provided in Figure 8, Figure 9, and

Figure 10.

Table 6: Annual Average DPM Concentrations at Selected Locations

DPM Annual Average (pg/ms3)

Residence ID Alt. 1 Alt. 2 Alt. 3

2020 2020 2040

Residence 1 0.18 0.21 0.04
Residence 2 0.20 0.24 0.04
Residence 3 0.23 0.27 0.04
Residence 4 0.23 0.28 0.04
Residence 5 0.17 0.20 0.02
Residence 6 0.13 0.13 0.02
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HAZARD IDENTIFICATION FOR PM2.5

This section presents the hazard identification for PM2.5. A detailed assessment of health
impacts associated with the T-5 modernization project is provided in Section 6.

Physical and Chemical Properties

Particulate matter (PM) is a complex mixture of solid and liquid particles that can vary
greatly in size, composition, and concentration, depending on the sources generating the
particles and other factors such as geographic location, season, and time. PM may originate
from a variety of sources, including diesel exhaust, as well as exhaust from gasoline engines,
combustion from other sources such as wood and coal, and windblown dust from agriculture
and construction and motor vehicles. The major components of PM are metals, organic
chemicals, biological material, ions, reactive gases, and a carbon core. PM are largely made
up of a carbon core containing a variety of metals, secondary particles (formed through
reactions with gases in the atmosphere and containing sulfates, nitrates, and secondary
organic chemicals), and hydrocarbons.

The sizes of PM may range over a wide scale, usually classified based on their aerodynamic
diameter. Common size descriptions used by regulatory agencies within the United States
include PM10 and PM2.5, which refer to particles with aerodynamic diameters smaller than 10
um and 2.5 um, respectively. Other particle sizes referenced in health effects studies include
fine particles and ultrafine particles, which refer to particles with aerodynamic diameters
smaller than 1-2.5 pm and 0.1 um, respectively. Smaller particles tend to be present in
greater numbers, with a greater total surface area than larger particles of the same mass.
Scientists believe the toxic materials carried by smaller particles may be more likely to
interact with cells in the lung than those carried by larger particles.

Health Effects Associated with PM2.5

Particulate matter that is small enough to be inhaled and retained by the lungs is a public
health concern. These respirable particles (PM10 and PM2.5) can accumulate in the
respiratory system or penetrate into the vascular system, potentially causing or aggravating
diseases such as asthma, bronchitis, lung disease, and cardiovascular disease.

There is a large body of epidemiology and toxicology studies examining the relationship
between exposure to PM and increased illness (morbidity) or increased death rates
(mortality) in people. A number of these studies demonstrate that short-term exposure to
elevated PM increases acute mortality in people with pre-existing cardiovascular disease or
respiratory conditions, especially elderly people with such diseases. Other epidemiology
studies suggest that exposure to elevated PM may affect pregnant women and their fetuses
and infants, including effects such as increased incidence of low birth weight, premature
infants, or increased risk of infant or child mortality. Studies exposing animals, bred to mimic
certain human cardiac and pulmonary conditions, to air containing concentrated PM support
the linkage between exposures to PM and disease.

In support of the National Ambient Air Quality Standards (NAAQS) for PM, the United States
Environmental Protection Agency (USEPA) published an Integrated Science Assessment for
Particulate Matter (USEPA 2009), describing the scientific body of literature supporting
associations between exposure to PM and adverse health effects. The Integrated Science
Assessment reflects "the latest scientific knowledge useful in indicating the kind and extent
of identifiable effects on public health which may be expected from the presence of [a]
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pollutant in ambient air" and forms the scientific foundation for the review of the NAAQS
standards. In addition, the South Coast Air Quality Management District (SCAQMD) published
an appendix with summaries of health effects information for PM and additional references
(SCAQMD 2013). The epidemiology literature supports an association between short-term
exposures to elevated concentrations of PM10 and increases in mortality (USEPA 2009,
SCAQMD 2013, and references within those documents). The epidemiology literature also
supports an association between exposure to elevated concentrations of PM and increases in
serious illnesses reflected by hospital admissions, emergency room visits, or physician office
visits for respiratory and cardiovascular diseases. The associations for serious illness are
stronger than the associations discussed above for mortality, and are associated with both
PM1o and PM2.s.

Health Endpoints Assessed for PM2.5 Exposures

Among the specific health endpoints of concern for PM are respiratory disease and
cardiovascular disease. Often, epidemiology studies examine total mortality to capture all
possible causes of death, while other studies break down the analysis by disease. In addition
to mortality, exposure to PM has been associated with respiratory and cardiovascular disease
or symptoms (morbidity). These effects are often captured in examining symptoms or
hospital visits. The scientific literature supporting the association between exposure to PM
and these health outcomes has been extensively reviewed and summarized (USEPA 2009,
SCAQMD 2013). Details about the studies used to assess these health endpoints are
provided in Section 6.2.

Many of the individual constituents of PM2.5 are classified as air toxics (by the USEPA) or
toxic air contaminants (by the OEHHA). Some of these constituents have been shown to
have mutagenic and carcinogenic properties (for example, benzene, formaldehyde, polycyclic
aromatic hydrocarbons (PAHs; USEPA 2002). In addition to non-cancer effects, PM has been
classified as a known human carcinogen by the International Agency for Research on Cancer
(IARC 2015) and the association between exposure to both PM2.5 and PM10 and lung cancer
have been observed in the epidemiology literature (Hamra et al. 2014). For the purpose of
this assessment, we consider the potential cancer effects of PM under DPM. Further
discussion of the literature for DPM can be found in Appendix B. Both short-term and long-
term exposures to PM2.5 have been associated with increased risk of adverse health effects
(summarized in USEPA 2009). We therefore considered potential health impacts related to
both exposure durations. In choosing the appropriate non-cancer health endpoints to be
used in the risk characterization, we considered:

e The overall weight-of-evidence from the collective body of epidemiology and toxicology
scientific literature (summarized in the PM Integrated Science Assessment; USEPA,
2009);

e The public health significance of specific health endpoints within broader health effects
categories;

e The availability of high quality epidemiology studies providing concentration-response
(C-R) functions for specific health endpoints; and

e The availability of baseline incidence data for each health endpoint for the communities
assessed in this study.
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Health Endpoints Associated with Long-term Exposures to PM2.5
Similarly, we considered the following health endpoints for long-term exposures to PM2.5:

e Mortality

- All-cause

- Cardiovascular - Ischemic heart disease (IHD)-related

- Cardiopulmonary-related [including acute bronchitis and asthma]).

- Diabetes

- Infant mortality

- Lung cancer
We considered but excluded a number of health outcomes, as noted in Table 7. In some
cases, there were poor population data that precluded the application of these data to the

area of interest. In others, the health endpoint is better captured by a more clinically
relevant outcome examined.

Table 7: Exclusion of Health Endpoints Associated with Long-term PM2.5

Exposures
Health effect, condition Reason for exclusion
Too general a health outcome; includes two
Mortality from cardiopulmonary diseases different mortality causes (cardiovascular

and respiratory)

Already included in mortality from
cardiovascular disease

Mortality from diabetes Inconclusive evidence of an association
Mortality from hypertension Inconclusive evidence of an association
Infant mortality (overall and cause-specific) | Not relevant to the project

Separately considered in section examining
cancer risk from DPM

Mortality from ischemic heart disease

Lung cancer

Based on these considerations, we selected the following two health endpoints for evaluation
of non-cancer health impacts of long-term exposures to PM2.5:

e All-cause mortality; and
e Cardiovascular mortality.

Health Endpoints Associated with Short-term Exposures to PM2.5

Based on the above considerations, we considered the following health endpoints for short-
term exposures to PM2.5:

e Mortality

- All-cause
- Cardiovascular

- Respiratory

e Morbidity
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— Cardiovascular effects (incidence of ischemic heart disease and cardiovascular-
related hospital admissions)

- Respiratory effects (respiratory-related hospital admissions [including asthma and
chronic pulmonary disease]; asthma-related emergency department visits;
respiratory symptoms [including acute bronchitis and asthma]).

We considered but excluded a number of health outcomes for practical reasons, listed in
Table 8. In some cases, there were poor population data that precluded the application of
these data to the area of interest. In others, the health endpoint is better captured by a
more clinically relevant outcome examined. Table 8 presents our reasons for exclusions.

Table 8:
Exposures

Exclusion of Health Endpoints Associated with Short-term PM2.5

Health effect, condition

Reason for exclusion

Incidence of ischemic heart disease

Included in the broader category of
hospitalization for cardiovascular disease (a
more clinically-relevant health outcome)

Incidence of chronic pulmonary disease

Included in the broader category of
hospitalization for respiratory diseases (a
more clinically- relevant clinically)

Emergency department visits for asthma

Included in hospital admissions for the
same condition (more clinically-relevant);
no baseline incidence data available

Prevalence of acute bronchitis and of lower
respiratory symptoms

Poor population data; inconclusive evidence
of an association

Prevalence of asthma-related and other
respiratory conditions (cough, shortness of
breath, wheezing, upper respiratory
symptoms)

Poor population data; included in the
broader category of hospitalization for
asthma

Based on these considerations, we selected the following final list of health endpoints for
evaluation of health impacts of short-term exposures to PM2.5:

e Mortality
- All-cause;
- Cardiovascular; and
- Respiratory

e Morbidity

- Hospital admissions for cardiovascular effects;

- Hospital admissions for respiratory diseases; and

- Hospital admissions for asthma.
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HAZARD IDENTIFICATION FOR DPM

Physical and Chemical Properties

Diesel exhaust is a complex mixture of hundreds of constituents that exist either in the gas
phase or in particle form, produced during the combustion of diesel fuel. Gaseous
components of diesel exhaust include water vapor, carbon dioxide, carbon monoxide,
oxygen, nitrogen, nitrogen compounds, sulfur compounds, and numerous low-molecular-
weight volatile organic hydrocarbons, including aldehydes such as formaldehyde, and
acetaldehyde, and acrolein, benzene, 1,3-butadiene, PAHs and nitro-PAHSs.

DPM is a source-specific type of PM formed by various physical processes as diesel engine
exhaust cools and dilutes. Diesel exhaust emissions vary significantly in chemical
composition and particle sizes are dependent on engine types (heavy-duty, light-duty),
engine operating conditions (idle, accelerate, decelerate), and fuel formulations (high/low
sulfur fuel).

Like PM, DPM consist of a solid core consisting of elemental carbon, with other compounds
such as organic compounds, sulfate, nitrate, metals, and other trace elements adsorbed to
the surface. The particle phase includes PM2.s5, fine, and ultrafine particles. These size classes
have a large surface area-to-volume ratio that makes them an efficient medium for
adsorbing organics and allows them to penetrate deep into the lung (USEPA 2002).

Diesel exhaust composition has changed considerably over the years due to changes in the
combustion process as well as filters and after-treatments technology. This "moving target"
is especially important when comparing results of health studies that rest on health
endpoints with long latency periods, such as those for lung cancer, as the epidemiology
studies that these assessments are based on need to examine workers whose exposures
started more than 20 years earlier. Starting in 1988 (trucks) and continuing in 1991
(trucks), 1994 (trucks), 1996 (buses), and 2007 (trucks), the USEPA has progressively
tightened standards for particulate emissions from on-road heavy-duty diesel engines,
resulting in the development of new technology diesel engines that emit lower amounts of
particulate matter and other emitted pollutants (e.g., gases), and diesel exhaust with an
inherently different composition. That is, these changes have not only resulted in the
quantitative reduction in mass emitted by new technology diesel engines as compared to
engines pre-regulation, but have also resulted in qualitative differences in the composition of
what is emitted, both with respect to size and with respect to chemicals associated with the
exhaust (Hesterberg et al. 2011). Thus, depending on the components of diesel exhaust that
may be causally linked to the increased risk of lung cancer, simple dependence on particle
mass (i.e., expressing cancer risk as "per yg/m3") may not be an accurate metric of
exposure, as the composition of the particles has changed dramatically.

Environmental Fate and Transport

DPM is directly emitted from combustion engines as a component of diesel engine exhaust.
Like PM2.5, DPM is removed from the atmosphere through both wet and dry deposition
although less efficiently than larger particles, resulting in longer atmospheric residence
times. Studies have shown that DPM can be dispersed widely after emission (USEPA 2002).
In addition, diesel exhaust may "age" in the atmosphere, undergoing chemical and physical
transformation and dispersion over a period of days. The physical and chemical
transformation of diesel exhaust will vary depending on the environment. In an urban or
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industrial environment, there may be high concentrations of oxidizing and nitrating radicals
present, which may affect chemical stability, and atmospheric residence time of the resulting
"aged" particles.

Health Effects Associated with DPM

There is a large body of literature examining cancer risk specific to DPM. As early as the
early 1990s, several epidemiology studies addressing the association between exposure to
diesel DPM and lung cancer were available. These included a case-control and a retrospective
cohort study of US railroad workers (Garshick et al. 1988) along with an associated industrial
hygiene survey (Hammond et al. 1988; Woskie et al. 1988a, 1989); and a case-control
study and exposure-response analysis of truckers (Steenland et al. 1990, 1992) along with
an industrial hygiene study (Zaebst et al. 1991) and an exposure-response analysis
(Steenland et al. 1998).

More recently several epidemiology studies have been published which examine occupational
exposure among non-metal miners, railroad workers, and workers in the trucking industry.
The Trucking Industry Particle Study (Garshick et al. 2012) reflects a large cohort in the US
trucking industry of drivers and dockworkers with regular exposure to diesel exhaust. The
Diesel Exhaust in Miners Study (DEMS) (Attfield et al., 2012; Silverman et al. 2012) included
a cohort analysis and a nested case-control analysis that was adjusted for tobacco smoking.
Both of these studies show positive trends in lung cancer risk with increasing exposure to
diesel exhaust, using elemental carbon as a measure of diesel exposure.

In 2012, the World Health Organization International Agency for Research on Cancer (IARC)
assembled an expert working group to evaluate the scientific literature and assess the
carcinogenicity of diesel exhaust (along with gasoline engine exhausts, and some
nitroarenes) (IARC 2014). Based on a number of occupational cohort studies, as well as
supporting case-control studies, the expert group concluded that the epidemiological
literature support a causal association between exposure to diesel engine exhaust and lung
cancer in people. An increased risk for bladder cancer was also noted in some (but not all)
available case-control studies. This finding was not observed in cohort studies. The expert
group concluded that there was "sufficient evidence" in humans for the carcinogenicity of
diesel-engine exhaust. Furthermore, their assessment of animal studies and other related
studies supported this assessment, leading to an overall assessment of DPM as "carcinogenic
to humans" (Group 1) (IARC 2014).
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6. APPROACH FOR DETAILED PM2.5 HEALTH
ASSESSMENT

There is considerable overlap between the particles within the size range of PM2.5 and
the particles comprising DPM. In order to assess non-cancer and cancer risk associated
with exposures to PM2.5 and DPM, we have taken the approach of assessing non-cancer
risk for PM2.5, as the majority of the literature does not differentiate PM source when
assessing health impacts based on population exposures. In addition to DPM, IARC has
evaluated the carcinogenicity of PM as a component of outdoor air pollution (IARC 2015).
The working group concluded that lung cancer is positively associated with indicators of
air pollution in nearly all studies examined, and associations with PM are the most
consistent component of air pollution. However, based on the specific assessment of the
association between exposure to DPM and lung cancer (IARC 2014), we have chosen to
assess cancer risk based on DPM (see Section 7).

6.1 Methods

Air quality impacts were assessed for baseline (no action) and two action alternatives as
described in Section 3. The air quality impacts were then used together with
concentration-response (C-R) functions (also called health impact functions), which
relate a change in the concentration of a pollutant with a change in the incidence of a
health endpoint. For this analysis, we evaluated the most relevant health endpoints, and
selected the appropriate C-R functions to align with health statistics specific to the South
Park and Georgetown neighborhoods. In the next section, we describe how methods
from a USEPA model, the Benefits Mapping and Analysis Program (BenMAP), was applied
to the evaluation of PM2.5-associated non-cancer health impacts.

6.1.1 Exploring Use of BenMAP to Predict Non-Cancer Health Impacts

As requested by PSCAA, we initially explored using BenMAP to estimate non-cancer
health impacts associated with exposures to PM.s. BenMAP is a computer program that
uses C-R functions from studies in the published scientific literature to predict impacts of
air pollution-related health effects. The USEPA originally developed the BenMAP program
to derive health benefits and monetary values to inform policymakers by enabling the
comparisons associated with national-scale air quality regulations (USEPA 2015). More
recently, it has also been applied to local-scale analyses.

Local-scale BenMAP analyses use a recently-released version of the program, BenMAP
CE, which still contains a number of program bugs. Although we attempted to use
BenMAP CE, including working with USEPA staff to address the program issues, we
eventually opted to instead use the underlying methodology and approach outside of
BenMAP to estimate non-cancer health impacts for both short-term and long-term
exposure to PM2.5. Below, we describe the modeling system and how we applied the
BenMAP methodology for our evaluation.

6.1.2 Overview of the BenMAP Methodology

BenMAP relies on air quality inputs to calculate the change in ambient air pollution
associated with a change in emissions. These inputs are generally associated with at
least two air quality modeling scenarios: a baseline scenario, and one or more alternative
scenarios. For this assessment of two T-5 modernization project alternatives, we
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calculated the difference between baseline (Alternative 1) and each of two action
alternatives (Alternatives 2 and 3).

BenMAP calculates risks for health impacts of exposure relying on published, previously
observed associations between a change in air pollution concentration and health effects
(for specific health endpoints), using C-R functions derived from epidemiology studies
(USEPA 2015). The C-R functions are used together with baseline incidence of the
specific health endpoints being evaluated and local population data to predict health
effects from exposures. Health effects are typically calculated for a county or zip code
and then summed to obtain regional- and national-scale estimates of health impact.

As discussed in Section 4.3, we selected several relevant health endpoints including
premature all-cause mortality, cardiovascular mortality, and hospital admissions for
respiratory and cardiovascular endpoints. These health effects were evaluated for the zip
code-based locations in the vicinity of T-5, including those containing highly impacted
communities (e.g., South Park and Georgetown).

6.1.3 Application of the BenMAP Methodology

Although we were unable to implement the BenMAP program itself, we were able to use
similar input data to calculate potential health impacts from modeled PM2.5 exposures
resulting from the different project alternatives. This allowed comparison of the baseline
(Alternative 1) with each of two action alternatives using the general PM/health risk
model that serves as the basis of the BenMAP program. As described in more detail
below, the algorithms within the BenMAP program take PM2.5 air quality information for
specific areas and combine these data with: (1) C-R functions derived from published
epidemiology studies, (2) baseline health incidence data for the health endpoints of
interest, and (3) population estimates. This information is used to estimate the annual
incidence of various health effects associated with exposure to ambient PM2.5 for
different scenarios (i.e., the Alternatives 2 and 3). We used the BenMAP algorithms
described below in a spreadsheet to estimate the health risks.

Specifically, the elements of the impact assessment include:

¢ Air quality information: Excess PM2.5 that would be generated for Alternative 1
(baseline), and Alternatives 2 and 3.

e C-R function(s): The C-R function is an estimate based on the association between
the health endpoint and PM2.5 concentrations (preferably derived for the location of
interest though functions from other locations can be used, which introduces some
uncertainty). C-R functions are available from epidemiology studies that assessed
PM2.s5-related health effects for short- or long-term exposures.

« Baseline health effects incidence rate and population: The baseline incidence
rate is an estimate of the number of cases of the health effect per year (usually per
100,000 general population) in the location of interest. The total baseline incidence
per year is calculated by multiplying incidence by the corresponding population
number.
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The health impacts calculations are based on the epidemiology studies that primarily use
exponential (or log-linear) C-R functions in which the natural logarithm of the health
endpoint is a linear function of PM2.5, as shown in equation 1.

y = BePx (1)

where y is the health effects incidence, B is baseline health effects incidence, B is the
coefficient based on the C-R function, and x is the concentration of PM2.5.

The relationship between a specified ambient PM2.5 concentration (for example, xp) and
the incidence of a given health endpoint associated with that concentration (denoted as
Yo) is then:

Yo = Befx° (2)

The log-linear form of a C-R function [equation (1)] was used in the PM2.5 risk
characterization. If xp denotes the baseline (upper) PM2.5 concentration, and x; denotes
the lower PM2.5 concentration, and yp and y; denote the corresponding health effects
incidences, then the following relationship is found between the change in x, Ax= (xo-
X1), and the corresponding change in y, Ay, from equation (1).

Ay = (yo - Y1) = yo[1-eFAx]*B*P (3)

This health impact equation (3) is the key equation that combines air quality information
(Ax), C-R function information (B), baseline health effects incidence (B), and population
information (P) to estimate PM2.5-associated health risks. This equation and the relevant
data for each of the zip codes of interest were used to calculate the overall health risks.

6.2 Toxicity Assessment: C-R Functions

Chemicals are evaluated for their potential health effects in two broad categories: cancer
and non-cancer. Estimating potential risk posed by exposure to carcinogens and non-
carcinogens employs different methods, depending on the timeframe of exposures
associated with health effects (acute, sub-chronic, chronic) and the presumption of a
threshold or lack of threshold for effects. All chemicals are toxic at some concentration,
but for some (particularly non-cancer endpoints) there is a concentration below which no
toxicity is expected (a threshold). Unless there is strong mechanistic information to the
contrary, most regulatory agencies consider that carcinogens pose some risk for cancer
at all exposure levels (i.e., they assume there is no threshold for toxicity and that any
concentration is associated with some amount of risk of developing cancer). For this risk
characterization we also conservatively assumed that non-cancer risks were linear and
that there is no threshold below which adverse effects would not be expected.

As outlined in Section 4.3, this analysis focuses on health endpoints associated both with
short-term and long-term PM2.5 exposures. Health endpoints associated with short-term
PM2.5 exposures included premature mortality (all-cause, cardiovascular, and
respiratory) and hospital admissions (cardiovascular, all respiratory, and asthma). Health
endpoints associated with long-term PM2.5 exposures included mortality (all-cause,
cardiovascular). The summary below describes the selected epidemiology studies that
are the basis for the C-R functions used in the analysis.

These recent epidemiology studies were conducted in multiple cities. Multi-city studies
offer several advantages over using single-city studies, including use of the same study
design in each of the cities such that city-specific results are more readily comparable.
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Multi-city studies also have more statistical power and provide effect estimates with
relatively greater precision than single-city studies. Furthermore, in a multi-city study,
the statistical power to detect an effect in any given city can be supplemented by
drawing statistical power from data across all the cities included in the study (or in the
region) to adjust city-specific estimates towards the mean across all cities (or region).
This is useful where a city has relatively fewer data resulting in a larger uncertainty for
that city's risk estimate.

Studies often report more than one value from which an estimated C-R function can be
derived. The C-R functions are based on models that might include different sets of co-
pollutants, different time-related lag structures, or different models to adjust for weather
and temporal variables.

The selected studies and outcomes associated with long-term and short-term exposures
to PM2.5 are summarized in Table 9. Details related to the specific studies, including
study limitations, follow.

Table 9: Selected Studies and Endpoints for Health Effects Associated with Long-
term and Short-term Exposures to PM2.5

Reference | Outcome Study

Long-term Exposures

Krewski et al. (2009) All-cause Mortality CPS-1, CPS-II

Pope et al. (2011) Cardiovascular Mortality CPS-II

Short-term Exposures

Zanobetti and All-cause ; Cardiovascular, and Respiratory 202 counties

Schwartz (2009) Mortality

Bell et al. (2008) Cardiovascular; Respiratory Hospital 202 counties

Admissions

Sheppard et al. (2003) | Asthma Hospital Admissions Seattle, WA

Notes:

CPS = cancer prevention study

6.2.1 Studies of Long-term PM2.5 Exposures

The studies selected to evaluate health endpoints associated with long-term exposures
are summarized in the following sections.

Krewski et al. (2009)

Estimates of risk of premature, all-cause mortality associated with long-term exposure to
PM2.5 are based on the study by Krewski et al. (2009). This study, which is an extension
of the American Cancer Society (ACS) Cancer Prevention Study (CPS), an ongoing
prospective cohort mortality study involving nearly 1.2 million adults (Pope et al. 2002),
was used by USEPA in the PM risk assessment (USEPA 2010). The Krewski et al. (2009)
study was selected because the extended air quality analysis incorporated data from
1989 to 2000, increasing the power of the study and because the study evaluated a
range of model forms and effect estimates, including consideration of such factors as
spatial autocorrelation in specifying response functions, consideration of a range of
ecological variables (social, economic and demographic), and also was based on a large
dataset with over 1.2 million individuals and 156 metropolitan statistical areas.
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Krewski et al. (2009) considered mortality from all causes, as well as cardiopulmonary
mortality, mortality from ischemic heart disease, and lung cancer mortality. The study
presents a variety of results based on different methods or models. The authors did not
endorse any particular result, noting that they had "refrained from expressing a
preference among the results for their use in quantitative risk assessment," preferring to
"explore several plausible statistical models that we have fit to the available data."
However, the authors went on to state that "if forced to pick a single model for risk
assessment applications in air quality management, our random effects model with
ecological covariates might be selected" (Krewski et al. 2009). Based on the
recommendations from the authors, we selected the results from the random-effects
model with the coefficient and standard error are estimated from the relative risks (1.06)
and 95 percent confidence intervals (95% CI: 1.04-1.08) for a 10 pg/m?3 increase in
exposure to PM2.s for the years 1999-2000 (Krewski et al. 2009, Commentary Table 4).
The results were adjusted for 44 individual-level covariates and seven ecologic
covariates.

The study by Krewski et al. (2009) has several limitations, including key socioeconomic
data (e.g., smoking history, education, diet) that were collected once in 1982, but were
never updated. Thus, it is not possible to determine if the socioeconomic data changed
over time and how these factors may impact the results. This is important because the
authors report a significant education-gradient in PM mortality risk, with most of the risk
in groups with low education (a surrogate for income and socioeconomic status) and
much smaller risk in those with higher socioeconomic status. Also, the socioeconomic
data for this study were collected using a self-administered questionnaire, which is often
associated with under-reporting of important confounding factors such as smoking.

Another limitation to the Krewski et al. (2009) study is the use of a single pollutant
model to estimate the mortality risks attributed to PM2.5. Previous analysis of the ACS
study (Krewski et al. 2000) showed that sulfur dioxide reduced the mortality risk
attributed to fine PM to a statistically insignificant level. Use of single pollutant results
may result in over-estimation of mortality attributed to PM, particularly at lower PM
exposure concentrations.

Pope et al. (2011)

The Pope et al. (2011) study examines the relationship between chronic exposures to
ambient PM2.5 and cardiovascular and lung cancer mortality, with the objective of
developing C-R functions that would be comparable, when also considering smoking and
exposures to second-hand smoke. The estimated relative risks were based on data
collected by the ACS as part of the Cancer Prevention Study II (CPS-II). As this study
represents the most up to date analysis of cardiovascular mortality associations with
PM2.5 exposures, it was deemed to be the most relevant for use in our analysis for this
endpoint.

The C-R function was derived from the relative risks reported for cardiovascular disease
reported in Table 2 of Pope et al. (2011) and based on extended analyses of air pollution
and mortality using the ACS CPS-II cohort (Pope et al. 2002) for a 10 yg/m?3 increment
of PM2.s5. The study by Pope et al. (2011) suffers from the same limitations as the study
by Krewski et al. (2009), discussed above.
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6.2.2 Studies of Short-term PM2.5 Exposures

Selected studies of short-term exposures associated with the selected health endpoints
are summarized in the following sections.

6.2.2.1 Premature Mortality
Zanobetti and Schwartz (2009)

Zanobetti and Schwartz (2009) is a multi-city time-series study that examines the effect
of short-term exposures to PM2.5 on premature mortality on a national-scale. Mortality
endpoints included all causes, cardiovascular disease, myocardial infarction, stroke, and
respiratory mortality for the years 1999-2005. The authors used city- and season-
specific Poisson regression in 112 U.S. cities to evaluate the association of exposures to
mean (day of death and previous day) PM2.5 with daily deaths. They then used a
combined a random-effects approach with the city-specific estimates, in total, by season
and by region to develop national estimates. The authors found statistically significant
associations between short-term exposure to PM2.5 and cardiovascular and respiratory
mortality at lag 0-1. Although the overall effect estimates reported were positive, there
was a large degree of variability between cities when examining city-specific effect
estimates, which may be due to differences between cities and regional differences in
PM2.5 composition.

The study did not evaluate the effects of potential confounders, such as gaseous co-
pollutants, on the PM; s cardiovascular mortality risk estimates. Zanobetti and Schwartz
(2009) used the same lag structure (i.e., an average of same-day and the previous day
PM2.5 concentrations) for all PM2.5 models. However, the study did evaluate both single-
pollutant and two-pollutant models (with coarse PM). We selected the single-pollutant
model to be consistent with other studies for which only single-pollutant estimates were
available. USEPA relied on this study when conducting their Quantitative Health Risk
Assessment for Particulate Matter (USEPA 2010). At the request of USEPA, the authors
produced Empirical Bayes "shrunken" city-specific estimates, adjusted towards the
appropriate regional mean. In this analysis we used the city-specific estimates that were
obtained for Tacoma, WA (USEPA 2010, Appendix C, Table C-1).

6.2.2.2 Hospitalization Admissions
Bell et al. (2008)

Bell et al. (2008) used log-linear models to evaluate the association between short-term
exposure to PM2.5 and hospital admissions for cardiovascular and respiratory illnesses
among people 65 years of age and older, using a two-stage Bayesian hierarchical model,
for each of 202 counties in the United States. The authors reported both annual and
season-specific results, nationally and regionally (for four regions: Northeast, Southeast,
Northwest, and Southwest), but did not provide city-specific estimates. The
cardiovascular hospital admissions estimates were based on single-pollutant, 0-day lag
models, whereas for respiratory hospital admissions, both single-pollutant 0-day models
and single-pollutant two-day models were evaluated. We selected the regional
(Northwest), annual C-R functions as the most appropriate value to use for the analysis.
For respiratory hospital admissions, we chose the two-day lag models, based on a
strongest association with PM exposure that may occur with longer lag periods for
respiratory effects.
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A limitation of this study includes the use of Medicare data collected for administrative
purposes, which may result in some degree of misclassification of diagnoses and may
vary geographically. An additional limitation is that the exposures were measured at the
county level, using central monitors, so they are purely ecological. As with all ecological
studies, individual data were not available, so it is not possible to associate person-
specific exposures with specific individual outcomes. In addition, this study did not
control for effects of other potentially confounding air pollutants.

Sheppard et al. (2003)

We selected the study by Sheppard (2003) because this study, although it is a single-city
study, is specific to the location of interest (Seattle) and the particular endpoint of
interest (asthma hospital admissions).

In the study by Sheppard et al. (2003), the authors assessed the relation between air
pollution in Seattle and nonelderly (<65) hospital admissions for asthma from 1987 to
1994. They used a Poisson regression model with control for time trends, seasonal
variations, and temperature-related weather to estimate effects air quality data for PM1o,
PM2.5, coarse PM10-2.5, SO2, ozone, and CO. Air concentrations of PM2.5 were estimated
from light scattering data, which makes these exposure estimates somewhat uncertain.
The authors reported that asthma hospital admissions were associated with PM1o, PM2.5,
PM1o0-2.5, CO, and ozone, and reported no association for SO2. They also reported that
PM and CO were jointly associated with asthma admissions. Although they reported that
the best fitting co-pollutant models were found with PM and ozone, ozone was not
considered because data were only available for the months of April through October.
When considering other co-pollutants, the best fitting models included PM2.5 and CO.
Results for other co-pollutant models were not reported.

We selected the relative risk and 95 percent confidence interval for asthma hospital
admissions (International Classification of Diseases (ICD) 9 code 493) for an 11.8 pg/m3
increase in PM2.5 based on the 1-day lag GAM stringent model (1.04, 95% CI: 1.01-
1.06).

6.3 Baseline Health Effects Incidence Rate and Population Data

As described above, the C-R functions derived from the published epidemiology studies
on health effects associated with exposures to PM2.5 are log-linear in form, as
represented by equation (1). Baseline incidence information, which is the number of
cases per unit time (e.g., cases in a year) in a location before accounting for changes in
air quality, is needed to estimate risks for each health endpoint. This baseline incidence
is denoted as By in equations 2 and 3.

Incidence rates are the occurrence of a disease over a specific period of time and are
expressed as a value per population group (e.g., the number of cases in a county) or a
value per number of people (e.g., the number of cases per 100,000 residents in a
specific county). Incidence rates can be age- and sex-specific. Incidence rates vary
across geographic areas due to differences in population characteristics, differences in
health status, and other factors. We selected baseline incidence rates that matched the
age-ranges for which the health effects estimates were calculated in the epidemiology
literature as described in more detail below.
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Mortality and Hospital Admissions

We obtained individual-level mortality and hospital admissions data for the year 2010,
for 15 Seattle zip codes in the vicinity of T-5 from the Washington State Department of
Health's Center for Health Statistics.! The data consisted of information for each
individual, including underlying causes of death or hospital admission (i.e., ICD-9 or -10
codes). The detailed mortality data allowed the generation of cause-specific death counts
at the zip code level for selected age groups. Similarly, cause-specific hospital
admissions counts were used in the incidence calculations for this endpoint. Specifically,
incidence (mortality or hospital admission) was calculated as the number of events that
occurred within a zip code during 2010 divided by the population at risk in a particular
zip code in 2010.

Mortality and hospital admission incidence was calculated based on ICD-9 or ICD-10
codes for outcomes of interest, matching the same ICD codes that were used in the
underlying epidemiology study. Incidence was also calculated for specific population
groups based on the population evaluated in the underlying epidemiology study.

Table 10 summarizes the outcomes, epidemiology studies, ICD codes, and age ranges
that were extracted from the Center for Health Statistics files. Data were extracted by
zip code, ICD-code, and age group using Statistical Analysis System software (by SAS
Institute). The baseline incidence results for each zip code are presented in Appendix A.

Table 10: Summary of Baseline Health Endpoint Data from the Center for Health
Statistics

ICD-9o0r 10

Health E int
ea ndpoin Code

Reference
(years)

Population Age

Zanobetti and

Schwartz (2009) A00-R39

All-cause mortality 0 to 99

Zanobetti and

101-I
Schwartz (2009) 01-159

Cardiovascular mortality 0 to 99

Zanobetti and

J00-J99 0 to 99

Respiratory mortality

Schwartz (2009)

All-cause mortality

Krewski et al. (2009)

A00-R99

30 to 99

Cardiovascular mortality

Pope et al. (2011)

101-159

30 to 99

Cardiovascular hospital
admissions

Bell et al. (2008)

426-449

65 to 99

Respiratory hospital
admissions

Bell et al. (2008)

460-519

65 to 99

Asthma hospital admissions

Sheppard et al.
(2003)

493

0 to 64

Notes:

ICD = International Classification of Diseases

Population Data

In addition to the health baseline incidence data, the corresponding population data were
obtained in order to calculate the baseline incidence. The population data were obtained

1 http:

www.doh.wa.gov/AboutUs/ProgramsandServices/DiseaseControlandHealthStatistics/CenterforHealthStatistics
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from the U.S. Census Bureau (http://www.census.gov/popest/counties/asrh/). These
data are the population estimates of the resident populations by selected age groups and
sex for the Seattle zip codes of interest. We used populations for the year 2010 to
calculate incidence rates. The baseline incidence rates and relevant population numbers
are shown in Appendix A.

6.4 Uncertainty and Variability

There are many sources of uncertainty and variability inherent in the inputs to the risk
assessment that contribute to some degree of uncertainty in the results. Such
uncertainties are related to: (a) the shape of the C-R function and any population
threshold; (b) the use of appropriate statistical models in the underlying epidemiology
study; (c) unaccounted confounding and modifying factors in the C-R relationships; (d)
modeling daily PM2.5 air quality impacts from the project; and (e) differences in the
relative toxicity of the components within the mix of ambient PM2.s.

Uncertainty is the lack of knowledge regarding the inputs to an analysis. When using
statistical models there is often uncertainty in the actual values of the parameters of the
model. There may also be uncertainty regarding the best model to use in the analysis to
represent the relationships being modeled, i.e., the shape of C-R functions. In addition,
there may be some uncertainty associated with other model inputs such as the PM2.5
exposure estimates or baseline incidence rates.

In contrast, variability is the heterogeneity of a variable within or across populations.
This heterogeneity can be due to populations in different regions that have different
behaviors or activity patterns (e.g., air conditioning use, time spent indoors) that affect
their PM exposures and thus the health response. Other factors include the composition
of populations in different regions that could affect the population response to PM
exposures, such as having a population that is older. The composition of PM that
different populations are exposed to may differ as well, with some PM compositions
having higher toxicity than others. Variability is inherent in any study and some studies
have attempted to more fully characterize the variability in key factors in order to
produce C-R functions that better reflect certain population or location characteristics.

6.5 Characterization of PM2.5 Non-cancer Risks

Using the underlying BenMAP methodology, we calculated the health effects associated
with short-term and long-term exposures to PM2.5. Results for the zip code in which
South Park and Georgetown are located (98108) are summarized in Table 11. Detailed
calculations and specific results are provided in Appendix A for each zip code. Results are
also depicted in Figure 2 through Figure 6.

Health effects from short-term exposure to PM2.5 included all-cause mortality,
cardiovascular mortality, and respiratory mortality; however, due to very low baseline
incidence numbers available only for a few zip codes we do not present results for
respiratory mortality. In addition, we evaluated hospital admissions for cardiovascular,
all-respiratory, and asthma associated with short-term exposures to PM2.5. Health
outcomes associated with long-term exposures to PM2.5 included all-cause and
cardiovascular mortality.

Results were calculated as the change in incidence of mortality or hospital admissions
that would result from air quality changes between Alternative 1 (for year 2020) and
Alternative 2 (for year 2020) and between Alternative 1 (for year 2020) and Alternative
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3 (for year 2040). Alternative 2 modeled for the year 2020 represents the maximum
impact between the two action alternatives. 2 For Alternative 2, for most zip codes, PM2.5
concentrations are expected to increase relative to baseline conditions (i.e., Alternative
1, 2020).

In contrast, Alternative 3 modeled for the year 2040 represents the lowest impact
between the two action alternatives. In Table 11 and Figure 2 through Figure 6, a
positive change indicates an increased impact (due to increased particulate matter
concentrations) and a negative change indicates a decreased impact (due to decreased
PM2.5 concentrations). That is, a positive number would indicate that there would be an
increased risk of mortality (more deaths than expected) or increased risk of a hospital
admission due to increased air pollution. In contrast, a negative number means an
avoided death or hospital admissions (due to improved air quality).

Overall, the change in PM2.5 concentration is very small with average area-wide
reductions that range from < 0.01 to about 0.07 pg/m?3 for Alternative 2 compared with
Alternative 1, and slightly higher reductions ranging from about 0.1 to 0.3 pg/m?3 for
Alternative 3 compared with Alternative 1, across all zip codes. These small changes in
PM2.5 were associated with small average reductions in health effects incidence for most
health endpoints, with the exception of asthma hospitalizations and mortality from long-
term exposures for Alternative 2 relative to Alternative 1. For these endpoints, increases
in incidence are negligible, with an average asthma hospitalization increase of 0.00007
persons and increase in mortality estimates of 0.0001 persons and lower.

This means that area-wide impacts are minimal. In some of the zip codes we observed
increased impacts (positive increases) in both mortality and hospital admissions,
particularly for Alternative 2 relative to Alternative 1. These increased health impacts are
many times less than 1 increased death or hospital admissions, indicating negligible
effects to the area. For some zip codes, results suggest that air quality improvements
will result in avoided deaths or hospital admissions (a negative result), primarily for
Alternative 3 compared with Alternative 1. These findings are also many times lower
than one avoided death or hospital admissions, indicating minimal benefits.

For Georgetown and South Park, which are located in zip code 98108, we observed the
smallest relative risks associated with Alternative 2 compared to Alternative 1 (Figure 2
to Figure 6). For Alternative 3, these neighborhoods were generally associated with the
smallest relative health benefits compared to Alternative 1. Considering the uncertainty
in model estimates, it is likely that the estimates suggest little difference between
Alternative 2 and Alternative 3 with respect to PM2.5-related health impacts from Port
renovation activities.

2 As described in Section 3, the "maximum impact" scenario designation was based on the highest model-
predicted PM2.5 concentration (occurring on the facility's northeast fence line). The minimum impact
designation was based on the lowest model-predicted PM2.5 concentration.
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Table 11:

Outcome

Short-term P2.5 Exposures
All-cause mortality

Cardiovascular mortality
Cardiovascular hospital admissions
Asthma hospital admissions
Respiratory hospital admissions
Long-term PM2.5 Exposures
All-cause mortality

Cardiovascular mortality
Notes:

Alternative 2 (2020) vs
Alternative 1 (2020)

Change in
PM2.5

Concentration

(ng/md)

+0.0065
+0.0065
+0.0065
+0.0065
+0.0065

-0.0035
-0.0035

Change in
Incidence

+0.00040
+0.00016
+0.000019
+0.000087
+0.000004

-0.0016
-0.00055

Terminal 5 Wharf Rehabilitation, Berth Deepening, and

Improvements Project

Human Health Risk Characterization

Summary of Health Impacts of Action Alternatives Compared to Baseline Conditions
(Alternative 1) for Zip Code 98108 (South Park, Georgetown)

Alternative 3 (2040) vs
Alternative 1 (2020)

Change in
PM2.5

Concentration

(ng/md)

-0.045
-0.045
-0.045
-0.045
-0.045

-0.025
-0.025

Change in
Incidence

-0.0027
-0.0011
-0.00013
-0.00059
-0.000025

-0.011
-0.011

"+" indicates an increase in modeled air concentrations or increase in health outcome incidence

"-" indicates a decrease in modeled air concentrations or decrease in health outcome incidence

For example, for Alternative 2 (2020), a slight increase in short-term PM2.5 concentrations results in a
slight increased risk in all-cause mortality whereas for Alternative 3 (2040), a slight decrease in short-term
PM2.5 concentrations results in a slight decrease or avoidance in all-cause mortality. In all cases, the
increase or decrease in health incidence is orders of magnitude less than 1 death or hospital admission.
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Figure 2: Short Term Exposures (Max 24-hr PM2.5): Mortality Net Change between Alternative 1, 2020 and Alternative 2, 2020
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Figure 3: Short Term Exposures (Max 24-hr PM2.5): Mortality Net Change between Alternative 1, 2020 and Alternative 3, 2040
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Figure 4: Short Term Exposures (Max 24-hr PM2.5): Hospital Admissions Net Change between Alternative 1, 2020 and
Alternative 2, 2020
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Figure 5: Short Term Exposures (Max 24-hr PM2.5): Hospital Admissions Net Change between Alternative 1, 2020 and

Alternative 3, 2040
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Figure 6: Long Term Exposure (Annual PM2.5): Mortality Net Change between Alternative 1, 2020 and Alternative 2, 2020
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Figure 7: Long Term Exposures (Annual PM2.5): Mortality Net Change between Alternative 1, 2020 and Alternative 3, 2040
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7. APPROACH FOR DETAILED DPM HEALTH
ASSESSMENT

As described in Section 5.3, cancer risk is being evaluated based on DPM. Traditionally,
cancer assessments are assumed to be without a threshold. Non-cancer health endpoints
are being captured in the assessment of PM2.5. Typically, a single cancer unit risk factor
(URF), derived from one or more studies in the scientific literature, is applied to a
monitored or modelled air concentration to estimate potential cancer risk that might
result from a project. USEPA provides quantitative estimates of toxicity, such as cancer
URFs, for a wide range of chemical constituents and in the cases where values from
USEPA are not available, risk assessors look to other sources. A discussion of the URF(s)
for DPM and value(s) applied in this study is provided in the next section.

7.1 Toxicity Assessment: Cancer

In the case of diesel engine exhaust, it has been problematic to derive a single cancer
URF. The use of a single, discrete value representing potential cancer potency of diesel
exhaust attributes greater confidence to cancer risk estimates than is appropriate given
the underlying shortcomings in the quantitative assessment of diesel exhaust risk, as
reflected by the current lack of a URF supported by the USEPA. Although California's
Office of Environmental Health and Hazard Assessment (OEHHA) has proposed a URF for
DPM, it is based on a study that has been judged by many as being inadequate for
supporting quantitative risk assessments (see Appendix B).

There have been differing evaluations of the same body of literature in deriving a URF. In
2002, the USEPA concluded that "while the weight-of-evidence indicates that DE [DPM]
has the potential to pose a lung cancer hazard to humans at anticipated levels of
environmental exposure, as shown by occupational epidemiology studies, a confident
dose-response relationship based on occupational exposure levels is currently lacking"
(USEPA 2002). Due to the Agency's belief that available data were too uncertain to be
used as the basis of a confident quantitative dose-response analysis, the USEPA did not
develop a cancer URF for DPM. This conclusion was based, in part, on an in-depth
evaluation by an expert panel (HEI 1999), which concluded that the studies to date had
a number of limitations that precluded their use in quantitative health risk assessment.
These limitations included (1) questions about the quality and specificity of the exposure
assessments for diesel exhaust, (2) a lack of quantitative estimates of exposure to allow
derivation of an exposure-response function, and (3) lack of adequate data to account
quantitatively for individual worker exposures to other factors that might also be
associated with lung cancer, such as smoking.

In contrast, OEHHA (1998) chose to use the US railroad workers to derive a cancer URF,
in spite of the study limitations. OEHHA (1998) opted to retain their unit risk estimates
for lung cancer on the then-available epidemiology studies, using the concentration-
response information from two studies in US railroad workers (Garshick et al. 1987;
Garshick et al. 1988). They considered a variety of exposure patterns based on average
exposure concentration for the workers (as measured by Woskie et al. 1988) and the
extent of change in exposures during the periods of 1959 to 1980. Using this approach,
OEHHA derived a series of lifetime risk estimates ranging from 1.3 x 10 per yg/m3 to
2.4 x 1073 per ug/m3, with a geometric mean risk of 6 x 104 per pg/m3. For risk
assessment purposes, OEHHA selected 3 x 10 per ug/m3. OEHHA did not change this
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approach or update their findings following the HEI (1999) publication, or after the
USEPA (2002) health assessment.

When fully considering the conclusions of multiple science review panels and risk
assessment investigators, it is apparent that the current quantitative assessments for
diesel exhaust are inadequate for deriving a single cancer potency number. While the
body of research as a whole supports a positive relationship between exposure to diesel
exhaust (particularly those with the composition of older diesel engines) and lung cancer,
the numerical values that estimate potential cancer risk are hampered by a large range
of uncertainty that is rarely communicated and considered in project planning and risk
communication efforts. This dilemma can frustrate regulatory agencies, project
proponents, and affected communities alike.

We therefore propose using a range of URFs, rather than selecting a single diesel
exhaust risk estimate for appraising potential lung cancer risk. This approach allows
project managers to compare relative ranges in impacts of each alternative, which can
better support project planning and design decision-making. The range of cancer URFs
selected is 10-3 to 10> per yg/m3; the rationale for section of this range is provided in
Appendix B.

7.2 Characterization of DPM Cancer Risks

For the purpose of examining cancer risk, we relied on Alternative 1 (No Action) for the
year 2020, considered the baseline condition, and two action alternatives: Alternative 2
for the year 2020, which represents the highest impact alternative and time-frame, and
Alternative 3 for the year 2040, which represents the least or lowest impact alternative
and time-frame. The comparison between Alternatives 1 (2020) and 2 (2020) represents
the difference between baseline conditions and a maximum impact, while the comparison
between Alternatives 1 (2020) and 3 (2040) represents the difference between baseline
and a minimum impact. This allows for consideration range of minimum and maximum
impacts for each action alternative relative to baseline.

7.2.1 Alternative 1 / 2020

Results of the air quality dispersion modeling for DPM associated with Alternative 1, No
Action, for the year 2020 are depicted in isopleths in Figure 8. Model-calculated DPM
concentrations at each of six residential locations (representing the closest residents
around the project site) range from 0.13 to 0.23 pg/m3 (Table 12). Using the unit risk
range of 103 to 103 per ug/m3, these concentrations represent a baseline incremental
cancer risk of between 1.3 and 2.3 per million individuals at the six residences nearest
the facility. Predicted incremental cancer risks are lower for South Park and Georgetown,
ranging from 0.30 to 30 per million individuals.
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Table 12: Calculated Cancer Risks for Alternative 1 (No Action), Year 2020
Range of Incremental Cancer
Risks per Million Persons
Projected DPM (using 103 to 1075 per pg/m3 unit

Receptor Location | Concentration (Hg/m3) risk values)

Residence 1 0.18 1.8 to 180

Residence 2 0.20 2.0 to 200

Residence 3 0.23 2.3 to 230

Residence 4 0.23 2.3 to 230

Residence 5 0.17 1.7 to 170

Residence 6 0.13 1.3to 130

South Park & 0.030 0.30 to 30

Georgetown
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Figure 8: Model-Calculated Annual DPM Concentrations Alternative 1 (2020)
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7.2.2 Alternative 2 / 2020

Air modeling results for Alternative 2 estimating concentrations of DPM for the year 2020
displayed as isopleths in Figure 9. This scenario represents the maximum potential
impact of the project. The range of model-calculated DPM concentrations at each of six
residential locations nearest the project site, range from 0.13 to 0.28 pg/m?3 (Table 13).
Using the unit risk range of 10-3 to 10> per ug/m3, these concentrations represent an
incremental cancer risk with Alternative 2 of 1.3 and 280 per million individuals.
Incremental cancer risks associated with DPM from the facility for Georgetown and South
Park residents are lower, ranging from 0.27 to 27 per million individuals. These results,
which represent the maximum potential impact from the proposed project, are
statistically indistinguishable from the baseline Alternative 1.

Table 13: Calculated Cancer Risks for Alternative 2, Year 2020
Range of Incremental Cancer
Risks per Million Persons
Receptor Projected DPM (using 1073 to 105 per pg/m3 unit
Location Concentration (pg/ms3) risk values)
Residence 1 0.21 2.1to 210
Residence 2 0.24 2.4 to 240
Residence 3 0.27 2.7 to 270
Residence 4 0.28 2.8 to 280
Residence 5 0.20 2.0 to 200
Residence 6 0.13 1.3to 130
south Park & 0.027 0.27 to 27
Georgetown
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Figure 9: Model-Calculated Annual DPM Concentrations Alternative 2 (2020)
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7.2.3 Alternative 3 / 2040

Results of the air modeling for Alternative 3 estimating concentrations of DPM for the
year 2040 are depicted as isopleths in Figure 10. The range of modeled DPM
concentrations at each of six residential locations nearest the project site range from
0.021 to 0.045 pg/m?3 (Table 14). This scenario represents the minimum potential
impact of the project. Using the unit risk range of 103 to 10~ per pg/ms3, these
concentrations represent an incremental cancer risk with Alternative 3 of between 0.21
and 45 per million individuals. Predicted incremental cancer risks for Georgetown and
South Park residents range from 0.054 to 5.4 per million individuals. These risks are
nearly 6-fold less than with the baseline Alternative 1, as modeled for year 2020.

Table 14: Calculated Cancer Risks for Alternative 3, Year 2040

Range of Incremental Cancer

Receptor Projected DPM Risks per Million Persons
Location Concentration (pg/ms3) (using 103 to 1075 per pg/m?3
unit risk values)

Residence 1 0.038 0.38 to 38

Residence 2 0.040 0.44 to 40

Residence 3 0.045 0.4 to 45

Residence 4 0.039 0.39 to 39

Residence 5 0.025 0.25 to 25

Residence 6 0.021 0.21 to 21

South Park &

0.0054 0.054to 5.4
Georgetown

Comparison of the action alternatives to the no action alternative demonstrates that
predicted incremental cancer risks will not increase significantly as a result of the
proposed project. For Alternative 2, incremental increases in predicted cancer risks are
the same as or slightly greater than baseline cancer risks, whereas predicted incremental
cancer risks for Alternative 3 are lower than baseline cancer risks. Figure 11 depicts the
relative differences in incremental cancer risk between the action alternatives and
baseline, for the six selected residences near the facility and for South Park and
Georgetown (zip code 98108).

Approach for Detailed DPM Health Assessment 45 Ramboll Environ



Terminal 5 Wharf Rehabilitation, Berth Deepening, and
Improvements Project
Human Health Risk Characterization

Figure 10: Model-Calculated Annual DPM Concentrations Alternative 3 (2040)
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Figure 11: Comparison of Incremental Cancer Risk Ranges for Action and No Action
Alternatives, for Residences 1 to 6 and Zip Code 98108 (South Park and
Georgetown)
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CONCLUSIONS

Overall, changes in predicted PM2.5 and DPM concentrations associated with Alternatives
2 and 3 result in negligible impacts (positive and negative) on health outcomes relative
to baseline, or, the no action Alternative 1.

Non-cancer Risks from PM2.5 Exposures

The estimated health impacts associated with the model-calculated changes in PM2.5
concentrations resulting from Alternatives 2 and 3 are minimal. Both action alternatives
result in average air quality improvements across all zip codes considered, but the
changes are relatively small and likely within the uncertainty of modeling estimates.
Alternative 3 is associated with larger air quality improvements and corresponding health
benefits, but these benefits are very small — often several-fold less than one excess
incidence depending on the health outcome. Given the uncertainties associated with this
analysis together with the minimal health impacts estimated, these results indicate that
even when considering the project scenario at the point of maximum air impacts (in this
case, Alternative 2 for year 2020), the project would not result in significant non-cancer
impacts from PM2.5. These results extend to the two neighborhoods of concern, South
Park and Georgetown.

Cancer Risks from DPM Exposures

Comparing risks among the three alternatives shows that there are very minor
differences between the cancer risks associated with Alternative 2 (representing
maximum potential impact) relative to the baseline, Alternative 1 (No Action) in the year
2020 for South Park and Georgetown. Implementation of Alternative 3 (representing
minimum impact in 2040) is projected to decrease cancer risk from DPM compared to
the baseline conditions, as modeled for 2020.
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Table A-1: Data and Calculations of Mortality Associated with Short-term PM2.5 Exposures Resulting from Alternative 2 Compared with Alternative 1

Baseline Control Air . Health .
Zip . . . Age Population Air Quality Quality (?hange_ln Baseline TOte_d Effects Ch_ange in  Percentage
Code Endpoint Endpoint Group City State Study range (2010) (Alt1) Alternative Air Quality- Incidence Baseline function InC|denc_e of of _Total
ug/m3 2 ug/m3 ug/m3 count (Beta) Mortality Incidence

98101 Mortality Mortality, short-term, All Cause Seattle WA Zanobetti and Schwartz (2009) 0-99 10238 0.072 0.075 0.0037 0.0144 147 0.000495 0.00027 0.0002%
98102 Mortality Mortality, short-term, All Cause Seattle WA Zanobetti and Schwartz (2009) 0-99 20756 0.043 0.046 0.0035 0.0024 50 0.000495 0.00009 0.0002%
98104 Mortality Mortality, short-term, All Cause Seattle WA Zanobetti and Schwartz (2009) 0-99 13095 0.075 0.078 0.0027 0.0070 92 0.000495 0.00012 0.0001%
98106 Mortality Mortality, short-term, All Cause Seattle WA Zanobetti and Schwartz (2009) 0-99 22873 1.402 1.447 0.0449 0.0044 100 0.000495 0.00222 0.0022%
98108 Mortality Mortality, short-term, All Cause Seattle WA Zanobetti and Schwartz (2009) 0-99 22374 0.106 0.113 0.0065 0.0055 123 0.000495 0.00040 0.0003%
98109 Mortality Mortality, short-term, All Cause Seattle WA Zanobetti and Schwartz (2009) 0-99 20715 0.086 0.090 0.0034 0.0052 107 0.000495 0.00018 0.0002%
98112 Mortality Mortality, short-term, All Cause Seattle WA Zanobetti and Schwartz (2009) 0-99 21077 0.033 0.035 0.0020 0.0051 108 0.000495 0.00011 0.0001%
98116 Mortality Mortality, short-term, All Cause Seattle WA Zanobetti and Schwartz (2009) 0-99 22241 0.201 0.217 0.0156 0.0076 170 0.000495 0.00131 0.0008%
98119 Mortality Mortality, short-term, All Cause Seattle WA Zanobetti and Schwartz (2009) 0-99 21039 0.117 0.125 0.0071 0.0042 88 0.000495 0.00031 0.0003%
98121 Mortality Mortality, short-term, All Cause Seattle WA Zanobetti and Schwartz (2009) 0-99 12628 0.112 0.116 0.0034 0.0035 44 0.000495 0.00007 0.0002%
98122 Mortality Mortality, short-term, All Cause Seattle WA Zanobetti and Schwartz (2009) 0-99 31454 0.055 0.059 0.0042 0.0049 153 0.000495 0.00032 0.0002%
98126 Mortality Mortality, short-term, All Cause Seattle WA Zanobetti and Schwartz (2009) 0-99 20698 2.714 2.464 -0.2507 0.0082 169 0.000495 -0.02097 -0.0124%
98134 Mortality Mortality, short-term, All Cause Seattle WA Zanobetti and Schwartz (2009) 0-99 644 2.439 1.589 -0.8504 0.0093 6 0.000495 -0.00253 -0.0421%
98136 Mortality Mortality, short-term, All Cause Seattle WA Zanobetti and Schwartz (2009) 0-99 14770 0.078 0.083 0.0051 0.0064 94 0.000495 0.00024 0.0003%
98144 Mortality Mortality, short-term, All Cause Seattle WA Zanobetti and Schwartz (2009) 0-99 26881 0.054 0.058 0.0036 0.0069 186 0.000495 0.00033 0.0002%
98101 Mortality Mortality, short-term, Cardiovascular Seattle WA Zanobetti and Schwartz (2009) 0-99 10238 0.072 0.075 0.0037 0.0042 43 0.000809 0.00013 0.0003%
98102 Mortality Mortality, short-term, Cardiovascular Seattle WA Zanobetti and Schwartz (2009) 0-99 20756 0.043 0.046 0.0035 0.0005 10 0.000809 0.00003 0.0003%
98104 Mortality Mortality, short-term, Cardiovascular Seattle WA Zanobetti and Schwartz (2009) 0-99 13095 0.075 0.078 0.0027 0.0021 27 0.000809 0.00006 0.0002%
98106 Mortality Mortality, short-term, Cardiovascular Seattle WA Zanobetti and Schwartz (2009) 0-99 22873 1.402 1.447 0.0449 0.0009 20 0.000809 0.00073 0.0036%
98108 Mortality Mortality, short-term, Cardiovascular Seattle WA Zanobetti and Schwartz (2009) 0-99 22374 0.106 0.113 0.0065 0.0014 31 0.000809 0.00016 0.0005%
98109 Mortality Mortality, short-term, Cardiovascular Seattle WA Zanobetti and Schwartz (2009) 0-99 20715 0.086 0.090 0.0034 0.0016 34 0.000809 0.00009 0.0003%
98112 Mortality Mortality, short-term, Cardiovascular Seattle WA Zanobetti and Schwartz (2009) 0-99 21077 0.033 0.035 0.0020 0.0009 18 0.000809 0.00003 0.0002%
98116 Mortality Mortality, short-term, Cardiovascular Seattle WA Zanobetti and Schwartz (2009) 0-99 22241 0.201 0.217 0.0156 0.0021 46 0.000809 0.00058 0.0013%
98119 Mortality Mortality, short-term, Cardiovascular Seattle WA Zanobetti and Schwartz (2009) 0-99 21039 0.117 0.125 0.0071 0.0012 26 0.000809 0.00015 0.0006%
98121 Mortality Mortality, short-term, Cardiovascular Seattle WA Zanobetti and Schwartz (2009) 0-99 12628 0.112 0.116 0.0034 0.0012 15 0.000809 0.00004 0.0003%
98122 Mortality Mortality, short-term, Cardiovascular Seattle WA Zanobetti and Schwartz (2009) 0-99 31454 0.055 0.059 0.0042 0.0013 42 0.000809 0.00014 0.0003%
98126 Mortality Mortality, short-term, Cardiovascular Seattle WA Zanobetti and Schwartz (2009) 0-99 20698 2.714 2.464 -0.2507 0.0018 37 0.000809 -0.00750 -0.0203%
98134 Mortality Mortality, short-term, Cardiovascular Seattle WA Zanobetti and Schwartz (2009) 0-99 644 2.439 1.589 -0.8504 0.0016 1 0.000809 -0.00069 -0.0688%
98136 Mortality Mortality, short-term, Cardiovascular Seattle WA Zanobetti and Schwartz (2009) 0-99 14770 0.078 0.083 0.0051 0.0018 26 0.000809 0.00011 0.0004%
98144 Mortality Mortality, short-term, Cardiovascular Seattle WA Zanobetti and Schwartz (2009) 0-99 26881 0.054 0.058 0.0036 0.0015 39 0.000809 0.00011 0.0003%
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Table A-2: Data and Calculations of Mortality Associated with Short-term PM2.5 Exposures Resulting from Alternative 3 Compared with Alternative 1

Baseline Air Control Air

Zip . . . Age Population Quality Quality C_hange.in Baseline TOta.II Health E.ffects Change in Percentage of
Code Endpoint Endpoint Group City State Study range (2010) (Alt1) Alternative 3 Air Quality- Incidence Baseline function InC|denc.e of total incidence
ug/m3 ug/m3 ug/m3 count (Beta) Mortality
98101 Mortality Mortality, short-term, All Cause Seattle WA  Zanobetti and Schwartz (2009) 0-99 10238 0.072 0.037 -0.035 0.0144 147 0.000495 -0.0025 -0.002%
98102 Mortality Mortality, short-term, All Cause Seattle WA  Zanobetti and Schwartz (2009)  0-99 20756 0.043 0.020 -0.022 0.0024 50 0.000495 -0.0006 -0.001%
98104 Mortality Mortality, short-term, All Cause Seattle WA  Zanobetti and Schwartz (2009) 0-99 13095 0.075 0.040 -0.035 0.0070 92 0.000495 -0.0016 -0.002%
98106 Mortality Mortality, short-term, All Cause Seattle WA  Zanobetti and Schwartz (2009)  0-99 22873 1.402 0.647 -0.755 0.0044 100 0.000495 -0.0374 -0.037%
98108 Mortality Mortality, short-term, All Cause Seattle WA  Zanobetti and Schwartz (2009) 0-99 22374 0.106 0.062 -0.045 0.0055 123 0.000495 -0.0027 -0.002%
98109 Mortality Mortality, short-term, All Cause Seattle WA  Zanobetti and Schwartz (2009)  0-99 20715 0.086 0.045 -0.041 0.0052 107 0.000495 -0.0022 -0.002%
98112 Mortality Mortality, short-term, All Cause Seattle WA  Zanobetti and Schwartz (2009) 0-99 21077 0.033 0.018 -0.016 0.0051 108 0.000495 -0.0008 -0.001%
98116 Mortality Mortality, short-term, All Cause Seattle WA  Zanobetti and Schwartz (2009)  0-99 22241 0.201 0.077 -0.124 0.0076 170 0.000495 -0.0104 -0.006%
98119 Mortality Mortality, short-term, All Cause Seattle WA  Zanobetti and Schwartz (2009) 0-99 21039 0.117 0.056 -0.062 0.0042 88 0.000495 -0.0027 -0.003%
98121 Mortality Mortality, short-term, All Cause Seattle WA  Zanobetti and Schwartz (2009)  0-99 12628 0.112 0.059 -0.053 0.0035 44 0.000495 -0.0012 -0.003%
98122 Mortality Mortality, short-term, All Cause Seattle WA  Zanobetti and Schwartz (2009) 0-99 31454 0.055 0.026 -0.029 0.0049 153 0.000495 -0.0022 -0.001%
98126 Mortality Mortality, short-term, All Cause Seattle WA  Zanobetti and Schwartz (2009)  0-99 20698 2.714 1.623 -1.091 0.0082 169 0.000495 -0.0913 -0.054%
98134 Mortality Mortality, short-term, All Cause Seattle WA  Zanobetti and Schwartz (2009) 0-99 644 2.439 1.182 -1.257 0.0093 6 0.000495 -0.0037 -0.062%
98136 Mortality Mortality, short-term, All Cause Seattle WA  Zanobetti and Schwartz (2009)  0-99 14770 0.078 0.034 -0.044 0.0064 94 0.000495 -0.0021 -0.002%
98144 Mortality Mortality, short-term, All Cause Seattle WA  Zanobetti and Schwartz (2009) 0-99 26881 0.054 0.029 -0.024 0.0069 186 0.000495 -0.0023 -0.001%
98101 Mortality Mortality, short-term, Cardiovascular Seattle WA  Zanobetti and Schwartz (2009)  0-99 10238 0.072 0.037 -0.035 0.0042 43 0.000809 -0.0012 -0.003%
98102 Mortality Mortality, short-term, Cardiovascular Seattle WA  Zanobetti and Schwartz (2009)  0-99 20756 0.043 0.020 -0.022 0.0005 10 0.000809 -0.0002 -0.002%
98104 Mortality Mortality, short-term, Cardiovascular Seattle WA  Zanobetti and Schwartz (2009)  0-99 13095 0.075 0.040 -0.035 0.0021 27 0.000809 -0.0008 -0.003%
98106 Mortality Mortality, short-term, Cardiovascular Seattle WA  Zanobetti and Schwartz (2009)  0-99 22873 1.402 0.647 -0.755 0.0009 20 0.000809 -0.0122 -0.061%
98108 Mortality Mortality, short-term, Cardiovascular Seattle WA  Zanobetti and Schwartz (2009)  0-99 22374 0.106 0.062 -0.045 0.0014 31 0.000809 -0.0011 -0.004%
98109 Mortality Mortality, short-term, Cardiovascular Seattle WA  Zanobetti and Schwartz (2009)  0-99 20715 0.086 0.045 -0.041 0.0016 34 0.000809 -0.0011 -0.003%
98112 Mortality Mortality, short-term, Cardiovascular Seattle WA  Zanobetti and Schwartz (2009)  0-99 21077 0.033 0.018 -0.016 0.0009 18 0.000809 -0.0002 -0.001%
98116 Mortality Mortality, short-term, Cardiovascular Seattle WA  Zanobetti and Schwartz (2009)  0-99 22241 0.201 0.077 -0.124 0.0021 46 0.000809 -0.0046 -0.010%
98119 Mortality Mortality, short-term, Cardiovascular Seattle WA  Zanobetti and Schwartz (2009)  0-99 21039 0.117 0.056 -0.062 0.0012 26 0.000809 -0.0013 -0.005%
98121 Mortality Mortality, short-term, Cardiovascular Seattle WA  Zanobetti and Schwartz (2009)  0-99 12628 0.112 0.059 -0.053 0.0012 15 0.000809 -0.0006 -0.004%
98122 Mortality Mortality, short-term, Cardiovascular Seattle WA  Zanobetti and Schwartz (2009)  0-99 31454 0.055 0.026 -0.029 0.0013 42 0.000809 -0.0010 -0.002%
98126 Mortality  Mortality, short-term, Cardiovascular Seattle WA  Zanobetti and Schwartz (2009)  0-99 20698 2.714 1.623 -1.091 0.0018 37 0.000809 -0.0327 -0.088%
98134 Mortality Mortality, short-term, Cardiovascular  Seattle WA  Zanobetti and Schwartz (2009)  0-99 644 2.439 1.182 -1.257 0.0016 1 0.000809 -0.0010 -0.102%
98136 Mortality Mortality, short-term, Cardiovascular Seattle WA  Zanobetti and Schwartz (2009)  0-99 14770 0.078 0.034 -0.044 0.0018 26 0.000809 -0.0009 -0.004%
98144 Mortality Mortality, short-term, Cardiovascular Seattle WA  Zanobetti and Schwartz (2009)  0-99 26881 0.054 0.029 -0.024 0.0015 39 0.000809 -0.0008 -0.002%
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Table A-3: Data and Calculations of Hospital Admissions Associated with Short-term PM2.5 Exposures Resulting from Alternative 2 Compared with Alternative 1

. . Control Air . . Health
Zip Endpoint Endpoint Group Cit State Stud Age Population Qizs;(iatlm(eAﬁllr) Quality Chgt%(?itm—mr Baseline B;—sc’catﬁ:]e Effects Change in Pegfcigtt:f]e
Code y y range (2010) ug¥m3 Alternative 3 ug/mé Incidence count function Incidence incidence
ug/m3 (Beta)
98101  Hospital Admissions, Cardiovascular  HA, Cardiovascular Seattle WA  Bell et al. (2008) 65-99 1926 0.072 0.075 0.004 0.0031 6 0.00074 0.000016 0.0003%
98102  Hospital Admissions, Cardiovascular ~ HA, Cardiovascular Seattle WA  Bell et al. (2008) 65-99 2169 0.043 0.046 0.004 0.0023 5 0.00074 0.000013 0.0003%
98104  Hospital Admissions, Cardiovascular ~ HA, Cardiovascular Seattle WA  Bell et al. (2008) 65-99 1745 0.075 0.078 0.003 0.0017 3 0.00074 0.000006 0.0002%
98106  Hospital Admissions, Cardiovascular ~ HA, Cardiovascular Seattle WA  Bell et al. (2008) 65-99 2692 1.402 1.447 0.045 0.0019 5 0.00074 0.000166 0.0033%
98108  Hospital Admissions, Cardiovascular ~ HA, Cardiovascular Seattle WA  Bell et al. (2008) 65-99 2126 0.106 0.113 0.007 0.0019 4 0.00074 0.000019 0.0005%
98109  Hospital Admissions, Cardiovascular ~ HA, Cardiovascular Seattle WA  Bell et al. (2008) 65-99 2692 0.086 0.090 0.003 0.0011 3 0.00074 0.000007 0.0002%
98112  Hospital Admissions, Cardiovascular  HA, Cardiovascular Seattle WA  Bell et al. (2008) 65-99 3033 0.033 0.035 0.002 0.0023 7 0.00074 0.000011 0.0002%
98116  Hospital Admissions, Cardiovascular  HA, Cardiovascular Seattle WA  Bell et al. (2008) 65-99 1894 0.201 0.217 0.016 0.0021 4 0.00074 0.000046 0.0012%
98119  Hospital Admissions, Cardiovascular ~ HA, Cardiovascular Seattle WA  Bell et al. (2008) 65-99 1003 0.117 0.125 0.007 0.0030 3 0.00074 0.000016 0.0005%
98121  Hospital Admissions, Cardiovascular ~ HA, Cardiovascular Seattle WA  Bell et al. (2008) 65-99 2335 0.112 0.116 0.003 0.0034 8 0.00074 0.000020 0.0003%
98122  Hospital Admissions, Cardiovascular ~ HA, Cardiovascular Seattle WA  Bell et al. (2008) 65-99 2398 0.055 0.059 0.004 0.0038 9 0.00074 0.000028 0.0003%
98126  Hospital Admissions, Cardiovascular  HA, Cardiovascular Seattle WA  Bell et al. (2008) 65-99 46 2.714 2.464 -0.251 0.0217 1 0.00074 -0.000186  0.0186%
98134  Hospital Admissions, Cardiovascular  HA, Cardiovascular Seattle WA  Bell et al. (2008) 65-99 1992 2.439 1.589 -0.850 0.0050 10 0.00074 -0.006295  0.0629%
98136  Hospital Admissions, Cardiovascular  HA, Cardiovascular Seattle WA  Bell et al. (2008) 65-99 3456 0.078 0.083 0.005 0.0017 6 0.00074 0.000023 0.0004%
98101 Hospital Admissions, Respiratory HA, Asthma Seattle WA Sheppard (2003) 0-64 8312 0.072 0.075 0.004 0.0004 3 0.00332 0.000037 0.0012%
98104 Hospital Admissions, Respiratory HA, Asthma Seattle WA Sheppard (2003) 0-64 10926 0.075 0.078 0.003 0.0001 1 0.00332 0.000009 0.0009%
98106 Hospital Admissions, Respiratory HA, Asthma Seattle WA Sheppard (2003) 0-64 21128 1.402 1.447 0.045 0.0001 3 0.00332 0.000447 0.0149%
98108  Hospital Admissions, Respiratory HA, Asthma Seattle WA  Sheppard (2003) 0-64 19682 0.106 0.113 0.007 0.0002 4 0.00332 0.000087 0.0022%
98112 Hospital Admissions, Respiratory HA, Asthma Seattle WA Sheppard (2003) 0-64 18385 0.033 0.035 0.002 0.0001 1 0.00332 0.000007 0.0007%
98116 Hospital Admissions, Respiratory HA, Asthma Seattle WA Sheppard (2003) 0-64 19208 0.201 0.217 0.016 0.0001 1 0.00332 0.000052 0.0052%
98119 Hospital Admissions, Respiratory HA, Asthma Seattle WA Sheppard (2003) 0-64 19145 0.117 0.125 0.007 0.0001 1 0.00332 0.000023 0.0023%
98121 Hospital Admissions, Respiratory HA, Asthma Seattle WA Sheppard (2003) 0-64 11625 0.112 0.116 0.003 0.0001 1 0.00332 0.000011 0.0011%
98122  Hospital Admissions, Respiratory HA, Asthma Seattle WA  Sheppard (2003) 0-64 29119 0.055 0.059 0.004 0.0002 5 0.00332 0.000070 0.0014%
98136 Hospital Admissions, Respiratory HA, Asthma Seattle WA Sheppard (2003) 0-64 12778 0.078 0.083 0.005 0.0001 1 0.00332 0.000017 0.0017%
98144 Hospital Admissions, Respiratory HA, Asthma Seattle WA Sheppard (2003) 0-64 23425 0.054 0.058 0.004 0.0001 3 0.00332 0.000036 0.0012%
98101  Hospital Admissions, Respiratory HA, All Respiratory Seattle WA  Bell et al. (2008) 65-99 1926 0.072 0.075 0.004 0.0016 3 0.00019 0.000002 0.0001%
98102  Hospital Admissions, Respiratory HA, All Respiratory Seattle WA  Bell et al. (2008) 65-99 1455 0.043 0.046 0.004 0.0007 1 0.00019 0.000001 0.0001%
98104  Hospital Admissions, Respiratory HA, All Respiratory Seattle WA  Bell et al. (2008) 65-99 2169 0.075 0.078 0.003 0.0014 3 0.00019 0.000002 0.0001%
98106  Hospital Admissions, Respiratory HA, All Respiratory Seattle WA  Bell et al. (2008) 65-99 1745 1.402 1.447 0.045 0.0046 8 0.00019 0.000068 0.0009%
98108  Hospital Admissions, Respiratory HA, All Respiratory Seattle WA  Bell et al. (2008) 65-99 2692 0.106 0.113 0.007 0.0011 3 0.00019 0.000004 0.0001%
98109  Hospital Admissions, Respiratory HA, All Respiratory Seattle WA  Bell et al. (2008) 65-99 2126 0.086 0.090 0.003 0.0014 3 0.00019 0.000002 0.0001%
98112  Hospital Admissions, Respiratory HA, All Respiratory Seattle WA  Bell et al. (2008) 65-99 2692 0.033 0.035 0.002 0.0011 3 0.00019 0.000001 0.0000%
98116  Hospital Admissions, Respiratory HA, All Respiratory Seattle WA  Bell et al. (2008) 65-99 3033 0.201 0.217 0.016 0.0013 4 0.00019 0.000012 0.0003%
98119  Hospital Admissions, Respiratory HA, All Respiratory Seattle WA  Bell et al. (2008) 65-99 1003 0.117 0.125 0.007 0.0010 1 0.00019 0.000001 0.0001%
98121  Hospital Admissions, Respiratory HA, All Respiratory Seattle WA  Bell et al. (2008) 65-99 2335 0.112 0.116 0.003 0.0021 5 0.00019 0.000003 0.0001%
98122  Hospital Admissions, Respiratory HA, All Respiratory Seattle WA  Bell et al. (2008) 65-99 2398 0.055 0.059 0.004 0.0013 3 0.00019 0.000002 0.0001%
98126  Hospital Admissions, Respiratory HA, All Respiratory Seattle WA  Bell et al. (2008) 65-99 1992 2.714 2.464 -0.251 0.0015 3 0.00019 -0.000143  0.0048%
98136  Hospital Admissions, Respiratory HA, All Respiratory Seattle WA  Bell et al. (2008) 65-99 3456 0.078 0.083 0.005 0.0006 2 0.00019 0.000002 0.0001%
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A-4: Data and Calculations of Hospital Admissions Associated with Short-term PM2.5 Exposures Resulting from Alternative 3 Compared with Alternative 1

5 R 5 - Baselir;_e Air Contrc;_l Air Cha;:_ge in 5 y Total EH;alth o _ Percentage
Colcrj)e Endpoint Endpoint Group City State Study rar?(je O(glé)fg)on ?Z?t:ﬁy Altgrl;z\':\)//e 3 Qua: irty— Ini?c?el::e Baseline funftciz)sn Inca}rollgiég . Of_ total
ug/m3 ug/m3 ug/m3 count (Beta) incidence
98101 Hospital Admissions, Cardiovascular HA, Cardiovascular Seattle WA  Bell et al. (2008) 65-99 1926 0.072 0.037 -0.035 0.0031 6 0.00074 -0.000155 0.0026%
98102 Hospital Admissions, Cardiovascular HA, Cardiovascular Seattle WA  Bell et al. (2008) 65-99 2169 0.043 0.020 -0.022 0.0023 5 0.00074 -0.000083 0.0017%
98104 Hospital Admissions, Cardiovascular HA, Cardiovascular Seattle WA  Bell et al. (2008) 65-99 1745 0.075 0.040 -0.035 0.0017 3 0.00074 -0.000079 0.0026%
98106 Hospital Admissions, Cardiovascular HA, Cardiovascular Seattle WA  Bell et al. (2008) 65-99 2692 1.402 0.647 -0.755 0.0019 5 0.00074 -0.002794 0.0559%
98108 Hospital Admissions, Cardiovascular HA, Cardiovascular Seattle WA  Bell et al. (2008) 65-99 2126 0.106 0.062 -0.045 0.0019 4 0.00074 -0.000132 0.0033%
98109 Hospital Admissions, Cardiovascular HA, Cardiovascular Seattle WA  Bell et al. (2008) 65-99 2692 0.086 0.045 -0.041 0.0011 3 0.00074 -0.000091 0.0030%
98112 Hospital Admissions, Cardiovascular HA, Cardiovascular Seattle WA  Bell et al. (2008) 65-99 3033 0.033 0.018 -0.016 0.0023 7 0.00074 -0.000080 0.0011%
98116 Hospital Admissions, Cardiovascular HA, Cardiovascular Seattle WA  Bell et al. (2008) 65-99 1894 0.201 0.077 -0.124 0.0021 4 0.00074 -0.000367 0.0092%
98119 Hospital Admissions, Cardiovascular HA, Cardiovascular Seattle WA  Bell et al. (2008) 65-99 1003 0.117 0.056 -0.062 0.0030 3 0.00074 -0.000137 0.0046%
98121 Hospital Admissions, Cardiovascular HA, Cardiovascular Seattle WA  Bell et al. (2008) 65-99 2335 0.112 0.059 -0.053 0.0034 8 0.00074 -0.000315 0.0039%
98122 Hospital Admissions, Cardiovascular HA, Cardiovascular Seattle WA  Bell et al. (2008) 65-99 2398 0.055 0.026 -0.029 0.0038 9 0.00074 -0.000191 0.0021%
98126 Hospital Admissions, Cardiovascular HA, Cardiovascular Seattle WA  Bell et al. (2008) 65-99 46 2.714 1.623 -1.091 0.0217 1 0.00074 -0.000808 0.0808%
98134 Hospital Admissions, Cardiovascular HA, Cardiovascular Seattle WA  Bell et al. (2008) 65-99 1992 2.439 1.182 -1.257 0.0050 10 0.00074 -0.009307 0.0931%
98136 Hospital Admissions, Cardiovascular HA, Cardiovascular Seattle WA  Bell et al. (2008) 65-99 3456 0.078 0.034 -0.044 0.0017 6 0.00074 -0.000196 0.0033%
98101 Hospital Admissions, Respiratory HA, Asthma Seattle WA  Sheppard (2003) 0-64 8312 0.072 0.037 -0.035 0.0004 3 0.00332 -0.000384 0.0116%
98104 Hospital Admissions, Respiratory HA, Asthma Seattle WA  Sheppard (2003) 0-64 10926 0.075 0.040 -0.035 0.0001 1 0.00332 -0.000127 0.0116%
98106 Hospital Admissions, Respiratory HA, Asthma Seattle WA  Sheppard (2003) 0-64 21128 1.402 0.647 -0.755 0.0001 2 0.00332 -0.005303 0.2510%
98108 Hospital Admissions, Respiratory HA, Asthma Seattle WA  Sheppard (2003) 0-64 19682 0.106 0.062 -0.045 0.0002 4 0.00332 -0.000588 0.0149%
98112 Hospital Admissions, Respiratory HA, Asthma Seattle WA  Sheppard (2003) 0-64 18385 0.033 0.018 -0.016 0.0001 2 0.00332 -0.000098 0.0053%
98116 Hospital Admissions, Respiratory HA, Asthma Seattle WA  Sheppard (2003) 0-64 19208 0.201 0.077 -0.124 0.0001 2 0.00332 -0.000791 0.0412%
98119 Hospital Admissions, Respiratory HA, Asthma Seattle WA  Sheppard (2003) 0-64 19145 0.117 0.056 -0.062 0.0001 2 0.00332 -0.000394 0.0206%
98121 Hospital Admissions, Respiratory HA, Asthma Seattle WA  Sheppard (2003) 0-64 11625 0.112 0.059 -0.053 0.0001 1 0.00332 -0.000205 0.0176%
98122 Hospital Admissions, Respiratory HA, Asthma Seattle WA  Sheppard (2003) 0-64 29119 0.055 0.026 -0.029 0.0002 6 0.00332 -0.000561 0.0096%
98136 Hospital Admissions, Respiratory HA, Asthma Seattle WA  Sheppard (2003) 0-64 12778 0.078 0.034 -0.044 0.0001 1 0.00332 -0.000187 0.0146%
98144 Hospital Admissions, Respiratory HA, Asthma Seattle WA  Sheppard (2003) 0-64 23425 0.054 0.029 -0.024 0.0001 2 0.00332 -0.000187 0.0080%
98101 Hospital Admissions, Respiratory HA, All Respiratory Seattle WA  Bell et al. (2008) 65-99 1926 0.072 0.037 -0.035 0.0016 3 0.00019 -0.000020 0.0007%
98102 Hospital Admissions, Respiratory HA, All Respiratory Seattle WA  Bell et al. (2008) 65-99 1455 0.043 0.020 -0.022 0.0007 1 0.00019 -0.000004 0.0004%
98104 Hospital Admissions, Respiratory HA, All Respiratory Seattle WA  Bell et al. (2008) 65-99 2169 0.075 0.040 -0.035 0.0014 3 0.00019 -0.000020 0.0007%
98106 Hospital Admissions, Respiratory HA, All Respiratory Seattle WA  Bell et al. (2008) 65-99 1745 1.402 0.647 -0.755 0.0046 8 0.00019 -0.001152 0.0143%
98108 Hospital Admissions, Respiratory HA, All Respiratory Seattle WA  Bell et al. (2008) 65-99 2692 0.106 0.062 -0.045 0.0011 3 0.00019 -0.000025 0.0009%
98109 Hospital Admissions, Respiratory HA, All Respiratory Seattle WA  Bell et al. (2008) 65-99 2126 0.086 0.045 -0.041 0.0014 3 0.00019 -0.000023 0.0008%
98112 Hospital Admissions, Respiratory HA, All Respiratory Seattle WA  Bell et al. (2008) 65-99 2692 0.033 0.018 -0.016 0.0011 3 0.00019 -0.000009 0.0003%
98116 Hospital Admissions, Respiratory HA, All Respiratory Seattle WA Bell et al. (2008) 65-99 3033 0.201 0.077 -0.124 0.0013 4 0.00019 -0.000093 0.0024%
98119 Hospital Admissions, Respiratory HA, All Respiratory Seattle WA Bell et al. (2008) 65-99 1003 0.117 0.056 -0.062 0.0010 1 0.00019 -0.000012 0.0012%
98121 Hospital Admissions, Respiratory HA, All Respiratory Seattle WA Bell et al. (2008) 65-99 2335 0.112 0.059 -0.053 0.0021 5 0.00019 -0.000049 0.0010%
98122 Hospital Admissions, Respiratory HA, All Respiratory Seattle WA Bell et al. (2008) 65-99 2398 0.055 0.026 -0.029 0.0013 3 0.00019 -0.000017 0.0006%
98126 Hospital Admissions, Respiratory HA, All Respiratory Seattle WA Bell et al. (2008) 65-99 1992 2.714 1.623 -1.091 0.0015 3 0.00019 -0.000622 0.0207%
98136 Hospital Admissions, Respiratory HA, All Respiratory Seattle WA  Bell et al. (2008) 65-99 3456 0.078 0.034 -0.044 0.0006 2 0.00019 -0.000017 0.0008%
Appendix A A-4 Ramboll Environ



DRAFT Terminal 5 Wharf Rehabilitation, Berth Deepening, and Improvements Project
Human Health Risk Characterization

Table A-5: Data and Calculations of Mortality Associated with Long-term PM2.5 Exposures Resulting from Alternative 2 Compared with Alternative 1

Zip . Endpoint . Age Population Basgline Alr ch]Ltl;cl)iltslr C.hange.in Baseline TOta.lI E|_|f(:;:<iltlzttrs1 Change in Percentage of
code Endpoint Group City State Study range (2010) Quality (AIltl) Alternative 3 Air Quality- Incidence Baseline function InC|denc.e of . t.otal

ug/m3 ug/m3 ug/ma3 count (Beta) Mortality incidence
98101 Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 7472 0.027 0.027 -0.0005 0.0195 146 0.00379 -0.000249 0.0002%
98102 Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 12549 0.010 0.010 -0.0006 0.0039 49 0.00379 -0.000106 0.0002%
98104  Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 9022 0.029 0.029 -0.0007 0.0102 92 0.00379 -0.000248 0.0003%
98106 Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 13502 0.609 0.684 0.0742 0.0070 94 0.00379 0.026417 0.0281%
98108 Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 13639 0.031 0.027 -0.0035 0.0089 121 0.00379 -0.001614 0.0013%
98109 Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 12839 0.029 0.026 -0.0035 0.0083 106 0.00379 -0.001422 0.0013%
98112 Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 13896 0.007 0.006 -0.0009 0.0077 107 0.00379 -0.000345 0.0003%
98116 Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 15867 0.047 0.052 0.0043 0.0107 169 0.00379 0.002773 0.0016%
98119 Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 12317 0.037 0.033 -0.0037 0.0071 88 0.00379 -0.001224 0.0014%
98121 Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 7973 0.037 0.031 -0.0063 0.0054 43 0.00379 -0.001020 0.0024%
98122 Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 17408 0.011 0.010 -0.0008 0.0086 150 0.00379 -0.000461 0.0003%
98126 Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 13503 1.127 1.122 -0.0053 0.0122 165 0.00379 -0.003315 0.0020%
98134  Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 480 0.646 0.481 -0.1653 0.0125 6 0.00379 -0.003760 0.0627%
98136 Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 10601 0.013 0.013 0.0001 0.0089 94 0.00379 0.000043 0.0000%
98144  Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 17512 0.013 0.013 0.0000 0.0106 185 0.00379 -0.000021 0.0000%
98101 Mortality, long-term, Cardiovascular NA Seattle WA Pope 30-99 7472 0.027 0.027 -0.0005 0.0058 43 0.00502 -0.000097 0.0002%
98102 Mortality, long-term, Cardiovascular NA Seattle WA  Pope 30-99 12549 0.010 0.010 -0.0006 0.0008 10 0.00502 -0.000029 0.0003%
98104  Mortality, long-term, Cardiovascular NA Seattle WA Pope 30-99 9022 0.029 0.029 -0.0007 0.0030 27 0.00502 -0.000096 0.0004%
98106 Mortality, long-term, Cardiovascular NA Seattle WA Pope 30-99 13502 0.609 0.684 0.0742 0.0015 20 0.00502 0.007444 0.0372%
98108 Mortality, long-term, Cardiovascular NA Seattle WA Pope 30-99 13639 0.031 0.027 -0.0035 0.0023 31 0.00502 -0.000548 0.0018%
98109 Mortality, long-term, Cardiovascular NA Seattle WA  Pope 30-99 12839 0.029 0.026 -0.0035 0.0026 34 0.00502 -0.000604 0.0018%
98112 Mortality, long-term, Cardiovascular NA Seattle WA Pope 30-99 13896 0.007 0.006 -0.0009 0.0013 18 0.00502 -0.000077 0.0004%
98116  Mortality, long-term, Cardiovascular NA Seattle WA  Pope 30-99 15867 0.047 0.052 0.0043 0.0029 46 0.00502 0.001000 0.0022%
98119 Mortality, long-term, Cardiovascular NA Seattle WA Pope 30-99 12317 0.037 0.033 -0.0037 0.0021 26 0.00502 -0.000479 0.0018%
98121  Mortality, long-term, Cardiovascular NA Seattle WA Pope 30-99 7973 0.037 0.031 -0.0063 0.0019 15 0.00502 -0.000471 0.0031%
98122  Mortality, long-term, Cardiovascular NA Seattle WA Pope 30-99 17408 0.011 0.010 -0.0008 0.0024 42 0.00502 -0.000171 0.0004%
98126  Mortality, long-term, Cardiovascular NA Seattle WA Pope 30-99 13503 1.127 1.122 -0.0053 0.0027 37 0.00502 -0.000984 0.0027%
98134  Mortality, long-term, Cardiovascular NA Seattle WA Pope 30-99 480 0.646 0.481 -0.1653 0.0021 1 0.00502 -0.000830 0.0830%
98136 Mortality, long-term, Cardiovascular NA Seattle WA Pope 30-99 10601 0.013 0.013 0.0001 0.0025 26 0.00502 0.000016 0.0001%
98144  Mortality, long-term, Cardiovascular NA Seattle WA Pope 30-99 17512 0.013 0.013 0.0000 0.0022 39 0.00502 -0.000006 0.0000%
Notes:

NA = not applicable
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Table A-6: Data and Calculations of Mortality Associated with Long-term PM2.5 Exposures Resulting from Alternative 3 Compared with Alternative 1

. . _ Baselin.e Air Contro.l Air Change in . Total Health Change in Percentage
code Endpoint “oroup Oty state sway S0 POORDT TN Atematves  quality- Inewence B2Nne  (GLSES Incidence  of total
ug/m3 ug/m3 ug/m3 count (Beta) of Mortality incidence

98101  Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 7472 0.0270 0.0062 -0.021 0.0195 146 0.00379 -0.0115 0.008%
98102 Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 12549 0.0101 0.0028 -0.007 0.0039 49 0.00379 -0.0013 0.003%
98104  Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 9022 0.0293 0.0064 -0.023 0.0102 92 0.00379 -0.0080 0.009%
98106 Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 13502 0.6095 0.1403 -0.469 0.0070 94 0.00379 -0.1673 0.178%
98108 Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 13639 0.0305 0.0055 -0.025 0.0089 121 0.00379 -0.0115 0.009%
98109 Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 12839 0.0295 0.0078 -0.022 0.0083 106 0.00379 -0.0087 0.008%
98112  Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 13896 0.0068 0.0019 -0.005 0.0077 107 0.00379 -0.0020 0.002%
98116 Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 15867 0.0472 0.0077 -0.039 0.0107 169 0.00379 -0.0253 0.015%
98119 Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 12317 0.0366 0.0093 -0.027 0.0071 88 0.00379 -0.0091 0.010%
98121 Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 7973 0.0374 0.0101 -0.027 0.0054 43 0.00379 -0.0044 0.010%
98122  Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 17408 0.0110 0.0030 -0.008 0.0086 150 0.00379 -0.0045 0.003%
98126 Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 13503 1.1273 0.2533 -0.874 0.0122 165 0.00379 -0.5475 0.332%
98134  Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 480 0.6464 0.1049 -0.542 0.0125 6 0.00379 -0.0123 0.205%
98136 Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 10601 0.0129 0.0031 -0.010 0.0089 94 0.00379 -0.0035 0.004%
98144  Mortality, long-term, All Cause NA Seattle WA Krewski 30-99 17512 0.0132 0.0029 -0.010 0.0106 185 0.00379 -0.0072 0.004%
98101  Mortality, long-term, Cardiovascular NA Seattle WA Pope 30-99 7472 0.0270 0.0062 -0.021 0.0058 43 0.00502 -0.0045 0.010%
98102  Mortality, long-term, Cardiovascular NA Seattle WA Pope 30-99 12,549 0.0101 0.0028 -0.007 0.0008 10 0.00502 -0.0004 0.004%
98104  Mortality, long-term, Cardiovascular NA Seattle WA Pope 30-99 9022 0.0293 0.0064 -0.023 0.0030 27 0.00502 -0.0031 0.011%
98106 Mortality, long-term, Cardiovascular NA Seattle WA Pope 30-99 13502 0.6095 0.1403 -0.469 0.0015 20 0.00502 -0.0472 0.236%
98108 Mortality, long-term, Cardiovascular NA Seattle WA Pope 30-99 13639 0.0305 0.0055 -0.025 0.0023 31 0.00502 -0.0039 0.013%
98109  Mortality, long-term, Cardiovascular NA Seattle WA Pope 30-99 12839 0.0295 0.0078 -0.022 0.0026 34 0.00502 -0.0037 0.011%
98112  Mortality, long-term, Cardiovascular NA Seattle WA Pope 30-99 13896 0.0068 0.0019 -0.005 0.0013 18 0.00502 -0.0004 0.002%
98116  Mortality, long-term, Cardiovascular NA Seattle WA Pope 30-99 15867 0.0472 0.0077 -0.039 0.0029 46 0.00502 -0.0091 0.020%
98119 Mortality, long-term, Cardiovascular NA Seattle WA Pope 30-99 12317 0.0366 0.0093 -0.027 0.0021 26 0.00502 -0.0036 0.014%
98121 Mortality, long-term, Cardiovascular NA Seattle WA Pope 30-99 7973 0.0374 0.0101 -0.027 0.0019 15 0.00502 -0.0021 0.014%
98122  Mortality, long-term, Cardiovascular NA Seattle WA Pope 30-99 17408 0.0110 0.0030 -0.008 0.0024 42 0.00502 -0.0017 0.004%
98126 Mortality, long-term, Cardiovascular NA Seattle WA Pope 30-99 13503 1.1273 0.2533 -0.874 0.0027 37 0.00502 -0.1627 0.440%
98134  Mortality, long-term, Cardiovascular NA Seattle WA Pope 30-99 480 0.6464 0.1049 -0.542 0.0021 1 0.00502 -0.0027 0.272%
98136 Mortality, long-term, Cardiovascular NA Seattle WA Pope 30-99 10601 0.0129 0.0031 -0.010 0.0025 26 0.00502 -0.0013 0.005%
98144  Mortality, long-term, Cardiovascular NA Seattle WA Pope 30-99 17512 0.0132 0.0029 -0.010 0.0022 39 0.00502 -0.0020 0.005%
Notes:

NA = not applicable
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White Paper on Diesel Exhaust Quantitative
Health Risk Assessment Value for Lung Cancer

EXECUTIVE SUMMARY

This paper is written for a technical audience interested in understanding the rationale and
justification for use of a range in “unit risk factors” for estimating potential cancer risk from
exposure to diesel exhaust rather than a single number (for example, that proposed by the
California Office of Environmental Health Hazard Assessment [OEHHA]). The paper is not
focused on a specific project but may be incorporated into project-specific risk assessments
as supporting documentation for the selection of alternative unit risk factors.

Typically, a single unit risk factor, derived from one or more studies in the scientific
literature, is applied to a monitored or modelled air concentration to estimate potential
cancer risk that might result from the project. However, in the case of diesel engine exhaust,
the use of a single, discrete value representing potential cancer potency of diesel exhaust
attributes greater confidence to cancer risk estimates than is appropriate given the
underlying shortcomings in the quantitative assessment of diesel exhaust risk. To adequately
understand the limitations in current unit risk estimates for diesel engine exhaust, one must
appreciate the historical process and causes for continued evaluation of the relationship
between exposure to diesel engine exhaust and potential adverse health effects.

When fully considering the conclusions of multiple science review panels and risk assessment
investigators, it is apparent that the current quantitative assessments for diesel exhaust are
inadequate for deriving a single cancer potency number. While it is apparent that the body of
research as a whole supports a positive relationship between exposure to diesel exhaust
(particularly those with the composition of older diesel engines) and lung cancer, the
numerical values that estimate potential cancer risk are hampered by a large range of
uncertainty that is rarely communicated and considered in project planning and risk
communication efforts. This dilemma can frustrate regulatory agencies, project proponents,
and affected communities alike.

This document presents a summary of this dilemma and a proposal for addressing the
inadequacies in unit risk estimates currently available. It consists of several sections that
discuss the problem and offer a solution:

¢ Introduction to quantitative health risk assessment process;

e Overview of various Agency, Expert Panel, and Risk Assessment Investigator evaluations
of the state-of-the-science related to the exposure-response relationship for diesel
exhaust and cancer, along with a descriptions of key studies and their limitations;

e Description of the problems underlying the current quantitative estimates, along with a
summary of different estimates for proposed unit risk factors;

e Proposal for estimating cancer risks associated with diesel exhaust until further
assessment is complete

We conclude that, rather than selecting a single diesel exhaust risk estimate for appraising
potential lung cancer risk, applying a range of unit risk factors allows project managers to
compare relative ranges in impacts of each alternative, which can better support project
planning and design decision-making. Given the uncertainties, we propose a range of
numbers to be used to assess cancer risks, which range from 10-2 to 10-% per pg/m?3, and
propose to use these numbers to compare relative risks for different projects and exposure
scenarios. Consideration of a plausible spectrum of risks for each proposed project
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alternative may provide greater insights into the relative differences in impacts between
each alternative.

INTRODUCTION

Quantitative health risk assessments (HRAs) are based on combining exposure data with
exposure-response information to quantitatively estimate potential risk. The National
Research Council (1993) describes the risk assessment process as having four components:
(1) a systematic review of evidence from epidemiology and other scientific disciplines
concerning the association between environmental factors and human health (risk
assessment hazard identification); (2) the understanding of the relationship between
exposure and response (exposure-response assessment); (3) the compilation of exposure
data (exposure assessment), and (4) estimation of the health impacts following exposure to
risk factors (risk characterization). Each step is critical in deriving a useful estimate of risk.

This document summarizes existing information supporting steps 1 and 2 by examining the
evidence and application of scientific information to understand quantitative health risks from
exposure to diesel exhaust, specifically for cancer as a health endpoint. This information
may then be carried forward to support the latter two steps in quantifying risks attributed to
a specific source.

THE RISK ASSESSMENT PROCESS

Step 1: Diesel Exhaust Hazard Identification

Several authoritative bodies have examined the risk assessment hazard identification step of
the HRA process, asking “Is exposure to diesel exhaust associated with an increased risk of
cancer (particularly lung cancer) at some level of exposure?” A large body of more than 50
epidemiology studies of diesel exhaust-exposed occupational populations are available,
including of miners (e.g., non-metal and metal), bus drivers and bus garage workers,
trucking industry workers, and railroad workers (Hesterberg et al., 2012; IARC, 2014). A
number of critical reviews, epidemiology meta-analyses, and regulatory cancer hazard
assessments have interpreted this body of diesel exhaust epidemiology studies as providing
support for a causal relationship between diesel exhaust exposure and lung cancer risk (e.g.,
Bhatia et al., 1998; HEI, 1995; Lipsett & Campleman, 1999; Lloyd & Cackette, 2001;
Wichmann, 2007; IARC 2014; National Toxicology Program (NTP), 2011). In 2012, the
International Agency for Research on Cancer (IARC) classified diesel exhaust as a Group 1
“known human carcinogen” based on "sufficient" human data from occupational studies of
non-metal miners, railroad workers, and workers in the trucking industry (International
Agency for Research on Cancer, 2014).

Due to the substantial uncertainties and limitations in the diesel exhaust epidemiology
literature, other published evaluations of the diesel exhaust-lung cancer evidence have
concluded that the epidemiology data are not sufficiently reliable to establish a causal
association between exposure to diesel exhaust and lung cancer (Boffetta, 2012; Bunn et al.,
2004; Gamble et al., 2012; Gamble, 2010; Hesterberg et al., 2006, 2012; Morgan et al.,
1997; Muscat and Wynder, 1995; Stober and Abel, 1996). These analyses have highlighted
inconsistencies in the epidemiology findings (e.g., weak or a lack of statistically significant
associations between diesel exhaust exposure and lung cancer and even negative dose-
response trends in some studies), and a number of critical study limitations that include
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unreliable exposure assessments and often a general lack of quantitative data on workers’
historical exposures to diesel exhaust, as well as inadequate control of confounding
exposures, both from other air pollutants as well as for smoking (Hesterberg et al., 2012).
While some of the more recently published diesel exhaust epidemiology studies (Attfield et
al., 2012; Garshick et al., 2012; Silverman et al., 2012) have reported some of the strongest
diesel-lung cancer associations, they remain affected by inconsistent exposure-response
findings and possible effects of bias and exposure misclassification (Boffetta, 2012;
Hesterberg et al., 2012; Moolgavkar et al., 2015). Nevertheless, the body of evidence
suggests a need for assessing the potential cancer risk due exposures to diesel exhaust.

Step 2: Diesel Exhaust and Exposure-Response Assessment

A description of the forms exposure-response assessments may take is provided here for
background in understanding the current body of scientific literature regarding diesel exhaust
exposure-response research. Following this introduction are summaries of the critical diesel
exhaust studies considered by regulatory bodies to date and a history of their consideration
for use in quantifying the exposure-response relationship. An understanding of the basic
study design and inherent limitations and uncertainties and regulatory review history is
critical in applying quantitative unit risk estimates for diesel exhaust and interpreting cancer
risk estimates in site-specific risk evaluations.

For the exposure-response assessment step of quantitative HRAs, the preferred basis for the
exposure-response function are studies in human populations. When sufficient human data
are not available, the exposure-response function is often based on experimental animal
studies, but these are associated with additional uncertainties due to inter-species
extrapolation. Studies in human populations may take the form of experimental exposure
studies or observational (epidemiology) studies. Experimental studies are controlled studies
in which the researcher controls the environment (such as the exposure), then observes
what happens as a consequence of changing that environment. In an observational
epidemiology study, the researcher studies the outcome, but the conditions cannot be
controlled (e.g., the exposures). Although experimental study designs are sometimes used
to understand non-cancer endpoints in the drug development process (for example, clinical
trials) or for substances that people are normally exposed to in the environment (controlled
human exposure studies, or chamber studies) the more common approach to understanding
toxicity to substances in humans is through epidemiology studies, where groups of people
who are exposed to a chemical or substance in their environment are studied. These
exposures may be due to exposure in a workplace environment, or to exposures in ambient
air as people go about their lives. Various scientific procedures and tools have been devised
to conduct such epidemiology studies.

There are several types of epidemiology studies, including cohort studies, case control
studies, and cross-sectional studies. Some of these study designs are stronger than others.
A cohort study (also sometimes called a longitudinal or prospective study) involves
identifying groups of individuals with common exposures and then comparing subsequent
rates of certain diseases in those groups with the rates of disease in similar groups with
lower exposures. A case-control study (also sometimes called a retrospective study)
identifies groups of people who have a certain disease and compares their exposure histories
to similar groups of people who do not have the disease. A cross-sectional study examines
the prevalence of a disease or health endpoint in one sample of people with a particular
characteristic, and information about their health is then collected and interpreted in a
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systematic manner. This latter design is relatively weak for drawing conclusions about
causation.

EVALUATIONS OF THE DIESEL EPIDEMIOLOGY
LITERATURE

Evaluation of the Quality of the Science: The Health Effects Institute Diesel
Epidemiology Expert Panel (1996 -1999)

While data from epidemiology studies have been useful in the hazard identification
component associated with exposure to diesel exhaust, the usefulness of applying these data
to develop reliable estimates of the magnitude of risk for lung cancer through quantitative
HRAs has been questioned. In 1994, both the federal Environmental Protection Agency (US
EPA) and the California Environmental Protection Agency, through their Office of
Environmental Health Hazard Assessment (OEHHA), released draft cancer risk assessments
for diesel exhaust through the inhalation pathway. Both agencies depended on the same set
of scientific literature, but came to different conclusions. Although they considered the
retrospective cohort study of US railroad workers (Garshick et al., 1988) and associated
industrial hygiene survey (Hammond et al., 1988; Woskie et al., 1988a, 1988b) to derive an
exposure-response function (Crump et al. 1991), the US EPA concluded that the data were
too limited to support a quantitative HRA, and thus based their assessment on chronic
animal studies. In contrast, OEHHA (Office of Environmental Health Hazard Assessment
(OEHHA), 1998) chose to use the US railroad workers data, in spite of their limitations, as a
basis of their quantitative HRA, as they viewed these data as more appropriate than using
animal data.

In response to differences in addressing the exposure-response relationship, the Health
Effects Institute (HEI) assembled a special panel, termed the Diesel Epidemiology Expert
Panel, in the late 1990’s. This Panel was charged with (1) reviewing the epidemiologic data
that form the basis of the then-current quantitative HRAs for diesel exhaust, (2) identifying
data gaps and sources of uncertainty, (3) making recommendations about the usefulness of
extending or conducting further analyses of existing data sets, and (4) making
recommendations for the design of new studies that would provide a stronger basis for risk
assessment. In addition to the chair, the Panel was comprised of six senior scientists with
expertise in epidemiology, biostatistics, exposure characterization, and exposure
assessment. They focused on available epidemiology in railroad workers and teamsters,
including the following studies and follow-up publications and research:

Railroad Worker Studies

e Case-control: Garshick et al. 1987

e Cohort: Garshick et al. (1988)

¢ Industrial hygiene: Hammond et al. (1988), and Woskie et al. (1988a, 1988b)

— Exposure-response analyses: Crump et al. (1991); Crump (1999); Office of
Environmental Health Hazard Assessment [OEHHA] (1998)
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Teamster (Trucker) Studies

e Case-control: Steenland et al. (1992); Steenland et al. (1990)
¢ Industrial hygiene: Zaebst et al. (1991)

e Exposure-response analysis: Steenland et al. (1998)

The review performed by this Panel identified evidence for weak increases in lung cancer risk
in exposed workers relative to unexposed workers. The Panel then examined whether the
available epidemiology studies were of sufficient quality in terms of their design and
performance to be useful for input for quantitative HRA, or if the limitations of the individual
studies being considered rendered the study insufficient for this application. Their analysis
also examined whether each study had a sufficient quality of retrospective data for
estimating job-related work exposures. Such data are often difficult to acquire and
investigators often need to make assumptions that cannot be validated in their attempts to
reconstruct past exposures to diesel engine emissions. The Panel noted that many studies
suffered from inadequate exposure assessment, incomplete adjustment for smoking,
unmeasured confounding variables (e.g., other job category differences), and latency periods
being too short. While reasonable for the individual study, limitations that authors recognize
and acknowledge are often ignored when risk assessors or other researchers apply the
results of the studies in ways that go beyond the intent of the original investigators.

Garshick et al. (1987): US Railroad Worker Studies

The Garshick et al. (1987) case-control study, along with the Garshick et al. (1988) cohort
study of US railroad workers have often been considered as a basis of estimating the risk of
lung cancer in the general population. Garshick et al. (1987) examined Railroad Retirement
Board registrants who died between March 1, 1981, and February 28, 1982. Among 650,000
active and retired male railroad workers born in or after 1900 who had at least 10 years of
railroad employment, 15,059 deaths were reported to the Railroad Retirement Board. This
study was actually designed primarily to investigate the relationship between smoking (i.e.,
not occupations or environmental exposures) and lung cancer. This study evaluated
exposure to diesel exhaust using job histories beginning in 1959 as well as the last job
worked before retirement for workers who retired prior to 1959. Jobs were divided into
“exposed” or “unexposed” categories, and cumulative diesel-years of exposure were
estimated for each worker. For 39 job categories, an industrial hygienist (Woskie et al.,
1988a, 1988b) helped define exposures. But workers whose jobs fell outside this group of 39
categories were assigned as either “exposed” or “unexposed” based on comparing their
activities to the primary 39 job categories. The extent of contact with operating diesel
equipment was also taken into consideration. The analysis in the Garshick et al. (1987) study
found that, after adjusting for asbestos and smoking, the relative odds for continuous
exposure to diesel exhaust were 1.39 (95% CI = 1.05, 1.83). Furthermore, among the
younger workers with longer diesel exhaust exposure, the risk of lung cancer increased with
duration of exposure after adjusting for asbestos and smoking.

Although this study was well-designed and conducted, it has several important limitations.
The most important limitation was that occupations were not coded into exposures for
different chemical and physical agents. This prevented calculating relative risks for diesel
exposure. Instead, Interstate Commerce Commission (ICC) job classification were used as a
surrogate for exposure, which may have led to misclassification of diesel exhaust exposure
jobs with low intensity and intermittent exposure, such as railroad police and bus drivers, as
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unexposed. Use of a simple “exposed” and “unexposed” scheme for exposure also may have
resulted in exposure misclassification. Another exposure limitation was that the year when
workers were first exposed to diesel was unknown, as dieselization was being gradually
introduced in the early 1950s. Finally, the relative risks decreases with duration of
employment, so exposure-response functions cannot be derived. This weakens the study’s
potential to provide a reliable quantitative estimate of risk from exposure to diesel exhaust.

Garshick et al. (1988): US Railroad Worker Study

The Garshick et al. (1988) cohort study of US railroad workers was one of only a few studies
at the time that included industrial hygiene measurements of diesel exhaust. These
measurements were correlated with job titles, and number of years of employment was used
as a surrogate for exposure dose. The study found an elevated risk ratio (RR: 1.57 and
1.34); however, the youngest workers were found to have the highest risk of lung cancer,
which is counter-intuitive. And this is not the only study showing a negative dose-response
relationship. Re-analysis of the same data by OEHHA yielded a positive dose response
relationship and reported a steadily increasing risk of lung cancer for exposed workers with
increasing years of employment when examined by overall job category (e.g., train workers
compared to clerks). However, a subsequent analysis in the railroad workers (as presented
by Dr. Garshick in a letter to US EPA in 1991%) did not confirm this result. Furthermore,
additional analysis of the data using several metrics of cumulative diesel exhaust exposure
indicated that the greater the exposure to diesel exhaust, the lower the risk of lung cancer
(Crump et al. 1991; 1999).

When OEHHA altered the assumptions of the Crump exposure assessment, they found a
positive association between exposure and risk for cumulative exposure. The OEHHA
assumptions for diesel exposure were higher than the Crump (1991) or Garshick et al.
(1988) assumptions, resulting in peak exposures that were twice as high as assumed in the
exposure patterns by Garshick et al. (1988) and Crump et al. (1991). Crump (1999) has
explained the OEHHA results as resting on the difference between train workers and
clerks/signalmen; the HEI Panel agreed with this assessment. The HEI Panel concluded
“These findings are not consistent with a steadily increasing association between cumulative
diesel exposure and lung cancer risk.” They concluded “At present, the railroad worker
cohort study (Garshick et al. 1988), though part of a larger body of hazard identification
studies, has very limited utility for QRA of lifetime lung cancer risk from exposure to ambient
levels of diesel exhaust...” and listed (1) limitations in the then-available exposure data; and
(2) the dependence on comparing entire job classifications against each other (train workers
with higher exposures as compared to clerks with lower exposures) as serious limitations to
interpreting the data. The HEI Panel noted several possible explanations for the associations
claimed by authors, including exposure misclassification, incomplete ascertainment of lung
cancer deaths by job category, lack of information on other occupational exposures and air
pollutants, a healthy worker effect, confounding by cigarette smoking, and analysis of
relative risks rather than absolute risks.

1 Cited in US EPA 2002 as “letter from Garshick, Harvard Medical School, to Chao Chen, U.S. EPA, dated August 15,

1991.”
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Steenland et al. (1998): Truckers Study

Steenland et al. (1990) reported an increased risk of lung cancer mortality from a case-
control study of truckers belonging to the Central States Teamsters Union, with increased
risk associated with increasing years of employment. The investigator group then performed
an exposure-response analysis for the study (Steenland et al., 1998). However, the HEI
Panel had concerns about several of the assumptions used in the exposure-response analysis
including the following: (1) 1990 emissions data were used to estimate past exposures to
diesel exhaust, even though more recent data indicate there may have been higher
emissions during that period (which might underestimate average exposures); (2) date
assumed for dieselization in the trucking industry, which, if too early, may overestimate
exposures; (3) assumptions using vehicle miles travelled as a surrogate for exposure to
diesel exhaust for various job groups (may over- or underestimate exposures); (4)
accounting for fleet turnover in the trucking industry; and (5) difficulties in distinguishing
diesel exposure from trucks from background diesel exposures.

This study uses elemental carbon as a measure of diesel exhaust; however, there are also
non-diesel sources of elemental carbon in ambient air, particularly in highway settings where
gasoline vehicles can contribute. Although gasoline vehicles emit less elemental carbon per
vehicle, there are many more gasoline-powered vehicles on the road than diesel, so the
gasoline vehicles may have contributed to elemental carbon concentrations. Although the
range of exposures in the Teamsters study is closer to the exposures anticipated for the
general population than that of the railroad workers, the HEI Panel (and the authors
themselves) were cautious about immediate application of the exposure-response function
before further validation could be achieved because exposure estimates were based on broad
assumptions rather than measurements of exposure.

Overall, the HEI Panel concluded that the studies they reviewed had a number of limitations
that precluded their use in quantitative HRAs. These limitations included (1) questions about
the quality and specificity of the exposure assessments for diesel exhaust, (2) a lack of
quantitative estimates of exposure to allow derivation of an exposure—response function, and
(3) lack of adequate data to account quantitatively for individual worker exposures to other
factors that might also be associated with lung cancer, such as smoking.

The US Environmental Protection Agency Response (2002)

Following the HEI Panel’'s assessment, the US EPA concluded that diesel exhaust is likely to
be carcinogenic to humans at environmental levels of exposure, but found that the data from
health studies available at the time were not suitable for estimating cancer potency (U.S.
Environmental Protection Agency [EPA], 2002). Among the occupational studies, the US EPA
considered the US railroad worker studies (Garshick et al., 1987, 1988) and the Teamsters
Union truck driver studies (Steenland et al., 1990, 1998) to have the best available exposure
data for their possible use in establishing exposure-response relationships in support of a
cancer unit risk. Given the equivocal evidence for the presence or absence of an exposure-
response relationship for the study of railroad workers, and exposure uncertainties for the
study of truck drivers, the US EPA concluded that even though the scientific evidence
supported an association between exposure to diesel exhaust and lung cancer, available data
were too uncertain to be used as the basis of a confident quantitative dose-response analysis
and subsequent derivation of cancer unit risk for diesel exhaust.
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Instead, the US EPA chose to take a set of exploratory approaches to estimate the possible
magnitude of cancer risk. The first exploratory approach involved examining the differences
between the exposure concentrations in occupational-exposed cohorts along with their
cumulative life-time exposures, as compared to ambient environmental exposures that
communities might experience, and infer risks based on how large a difference there was
between the occupational and community exposure estimates. The second approach
explored possible cancer risks from exposure to diesel exhaust in the general population in a
more quantitative manner. This approach examined the risk observed in diesel exhaust-
exposed workers, and then made assumptions as to how these risks could be extrapolated to
environmental exposure conditions. This exploratory analysis concluded that environmental
cancer risks from exposure to diesel exhaust were possibly in the range of 10-° to almost 10"
3, while acknowledging numerous uncertainties and assumptions in reaching this conclusion.

The California OEHHA Response

In contrast to the US EPA, OEHHA (1998) opted to retain their unit risk estimates for lung
cancer on the then-available epidemiology studies, using the concentration-response
information from two studies in US railroad workers (Garshick et al. 1987; Garshick et al.
1988). They considered a variety of exposure patterns based on average exposure
concentration for the workers (as measured by Woskie et al. 1988) and the extent of change
in exposures during the periods of 1959 - 1980. Using this approach, OEHHA derived a series
of lifetime risk estimates ranging from 1.3 x 104 per pg/m?3 to 2.4 x 1073 per ug/ms3, with a
geometric mean risk of 6 x 10™* per ug/ms3. For risk assessment purposes, OEHHA selected?
3 x 10 per pyg/m3. OEHHA did not change this approach or update their findings following
the HEI 1999 publication, or after the US EPA 2002 health assessment.

Evaluation of the Quality of the Science: The Health Effects Institute Diesel
Epidemiology Expert Panel (2013-2015)

More recently, HEI assembled another expert panel to review new epidemiology studies of
diesel exhaust and lung cancer, including key studies in the 2012 IARC evaluation of diesel
exhaust (Health Effects Institute [HEI], 2015). This Panel focused on two studies, the
Trucking Industry Particle Study (the Truckers study; Eric Garshick et al., 2012), and the
Diesel Exhaust in Miners Study (DEMS) (Attfield et al., 2012; Silverman et al., 2012). As
with the previous HEI Panel, this Panel’s overall charge was to evaluate the data and results
in these two large studies for their utility in quantitative characterization of the exposure—
response relationship between diesel e xhaust and lung cancer. In this evaluation, the
Panel found that both the Truckers and DEMS were well-designed, well-conducted studies
that made considerable progress toward addressing a number of the serious limitations
identified in previous studies of diesel exhaust and lung cancer. The studies included better
metrics to specifically quantify diesel exposure, and used better models of historical
exposures. Because of these stronger methods, the 2013-2015 HEI Panel concluded that the
studies would be useful for quantitative estimates of historical exposures to diesel exhaust,
and thus be appropriate for quantitative HRA.

The 2013-2015 HEI Panel also opined on whether findings of these occupational exposures
were generalizable to estimate lung cancer risk in the general populations exposed to diesel
exhaust at lower concentrations (e.g., found in urban areas). They noted that there were
broad and overlapping ranges of exposures to submicron and respirable elemental carbon in

2 http://www.arb.ca.gov/toxics/dieseltac/de-fnds.htm
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these studies, and that the lower end of these exposures was similar to the higher end of
exposures in ambient air.

The decision about whether a given study or set of studies provide data of sufficient
accuracy, precision, and relevance to be useful for quantitative HRAs is often a policy
decision. However, the policy should rest upon basic principles of sound study design and
analysis, while recognizing the strengths and weaknesses of each study. When applied to
quantitative HRAs, the scientific evidence needs to be weighed against uncertainties and
other factors to provide a useful tool. To date, because of the significant uncertainties in the
diesel exhaust epidemiology literature, few regulatory agencies and authoritative bodies
have made quantitative predictions of increased lung cancer risk as a function of diesel
exposure.

Meta-Analyses of Diesel Epidemiology Studies and Associated Risk
Estimates

One method of addressing this issue is to examine the more recent Truckers Study and
DEMS — studies which have been deemed by the 2013-2015 HEI Panel to have sufficient
quality to develop more robust unit risk values. The 2013-2015 HEI Panel stopped short of
doing this, but noted that these studies were appropriate for use in a quantitative HRA. US
EPA will likely be following this recommendation and developing such risk humbers in the
future, but the timing is uncertain and until then there is a need for an alternative that is
better justified by the science. In the meanwhile, it is possible to take a meta-analysis
approach to develop risk numbers. Vermeulen et al. (2014) performed a meta-analysis of
the risk of lung cancer from exposure to diesel exhaust using data from three case—control
studies—two of workers in the trucking industry (Garshick et al., 2012; Steenland et al.,
1998) and one from DEMS (Silverman et al., 2012). From these three studies, Vermeulen et
al. (2014) generated an exposure—response curve based on a log-linear regression model
using relative risk estimates. Individual relative risk estimates were plotted (with their 95%
confidence interval bounds) along with a 95% confidence interval for the exposure-response
curve based on the log-linear model. Figure 1 (from Vermeulen et al., 2014) plots the
relative risks at different levels of cumulative exposure from each of the three studies,
estimated at 5- or 15-year exposure lags (depending on the study).
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Figure 1. Predicted exposure—response curve based on a log-linear regression model using RR estimates
from three cohort studies of DEE and lung cancer mortality. Individual RR estimates [based on HRs
reported by Garshick et al. (2012) or ORs reported by Silverman et al. (2012) and Steenland et al. (1998)]
are plotted with their 95% Cl bounds indicated by the whiskers. The shaded area indicates the 95% Cl
estimated based on the log-linear model. The insert presents the estimates of the intercept and beta slope
factor, the SE of these estimates, and the associated p-values.

Crump (2014) criticized the Vermeulen et al. (2014) meta-analysis for inappropriately mixing
data from exposures with lags of 5 years and 15 years. Crump re-ran the analysis using
several different assumption conditions, and, depending on the assumptions, got different
results. Morfeld and Spallek (2015) performed a re-analysis of the same data using different
modelling approaches. They reported that the data used by Vermeulen et al. (2014) led to
the highest relative risk estimate across all sensitivity analyses performed, and cautioned
against using the meta-analysis of Vermeulen et al. (2014) in risk assessments, especially at
lower exposures.

THE DILEMMA AND A PATH FORWARD

At the time that OEEHA (1998) developed their inhalation lifetime unit risk value for diesel
exhaust, several other authoritative groups had examined the same epidemiology evidence
and judged it inadequate for derivation of a discrete, quantitative estimate of human risk
(HEI 1999; US EPA 2002; Hesterberg et al., 2011; International Program for Chemical
Safety (IPCS), 1996; see Table 1). OEEHA took the position that, in spite of the
uncertainties, they would develop a unit risk value from this literature. Other organizations
judged that the uncertainties were too great to take this step, and offered alternative
numbers or ranges of numbers for this type of assessment. It is possible that the more
recent literature evaluated by the HEI 2015 Panel will be of sufficient quality to develop more
robust unit risk values, but no cancer risk estimates have been developed to date and some
find that the available results are not sufficiently consistency and of sufficient quality to be
used in a risk assessment (e.g., Moolgavkar et al., 2015). Therefore, we face the dilemma of
needing a risk-based number to evaluate health risks potentially resulting from proposed or
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existing projects despite a lack of faith in the numbers generated from the current body of

literature.

The various meta-analyses of the same set of 3 studies show the uncertainty inherent in
developing cancer risk estimates. It is important to keep this uncertainty in mind as risk
numbers are developed. Table 1 presents the range of numbers from these meta-analyses,
which vary considerably even though they are based on the same underlying studies. Table 1
also presents other cancer risk factors proposed by other Agencies and groups.

Table 1. Evaluation of studies for developing cancer risk estimates

Reference

Unit risks (per Approach
png/m?3)
Vermeulen et al. Meta-analysis of 3 studies:
(2014) Silverman et al. (2012)
1.7 x 103

Steenland et al. (1998)
Garshick et al. (2012)

Crump (2014) letter to
the editor

6.7 x 10 (n.s.)®

Reanalysis of the same 3 studies with consistent
lag period

Vermeulen et al.
(2014) response to
letter to the editor

1.1 x 103

Reanalysis of the same 3 studies with consistent
lag period, using different methods

Morfeld and Spallek
(2015)

Discussion of variables for
deriving exposure-response
relationship and proposal of
a threshold for cancer risk

Reanalysis of the same 3 studies using different
modelling approaches; other studies considered as
well

US EPA (2002) 103- 10° Qualitative approaches to evaluate risk
OEHHA (1998) 3x10% ® Based on Garshick et al. (1998) study
WHO (1996) 34x105 © Based on rat data, using modeling to extrapolate

to human lungs

EPA (1994) DRAFT

1.6 x 105 - 7.5 x 105 @

Based on rat data and epidemiology data

@ n.s.: not statistically significant

® Range of 1.3 x 10 — 2.4 x 102 with a geometric mean of 6x10*

(© Range from 1.6 x 105 - 7.1 x 10°° with a geometric mean of 3.4 x 10

(@ Geometric mean of upper bound estimates 3.4 x 105

Another important issue in extrapolating results from these older epidemiology studies
(Garshick et al. 1987; Garshick et al. 1988) is that diesel exhaust in these epidemiology
studies are based on diesel exhaust composition that is very different compared to more
contemporary diesel exhaust. Due to the long latency period for lung cancer, epidemiology
studies need to examine workers whose exposures started more than 20 years earlier. These
particular studies are based on exposures from the 1950’s and 1960’s. However, starting in
1988 (trucks) and continuing in 1991 (trucks), 1994 (trucks), 1996 (buses), and 2007
(trucks), the US EPA has progressively tightened standards for particulate emissions from
on-road heavy-duty diesel engines, resulting in the development of new technology diesel
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engines that emit lower amounts of particulate matter and other emitted pollutants (e.g.,
gases), and diesel exhaust with an inherently different composition. That is, these changes
have not only resulted in the quantitative reduction in mass emitted by new technology
diesel engines as compared to engines pre-regulation, but have also resulted in qualitative
differences in the composition of what is emitted, both with respect to size and with respect
to chemicals associated with the exhaust (Hesterberg et al., 2011). Thus, depending on the
components of diesel exhaust that may be causally linked to the increased risk of lung
cancer, simple dependence on particle mass (i.e., expressing cancer risk as “per pg/ms3")
may not be an accurate metric of exposure, as the composition of the particles has changed
dramatically.

To reflect these broad uncertainties and issues, we propose using a range of unit risk values
to evaluate potential cancer risks: 10-3- 105, This range, which encompasses the various
unit risk values presented in Table 1, better reflects the uncertainty of defining the exposure-
response curve for assessing potential cancer risk from diesel exhaust, yet allows
comparisons across different exposure scenarios.

SUMMARY

The OEEHA (1998) inhalation lifetime unit risk value for diesel exhaust is based on the study
of Garshick et al. (1988), a study that has been judged by several authoritative bodies to be
inadequate for use in developing a quantitative estimate of human risk for cancer (HEI 1999;
US EPA 2002; WHO, 1996). Nevertheless, the absence of an alternative number has left
agencies and others with a dilemma: either ignore the potential of diesel exhaust to result in
elevated risk of lung cancer, or use a number derived from a study that cannot support such
an application. More recently, a set of epidemiology studies in diesel miners (DEMS) and in
truckers (Garshick et al., 2012) were published that were judged adequate for application in
quantitative risk assessment. Although there have been some attempts to use these studies
to develop quantitative estimates of cancer risk (Vermeulen et al. 2014; Crump 2014;
Morfeld and Spallek, 2015), the numbers they generate can vary considerably. Given the
uncertainties, we propose a range of numbers to be used to assess cancer risks, which range
from 10-3 to 10 per pg/m?3, and propose to use these numbers to compare relative risks for
different projects and exposure scenarios.
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Figure 7. Alt 1, 2020 DPM Annual Model Results Attributable to Terminal
5 Activities
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Figure 8. Alt 2, 2020 DPM Annual Model Results Attributable to Terminal
5 Activities
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Figure 9. Alt 2, 2030 DPM Annual Model Results Attributable to Terminal
5 Activities

Additional Modeling Figures 75 Ramboll Environ



Terminal 5 Wharf Rehabilitation, Berth Deepening, and Improvements Project
Air Quality Technical Report

pg/m?

1.3
1.2
1.1

0.9
0.8
—0.7
| U0
—10.5
0.4
0.3
0.2
0.1
0.075
0.05
0.025
0.01

Scale in Meters

BENNNNNN  WEMMMW ) | |Receptor Fenceline % Max Receptor
0 500 1000 1500 2000

Figure 10. Alt 3, 2020 DPM Annual Model Results Attributable to Terminal
5 Activities
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Figure 11. Alt 3, 2030 DPM Annual Model Results Attributable to Terminal
5 Activities
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Figure 12. Alt 3, 2040 DPM Annual Model Results Attributable to Terminal
5 Activities
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Figure 13. Alt 1, 2020 NO: 1-hour Model Results
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Figure 14. Alt 2, 2020 NO: 1-hour Model Results
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Figure 15. Alt 2, 2030 NO: 1-hour Model Results
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Figure 16. Alt 3, 2020 NO: 1-hour Model Results
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Figure 17. Alt 3, 2030 NO: 1-hour Model Results
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Figure 18. Alt 3, 2040 NO: 1-hour Model Results
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Figure 19. Alt 1, 2020 PM2.5 24-hour Model Results Attributable to
Terminal 5 Activities
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Figure 20. Alt 2, 2020 PM2.5 24-hour Model Results Attributable to
Terminal 5 Activities
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Figure 21. Alt 2, 2030 PM2.5 24-hour Model Results Attributable to
Terminal 5 Activities

Additional Modeling Figures 87 Ramboll Environ



Terminal 5 Wharf Rehabilitation, Berth Deepening, and Improvements Project
Air Quality Technical Report

—0.5

04
0.3
0.2

0.1

0.05

Scale in Meters

BN BN | | |Receptor Fenceline 7 Max Receptor
0 500 1000 1500 2000

Figure 22. Alt 3, 2020 PM2.5 24-hour Model Results Attributable to
Terminal 5 Activities
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Figure 23. Alt 3, 2030 PM2.5 24-hour Model Results Attributable to
Terminal 5 Activities
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Figure 24. Alt 3, 2040 PM2.5 24-hour Model Results Attributable to
Terminal 5 Activities
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Number
of Source
Sources | Spacing | Source | Height | Temperature | Velocity | Diameter | Sigma-Y | Sigma-Z
Source Description Modeled (m) Type (m) (K) (m/s) (m) (m) (m) References
Hoteling Containership -
Alternative 1 2 Point 47 618.15 25.8 0.5 (a)
Hoteling Containership -
Alternative 2 & 3 2 Point 59 618.15 25.8 0.5 (a),(b)
Maneuvering Containership
- Alternative 1 43 Point 47 573.15 25.8 1.9 (a)
Maneuvering Containership
- Alternative 2 & 3 43 Point 59 573.15 25.8 1.9 (a),(b)
Tug Assist 19 Point 10 573.15 20 0.3 (a)
On-Site Locomotives 125 Point 4.52 459.66 3.5 0.3 ()
Off-Site Locomotives 105 20 Point 4.52 459.66 3.5 0.3 ()
Switch Locomotives 20 Point 4.52 459.66 3.5 0.3 ()
Trucks - Gate Queue 43 14.63 Volume | 2.55 6.80 2.37 (d)
Trucks - Pre-Queue 34 14.63 Volume | 2.55 6.80 2.37 (d)
Trucks - Off-Site 124 14.63 Volume | 2.55 6.80 2.37 (d)
Cargo Handling Equipment | 24 130.00 Volume | 2.55 60.47 2.37 (d)
Cargo Handling Equipment (d)
- Rail - Alternative 3 8 120.00 Volume | 2.55 55.81 2.37
Cargo Handling Equipment (d)
- Ship-to-Shore -
Alternative 3 13 30.48 Volume | 2.55 14.18 2.37
Cargo Handling Equipment (d)
- Gate - Alternative 3 15 90.00 Volume | 2.55 41.86 2.37

Reference Notes:

(a) Port of Los Angeles Baseline Air Emission Inventory - 2001
(b) Lloyd's Registry Database, Accessed 2012
(c) BNSF San Bernardino Rail Yard study & Southwest Research Institute's 2006 Aftertreatment Study
(d) EPA Haul Roads guidance, 2012
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ACRONYMS, ABBREVIATIONS, AND DEFINITIONS

Acoustically neutral ............... a description of equipment or material such as a wind screen
used over a sound level meter microphone that, due to its
composition, has little or no effect on the sound pressure
levels reaching the microphone

CadnaA....ccoeiiiiiiiieiieeas Computer Aided Noise Abatement, a computer noise model
used in this analysis

Cargo Cranes ......cvvveeeviinnnnnnns large cranes that transfer containers from ships to the shore,
or vice versa; also referred to as ship-to-shore cranes or STS

L o cargo-handling equipment; a generic designation for
equipment used to transfer cargo containers between ship,
truck, and rail transportation modes. Refer to hoster/yard
tractor, rail-mounted gantry (RMG), rubber-tired gantry
(RTG), and top-pick (TP), below.

Day-night sound level (Ldn) .... A 24-hour sound level metric similar to a 24-hour Leq,
except the Ldn includes an additional 10 dBA added to sound
levels in each hour between 10 PM and 7 AM to account for
increased sensitivity to noise during times when people are
typically trying to sleep

0 | decibel, referring to a unit measured on the decibel scale
used to quantify sound levels™

ABA L A-weighted decibel, a system for weighting measured sound
levels to reflect the frequencies that people hear best

Distance attenuation.............. the rate at which sound levels decrease with increasing
distance from a noise source based on the dissipation of
sound energy as the sound wave expands in size (think of a
balloon getting thinner as it becomes more inflated)

EPA L US Environmental Protection Agency

Equivalent sound level (Leq) ... A sound level metric that is the level that if held constant
over the same period of time would have the same sound
energy as the actual, fluctuating sound (i.e., an energy-
average sound level)

Federal preemption ............... A preemption of local requirements due to control by federal
statute or policy; e.g., trains involved in interstate commerce
are exempt from local noise rules by virtue of federal control
of such sources

FRA i Federal Railroad Administration
e Federal Transit Administration
Hostler.....coovvviiiiiiiiiieeene A specialized off-road truck-tractor used to move cargo

trailers or chassis loaded; hostlers are included in the
general category of cargo-handling equipment (CHE); also
referred to as yard tractor

ISO Lo International Organization for Standardization, which
establishes standard methods and procedures for

Acronyms, Abbreviations, and Definitions \Y Ramboll Environ
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Maximum permissible level ....
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accomplishing specific activities and calculations. The 1SO
has defined a number of standards related to the
quantification of environmental noise.

Day-night sound level (see above)
Equivalent sound level (see above)

Maximum sound level; highest sound level within a specified
time interval; Fast Lmax is a 125 millisecond (1/8 second)
sound level

Statistical noise level, the level exceeded during n percent of
the measurement period, where n is a number between 0
and 100 (for example, L50is the level exceeded 50 percent
of the time)

Term used in state and local noise rules in Washington State
to define base sound levels specified in these regulations.
Such base levels are often allowed to be exceeded for
defined time periods. Not to be confused with Lmax or the
actually allowed maximum sound level limit.

A theoretical location used in computer modeling at which
the model calculates sound levels from a source or sources.
Modeling receptors are usually placed at locations
representing one or more potentially noise-sensitive uses.

National Environmental Policy Act

A set of definitions establishing the conditions under which a
noise impact is determined to have occurred. The noise
criteria applied in this assessment include those established
by the FTA and adopted by the FRA.

A measured or model-calculated condition in which the
absolute (i.e., total) sound level and/or a project-related
sound level increase exceed a defined noise impact criterion.

One of a number of measures used to quantify noise (e.g.,
Leq, or Lmax)

Rail mounted gantry — a crane mounted on fixed rails used
to move and position containers within a specific area of a
container marshalling yard or intermodal rail yard. The RMG
container handling equipment proposed for the T-5 facility
would be electrically powered.

Rubber-tired gantry — a crane with wheels and rubber tires
that can move about a container marshalling yard to move
and position containers for transfer between ship, truck, and
rail transport. The RTG container handling equipment
proposed for the T-5 facility is anticipated to be diesel
powered.

State Environmental Policy Act, a Washington State law
Sound level measurement

Sound pressure level (see below)
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Sound pressure level ............ Ten times the base-10 logarithm of the square of the ratio of
the mean square sound pressure, in a stated frequency band
(often weighted), and the reference mean-square sound
pressure of 20 pPa (micro pascals, a standard reference unit
of pressure), which is approximately equal to the threshold
of human hearing at 1 kilohertz. Sound pressure level is
expressed in decibels.

TEU e Twenty-foot equivalent unit, a standard measure of container
capacity based on a 20-foot long container; for example, a
40-foot container equals two TEUs

TNM Model .....oooieiiiiiiiit. The FHWA'’s Traffic Noise Model, used for estimating sound
levels of on-road vehicles.

TP Top-pick — a large lift-truck or forklift type vehicle that
connects to the top corners of containers and is used to lift
and transport containers for stacking and loading on truck
trailer, container chassis, or rail cars. Top-picks are a type of
container handling equipment.

Transporter .......cceevvieevinnnn.. Cargo handling equipment used to move containers from the
ship-to-shore cranes to cargo marshalling and rail car
loading areas. These could be hostlers, straddle carriers, or
other forms of equipment. We expect they would use either
diesel or diesel-hybrid power.

Type Il meter .......coveveeviinnnn. A type of sound level meter defined by American National
Standards Institute as being to measure sound pressure
levels to an accuracy within 0.5 dBA

USACE ..o United States Army Corps of Engineers
WAC . Washington Administrative Code
Wayside Horn .........coooieiienns A warning horn installed at a road/rail intersection that

focuses the warning sound at the oncoming traffic as a
means to reduce the need for sound locomotive-mounted
warning horns at specific intersections.
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SUMMARY

The Port of Seattle proposes to rehabilitate Terminal 5 to accommodate larger container
ships and improve cargo handling efficiency. Two action alternatives are under
consideration. Each would rehabilitate and strengthen the existing cargo wharf for operation
of large, heavier cargo cranes, but upland improvements with Alternative 3 would enable
higher container throughput than the improvements proposed with Alternative 2.

This report provides technical details of the noise impact and mitigation analysis conducted
by Ramboll Environ US Corporation (Ramboll Environ) as part of the environmental review
of the proposed project. The methods and findings of the analysis reported here were
summarized in the environmental impact statement for this project.

The noise analysis was based on modeling using the CadnaA model and considered the
various alternative configurations of the Terminal 5 facility to evaluate compliance with
applicable noise rules and to assess the potential for noise impacts from the proposed
project. As an aid for analysis and evaluation of anticipated increases in marine cargo
operations, operational scenarios and noise modeling included: Alternative 1 (No Action) in
2020; Alternative 2 in 2020 and 2030; and Alternative 3 in 2020, 2030, and 2040. The
years of analysis are associated with increasing annual throughput at the terminal with
647,000 TEUs anticipated in 2020, 1.3 million TEUs anticipated by 2030, and 1.7 million
TEUs anticipated by 2040.

The noise modeling used sound level data from representative equipment to characterize
facility-related operational activities. Noise emissions attributable to on-site cargo-handling
equipment, hoteling vessels, on-road trucks, and train-related sources were considered in
the noise model. Noise data for representative sources were collected through direct
measurements, provided by the equipment vendor or manufacturer, or were those
incorporated into the CadnaA model FRA or TNM modules (for the train and on-road truck
sources, respectively).

The noise modeling impact and mitigation analysis determined the following:

= With any of the alternatives in 2020, assuming an annual throughput of 647,000
TEUs, model-calculated sound levels comply with both Seattle's daytime and
nighttime noise limits. With this level of throughput, the equipment demand
calculations indicate that no nighttime gate operations would be necessary, and no
nighttime intermodal yard operations would be necessary with Alternatives 1 or 2.

= By 2030, annual throughput is expected to increase to 1.3 million TEUs with either
Alternative 2 or 3. With Alternative 2, this would entail nighttime intermodal yard
operations but not nighttime gate operations. Alternative 3 would require both
intermodal yard and gate operations at night. With either alternative, without use of
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effective noise mitigation measures, model-calculated nighttime sound levels exceed
the 50-dBA nighttime noise limit. With Alternative 2, the potential noise issue is
primarily due to activities in the intermodal yard. With Alternative 3, the noise is
primarily due to trucks operating in gate access areas of the terminal. Noise
mitigation in the form of quieter equipment was found to reduce the facility
operational sound levels somewhat, but model-calculated levels with the mitigation
considered continue to exceed 50 dBA during nighttime operations. Daytime
operations with both Alternative 2 and 3 in 2030 would comply with Seattle’s
daytime noise limit. Although model-calculated sound levels exceed the nighttime
noise limit, no severe noise impacts due to project-related increases in community
noise levels are expected using the FTA noise impact assessment criteria.

= By 2040, annual throughput with Alternative 3 is expected to increase to 1.7 million
TEUs. With this throughput, model-calculated sound levels with Alternative 3 comply
with the daytime limits but continue to exceed the 50-dBA nighttime noise limit.
Noise modeling indicated quieter equipment could be used to reduce operational
sound levels, but model-calculated levels even with mitigation continues to exceed
50 dBA. Although model-calculated sound levels exceed the nighttime noise limits,
no severe noise impacts due to project-related increases in community noise levels
are expected using the FTA noise impact assessment criteria.
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1. PROJECT DESCRIPTION

The Port of Seattle is the sponsor of the proposed "T-5 Cargo Wharf Rehabilitation, Berth
Deepening, and Improvements Project.” The project site is located at the existing T-5 (T-5)
marine cargo facility, on the west margin of the West Waterway, in southwest Elliott Bay,
Seattle, Washington. The project area owned and available for use by the Port includes the
existing T-5 marine cargo facility, approximately 197 total acres of existing upland and
cargo pier marine cargo operational area (see Figure 1).

1.1 Projected Economic Limitations & Temporal Considerations

The proposed project would improve the container-handling efficiency of the existing
terminal to accommodate the projected fleet mix of larger container vessels, up to 18,000
TEUs, that are anticipated to call at Terminal 5 through 2040. Assuming an initial container
throughput level in 2020 of 650,000 TEU, the proposed project assumes a growth rate at
approximately a 4% per annum rate, culminating at a potential throughput capacity of
approximately 1,300,000 TEUs by 2030 and continuing at that level through the 20 year
planning horizon of 2040. Additional modifications to the terminal would be required in
order to exceed the 1,300,000 TEUs level. Such maodifications would include the electrifi-
cation and cargo-handling efficiencies that could provide a cargo handling capacity level of
1,700,000 TEUs in 2040. The actual throughput levels for the proposed project may be
lower than the projected throughput at capacity as analyzed in this document due to market
conditions.

1.2 Alternatives Being Considered

1.2.1 Alternative 1 - No Action

The No-Action Alternative generally establishes baseline conditions against which impacts of
the development alternatives can be evaluated. With No Action, the subject site would
involve no new building construction and would retain the existing uses on the site, unless
and until some other redevelopment is proposed and approved.

If the Port does not rehabilitate the site as proposed, the site would remain as is or may be
redeveloped for a different use. In the No Action Alternative, future uses are unknown. The
market and existing zoning would dictate how the sites are developed.

The No Action Alternative assumes that no improvements would be made to the existing
197-acre site other than minor alterations, routine maintenance and repair work, none of
which would increase container cargo capacity. The T-5 shoreline and upland area would
continue as a marine cargo transportation facility with vessel moorage, cargo wharf, cargo
marshalling, and truck and rail cargo transshipment operations taking place throughout the
site. The terminal would continue to be capable of accommodating diverse marine cargo
uses such as break-bulk or neo-bulk (goods that are loaded individually, and not in
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containers) and other water-dependent uses and activities intrinsic to marine transportation
facilities.

Marine cargo operations would be similar to T-5 uses and activities during the past 15 years,
making use of existing infrastructure designed and constructed to transship approximately
647,000 TEUs per year. Please note that the present T-5 marine cargo facility is the result
of substantial expansion and improvements, completed in 1999. The construction and
operation of the present marine cargo facility was preceded by detailed environmental
analyses and evaluations, including a combined federal, state, and local government EIS,
Southwest Harbor Cleanup and Redevelopment Project, and subsequent authorizations
received from federal, state, and local regulators and government entities, including
substantial shoreline development approval from the City of Seattle.

The No Action Alternative would preclude large post-Panamax and future larger capacity
vessels from serving the site since they could not be accommodated by the existing wharf or
cranes.

1.2.2 Alternative 2 - Wharf Improvements, Berth Deepening and Increased
Cargo Handling

Alternative 2 would consist of modification of existing container facilities, including cargo
wharf rehabilitation, berth deepening, and water, storm-water and electrical utility capacity
improvements. Changes to existing T-5 facilities would increase container cargo trans-
shipment capacity at the site to allow up to approximately 1.3 million TEU annually.

These changes to allow T-5 to accommodate existing large Post-Panamax and larger New
Post-Panamax container cargo vessels and transship increased cargo volumes, are
described in more detail below. Project elements included in Alternative 2 as essential cargo
pier improvements include the following:

- Installation of replacement water-ward cargo pier crane rail beam, including demoli-
tion of water-ward portions of existing the wharf and installation of replacement
structural concrete piling necessary for construction of a strengthened crane rail
beam located below the water-ward margin of the existing 2,900 feet long cargo pier

- Installation of land-ward replacement crane rail beam, including new steel or
concrete piling in upland area, immediately land-ward of the cargo pier, followed by
construction of a new sub-grade crane rail beam

- Stabilization of existing armored slope beneath the cargo wharf, including installation
of sub-tidal untreated wood piling in riprap slope and installation of a replacement
steel sheet piling wall, approximately 3,100 linear feet, at the deep sub-tidal toe-of-
slope, adjacent to the water-ward margin of the existing wharf
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Replacement of treated wood piling wharf fender system, including removal of
creosote piling and timbers and installation of above-water inert vessel/wharf fender
protection structures

Deepening navigational access to existing berth area, consisting of excavation of
approximately 29,800 cubic yards, in approximately 5.4 acres existing deep sub-tidal
aquatic area, increasing berth depths to approximately minus 56 feet MLLW

Repair and maintenance of existing wharf piling cap grid, including removal of
spalled concrete and corroded steel and installation of replacement reinforcing steel
and concrete grout, and

Installation of upgraded utilities, including replacement primary substation
equipment, with increased electrical power capacity, and installation of replacement
water service to the existing wharf structure.

Specific Alternative 2 cargo pier and berth area rehabilitation and improvements include the

following components:

Site Preparation and Construction

o Potential remodel of existing buildings for labor, management, maintenance and
terminal operations and installation of other small buildings as needed to service
the site

o Possible installation of RTG concrete pads or runways (Rubber-Tired Gantry — a
traveling crane used to move and position containers in a container yard) and a
steel framed 3 level high platform (reefer rack system) to access grounded and
stacked 4-high refrigerated containers

o A wash system building for the cleaning of equipment and containers

o Up 8 new Ship-to-Shore cranes would also be installed.

In-Water and Over-Water Work

o De-construction of a portion of the existing aged and deteriorating cargo wharf
structure

o Removal of approximately 87,000 square feet asphalt paving, exposing land-ward
crane rail beam

o Removal of existing container pier fender system and conflicting structural pile
elements

Rehabilitation of the existing wharf to strengthen the structural elements of the

wharf to accommodate cargo crane equipment required to serve larger container

cargo vessels. Elements of proposed wharf rehabilitation include the following:

o Replacement rail crane rail beams

o Replacement of the water-side crane rail beam, requiring concrete piling driven
with an impact pile driver conducted from a barge or land-side crane

o Replacement of the land-side crane rail beam, including installation of a total of
417, steel H-piling or 24 inch diameter concrete piling, driven with a land-based
impact pile driver
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o Slope stabilization measures consisting of installation of up to 3,000 untreated
wooden piling installed using impact and vibratory pile driving devices
< Replacement concrete deck structure, with the existing concrete wharf deck panels,
pile caps and edge of wharf structures, removed to allow for replacement of the
water-ward crane rail beam would be replaced with new concrete panels, within the
existing wharf footprint. Approximately 20,000 cubic yards of concrete will be
required to replace the deck.

= Repair and replacement of existing concrete piling caps beams

« Replacement fender system, with the existing treated wood piling and steel piling
wharf fender system removed and replaced with an alternative panelized, above-
water fender arrangement

- Dredging for berth deepening to allow vessel berths adjacent to the rehabilitated
wharf by deeper draft, wider beam cargo vessels

= Water utility upgrades for potable service and fire protection, sanitary sewer, and
storm water drainage

- Electrical upgrades to accommodate new distribution and increased loads, including
replacement primary substation equipment sufficient to power modern container
crane equipment and associated cargo operations
o A new 26 MVA primary substation would be constructed to provide electrical

power to the new cranes and associated terminal operations, such as cargo
handling, marshalling, and refrigeration

o Up to four new electrical distribution substations would be constructed, serving
container cranes and dock power and lighting systems. A new underground
electrical duct bank would be constructed, connecting distribution elements.
Distribution vaults and trenches would be constructed, providing electrical power
to container crane equipment. HVAC would be provided for electrical enclosures.

o The conduit, wiring, and a connection system would be provided for a shorepower
system for two berths. This would allow the terminal to be “plug-in ready” for
those ships with have the capability and choose to use shorepower.

- Alternative 2 upland improvements to re-design and reorganize the container cargo
marshalling yard area land-ward of the rehabilitated cargo wharf to relocate and
change the distribution of grounded and wheeled container cargo, including changes
in internal circulation, travel lanes, re-paving, re-striping, and changes in lighting
and signage.

1.2.3 Alternative 3: Wharf Improvements, Berth Deepening, Increased Cargo
Handling and Additional Upland Improvements

Alternative 3 consists of the same improvements listed for Alternative 2 with the addition of
reorganized intermodal rail facilities, additional electrical improvements, reconfigured gate,
and demolition of buildings.
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< The same cargo wharf and vessel berth improvements identified in Alternative 2
would be combined with substantial improvements to the upland cargo marshalling
area to increase overall terminal throughput capacity to 1.7 million TEUs per year
(by 2040).

< Wharf and crane improvements would allow simultaneous loading and unloading of
two 18,000 TEU vessels.

= The container yard would be enlarged through relocation or demolition of the existing
entrance gate, freight station, transit shed, maintenance and repair buildings, and
operations buildings.

< The container marshalling yard capacity would be increased through use of grounded
container storage served by RTG or RMG cranes.

- To accommodate additional crane load and to power electrified cargo handling
equipment, a new 50 MVA substation would be constructed to provide adequate
electrical power.

= The truck gate would be relocated, and the existing intermodal rail yard would be
reconfigured with additional rail lines and concrete or rail runways for RTG or RMG
equipment.

- Site Preparation Work, Construction, In-water and Over-water work, Berth
Deepening, Utilities, and Construction Laydown Area would be the same as
Alternative 2.

= Increased throughput and upland improvements would be anticipated as follows:

o The percentage of containers transported by rail is expected to increase to 75%.
Of the containers transported by rail, two-thirds (or 50% of the intermodal total)
are assumed to be handled at the on-dock intermodal yard and one-third (or
25% of the total) are assumed to be drayed to off-dock rail yards. The remaining
25% of the total cargo would be trucked to local and regional businesses.

o The rail yard configuration would be changed to accommodate RMG loaders,
which would increase the capacity of the yard. The size of the unit trains
servicing the facility would remain 7,500 feet long.

o The gate may require a second shift (6:00 P.M. to 3:00 A.M.) due to the change
to gantry cranes within the container terminal yard. If a second gate shift is
required, then it is likely that a reservation system for gate access would also be
implemented to manage the tempo of trucks serving the terminal.
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2. AFFECTED ENVIRONMENT

2.1 Noise Terminology and Descriptors

Noise is sometimes defined as unwanted sound; the terms noise and sound are used more
or less synonymously in this report. The human ear responds to a very wide range of sound
intensities. The decibel (dB) scale used to describe and quantify sound is a logarithmic scale
that provides a convenient system for considering the large differences in audible sound
intensities. On this scale, a 10-dB increase represents a perceived doubling of loudness to
someone with normal hearing. Therefore, a 70-dB sound level will sound twice as loud as a
60-dB sound level.

People generally cannot detect sound level differences (increases or decreases) of 1 dB in a
given noise environment. Although differences of 2 or 3 dB can be detected under ideal
laboratory conditions, such changes are difficult to discern in an active outdoor noise
environment. A 5-dB change in a given noise source would be likely to be perceived by most
people under normal listening conditions.

When addressing the effects of noise on people, it is necessary to consider the "frequency
response” of the human ear, or those sound frequencies that people hear most effectively.
Sound-measuring instruments are therefore often programmed to "weight" sounds based on
the frequency spectrum people hear. The frequency-weighting most often used to evaluate
environmental noise is called A-weighting, and measurements using this system are
reported in "A-weighted decibels" or dBA. All sound levels discussed in this evaluation are
reported in A-weighted decibels.

As mentioned above, the decibel scale used to describe noise is logarithmic. On this scale, a
doubling of sound-generating activity at a source (i.e., a doubling of the sound energy
produced) causes a 3-dBA increase in average sound produced by that source, not a
doubling of the loudness of the sound (which requires a 10-dBA increase). For example, if
traffic along a road is causing a 60-dBA sound level at a nearby location, doubling the
volume of traffic on this same road would cause the sound level at the same location to
increase to 63 dBA. Such an increase might not be discernible in a complex acoustical
environment.

Relatively long, multi-source "line" sources such as roads with steady traffic emit cylindrical
sound waves. Due to the cylindrical spreading of these sound waves, sound levels from such
sources decrease with each doubling of distance from the source at a rate of 3 dBA. Sound
waves from discrete events or stationary "point"” sources (such as a conveyor motor in a
stationary location) spread as a sphere, and sound levels from such sources decrease 6 dBA
per doubling of the distance from the source. Conversely, moving half the distance closer to
a source increases sound levels by 3 dBA and 6 dBA for line and point sources, respectively.
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For any noise source, a number of factors affect the efficiency of sound transmission
traveling from the source, which in turn affects the potential noise impact at off-site
locations. Important factors include distance from the source, frequency of the sound,
absorbency and roughness of the intervening ground (or water) surface, the presence or
absence of obstructions and their absorbency or reflectivity, and the duration of the sound.
The degree of impact on humans also depends on existing sound levels, and who is
listening. Typical sound levels of some familiar noise sources and activities are presented in
Table 1.

Environmental noise is usually described in terms of certain "metrics"” that allow comparison
of sound levels at different locations or in different time periods. Federal regulatory agencies
often use the equivalent sound level (Leq) or the day-night sound level (Ldn) to characterize
sound levels and to evaluate noise impacts. The Leq is the level that if held constant over
the same period of time would have the same sound energy as the actual, fluctuating
sound. As such, the Leq can be considered an energy-average sound level. Because the Leq
considers sound levels over time, this metric accounts for the number and levels of noise
events during an interval (e.g., 1 hour) as well as the cumulative duration of these events.
The Ldn is like a 24-hour Leq, except that the calculation adds 10 dBA to the sound levels
between 10 PM and 7 AM to account for possible sleep disturbance. The Ldn is used to
describe the noise environment in areas where there is both nighttime and daytime use,
such as residences.

Ramboll Environ 10 Affected Environment



Terminal 5 Wharf Rehabilitation, Berth Deepening, and Improvements Project
Noise Technical Report

Table 1. Sound Levels Produced by Common Noise Sources
Thresholds/ Sound Level Subjective Possible Effects
Noise Sources (dBA) Evaluations ® | on Humans ®
Human Threshold of Pain 140
Carrier jet takeoff at 50 feet
Siren at 100 feet
130
Loud rock band Deafeni
eafenin i
Jet takeoff at 200 feet g Continuous
h 3¢ 120 exposure to
Auto horn at 3 feet levels above 70
Chain saw 110 can cause
Noisy snowmobile hearing loss in
majority of
Lawn mower at 3 feet .
. 100 population
Noisy motorcycle at 50 feet t/er:;
ou
Heavy truck at 50 feet 90
Pneumatic drill at 50 feet 80
Busy urban street, daytime
- Loud
Normal automobile at 50 mph 20
Vacuum cleaner at 3 feet Speech
Interference
Air conditioning unit at 20 feet
. 60
Conversation at 3 feet
- - - Moderate
Quiet residential area 50
Light auto traffic at 100 feet Sleep
Library Interference
. 40
Quiet home Faint
Soft whisper at 15 feet 30
Slight rustling of leaves 20
Broadcasting Studio 10 Very Faint
Threshold of Human Hearing 0

® Note that both the subjective evaluations and the physiological responses are continuums without
true threshold boundaries. Consequently, there are overlaps among categories of response that

depend on the sensitivity of the noise receivers.

Source: United States Environmental Protection Agency (EPA) 1974 and Others

2.2 Regulatory Limits and Guidelines
2.2.1
The project site and the surrounding communities are located within the City of Seattle,

Local Noise Regulations and Zoning

Washington, and the noise limits included in the Seattle noise ordinance (Seattle Municipal
Code Chapter — SMC 25.08) apply to noise related to this project. The SMC sets noise limits
based on sound levels and durations of allowable daytime/nighttime operational noise
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(upper portion of Table 2) and daytime construction noise (lower portion of Table 2).
These limits are based on the zoning of the source and receiving properties.

The project site is zoned for Industrial uses and potentially affected sensitive receivers in
the project vicinity are residences on the hillsides west and south of the site. Because this
project would involve construction-related activities only during daytime hours, only the
daytime construction noise limits apply to the project.

As indicated in Table 2, the Seattle noise limits are based on hourly sound-energy average
equivalent sound levels (Legs) in addition to not-to-be-exceeded Lmax levels that vary by
zoning of the noise source and receiving properties. The project site is zoned for Industrial
uses and the nearby potentially affected sensitive receivers are in residentially zoned areas
on the hillsides west and south of the site. As shown in the highlighted cell of Table 2, this
establishes 1-hour Leq sound level limits for operational noise of 60 dBA during the day and
50 dBA at night, along with hourly Lmax limits of 75 dBA during the day and 65 dBA at
night.

The Seattle noise code identifies a number of noise sources or activities that are exempt
from the noise limits shown in Table 2. The following sources are among those specifically
exempted:

< Sounds created by motor vehicles are exempt from the exterior sound level limits
(Table 2), except that sounds created by any motor vehicle operated off highways
shall be subject to the exterior sound level limits when the sounds are received
within a residential district of the City (25.08.480), and

< Sounds created by warning devices or alarms (such as back-up alarms on vehicles)

not operated continuously for more than 30 minutes per incident (25.08.530)

Sounds from the operation of railroads engaged in interstate commerce are exempt from
local noise control rules by virtue of a federal preemption of this issue. ¢V

M 42 U.S.C. §4901 et seq. (1972)
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Table 2. Seattle Maximum Permissible Levels and Construction Noise Limits

(dBA)
Zoning District of Zoning District of Receiving Property
Noise Source Residential . .
[25.08.410 & 420 & 425] Day / Night Commercial Industrial

Operational Noise Limits ®

Residential 55/ 45 57 60
Commercial 57 /1 47 60 65
Industrial 60 / 50 65 70

Daytime Construction Noise Limits ®

On-site sources like dozers, loaders, power shovels, cranes, derricks, graders, off-
highway trucks, ditchers, and pneumatic equip (maximum+25) [25.08.425 A.1]

Residential 80 82 85
Commercial 82 85 90
Industrial 85 90 95

Impact types of equipment like pavement breakers, pile drivers, jackhammers, sand-
blasting tools, or other impulse noise sources - may exceed maximum permissible limits
between 8 a.m. and 5 p.m. weekdays and 9 a.m. and 5 p.m. weekends, but may not
exceed the following limits [25.08.425 B]:

Leg (1 hr) 90 dBA
Leg (30 minutes) 93 dBA
Leq (15 minutes) 96 dBA
Leq (7.5 minutes) 99 dBA

Note: The above sound level limits are based on the measurement interval equivalent sound level
(Leq) and a not-to-be-exceeded Lmax level 15 dBA higher than the indicated limits. The con-
struction noise limits are based on an hourly Leq, unless noted otherwise for impact equipment.

® The operational noise limits for residential receivers are reduced by 10 dBA during nighttime
hours (i.e., 10 PM to 7 AM weekdays, 10 PM to 9 AM weekends) and are displayed for
daytime/nighttime hours.

®) Construction noise limits apply at 50" or a real property line, whichever is greater. Construction

noise is limited to the higher levels listed in the lower portion of the table during "daytime" hours
only. For purposes of limiting construction noise received in certain zones, daytime hours are
defined as 7 AM to 7 PM weekdays and 9 AM to 7 PM weekends for noise received in Lowrise,
Midrise, Highrise, Residential-Commercial, or Neighborhood-Commercial zones. For construction
projects in all other zones, and for public projects or locations where there are no residential
uses within 100 feet, daytime construction hours are defined as 7 AM to 10 PM weekdays and 9
AM to 10 PM weekends.

Source: Seattle Municipal Code - 25.08 - Specific sections indicated.
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2.2.2 Federal Transit/Federal Railway Administrations' Noise Impact Criteria
Although not applicable to any specific aspect of the proposed project, sound level impact
criteria applied by two federal agencies can be used to provide benchmarks for comparison
with off-site sound levels. These noise criteria are discussed below.

The Federal Transit Administration (FTA) has defined noise impact criteria for transit and rail
projects in the FTA manual entitled Transit Noise and Vibration Impact Assessment (FTA
2006). These criteria apply to transit projects including commuter and light rail; fixed
facilities such as transit stations, maintenance facilities, and park and ride lots; buses in
bus-only highway lanes; ferry terminals; and motor vehicles in route to and from transit
facilities.

The Federal Railroad Administration (FRA) applies the same noise impact assessment
procedures and impact criteria employed by the FTA. (2 And although the FTA/FRA noise
impact criteria are not directly applicable to on-site and near-site rail activities related to the
proposed project, these criteria provide a useful and objective method for assessing
potential noise impacts from increases in noise directly attributable to all sources associated
with this project.

The FTA/FRA noise impact criteria apply a sliding scale of impact levels (or thresholds) for
project-related noise based on the existing sound levels and the amount of noise a project
would contribute (Figure 2). The criteria are based on the land use category of the
receiving properties. For this project, the receiving properties of concern are residences
(shown as Category 2 in Figure 2), and the FRA criteria use the day-night sound level (Ldn)
noise descriptor to include consideration of the potential for sleep disturbance.

Based on the FRA impact criteria for increases in sound levels, receiving locations with low
existing sound levels can be exposed to greater increases in overall noise, after the addition
of project noise, before an impact occurs. Conversely, locations with higher existing sound
levels can be exposed to smaller increases in overall noise before an impact occurs. For
example, with existing sound levels of about 60 dBA, a project would have to increase
hourly sound levels by more than 2 dBA to cause what FTA defines as a "moderate" impact,
and increase hourly levels by more than 5 dBA to cause what FTA defines as a "severe"
impact. At residential locations, for which the FTA impact criteria are based on the 24-hour
day-night sound level metric (Ldn), with existing sound levels of about 60 dBA, a project

3 The FRA uses identical calculation procedures as the FTA for conventional passenger rail lines, fixed
rail facilities, and horn noise assessment. FRA uses slightly different methods, primarily in the form
of modified source noise levels, for estimating noise from freight rail facilities.
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would have to increase the Ldn by more than 2 dBA to cause what FTA calls a "moderate”
impact, and increase Ldn levels by more than 5 dBA to cause a "severe" impact.

Sound Exposure Increases Allowed by FTA Noise Impact Criteria

20
Increases over existing sound levels that would occur with project-
related noise equal to the level of the respective impact

thresholds. E.g., with an existing level of 40 dBA and a project level |---
of about 50 dBA, the project noise would cause a 10-dBA increase

Severe Im pact {and resultin a moderate noise impact) at Cat 1 & 2 receivers.

------------------------------------------ Category 3 receiver thresholds start about 5 dBA higher. -
[ [

. I I
"""""""""""""""""""""""""""""""""""""""""""""""" MNote: B

Noise exposureisinterms | L.
of Leq(1) for Category 1 and 3
land uses;

""""""""" [T TN T[T e ee e dn for Category 2 land uses S

-
wn

=
(=]

Noise Exposure Increase due to Project (Hourly Leq or Day-Night Level Ldn)
w

40 41 42 42 44 45 45 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 6B 69 JO 71 V2 73 74 U5 V6 Y7 7B 79 BO
Existing Noise Exposure (Hourly Leq or Day-Night Level Ldn)

= \loderate Impact Threshold Category 1 & 2 = Severe Impact Threshold Category 1 & 2

Moderate Impact Threshold Category 3 Severe Impact Threshold Category 3
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Figure 2. FTA/FRA Noise Impact Criteria

In addition to considering the day-night sound levels, FTA also recommends identifying the
maximum sound level (Lmax) from rail projects, particularly for those locations where the
equipment and proximity to noise-sensitive uses indicate a potential for impacts. The Lmax
is the maximum sound level that occurs during a given time interval, and this metric
provides additional information with which to evaluate the potential effect of individual train
events. FTA does not employ direct noise impact criteria based on applying Lmax levels.

2.3 Zoning and Land Uses

As indicated previously, the project site is zoned for Industrial uses and the nearby
potentially affected sensitive receivers are in residentially zoned areas on the hillsides west
and south of the site. Existing uses of the project site include operation of as a marine cargo
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terminal, while immediately surrounding uses include other heavy industrial uses to the east
and west, along with commercial uses along surface streets to the south and west.

2.4 Existing Sound Levels

The existing acoustic environments at off-site locations near the project site are dominated
by noise from a variety of existing industrial uses in the area and by roadway traffic noise
from the West Seattle Freeway and from surface roads in the area. Ongoing train traffic
serving existing industrial facilities in the area also contributes to the existing acoustic
environment.

Sound levels in the residential areas to the south and west of the project site have been
measured at a number of locations over the past 20+ years, beginning with noise analyses
and evaluations conducted for environmental review of Terminal 5 redevelopment in 1994
and following completion of redevelopment in 1999. ¢ |ocations at which historical baseline
(mid-to-late 1990s) and more recent sound level measurements have been taken are
depicted in Attachment A.

New sound level data were not collected as part of the noise analysis for the study
documented here because existing sound level data are sufficient to generally represent the
acoustic environments at nearby locations. In addition, because of the current non-active
state of the T-5 facility, sound level measurements at this time would tend to understate
what have been the existing conditions in this area for at least the last 20 years (i.e.,
including some contribution from the previously ongoing industrial uses of the project site).

Historical measurements near the project site as part of previous studies indicate off-site
sound levels rarely fall below 50 dBA and are more typically in the mid to upper 50s and the
low to mid-60s dBA. More recent measurements indicate the sound sources and typical
sound levels at the Hinds Street location and on 31st Avenue SW were similar to those
documented in the baseline measurements. The measured sound levels are summarized in
Table 3. Measurement details are provided in Attachment A.

® Pport of Seattle, Southwest Harbor Cleanup and Redevelopment Project - Draft Environmental
Impact Statement, January 1994.
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Table 3. Range of Measured Sound Levels in Project Vicinity (dBA)

SLM Location Date Daytime Legs Nighttime Legs Ldn
Hinds St 2012-2016 62-63®@ 55-57® 64©
31st Ave SW Mid 1990s 58-64 55-60 64
Fauntleroy Ave SW Mid 1990s 53-61 52-56 60
City Light Condos Mid 1990s 52-59 50-55 60
Pigeon Point 1993 70-72 61-72 74
(a) Measured between 7 AM and noon
(b) Measured between 11 PM and midnight
(c) Measured daytime sound levels at the Hinds Street location are similar to levels measured at 31st Ave SW, so

the 31st Ave SW Ldn is used here to represent the Hinds St location.

Affected Environment
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3. ANALYTICAL METHODS

The noise impact and mitigation assessment conducted for this project was based on noise
modeling using source-specific sound level data where possible to estimate cumulative
levels of facility operational noise. Noise from on-site sources and activities was then
considered in the noise modeling to estimate what levels of noise would be received at off-
site locations.

The noise analysis of the action alternatives evaluated both compliance with the Seattle
noise limits and the potential for noise impacts based on the project-related changes in the
acoustic environment.

These specifics of the tools and methods used are described further below.

3.1 Noise Model

Ramboll Environ estimated noise generated by the facility as received at nearby residences
using the Computer Aided Noise Abatement (CadnaA) noise model. CadnaA is a state-of-
the-art software program that enables noise modeling of complex industrial sources using
sound propagation factors as adopted by International Organization for Standardization
(1S0) 9613. (Y Atmospheric absorption was estimated for conditions of 10°C and 70 percent
relative humidity (i.e., conditions that favor propagation) and computed in accordance with
ISO 9613-1. The modeling process included the following steps: (1) characterizing the noise
sources, (2) creating 3-dimensional maps of the site and vicinity to enable the model to
evaluate effects of distance and topography on noise attenuation, and (3) assigning the
equipment sound levels to appropriate locations on the site. CadnaA then constructed
topographic cross sections to calculate sound levels in the vicinity of the project site.

For the modeling effort, Ramboll Environ used numerous modeling "receptor" locations
representing the residences nearest the project site. The modeling receptors considered in
the noise modeling are depicted in Fiqure 3.

3.2 Facility Noise Sources

T-5 operations would involve a variety of types of equipment, some of which would produce
noise and some of which would not be expected to generate much noise. The assumed
equipment and the number of pieces involved with the alternative facility configurations are
listed in Table 4.

™ The 1SO has established internationally recognized standard methods for calculating noise
attenuation through the atmosphere.
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Table 4. Assumed Operational Equipment

Facility Cargo Handling Equipment and Mobile Sources
. . ()
Scenario Shift Ships STS TPs | RTGs | RMGs | Transporters | Hostlers Trucks Trains
Cranes
Alt] — 1st Shift 2 6 22 3 0 0 67 166/hour | 1.3/
647KTEU | ong shift | 2 6 9 0 0 0 42 0 day
Alt — 1st Shift 2 8 25 3 0 0 71 166/hour | 1.3/
647KTEU | ong shift | 2 8 2| o 0 0 56 0 day
Alt2 - 1st Shift 2 8 36 13 0 0 92 327/hour | 2.6/
1.3M day
TEU 2nd Shift 2 8 29 0 0 0 92 0
Alt3 — 1st Shift 2 8 0 0 38 32 13 167/hour | 1.3/
647KTEU | ong shift | 2 8 0 0 26 32 13 0 day
Alt3 - 1st Shift 2 10 0 0 45 40 13 213/hour | 26/
1.3M day
TEU 2nd Shift 2 10 0 0 45 40 13 115/hour
Alt3 - 1st Shift 2 12 0 0 58 48 18 286/hour | 35/
1.7M day
TEU 2nd Shift 2 12 0 0 58 48 18 154/hour

@ Eirst shift is between 8 AM and 5 PM. Second shift is between 6 PM and 3 AM.

Ramboll Environ used a variety of source sound level data to represent the facility
equipment sources expected to be used on the project site. Where possible, the various
noise sources were represented using data from direct sound level measurements of similar

equipment.
Ships — Container ships usually leave a boiler and/or a ship's service diesel generator

operating to supply shipboard power while at port. This power source may be audible at the
pier apron, but it is not typically audible at a distance.‘® Ramboll Environ measured the
sound level of a 10,000 TEU vessel while hoteling. A larger ship was not available for
measurement, so the sound level of 14,000 TEU vessels were estimated by assuming they
emitted 1.4 times the sound energy as a 10,000 TEU vessel. The sound level for a hoteling

) anecdotal evidence indicates a few, discrete ships that have moored at T-5 have emitted low
frequency sound that can be heard by some people on the hillside to the west. Such low frequency
noise is less affected by obstructions and can travel longer distances than higher frequency sounds.
There are no measurement data documenting the phenomenon of low frequency noise being
received on the hillside, but we suspect such noise is generally restricted to older ships or ships
where the boiler room and/or power generators are higher in the ship than is typical.

Analytical Methods 19 Ramboll Environ



Terminal 5 Wharf Rehabilitation, Berth Deepening, and Improvements Project
Noise Technical Report

10,000 TEU ship was measured at 66 dBA at 100 feet, and a 14,000 TEU ship was
estimated to be 68 dBA at 100 feet.

Ship-to-Shore Cranes — Ship-to-shore (STS) cranes are used to transfer containers on and

off the ships. Such cranes are electrically powered, and other than emitting a whining sound
from the motors and a clatter from cables and pulleys, these cranes are silent. STS crane
noise is primarily directed downward and is not generally audible away from the crane.
Ramboll Environ nevertheless measured the sound level of a new crane in operation. Scaled
to a common reference distance of 100 feet, the electric crane generated a sound level of
approximately 73 dBA when lifting a container (the loudest activity) and this noise is
estimated to occur about 33% of the time.

Top-picks - A top-pick (TP) is similar to a large forklift except that it lifts containers from the
top rather than underneath. The typical load/unload cycle begins when a hostler pulls a
container on a truck chassis or specialized on-site container chassis to the stack for storage
or the rail car for transport. A top-pick then lifts the container from the container chassis,
the empty hostler drives out from under the container, and the top-pick places the container
on the stack or rail car. Maximum sound levels from a top pick occur when the engine is
operating at high rpm's, such as when it lifts a container.

It usually takes a top pick less than a minute to unload a container and stack it on a rail car
or in the stack, and vice versa. Top-picks spend a considerable time either idling while
waiting for an assignment or traveling to meet a truck. For purposes of this analysis,
Ramboll Environ assumed that a top pick idles 25% of the time, travels around the yard
50% of the time, and is transferring a container on or off a truck 25% of the time. Based on
a number of measurements of the Taylor "Big Red" top-picks operated at Terminal 5
previously and the typical operating scenario, the top-pick would generate an hourly Leq of
74 dBA at a distance of 100 feet. Measurements indicate the Fantuzzi and Mi-Jack top-picks
operating at T-5 were slightly quieter, with a sound level of 72 dBA at a distance of 100
feet.

Rubber-Tired Gantry (RTG) Cranes - Rubber-tired gantry (RTG) cranes may be used to
transfer containers between truck chassis and the stack. The RTGs would straddle the truck
chassis and storage stack and move slowly back and forth the length of the stack

transferring containers to and from the truck chassis. For this analysis, the RTGs were
assumed to be powered by diesel engines. This analysis was based on manufacturer-
provided sound level data for a Kalmar RTG. The specified sound level, scaled to a common
reference distance of 100 feet, was 72 dBA.

Rail-Mounted Gantry Cranes (RMG) — With reconfiguration of the terminal under Alternative

3, containers could be transferred to and from the stacks and rail cars using rail-mounted
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gantry (RMG) cranes. The RMGs would be electric and would ride on steel wheels on fixed
tracks. Noise from electrically-powered RMGs is typically due to the hoisting mechanical
systems and movements on the rail. Ramboll Environ measured noise from RMGs at a
different container terminal. The measured sound level during a container hoist was 63 dBA
at 100 feet. The sound level during movement of the RMG over the rails was 60 dBA at 100
feet. For this analysis, Ramboll Environ estimated that the RMGs would be actively hoisting
a container 20% of the time. The RMGs were estimated to be moving on the rails 33% of
the time.

Hostlers/Yard Tractors — For the movement of containers on the terminal, containers are

placed on a specialized wheeled container chassis, which is then hauled to the stacks or
intermodal yard by a hostler (also called a yard tractor). A hostler is similar to a street-legal
haul truck cab, but is restricted to terminal use. Sound level data for a hostler were
captured at a container terminal for use in this analysis. A hostler passby was measured to
be approximately 68 dBA at 100 feet.

Transporters — A transporter is any sort of container handling equipment (CHE) used to
transport a container from one place to another. Transporters can be comprised of hostlers,
straddle carriers, or other CHE capable of transferring containers or pulling containers on
container chassis. Ramboll Environ measured a hybrid straddle carrier in operation at a
different container terminal. The measured sound levels during idling, hoisting, and passby
were 61, 66, and 62 dBA, respectively, at a distance of 100 feet.

Truck Traffic —Road trucks would continue to be used to carry containers to and from off-
site destinations. Noise from road trucks was estimated using the FHWA Traffic Noise Model
(TNM) module available in the CadnaA model.

Refrigerated Containers (Reefers) — Under any of the alternatives, reefers would be stored

in stacks 3 to 4 containers high with their cooling units on. The measured sound level of a
representative stack of reefers is 63 dBA at 100 feet.

Train Arrivals and Departures — With any of the proposed alternatives, trains approximately
7,500 feet in length would arrive at the terminal’'s working track, the locomotives would
separate from the train, and a switch engine would break the train in pieces and move these
to the intermodal yard for loading. Two locomotives on the front of the train would travel

most of the way to the north end of the on-site tracks. A third locomotive at the rear of
entering trains would not travel much further than the south entrance of the terminal. The
noise analysis used the CadnaA FRA train noise module to estimate sound levels from a
single train arriving at the terminal with two locomotives traveling to the north end of the
site. The analysis also included the use of locomotive horns where the tracks cross right-of-
way north of the West Marginal Way Southwest/Southwest Spokane Street intersection.
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4. POTENTIAL IMPACTS OF THE PROPOSED PROJECT

4.1 Alternative 1 — No Action - Impacts

4.1.1 Construction

The No Action Alternative would not require more than a nominal amount of construction
and maintenance of existing facilities. No construction noise impacts would be expected.

4.1.2 Operation

Operation of the terminal under the No Action Alternative would continue in a similar fashion
to the previous uses at the terminal. Under the old permit, the facility was allowed a
throughput of up to 647k TEUs or equivalent, with requisite supporting vessels, CHEs,
trains, and trucks.

Ramboll Environ assessed whether noise generated by on-site equipment and activities
currently allowed under the existing permit would comply with the Seattle noise limits
(Table 2, page 13). For this evaluation, Ramboll Environ used noise modeling assuming full
operation of equipment to estimate resulting sound levels at receptors representing the
residences nearest the project site. As identified in the equipment demand sheets for
Alternative 1, the modeling considered ship-to-shore unloading and on-site operations in the
stacks but excluded intermodal yard and gate operations during nighttime hours. ¢ Results
of the noise modeling, assuming the equipment usage identified in Table 4 and the timing
assumptions in the equipment demand sheet, are presented in Table 5.

As shown in Table 5, model-calculated operational sound levels associated with the
Alternative 1 facility configuration received at residences nearest the on-site sources in the
absence of noise mitigation measures comply with daytime and nighttime noise limits. This
analysis assumed the intermodal yard and gate would only require a single, daytime shift.

In the past, occasional nighttime intermodal activity has occurred but typically at lower
levels of activity than with full daytime operations. Measured levels of nighttime activity
collected at the Hinds Street and 31st Avenue SW locations (Figure 3) during nighttime
operations in the last several years have indicated that the facility was in compliance with
the Seattle noise limits. It should be noted that background sound levels during these
nighttime measurements were typically higher than sound levels from the facility, although
some sources from the facility were sometimes audible.

®) Moffatt and Nichol, Equipment Calculations, 647,000 TEU Scenario, 02/13/15
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Table 5. Model-Calculated Sound Levels - Alternative 1 (dBA, Leq)

Receiver Model-Calculated Sound Level

First Shift (8AM to 5PM), Noise Limit = 60 dBA

R1 - Hinds St 56
R2 - 31st Ave SW 58
R3 — 30th Ave SW 59
R4 — Fauntleroy Ave SW 57
R5 — 33rd Ave SW 57
R6 - City Light Condos 57
R7 - Pigeon Point 55

Second Shift (6PM to 3AM), Most Stringent Noise Limit = 50 dBA

R1 - Hinds St 47
R2 - 31st Ave SW 49
R3 — 30th Ave SW 49
R4 — Fauntleroy Ave SW 48
R5 — 33rd Ave SW 48
R6 - City Light Condos 48
R7 - Pigeon Point 48
4.2 Alternative 2 - Impacts

4.2.1 Construction

Construction activities associated with Alternative 2 were described in section 1.2. Noise
from construction activities is subject to the Seattle noise limits (Table 2). Facility
construction would be limited to daytime hours (7 AM to 10 PM weekdays and 9 AM to 10
PM weekends and holidays), and in general terms, the temporary nature of construction
coupled with its restriction to daytime hours would reduce the potential for significant
impacts from construction activities and equipment. More specifics are discussed below.

4.2.1.1 Typical Construction Activities

Table 6 shows the overall hourly noise levels (Leqs) from various "typical™ construction
activities (upper portion of table) and the range of sound levels (i.e., minimum to maximum
levels) emitted by individual pieces of equipment (lower portion of table). These levels give
an idea of the relative sound levels that can be expected from different kinds of equipment.
Existing residences south of the project site are more than 1,000 feet from the nearest
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proposed construction activities, and residences west of the site are more than 2,000 feet
from the nearest proposed activities. In the absence of intervening terrain, structures,
and/or dense vegetation, sounds from construction equipment and activities (usually point
sources) decrease about 6 dBA for each doubling in distance from the source.

As shown in Table 6, the estimated hourly Legs from even the nearest construction
activities (more than 1,000 feet from the nearest residences) are mostly at or below the
noise level limit of 60 dBA that would apply to long-term operational noise. Added to the
fact that construction would be temporary and limited to daytime hours, there would be
little if any potential for significant noise impacts from "typical" on-site construction
activities.

Table 6. Noise Levels from Typical Construction Activities and Equipment (dBA)

Range of Hourly Legs

Activit
Y At 1,000 At 2,000 At 4,000
Clearing 57 51 51
Grading 50-62 43-56 37-50
Paving 47-62 40-56 34-50
Erection 47-58 40-52 34-46

Range of Noise Levels

Types of Equipment

At 1,000’ At 2,000’ At 4,000'
Bulldozer 51-70 45-64 39-58
Dump Truck 56-68 50-62 44-56
Scraper 54-67 48-61 42-55
Paver 60-62 54-56 48-50
Generators 45-56 39-50 33-44
Compressors 48-55 42-49 36-43

Source: EPA, 1971

4.2.1.2 Pile Driving

The proposed project would require pile driving during rehabilitation of the wharf and
stabilization of the slope. Pile driving would occur over 2,500 feet from the nearest
residences west of the site and from 1,000 to 4,000 feet from the nearest residences south
of the site. Ramboll Environ archived sound level measurement data of pile driving activities
indicate that the hourly sound level (Leq) of pile driving at a distance of 100 feet is
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approximately 86 dBA. (" The maximum sound level (Lmax) of pile driving is estimated to
be 104 dBA at a distance of 100 feet.

Ramboll Environ estimated pile driving sound levels at the residences nearest the site using
the CadnaA noise model. The resulting sound levels were hourly Legs in the 40s to mid-50s
dBA and Lmaxs in the mid-60s to mid-70s dBA at the nearest residences. Because of the
large distances, estimated pile driving sound levels are greatly reduced at the nearest
residences. As with "typical” construction, the model-calculated pile driving sound levels are
generally below the limits the City of Seattle applies to long-term operational noise and well
below the limits applied to impact (e.g., pile driving) sources. Therefore, no significant noise
impacts would be expected during construction.

However, even with fairly low levels of pile driving noise, the unique nature of pile driving
impact noise can result in the loudest sounds being audible at the residences nearest this
activity. This noise could be perceived by some people as intrusive and possibly annoying,
but the low overall levels would minimize the potential for impacts.

4.2.2 Alternative 2 Operational Noise

Under Alternative 2, operation of the terminal would be similar to the previous operation of
the facility. The primary difference would be the accommodation of larger ships for loading
and unloading, and densification of the operation by stacking more containers instead of
placing containers on truck chassis.

At the projected facility opening in 2020, the terminal throughput would be expected to be
approximately 647,000 TEUs. At this level of throughput, intermodal yard and gate
operations are not expected to be necessary at night. ®

With an expected annual growth rate of 4%, the terminal capacity under the Alternative 2
configuration would max out at 1.3 million TEUs in 2030. At this capacity, intermodal yard
operations would be required at night to accommodate the throughput, but no nighttime
gate operations would be expected.

4.2.2.1 Alternative 2 Compliance

Using the assumptions above and the equipment usage levels identified in Table 4, Ramboll
Environ assessed whether noise generated by on-site equipment and activities would
comply with the Seattle noise limits (Table 2, page 13). As discussed in Section 2.2 noise

() Dpata from Ramboll Environ archive of pile driving measurements. The hourly Leq included the
placement and driving of two piles in a one-hour period.

® Moffatt and Nichol, Equipment Calculations, 647,000 TEU Scenario, 02/13/15
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from trains is exempt from the limits and was not included in this portion of the analysis.
Results of the compliance assessment are presented in Table 7.

As shown in Table 7, model-calculated sound levels with the equipment required to handle
a throughput of 647,000 TEUs comply with both Seattle's 60-dBA daytime limit and 50-dBA
nighttime noise limit at residences nearest the site.

With a capacity of 1.3 million TEUs, model-calculated sound levels continue to comply with
the daytime noise limit of 60 dBA. However, at this throughput, nighttime intermodal yard
operations will be required, and noise from CHE operating in the 1Y result in model-
calculated sound levels exceeding the nighttime noise limit of 50 dBA.

Because model-calculated sound levels with a throughput of 1.3 million TEUs exceeded the
nighttime noise limits, the analysis also considered the following potential noise mitigation
measures:

- Use of top-picks with a sound level equivalent to a Fantuzzi model (i.e., 72 dBA at a
distance of 100 feet) or quieter in lieu of louder top-picks (e.g., a Taylor "Big Red"
top-pick emitting a 74 dBA sound level)

Although the mitigation reduced the sound levels somewhat (see the "With Mitigation"
columns in Table 7), the model-calculated sound levels continue to exceed the Seattle
noise limits.
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Table 7. Model-Calculated Sound Levels - Alternative 2 (dBA, Leq)

Model-Calculated Sound Level

] 647k TEU 1.3M TEU
Receiver (~2020) (~2030)
No Mitigation No Mitigation Mi'c\ilgji;'[]ion

First Shift (8AM to 5PM), Noise Limit = 60 dBA
R1 - Hinds St 55 57 56
R2 - 31st Ave SW 58 59 58
R3 — 30th Ave SW 59 60 59
R4 — Fauntleroy Ave SW 56 57 56
R5 — 33rd Ave SW 57 58 57
R6 - City Light Condos 56 57 56
R7 - Pigeon Point 54 56 55
Second Shift (6PM to 3AM), Most Stringent Noise Limit = 50 dBA
R1 - Hinds St 48 55 52
R2 - 31st Ave SW 49 56 54
R3 — 30th Ave SW 50 57 55
R4 — Fauntleroy Ave SW 49 54 52
R5 — 33rd Ave SW 49 54 52
R6 - City Light Condos 49 56 53
R7 - Pigeon Point 48 52 51

Shaded cells identify model-calculated sound levels exceeding the applicable noise limit.

4.2.2.2 Alternative 2 Noise Impact due to Sound Level Increases

In addition to considering the potential compliance of the facility with the Seattle noise
limits, Ramboll Environ also assessed the potential for noise impacts due to sources directly
attributable to the project (including trains arriving and locomotives departing from the site)
increasing the sound levels in the vicinity of the site.

Ramboll Environ
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In the absence of applicable standards or criteria for assessing impacts due to sound level
increases, Ramboll Environ applied the FTA/FRA review methodology and noise impact
criteria based on the 24-hour day-night sound level (Ldn). (See discussion in section 2.2.2.)

As part of calculating the Ldn, Ramboll Environ assumed first shift equipment would operate
between 8 AM and 5 PM and that second shift equipment would operate between 6 PM and
3 AM. In addition, the average 1.3 and 2.6 daily train arrivals and departures for
throughputs of 647,000 TEUs and 1.3 million TEUs, respectively, were assumed to be split
evenly over the first and second shifts.

The calculated cumulative sound levels, sound level increases, and determinations of the
potential for noise impacts (under FTA criteria) are displayed in Table 8. As shown in
Table 8, Alternative 2 would not result in noise impacts at the beginning when throughput
is at or near 647,000 TEUs. By 2030, when the facility would be at or near its capacity of
1.3 million TEUs, all of the receptor locations could experience moderate noise impacts from
the project, but none of the impacts would be classified as severe. With mitigation, the
moderate noise impacts at two receptor locations would reduce to no impact.

It should be noted that the predicted increases over existing sound levels are based on a
conservative representation of existing sound levels. Most of these sound levels are from
measurements taken in 1993 or 1999. Invariably, the background sound levels have
increased in the past 15-20 years with an increase in development and traffic in the area. In
addition, the background levels used for this assessment do not include sounds from
operation of the terminal between 1999 and 2014. Therefore, this can be considered a
conservative assessment of impacts due to increases.

Regardless, even with model-calculated sound levels that exceed the noise limits and using
conservative baseline sound levels, no severe noise impacts are anticipated, using the FTA
noise impact criteria.
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Table 8. Estimated Impacts due to Increases with Alternative 2 using FTA
Impact Criteria (Ldn)

Increase Alt2 - 1.3M Alt2 - 1.3M
for FTA Alt2 - 647k No With
Impact Mitigation Mitigation
5 o o o
S| o szl sz o132,
o 5 - rti 2] - g 2] - % 2]
c by Q 3} = ® 0 = ®© 13) = ®
Model ) s le|2| ool 2] o)y p
218 | >|%|E|c|T|E| || E| o
Receptor X o @) bt 3 c Pt 5 c Pt 5 c
Locations w = n a | o - a| o - a | o =
R1 - Hinds St 64 | 15| 39]|55|65| 05|60 |65|14]58|65] 1.0
R2 - 31st Ave SW 64 | 15| 39|57 |65|07]61|66|1.9]60|65| 1.4
R3 — 30th Ave SW 64 | 1.5 |1 39|57 |65|09]62|66|23|61 |66 |17
R4 — Fauntleroy Ave SW | 60 | 20 | 5,0 |55 |61 | 1.3|60 |63 |28]58|62]|21
R5 — 33rd Ave SW 60 | 20 | 50|56 |61 |14]60|63|28|58|62|21
R6 - City Light Condos 60 | 20 | 50]|55|61| 13|60 |63 |3.1|58|62|22
R7 - Pigeon Point 74 1 05| 23]63|74|03]66|75|06]66 | 75| 0.6

Bold values identify potential moderate noise impacts as defined by FTA.
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4.3 Alternative 3

4.3.1 Construction

Construction activities associated with Alternative 3 were described in section 1.2.
Construction activities required for modernization of the wharf to accommodate larger
cranes would be similar to these activities with Alternative 2, and noise impacts from the
associated pile driving would be the same under Alternative 3 as discussed previously for
Alternative 2.

Upland "typical” construction activities would be more extensive under Alternative 3 than
Alternative 2, but the worst-case upland activities would remain similar to those discussed
in Section 4.2.1.1. Because construction would be limited to daytime hours, no significant
noise impacts would be expected.

This configuration of the T-5 facility also would include modifications of the intermodal yard
to allow the use of electric RMGs. This additional construction would be limited to daytime
hours and also would not be expected to result in significant noise impacts.

4.3.2 Alternative 3 Operational Noise

Under Alternative 3, major upgrades to the facility would occur and much of the equipment
would be electrically powered. The diesel TPs and RTGs would be replaced with electric
RMGs, substantially reducing noise from CHE.

Even with major upgrades of the facility, the terminal throughput would still be expected to
start at approximately 647,000 TEUs in 2020 due to market conditions. At this level of
throughput, gate operations are not expected to be necessary at night. ¢

With an expected annual growth rate of 4%, the terminal throughput would increase to 1.3
million TEUs in 2030 and reach its capacity of 1.7 million TEUs in 2040. With both these
more distant future year throughput scenarios, intermodal yard and gate operations would
be required at night.

4.3.2.1 Alternative 3 Compliance

Using the assumptions above and the equipment usage levels identified in Table 4, Ramboll
Environ assessed whether noise generated by on-site equipment and activities would
comply with the Seattle noise limits (Table 2, page 13). As discussed in section 2.2.1, noise
from trains is exempt from the limits and was not included in this portion of the analysis.
Results of the compliance assessment are presented in Table 9.

©) Moffatt and Nichol, Equipment Calculations, 647,000 TEU Scenario, 02/13/15
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As shown in Table 9, model-calculated sound levels with the equipment required to handle
a throughput of 647,000 TEUs comply with both Seattle’'s 60-dBA daytime limit and 50-dBA
nighttime noise limit at residences nearest the site.

With a throughput of 1.3 — 1.7 million TEUs, model-calculated sound levels continue to
comply with the daytime noise limit of 60 dBA. However, nighttime gate operations would
be required with these levels of throughput, and model-calculated sound levels exceed the
nighttime noise limit of 50 dBA due primarily to truck noise.

Table 9. Model-Calculated Sound Levels - Alternative 3 (dBA, Leq)

Model 647k TEU 1.3M TEU 1.7M TEU

Receptor (=2020) (=2030) (=2040)
Locations No Mitigation No Mitigation No Mitigation

First Shift (8AM to 5PM), Noise Limit = 60 dBA

R1 - Hinds St 53 54 56

R2 - 31st Ave SW 56 57 59

R3 — 30th Ave SW 56 57 60

R4 — Fauntleroy Ave SW 55 57 58

R5 — 33rd Ave SW 57 59 60

R6 - City Light Condos 54 56 58

R7 - Pigeon Point 52 52 56

Second Shift (6PM to 3AM), Most Stringent Noise Limit = 50 dBA

R1 - Hinds St 47 52 54

R2 - 31st Ave SW 49 55 57

R3 — 30th Ave SW 49 55 58

R4 — Fauntleroy Ave SW 48 54 56

R5 — 33rd Ave SW 48 56 58

R6 - City Light Condos 49 54 56

R7 - Pigeon Point 49 51 55

Shaded cells identify model-calculated sound levels exceeding the applicable noise limit.

Because model-calculated sound levels with a throughput of 1.3 — 1.7 million TEUs exceed
the nighttime noise limits, the analysis also considered the following mitigation measures:

- Installing noise barriers to the height of the reefer stacks, on the west sides of the
reefer support structures

= Constructing 20-foot high noise walls along the west side of the entrance and gate
areas

« Constructing 20-foot high noise walls on the east sides of the proposed substation
yards
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These potential mitigation measurements were determined to be ineffective. Due to the
physical configuration of the gate and on-site roads, it was not possible to substantially
reduce on-site truck noise with noise walls. And because the nighttime noise levels are
dominated by on-site trucks, using noise barriers to reduce reefer noise also resulted in
minimal reduction in overall sound levels. In the absence of effective mitigation measures,
the model-calculated sound levels continue to exceed the Seattle noise limits.

4.3.2.2 Alternative 3 Noise Impact due to Sound Level Increases

As done for Alternative 2, Ramboll Environ assessed the potential for noise impacts with
Alternative 3 due to project-related sources increasing the sound levels in the vicinity of the
site using FTA/FRA noise impact criteria based on the 24-hour day-night sound level (Ldn).

As part of calculating the Ldn, Ramboll Environ assumed first shift equipment would operate
between 8 AM and 5 PM and that second shift equipment would operate between 6 PM and
3 AM. In addition, the average 1.3, 2.6, and 3.5 daily train arrivals and departures for
throughputs of 647,000, 1.3 million, and 1.7 million TEUs, respectively, were assumed to be
split evenly over the first and second shifts.

The calculated cumulative sound levels, sound level increases, and determinations of the
potential for noise impacts (under FTA criteria) are displayed in Table 10. As shown in
Table 10, Alternative 3 would not result in noise impacts at the beginning of its operation in
2020 when throughput is at or near 647,000 TEUs. By 2030, when the facility would be at
or near its capacity of 1.3 million TEUs, many of the receptor locations would experience
moderate impacts from the project, but none of the impacts would be classified as severe.
With mitigation, the moderate noise impacts would be reduced. By 2040, when the facility
would be at or near its capacity of 1.7 million TEUs, most of the receptor locations would
experience moderate impacts from the project, but none of the impacts would be classified
as severe. Mitigation reduces the levels nominally, but moderate noise impacts would still
occur at the same receptor locations.

It should be noted, again, that the predicted increases over existing levels are based on
conservative existing sound levels. Most of these levels are fairly old, taken in either 1993
or 1999, and they do not include sounds from the terminal that operated on the site until
2014. Therefore, this can be considered a conservative assessment of impacts due to
increases.

Again, even with model-calculated sound levels that exceed the noise limits and using
conservative baseline sound levels, no severe noise impacts are anticipated, using the FTA
noise impact criteria.
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Table 10. Estimated Impacts due to Increases with Alternative 3 using FTA
Impact Criteria (Ldn)

'Pocrrﬁﬁ‘_sAe 647k TEU 1.3M TEU 1.7M TEU
Impact (—2020) (—2030) (—2040)
cC
5 C [0} = [0} C 0]
- 9 g 2 [0) 3 = Q 3 2 Q
g’ E o - E % - E % - E %
MODEL 5 o = 9 S5 o 2 5 o 2 > o
RECEPTOR | 2 | 3 > > | E S s | E G S | E )
X Q jul -] c - -] c jul o] =
LOCATIONS L = (%) o O - o O - o o -
R1 - Hinds St 64 1.5 3.9 54 64 0.4 58 65 0.9 60 65 1.4
R2 - 31st Ave
64 1.5 3.9 56 65 0.6 60 66 1.5 62 66 2.2
SW
R3 — 30th
64 1.5 3.9 56 65 0.6 60 65 1.5 63 66 2.4
Ave SW
R4 —
Fauntleroy 60 2.0 5.0 55 61 1.1 59 63 2.7 61 64 3.6
Ave SW
R5 — 33rd
60 2.0 5.0 56 61 1.3 61 64 3.5 63 64 4.5
Ave SW
R6 - City
. 60 2.0 5.0 55 61 1.1 59 62 2.4 60 63 3.2
Light Condos
R7 - Pigeon
Point 74 0.5 2.3 63 74 0.3 66 75 0.6 67 75 0.8
oln

Shaded values identify potential moderate noise impacts under FTA criteria. No severe noise impacts
were identified.
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5. MITIGATION

51 Construction

5.1.1 General Construction Activities and Equipment

Typical construction activities will be limited to daytime hours (i.e., 7 AM to 10 PM
weekdays, 9 AM to 10 PM weekends and holidays).

Some relatively simple and inexpensive practices can reduce the extent to which people are
affected by construction noise. Examples include using properly sized and maintained
mufflers, engine intake silencers, engine enclosures, and turning off idle equipment.
Construction contracts can specify that mufflers be in good working order and that engine
enclosures be used on equipment when the engine is the dominant source of noise.

Substituting hydraulic or electric models for impact tools such as jack hammers, rock drills,
and pavement breakers could reduce construction and demolition noise. Electric pumps
could be specified if pumps are required.

Although as safety warning devices (e.g., back-up alarms) are exempt from noise
ordinances, these devices emit some of the most annoying sounds from a construction site.
One potential mitigation measure would be to ensure that all equipment required to use
backup alarms utilize ambient-sensing alarms that broadcast a warning sound loud enough
to be heard over background noise but without having to use a preset, maximum volume. A
better alternative would be to use broadband backup alarms instead of typical pure tone
alarms. Such devices have been found to be very effective in reducing annoying noise from
construction sites.

Although noise from impact pile driving may occasionally be annoying, model-calculated pile
driving sound levels are well below the limits applied to impact (e.g., pile driving) sources.
The use of impact equipment (e.g., pile drivers) will be limited to between the hours of 8 AM
and 5 PM weekdays and between 9 AM and 5 PM weekends and holidays.

Details on how the Port will manage construction noise will be included in a construction
noise management plan that will be developed prior to start of construction in consultation
with Seattle Department of Construction & Inspections (DCI).

5.2 Operation

5.2.1 On-Site Terminal Source Mitigation

Although all of the alternatives considered indicate future compliance with Seattle's daytime
noise limits, the model-calculated sound levels of the alternatives when throughput exceeds
1.3 million TEUS would not comply with the more stringent nighttime noise limit of 50 dBA.
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The noise model used worst-case assumptions regarding peak operations equipment

numbers, locations, and sound levels. The model lacks the actual operating parameters,

equipment numbers, and specific equipment sound levels that will become available when a

specific terminal manager develops its operational plan. However, the fact remains that

under a variety of operational conditions with throughput beyond 1.3 million TEUs,

nighttime noise from the terminal has the potential to exceed Seattle’s nighttime noise

limits.

For this assessment, a number of physical infrastructure improvements and equipment

mitigation measures were considered as test compliance solutions. The mitigation

measures considered, and the resulting likelihood of compliance with the daytime or

nighttime noise limits

Table 11. Mitigation

are listed in Table 11.

Measures Considered

Scenario
Considere

Mitigation Measures

Comply
Daytime

Comply
Nighttime?

Alt 1, 647k TEU

None

Yes

Yes

Alt 2, 647k TEU

None

Yes

Yes

Alt 2, 1.3M TEU

Require the use of TPs that are at
least 2-dBA quieter than the
Taylor TPs used by the previous
tenant (e.g., Fantuzzi TPs)

Construct 20-ft walls west of
entrance and gate

Yes

No

Alt 3, 647k TEU

None

Yes

Yes

Alt 3, 1.3M TEU

Install noise barriers to the height
of the reefer stacks, on the west
sides of the reefer support
structures

Construct 20-foot high noise walls
along the west side of the
entrance and gate areas

Construct 20-foot high noise walls
on the east sides of the proposed
substation yards

Yes

No

Alt 3, 1.7M TEU

Install noise barriers to the height
of the reefer stacks, on the west
sides of the reefer support
structures

Construct 20-foot high noise walls
along the west side of the
entrance and gate areas

Construct 20-foot high noise walls
on the east sides of the proposed
substation yards

Yes

No
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Although the mitigation elements reduced the sound levels somewhat, the model-calculated
sound levels continue to exceed the Seattle nighttime noise limits. However, specific
operational details and potential mitigation measures cannot be identified until a terminal
operator is selected. These operational noise controls will be developed as part of an
Operational Noise Management Plan in consultation with the City of Seattle Department of
Construction and Inspections (DCI).

5.2.2 Operational Noise Management Plan

Noise modeling for the proposed Project included numerous assumptions regarding the
potential modes of operations, equipment involved, locations of equipment being used, and
amounts of cargo being handled. The noise modeling represents worst case, peak
operations of the expected alternatives based on maximum throughputs of the alternatives.
This analytical process is a reasonable way to estimate possible future activities in lieu of
specific information that is not available at this time. Modeling based on these assumptions
indicated a potential issue for compliance with the City of Seattle noise limits at some point
in the future.

Because the noise modeling indicated a potential for the facility to exceed Seattle’s
nighttime noise limits under Alternatives 2 and 3, an Operational Noise Management Plan
(ONMP) will be used to provide a compliance strategy for the facility. An ONMP can be used
as an adaptive tool to identify reasonable and feasible best practices to ensure compliance
with the noise limits. Advanced noise modeling and assessment, details regarding a noise
monitoring program, and procedures for response to noise complaints will be developed as
part of the ONMP in facilitated collaboration with all affected parties to ensure that noise
levels will be in accordance with noise code and local approvals.

5.2.3 Annoyance Noise Control Measures Included in the Proposed Project

If the proposed project proceeds it would include several measures intended to reduce
generation of what might be perceived as annoying noise by project related sources. These
noise control measures that would be implemented as part of the proposed project include
the following:

< Use of ambient-sensing, broadband back-up alarms on all mobile equipment instead
of using standard pure tone alarms. This would remove one of the most potentially
annoying noise sources from the facility.

- Addition of safety measures to the rail corridor between the bridge across the
Duwamish and the terminal. Adding safety measures to the corridor, such as chain
link fencing, crossing gates, and wayside horns at suitable at-grade crossings in all
four quadrants of each driveway would substantially improve the safe operation of
trains. As a result, the need to sound audible alarms should be reduced. These
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measures could also be used by the City of Seattle as a basis to begin the process of
requesting the corridor be converted into a railroad quiet zone.

= Reduction in noise from on-vessel power generators used for hoteling due to the
provision of shore power for moored vessels. This change has the potential to reduce
low frequency noise from moored vessels that has in the past been reported as
intrusive by some residents on the hill west of the facility. In addition, if noise
complaints are received related to a specific hoteling vessel, and if subsequent noise
measurements indicate that the vessel is emitting excessive levels of low frequency
noise (as determined by a methodology identified in consultation with the City of
Seattle DCI as part of the Operational Noise Management Plan), then that specific
vessel will be required to use shore power on any subsequent visits to Terminal 5, if
possible.

These noise control measures have the potential to reduce or eliminate what have been
identified as some of the most annoying facility related noise sources.
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The SLM locations depicted in Figure Al include four locations (in purple) used in collecting
24-hour baseline data in the late 1990s and two locations (in yellow) of more recent
nighttime hour measurements taken to assess compliance of noise from intermodal yard
activities with the Seattle noise limits.

The hourly sound measurements depicted in Figure A2 were taken to establish baseline 1-
hour sound levels in most hours of the day. These levels characterize the acoustic
environment at four off-site residential locations prior to major operations at T-5.

An hour of 1-second sound level data for the Hinds and Vanek locations are depicted in
Figure A3 and Figure A4.

Baseline and Recent Sound Level Measurement Locations

Mear Off-Site Sensitive Receivers

Legend

® Bzseline Locations
®) Recent Locations
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GLOSSARY OF TERMS and ACRONYMS
AWDT - Average weekday daily traffic.

Container — The box used to transport goods by several modes, including truck, rail, and ship. Con-
tainers come in a range of sizes from 20-feet long to 48-feet long. The most common containers are 40-
feet long.

Container terminal — Major transportation transfer points where import containers are unloaded from
ships and transferred to trucks or rail for inland delivery to either intermodal rail hubs or regional
businesses. Export cargo also passes through terminals in the reverse direction, arriving by truck or rail
and loaded onto ships.

DEIS - Draft Environmental Impact Statement.
Demurrage — Ancillary cost that represents liquidated damages for delays.

Dray — The movement of cargo by truck. In the Port of Seattle area, a “dray trip” generally refers to the
short truck trip between a marine terminal and an intermodal rail terminal. Containers that are moved
by truck to local or regional businesses are simply referred to as truck trips.

FGTS - Freight and goods transportation system designated by the Washington State Department of
Transportation.

FEIS - Final Environmental Impact Statement.

Intermodal — A transfer of cargo from one mode to another. In the shipping business, an “intermodal
container” generally refers to one that will be transported from or to a ship by rail. Terminal 5 has an
on-dock intermodal rail yard that allows the direct transfer of containers between rail and ship using
yard equipment. However, it is expected that some containers will be trucked (see definition for “dray”)
between the marine terminal and the near-dock rail yards operated by the BNSF Railway and Union
Pacific (UP) Railroad.

Near-Dock Intermodal Yard — These include the BNSF SIG/North SIG Yard and the UP Argo Yard.

NWSA — Northwest Seaport Alliance, the partnership entity comprised of the Port of Seattle and Port
of Tacoma charged with operating cargo terminal facilities in Elliott Bay and Commencement Bay.

On-Dock Intermodal Yard — The rail yard at Terminal 5.

OCR - Optical character recognition. OCR portals are positions at terminal entry and exit points to
automatically read identification numbers on trucks, chassis (the trailer on which the container is
transported) and containers.

Panamax/Post-Panamax — Panamax-class ships are limited by the size of the original Panama Canal, and
are capable of carrying 5,000 TEUs. The existing berth and cranes at Terminal 5 have a reach that can
accommodate up to 6,000 TEU vessels. Vessels capable of carrying 10,000 to 18,000 TEU capacities have
started to be used on routes to other West Coast terminals. These are often referred to as Post-Panamax,
Super Panamax, and Ultra Panamax vessels depending on the size. Vessels of that size would call on
several ports during a West Coast circuit, and typically discharge only a portion of their capacity at one
port. With upgrades to the berth, cranes, and uplands, Terminal 5 would be able to support 18,000 TEU
vessels.
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RFID - Radio frequency identification. These devices are used to track truck and container movements
through the terminal gates.

RMG - Rail-mounted gantry crane. The largest type of equipment used to lift and stack containers.
They are guided by fixed rails, and although not as mobile as top-picks or RTGs, allow the yard to be
more densely stacked, which increases capacity.

RTG - Rubber-tired gantry crane. Yard equipment used to lift and stack containers in the yard. Will
typically span over trucks, railcars and container stacks.

SDOT - Seattle Department of Transportation.

Switch — Movement of train segments when building or decoupling a full train. For example, when decou-
pling a train, the full train will pull into a storage track and drop a segment of the train on those tracks, and
then pull forward and back into another storage track and drop another segment, and so on until the entire
train is decoupled from the engine. Train building reverses this process.

TEU - Twenty-foot Equivalent Unit. A unit of measure used in the shipping industry. A 40-foot con-
tainer equals two TEUSs. In recent years, Port of Seattle shipments have averaged 1.74 TEUs per
container.

Throughput — Volume of container cargo that passes through a terminal, generally measured in TEUS per
year.

Top Pick — Yard equipment that is used to lift containers off or onto a truck or rail car, and also used to
stack containers in the yard.

TWIC - Transportation Worker Identification Credential, which is issued by the U.S. Department of
Homeland Security, and is required to access Terminal 5.

WSDOT - Washington State Department of Transportation.
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1. INTRODUCTION

The Port of Seattle (Port) is proposing improvements to Terminal 5 that would rehabilitate the pier and
deepen the berth to enable larger ships to utilize the terminal, and increase the terminal’s capacity with
crane and upland improvements. This Transportation Technical Report was prepared to support the
project’s Final Environmental Impact Statement (FEIS). It evaluates the transportation effects of poten-
tial terminal improvements, and compares those to conditions that would occur if the existing terminal
configuration and facilities were to remain. Terminal 5 is currently vacant while the Port seeks a new
tenant; information provided in this report based upon observed conditions through 2013, the most re-
cent year in which the terminal was fully occupied. Figure 1 shows the site location and project vicinity.

1.1. Project Alternatives

The following summarizes the project alternatives evaluated in this report. Full descriptions are pro-
vided in the FEIS.

1.1.1. Alternative 1 — No Action

The No Action Alternative assumes that no improvements would be made to the existing 197-acre site
other than routine maintenance and repair work. The Terminal 5 upland and waterfront area would con-
tinue as a cargo terminal transportation facility with cargo marshalling (sorting), cargo storage, cargo
trans-shipments, and vessel moorage. The capacity of the terminal would be defined by the numbers and
sizes of vessels capable of being serviced by the height and reach capability of the existing six cranes at
the terminal. It is assumed that the No Action Alternative would accommodate 647,000 TEUs per year,
which is about 95% of the 684,000 TEUs per year established by the Southwest Harbor Cleanup and
Redevelopment Project Environmental Impact Statement® for the original Terminal 5 improvements.

Under the No Action Alternative, container storage and handling are assumed to be similar to prior op-
erations with 70% to 80% of the container yard being used to store containers directly on road chassis
(wheeled operation), and empty and rail cargo being grounded storage (containers stacked on the pave-
ment) served by top picks. The terminal would also be capable of accommodating other marine cargo
uses such as breakbulk or neo-bulk (goods that are loaded individually, and not in containers) and other
general marine uses. The No Action Alternative would preclude super post-Panamax vessels from uti-
lizing the site since they could not be accommodated by the existing wharf or cranes.

1.1.2. Alternative 2 — Wharf Improvements, Increased Cargo Handling

Alternative 2 would rehabilitate the existing Terminal 5 container cargo pier and deepen the existing
navigational vessel berth access; it would also make crane and upland improvements required for the
terminal to accommodate loading and unloading of two large vessels, each with a capacity of up to
18,000 TEUSs. The upland container yard storage area would be changed from a wheeled operation to a
grounded operation, served by a mixture of RTGs and top-picks. No substantial changes are proposed to
the upland buildings, intermodal rail facilities, or truck gates. With the Alternative 2 improvements, the
terminal’s throughput is estimated at 1.3 million TEUS per year.

! Port of Seattle. Draft EIS published January 1994; Final EIS published November 1994.
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Figure 1. Vicinity Map
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1.1.3. Alternative 3 — Wharf Improvements plus Upland Improvements

Alternative 3 proposes the cargo wharf and vessel berth improvements identified in Alternative 2 com-
bined with substantial improvements to the upland cargo marshalling area to increase overall terminal
throughput to 1.7 million TEUs per year. The wharf and crane improvements would allow simultaneous
loading and unloading of two 18,000 TEU vessels. The container yard would be enlarged through relo-
cation or demolition of the freight station, transit shed, maintenance, repair buildings, and operations
buildings. The truck gate would be relocated, and the existing intermodal rail yard would be reconfig-
ured with additional rail lines and concrete or rail runways for RTG or RMG equipment. The container
yard capacity would be increased through use of grounded container storage served by RTG or RMG
cranes.

1.2. Transportation-related Container Terminal Operations

This section provides an overview of various elements of container terminal operations that may affect the
transportation system. The effects on these elements with each of the three alternatives are also described.

1.2.1. Throughput and Vessel Calls

The Northwest Seaport Alliance (NWSA), the new partnership between the Port of Seattle and Port of
Tacoma, anticipates that larger vessels will dominate future ship calls to the Pacific Northwest. Im-
provements at Terminal 5 are proposed to accommodate the larger ships. If the Alternative 2 or 3 im-
provements are not made (No Action Alternative), Terminal 5 would not be able to accommodate larger
ships because of limitations in the crane height and overreach. With the ability to serve larger ships, the
number of vessel calls per week is estimated to decrease from six per week under the No Action
Alternative to four per week with Alternatives 2 or 3.

An analysis was performed by Moffatt & Nichol to determine the potential throughput that could be ac-
commodated by the terminal given the potential berth capacity, container yard area, storage density,
peaking factors associated with larger ships, and container dwell time in the terminal. Alternative 1 (No
Action Alternative) assumes an annual throughput at Terminal 5 of 647,000 TEUs. Alternative 1 assumes
that existing cranes would continue to be used, and that the vessel calls would be similar to what occurred
previously when an average of six vessels per week called at the terminal. The vessels reflected a mix of
sizes, and only a portion of the vessel capacity was unloaded from or loaded onto each ship.

With Alternatives 2 or 3, the improved pier and deeper berth would allow larger ships to call at Termi-
nal 5. For Alternative 2, which would have modest upland improvements, the throughput is estimated at
1.3 million TEUs per year. For Alternative 3, which would have increased container yard and inter-
modal yard capacities, the throughput is estimated to be 1.7 million TEUs per year.

The range of volumes proposed in Alternatives 2 and 3 could be achieved with various vessel service
call scenarios. For the purpose of this analysis, a total of four ships per week were assumed: two 18,000
TEU ships and two 8,000 TEU ships. Table 1 summarizes the vessel calls and throughput assumed for
each alternative.
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Table 1. Terminal Throughput and Vessel Call Scenarios

Alternative 1 (No Action) Alternative 2 Alternative 3
No Improvements Wharf Improvements Wharf + Upland Improvements
Vessel % Vessel % Vessel %

Weekly Capacity Discharged Annual | Capacity Discharged Annual | Capacity Discharged  Annual
Service (TEUs)  &Lloaded TEUs? (TEUs) & Loaded TEUs (TEUSs) & Loaded TEUs

Service 1 5,500 30% 171,500 | 18,000 25% 468,000 | 18,000 30% 566,300
Service 2 5,500 30% 171,500 | 18,000 25% 468,000 | 18,000 30% 566,300
Service 3 2,200 33% 76,000 8,000 22% 182,000 8,000 34% 283,700
Service 4 2,200 33% 76,000 8,000 22% 182,000 8,000 34% 283,700
Service 5 2,200 33% 76,000
Service 6 2,200 33% 76,000

Annual TEU’s 647,000 1,300,000 1,700,000

Source: Heffron Transportation and Moffat & Nichol, January 2016.
a.  Annual TEUs = (cargo discharged + cargo loaded) x 52 weeks per year.
Each service reflects an individual ship call with one discharge operation and one loading operation.

The time that a ship spends in berth would vary based on size. The smaller ships anticipated for the No
Action Alternative require about 16 to 20 hours at berth for loading and unloading. The larger ships an-
ticipated for Alternatives 2 or 3 would require between 25 and 50 hours at berth.

1.2.2. Container Yard Operations

The container yard at a terminal functions as a surge pile—it provides space to quickly absorb contain-
ers unloaded from a ship before they are transported off terminal by rail or truck, and allows containers
to be staged prior to ship loading. Both functions make the unloading and loading operations more effi-
cient to reduce the time that a ship must stay at berth.

Terminal 5 has historically been a “wheeled operation,” meaning that the majority of containers that
enter or leave the terminal on truck are loaded directly from the ship to a chassis and then parked in a
space on the terminal. This allows the truck driver to park or retrieve a container without the aid of a
top-pick. With improvements and increased throughput, the container yard would be converted to a
“grounded operation” in which containers are stored in stacks. Containers are unloaded from a ship to a
specialized chassis, and then sorted into stacks. Containers are stacked according to destination. Some
types of containers, such as refrigerated containers or hazardous materials would have separate areas.

The No Action Alternative assumes most loading, unloading, and stacking in the container yard would
be performed by top-pick loaders, same as the existing condition. For Alternative 2, some RTGs would
be used for loading trucks. For Alternative 3, it is expected that almost all loading functions in the con-
tainer yard would be handled by RMG cranes in order to achieve the storage density required. RMGs
have a fixed capacity, unlike top-picks where more equipment and staff can be added to increase capac-
ity. As described later, the use of RMGs is likely to require that a second truck gate shift be added when
3,000 or more ship lifts per day are expected in order to meter the flow of truck loading and unloading
to the capacity provided by the RMGs.

The crane and terminal crews often work two shifts when ships are in berth: the day shift, which
typically occurs from 8:00 A.M. to 5:00 p.M., and the night shift, which typically occurs from 6:00 p.Mm.
to 3:00 A.M. A “hoot shift” (typically from 3:00 to 7:00 A.M.) may be needed to unload or load a ship on
rare occasions, which can occur if the ship is delayed by weather.
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1.2.3. Rail and Intermodal Yard Operations

Terminal 5 has an on-dock intermodal rail yard that allows the direct transfer of containers between rail
and ship within the terminal. This yard is primarily used to create or discharge unit trains where all
containers have a common origin or destination. Intermodal containers with other origins or destinations
are usually handled through one of the near-dock rail yards operated by the BNSF Railway and UP Rail-
road where a terminal’s cargo is combined with cargo from other terminals to create either full unit
trains or mixed-service trains that may drop or pick up segments at inland destinations. These containers
are drayed (trucked) between Terminal 5 and the off-dock rail yards.

With the No Action Alternative, which would accommodate smaller ships, it is estimated that 55% of
the terminal’s throughput would be intermodal cargo. Just over half (30% out of 55%) is expected to be
handled at the on-dock rail yard and the rest (25%) drayed to near-by off-dock rail yards. The remaining
45% of the total cargo would be trucked to local and regional businesses.

With increased throughput at Terminal 5, the percentage of containers transported by rail is expected to
increase to 75%. This is because the regional market in the Pacific Northwest is not large enough to
support higher demand for locally-trucked cargo. Of the containers transported by rail, two-thirds (or
50% of the intermodal total) are assumed to be handled at the on-dock intermodal yard and one-third (or
25% of the total) are assumed to be drayed to off-dock rail yards. The remaining 25% of the total cargo
would be trucked to local and regional businesses. Table 2 presents the throughput and mode-of-travel
assumptions for the three alternatives.

Table 2. Terminal 5 Throughput and Mode of Travel

Condition Throughput Moved through Drayed to/from Trucked to/from
On-Dock IIM2 Off-Dock I/M Local/Region
Alternative 1 - No Action
Throughput (TEUs/Year) 647,000 194,100 161,800 291,100
Mode of Travel 30% 25% 45%
Alternative 2 — With Wharf Improvements
Throughput (TEUs/Year) 1,300,000 650,000 325,000 325,000
Mode of Travel 50% 25% 25%
Alternative 3 — With Wharf and Upland Improvements
Throughput (TEUs/Year) 1,700,000 850,000 425,000 425,000
Mode of Travel 50% 25% 25%

Source: Moffatt & Nichol, January 2016.
a.  I/M=Intermodal containers moved between ship and rail.

For the No Action Alternative and Alternative 2, the existing rail yard configuration and operation are
expected to continue, and containers would be carried by yard equipment between a container yard stack
and the intermodal yard, and loaded (or unloaded) from the train using a top pick. Once the segment of
railcars on the loading tracks is filled, it is moved to the storage tracks until enough are ready to create a
single unit train destined for a common location. The segments are then switched and connected to form a
full unit train, which is typically 7,500 feet long, but can range from 5,000 to 8,600 feet long including
locomotives. For Alternative 3, the configuration would be changed to accommodate RMG loaders, which
would increase the capacity of the yard. The size of the unit train would remain 7,500 feet long.
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1.2.4. Truck Gate Operations

The truck gate is where security checks occur and transaction information is exchanged for containers
that enter or leave the terminal by road. This includes the dray movements between Terminal 5 and the
near-dock intermodal yards. Trucks are allowed to deliver or retrieve a container within a designated
window related to a ship’s schedule. Export containers are usually required to arrive at the terminal a
minimum of one and maximum of five working days prior to ship arrival. A container that arrives late
must wait until the next ship call. Containers that arrive too early or are not picked up within the allotted
time are charged a demurrage fee for on-terminal storage.

Arriving trucks proceed through the security Transportation Worker Identification Credential (TWIC)
check point, then through an OCR portal that processes some of the transaction information regarding the
container and truck identification, before arriving in the main gate queue. Once the truck reaches the
processing station at the main gate, its container information is verified and matched to a pre-loaded
booking. The driver is given directions to proceed to the designated container stack to drop off or retrieve
their container. If the driver has a dual transaction (both dropping off and receiving a container), they
would then proceed to their second container stack to be loaded prior to exiting the terminal. When exiting
the terminal, the truck passes through an OCR portal and radiation detection portal prior to the exit gate. At
the exit processing station, transaction information is verified and the driver is cleared to leave the
terminal. If additional screening is required by US Customs and Border Protection, drivers are directed to
that area before leaving the terminal.

For the No Action Alternative and Alternative 2, the truck gate is assumed to operate only during the day
shift (8:00 A.M. to 5:00 P.M.) up to six days per week. On high-volume days, the gate may need to open
one hour earlier. For Alternative 3, the gate may require a second shift (6:00 p.M. to 3:00 A.M.) due to the
change to RMGs within the container terminal yard. If a second gate shift is required, then it is likely that a
reservation system for gate access would also be implemented to meter the flow of trucks onto the terminal
and improve on-terminal operations. Further detail about gate operations is provided in Section 5.3.

1.3. Study Area

The transportation study area for this report includes the north end of the Duwamish Manufacturing and
Industrial Area (MIC), extending from Terminal 5 to Interstate 5 and from S Atlantic Street (SR 519) to
SR 509 south of the 1 Avenue S Bridge. Within that area, the primary travel corridors serving Terminal
5 are SW Spokane Street between Harbor Avenue SW and East Marginal Way S, and East Marginal
Way S between S Hanford Street and the North Argo Access. These corridors cover the primary travel
routes between Terminal 5 and the near-dock intermodal rail yards, and between the terminal and the
Spokane Street Viaduct, which is the primary route to the interstate freeway system. The following
intersections were evaluated for this report, which are shown later on Figure 3.

SW Spokane Street/Harbor Avenue NW

SW Spokane Street/West Marginal Way SW/Chelan Avenue SW
SW Spokane Street/Terminal 5 Access

SW Spokane Street/11" Avenue SW

S Spokane Street/East Marginal Way S

S Hanford Street/East Marginal Way S

East Marginal Way S/North Argo Access Road
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2. AFFECTED ENVIRONMENT

This section of the report discusses the existing transportation conditions in the project study area, including
roadways, rail, transit and non-motorized traffic, operational characteristics of Port-generated and general
background vehicle traffic, safety conditions, and parking characteristics.

2.1. Transportation Network

2.1.1. Existing Roadway Network

The near-site roadway network that serves Terminal 5 is shown on Figure 2. Terminal 5 has two vehicle
access points. The primary (overpass) access is via the Terminal 5 Access Bridge that connects to SW
Spokane Street just west of the Spokane Street Swing Bridge over the West Duwamish Waterway. This
access bridge is grade-separated from the Terminal 5 lead railroad tracks. A secondary (surface) access is
located at-grade via West Marginal Way SW and connects to the SW Spokane Street/\West Marginal Way
SW/Chelan Avenue SW intersection as its northern leg. This access points crosses the Terminal 5 lead
railroad tracks at grade, which can be blocked for train movements. The surface route and overpass connect
south of the Terminal 5 gate, and either route can be used to access the Terminal 5 office and businesses
located southeast the terminal at privately-owned sites known as Terminals 7A, 7B, and 7C. In the past, at
times of high truck activity for Terminal 5, trucks were discouraged (and even prohibited by the terminal
operator) from short-cutting the queue line by using the surface access, and were directed to enter the
terminal via the Terminal 5 Access Bridge. Trucks that exit the terminal could use either route.

Connections between the terminal and the regional highway network are provided by S/SW Spokane
Street, West Marginal Way SW, East Marginal Way S, and the West Seattle Bridge/Spokane Street Via-
duct. All of these roadways are part of WSDOT’s Freight and Goods Transportation System (FGTS).
The West Seattle Bridge, SR 99, East Marginal Way and West Marginal Way are classified as FGTS T-1
roadways, the highest classification, and SW Spokane Street is classified as a T-2 roadway. All of these
connecting streets are also part of the City’s new Heavy Haul Network that allows increased axle loads
and gross tonnage for specially-permitted trucks. The Heavy Haul Networks and FGTS are described
further in Sections 2.1.2 and 2.1.5, respectively.

S/ SW Spokane Street is a surface arterial that connects from Harbor Avenue SW in West Seattle to
Airport Way S near Interstate 5 (I-5). For most of its length, it is classified by the Seattle Department of
Transportation (SDOT) as a Minor Arterial®, except for the portion between East Marginal Way S and West
Marginal Way SW (across Harbor Island), which is classified as a Collector Arterial. The arterial crosses
the Duwamish West Waterway on a two-lane swing-bridge, which opens for marine vessel traffic. It then
widens to five lanes (three westbound and two eastbound) as it crosses the fixed Duwamish East Waterway
bridge. Two of the westbound lanes and one of the eastbound lanes provide exclusive access to Harbor
Island. Just east of the East Waterway Bridge are ramps to and from the Spokane Street Viaduct, which can
be used to access I-5.

2 All City of Seattle street classifications are from the Seattle Arterial Classifications Planning Map, December 11, 2003;

http://Awww.seattle.gov/transportation/streetclassmaps/planweb.pdf; accessed January 26, 2015.
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Figure 2. Near-site Roadway Network
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West Marginal Way SW connects from SW Spokane Street to State Route 99 (SR 99) near the First
Avenue S Bridge. It is classified as a Principal Arterial. Along much of its length, it is a five-lane road-
way (two lanes in each direction plus a center two-way left turn lane). North of the intersection with SW
Spokane Street, West Marginal Way SW crosses the lead railroad tracks that serve Terminal 5 at grade,
and passes under the Terminal 5 Access Bridge. This street provides an at-grade connection to Terminal
5 and other local businesses that front the Duwamish River.

East Marginal Way S, between S Atlantic Street and Duwamish Avenue S, is a Minor Arterial that
connects the downtown Seattle waterfront to SR 99 south of the Spokane Street Viaduct. This roadway
provides access to BNSF Railway’s Seattle International Gateway (SIG) Intermodal Yard via S Hanford
Street, and also connects to I-5 and Interstate 90 (1-90) via S Atlantic Street. Just south of the intersection
with S Spokane Street are two railroad crossings—one operated by the BNSF Railway and the other by the
UP Railroad—that link the West Seattle and Harbor Island rail yards in to the mainline tracks and support
yards. The Port recently completed the East Marginal Way Grade-Separation Project that vertically
separates the roadway from the main railroad crossings. Trucks can access SR 99 just south of the grade-
separated structure. This route also provides a connection to the North Argo Access, a Port-owned truck
access roadway located along the south edge of the Argo Yard lead tracks (see description below).

West Seattle Freeway/Spokane Street Viaduct is an elevated Principal Arterial that connects West
Seattle to State Route (SR) 99, I-5, and Beacon Hill to the east. Ramps connect this elevated roadway to
surface Spokane Street at several locations, including ramps to and from SW Chelan Street just west of
Terminal 5 and ramps to and from Harbor Island to the east. Ramps also provide an eastbound exit to 1%
Avenue S and 4™ Avenue S, and a westbound entry from 1% Avenue S.

North Argo Access provides a one-way southbound truck connection between East Marginal Way S
and the UP Argo Yard for intermodal transfers. The access route connects under SR 99 just south of the
new East Marginal Way grade-separated structure. It was recently constructed to eliminate the need for
trucks to weave across SR 99 in the southbound direction between the existing on-ramp and Diagonal
Avenue S. Trucks returning to the container terminals exit the Argo Yard via Diagonal Avenue S and
East Marginal Way S.

2.1.2. Heavy Haul Network

In October 2015, the City Council unanimously adopted legislation to create a Heavy Haul Network on a
limited number of city streets to allow for the efficient drayage of sealed, ocean-going containers between
the Port of Seattle and nearby intermodal facilities (Ordinance No. 124890). The new maximum
allowable tandem drive axle weight of 43,000 pounds and maximum of gross vehicle weight of 98,000
pounds will be administered and enforced under a new permitting system. The adopted Heavy Haul
Network, shown on Figure 3, includes the street system connecting Terminal 5 to the railyards; the upper
level of the West Seattle Bridge and Spokane Street Viaduct are excluded from the Heavy Haul Network.®

Among the conditions of the permit is a requirement for twice-yearly inspections for permitted vehicles.
In addition, the legislation establishes a new Commercial Vehicle Enforcement Officer (CVEOQ) posi-
tion in SDOT devoted to enforcing truck-related rules and regulations in the Heavy Haul Network area.

3 SDOT, Summary — Adopted Heavy Haul Network Legislation, October 27, 2015.
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As part of the legislation, the Port and City have entered into a Memorandum of Understanding (MOU),
detailing the Port’s commitment to the program. It states that the Port will pay up to $250,000 to
support the implementation and operation of the Heavy Haul program through at least the end of 2017.
As a second component of the MOU, the Port has agreed to contribute between $10 million and $20
million over the next 20 years to pavement rehabilitation and restoration projects on heavy haul network
roadways. Project-specific Port funding would be directly tied to the estimated cost of accelerated dete-
rioration of pavement due to heavy vehicles on the roadway, in addition to the estimated additional layer
of paving needed to support more frequent use by heavy vehicles.

Based on analysis, City and Port staff recommend that pavement investments be targeted to three
principal corridors: 1) SW Spokane Street between Terminal 5 and East Marginal Way S, 2) East
Marginal Way S between Terminal 46 and the North Access Road, and 3) S Hanford Street between
East Marginal Way S and the BNSF SIG Yard.

2.1.3. Driver Information Infrastructure

SDOT, Port of Seattle and WSDOT jointly developed a good network of traffic cameras, dynamic mes-
sage signs, and signs with flashing beacons to alert motorist about bridge openings in the Duwamish
Industrial Area. There are City and State-owned cameras along most arterial routes and state highways in
the neighborhood that can be viewed from various web sites. In addition, all of the Port of Seattle’s ter-
minal gates have cameras (some from multiple angles) that show the length of the gate queues. There are
several flashing beacon signs that are triggered when the Spokane Street Swing Bridge opens for marine
traffic to alert motorists to “Use High Bridge When Flashing.” Finally, there are dynamic message signs
along 1* Avenue S on which the message can be set at SDOT’s Transportation Operations Center
(TOC). The location of various driver information infrastructure is shown on Figure 4.

In addition to these efforts, the NWSA is in the process of deploying the data collection, sharing and
communications infrastructure that will enable the NWSA’s Operations Service Center to measure truck
traffic congestion on, at and near container terminals and reduce it by providing real-time truck wait and
gueuing information to the trucking community. This will enable drivers to make informed routing
decisions. The project is part of FHWA'’s Freight Advanced Traveler Information System (FRATIS)
program and supported by an initial FRATIS grant. In addition, the NWSA has been awarded a federal
grant through the federal Congestion Mitigation and Air Quality Improvement (CMAQ) Program to
expand on an FHWA pilot-project current underway at the NWSA South Harbor (Tacoma terminals).
Both applications are expected to reduce wait times at the terminal gates. This uses a new smartphone
application—Dray Q—that provides terminal wait time information to a driver through mobile phones.
An extension application, Dray Link, is also being offered that will provide a more robust set of
logistics tools including providing drivers with the ability to manage pick-up and delivery information.
Experience with pilot projects in locations such as the Ports of Los Angeles and Long Beach has shown
that queuing and wait time reductions will result in reductions of diesel and greenhouse gas emissions.
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2.1.4. Infrastructure Improvements since Construction of Terminal 5

Many infrastructure improvements were made when the current configuration of Terminal 5 was
constructed in 1997. The major transportation-related improvements included:

e Constructing the Terminal 5 Access Bridge to grade-separate the terminal’s vehicular
traffic from its lead railroad tracks, and minimize truck queues on city streets;

o Rebuilding Harbor Avenue SW to include new curb, gutter, sidewalk and a landscape
berm;

e Constructing the on-dock intermodal yard, storage tracks and lead railroad tracks;
o Installing a second lead track across Harbor Island to increase rail capacity; and

e Constructing a new emergency-access bridge between the south end of Harbor Island
and the mainland that can be used if this area is blocked by a train.

Since Terminal 5 opened in 1997, both the Port and City of Seattle have made the following additional
infrastructure improvements in the area.

e Rebuilding the Harbor Island roadway network as part of the Terminal 18 expansion in
1999, which relocated the lead railroad tracks to Harbor Island and Terminal 18 under the
SW Spokane Street Bridge (these trains previously crossed Spokane Street at grade near
11™ Avenue SW). The Terminal 18 project also reconfigured SW Spokane Street to create
the frontage road system, which simplified the intersection at 11" Avenue SW.

e Constructing the East Marginal Way Grade Separation described previously, which al-
lows Port trucks and other vehicular traffic to bypass train movements in the corridor.

e Widening the Spokane Street Viaduct, constructing a new eastbound off-ramp to 4"
Avenue S, and rebuilding the westbound on and off-ramps at 1* Avenue S.

o Rebuilding surface Spokane Street under the viaduct. This project provided wider
lanes, better U-turn facilities, new pavement, and improved traffic signal systems.

o Rebuilding the SW Spokane Street fixed bridge over the East Duwamish Waterway.
e Constructing the North Argo Access Road, which eliminated the need for trucks to
weave across SR 99 in the southbound direction between the existing on-ramp at East

Marginal Way and Diagonal Avenue S.

All of these improvements were constructed in part to accommodate future growth at the Port’s con-
tainer terminals, and were designed for large trucks.

2.1.5. Future Plans and Policies

The City’s adopted modal transportation plans and programs were reviewed to identify goals, policies
and planned future improvements to vehicular and non-motorized travel to and through the Terminal 5
study area.
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Regional and State Freight Designations

The Port of Seattle marine facilities, including Terminal 5, are located within the Duwamish Manufac-
turing/Industrial Center (MIC), designated by the Puget Sound Regional Council (PSRC) as part of
VISION 2040.* MICs are employment areas with intensive, concentrated manufacturing and industrial
land uses that cannot be easily mixed with other activities. They are characterized as areas of large con-
tiguous blocks served by the region’s major transportation infrastructure, including roads, rail, and port
facilities. The Duwamish MIC is one of the largest and most intensely developed industrial and manu-
facturing areas in the Pacific Northwest.> Transportation 2040 is the region’s long-range transportation
plan that implements VISION 2040. Transportation 2040 presents the Regional Freight Strategy, which
provides background on many of the bigger issues regarding the region’s freight and goods movement
and presents recommendations for a long-term regional freight strategy. Policies in the Regional Freight
Strategy recognize that MICs are located to have ready access to transportation systems, to reduce the
time and cost of transporting goods as well as pressure on the regional transportation system. Trans-
portation policies identified in the City’s Comprehensive Plan® for MICs in Seattle include maintaining
land that is uniquely accessible to water, rail, and regional highways for continued industrial use, and
promoting an intermodal freight transportation strategy that improves freight and goods movement
within and between these modes.

WSDOT has established the Washington State Freight and Goods Transportation System (FGTS) to
classify roadways, railways and waterways according to their annual freight tonnage. Each facility is
categorized 1 through 5, with 1 reflected the highest annual freight tonnage and 5 reflecting the lowest. In
the vicinity of Terminal 5, T-1 roadways (carrying more than 10 million tons of freight per year) include
the West Seattle Bridge/Spokane Street Viaduct, SR 99, and West Marginal Way S. T-2 roadways (car-
rying 4 million to 10 million tons of freight per year) include 11" Avenue SW and 16" Avenue SW on
Harbor Island and SW Spokane Street. The Puget Sound Marine Waterway has a W-1 classification (car-
rying more than 25 tons of freight per year), and the railroads serving the area are classified as R-1 (car-
rying more than 5 million tons per year). WSDOT has identified T-1 and T-2 roadways, as well as FGTS
railroads and waterways, as freight economic corridors in Washington State.’

WSDOT is currently working to identify and designate Critical Urban and Rural Freight Corridors
throughout the state. Although still in draft form, the designated corridors are expected to be submitted to
the Federal Highway Administration (FHWA) by the end of 2016.° Criteria for Critical Urban Freight
Corridors include high truck volume/tonnage, and close connectivity to the National Freight Highway
Network, major freight intermodal facilities, and large industrial/warehouse centers. If approved, there will
be a new Critical Urban Freight Corridor in the Duwamish that will include East Marginal Way S between
Diagonal Avenue S and S Atlantic Street, as well as S Hanford Street between East Marginal Way S and
1% Avenue S. In the vicinity of the Terminal 5 site, SW Spokane Street (between Terminal 5 and 1-5) is
already designated as an Intermodal Connector, and is part of the Primary Highway Freight Network.®

Puget Sound Regional Council, VISION 2040, 2009.
Puget Sound Regional Council, Regional Centers Monitoring Report, 2013.
City of Seattle, Seattle’s Comprehensive Plan: Toward a Sustainable Seattle, January 2005.
Washington State Department of Transportation, Washington State Freight and Goods Transportation System, 2015
Update, March 2016.
Washington State Department of Transportation, Designation of Critical Urban and Rural Freight Corridors, May 2016.
Washington State Department of Transportation, Draft Candidate Urban and Rural Freight Corridors Map,
http://wsdot.maps.arcgis.com/home/webmap/viewer.html?webmap=0fe90fe7cd324ed9a9a9586866aa9b04, Accessed
August 15, 2016.
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Seattle Comprehensive Plan

Land use and transportation policies in the City of Seattle are guided by the 2005 Comprehensive Plan,
Toward a Sustainable Seattle. The Comprehensive Plan is currently undergoing a major update, which
has been in process since 2012 and is planned to be completed in 2016. However, until the update is
adopted, the City’s adopted goals and policies remain those identified in the 2005 Comprehensive Plan.
Freight goals identified in the Comprehensive Plan include preservation and improvement of mobility
and access for the transport of goods and services (TG19) and maintenance of Seattle as the hub for re-
gional goods movement and as a gateway to national and international suppliers and markets (TG20).
The Terminal 5 project is consistent with these goals, and is particularly relevant to TG20, as the pro-
posed improvements to accommodate larger ships have been identified to support changes to marine
freight movement on a national and international scale. The Terminal 5 project is also consistent with
adopted Comprehensive Plan freight transportation policies that support efficient and safe movement of
goods by rail where appropriate (Policy T49) and encourage intermodal freight transportation improve-
ments (Policy T50). Evaluation of the Terminal 5 project’s potential impacts on all modes and integra-
tion of proposed improvements with non-freight improvements is consistent with Policy T48, which
indicates that improvements supporting freight mobility on Major Truck streets may be integrated with
improvements supporting other modes of travel.

The in-process update to the Comprehensive Plan includes policies that are consistent with the 2005
Plan but more detailed. It should be noted, however, that until the updated Comprehensive Plan is
adopted by the City, policy updates are still draft and potentially subject to revision. The Transportation
Elements of the Mayor’s Draft Plan, which was issued in May 2016, maintains the goal (TG5) of im-
proving mobility and access for the movement of goods and services to enhance and promote economic
opportunity throughout the city. Transportation policies supporting this goal in the Mayor’s Draft Plan
relate to freight access and mobility in the Duwamish MIC. Key provisions of the draft Plan include:

o T4.6 — Improve mobility and access for freight in order to reduce truck idling, improve
air quality, and minimize the impacts of truck parking and movement in residential
areas.

e T 5.1-Enhance Seattle’s role as the hub for regional goods movement and as a
gateway to national and international suppliers and markets.

o T5.2 - Develop a freight network in the Freight Master Plan that connects the city’s
manufacturing/industrial centers, enhances freight mobility and operational
efficiencies, and promotes the city’s economic health.

e T5.3 - Ensure that freight corridors are designed, maintained and operated to provide
efficient movement of truck traffic.

e T5.6 - Work with freight stakeholders and the Port of Seattle and others to improve
intermodal freight connections involving Port container terminals, rail yards, industrial
areas, airports and regional highways.

e T5.7 — Support efficient and safe movement of goods by rail where appropriate, and
promote efficient operation of freight rail lines and intermodal yards.

e T6.5— Improve safety for all modes of transportation on streets heavily used by trucks.
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The Container Port Element of the Comprehensive Plan recognizes the importance of the Port of Seattle
as a vital economic development entity and cargo gateway. The Draft Container Port Element contains
several goals and policies that support retention of this function; the updated Container Port polices
reflect minimal changes to those in the current adopted plan. Key transportation provisions in the
Container Port Element of the Mayor’s Draft Plan include:

o CPL1.6 - Monitor, maintain and improve key freight corridors, networks and intermodal
connections that provide access to cargo-container facilities and the industrial areas
around them to address bottlenecks and other access constraints.

e CPL1.7 - Provide safe, reliable, efficient and direct access between Port marine facilities
and the state highway or interstate system, and between Port terminals and railroad
intermodal facilities, recognizing that Port operations must address other transportation
needs, such as pedestrian safety.

e CP1.8 - Make operational, design, access and capital investments to accommodate
trucks and railroad operations and preserve mobility of goods and services.
Improvements may include improvement of pavement conditions, commute trip
reduction strategies, roadway rechannelization to minimize modal conflicts, use of
intelligent transportation systems, construction of critical facility links, and grade sepa-
ration of modes, especially at heavily used railroad crossings.

¢ CPL1.9 - Maintain a City classification for freight routes to indicate routes where freight
will be the major priority. Street improvements that are consistent with freight mobility
but also support other modes may be considered in these streets.

e CPL1.10 - Continue joint City and Port efforts to implement relevant Port
recommendations, such as recommendations contained in the Container Terminal
Access Study.

e CP1.12 - Given the importance of cargo container terminal operations to the state and
regional economies, develop partnerships within the City, the Port, the region and the
State to advocate for project prioritization and timely funding to improve and maintain
freight infrastructure, and explore funding partnerships.

Complete Streets Ordinance

In 2007, the Seattle City Council passed Ordinance 122386, known as the Complete Streets ordinance,
which directs SDOT to design streets for pedestrians, bicyclists, transit riders, and persons of all
abilities, while promoting safe operation for all users, including freight. Section 3 of the ordinance
states, “Because freight is important to the basic economy of the City and has unique right-of-way needs
to support that role, freight will be the major priority on streets classified as Major Truck Streets.
Complete Street improvements that are consistent with freight mobility but also support other modes
may be considered on these streets.”

The Complete Streets ordinance is the lens through which SDOT views all major maintenance and
construction projects. The Complete Streets checklist is the tool SDOT uses to collect data and
information about the status of the street and surroundings, as well as the details of the project, with a
goal of identifying specific improvements that can be incorporated into the project to balance the needs
of all users. Although Complete Streets evaluation is not a tool implemented at the development project
level, it is important to note that it is a planning-level tool SDOT applies identify the appropriate
transportation network and improvement priorities needed to accommodate all modes of travel, and it
guides implementation of the modal plans and projects described in the following sections.

heffron -16 - October 6, 2016

transportation inc.



Terminal 5 Improvement Project
Transportation Technical Report - REVISED

Seattle Freight Master Plan and Freight Access Project

The City of Seattle is developing a Freight Master Plan (FMP) to address the unique characteristics,
needs, and impacts of freight mobility. The public review draft of the FMP was issued in May 2016. The
draft FMP designates a citywide freight network. In the Terminal 5 study area, it identifies SR 99 as a
Limited Access Truck Street; S Spokane Street, West Marginal Way S, East Marginal Way, and the West
Seattle Bridge as Major Truck Streets; Delridge Way SW as a Minor Truck Street; and the West Marginal
Way access to Terminal 5 as a First/Last Mile Connector. The FMP outlines the critical role that freight
movement has on meeting the City’s goals for social equity, economic productivity, sustainability, and
livable neighborhoods. It includes information about existing conditions, policies, future conditions
assessment, identification of near- and long-term improvements, design guidelines, and the creation of an
implementation strategy (recommended projects in the Terminal 5 study area are described below).™" It is
expected that the FMP will be adopted by the end of 2016.

The Freight Access Project'?, which was a joint effort between the City of Seattle and Port of Seattle,
identifies truck-freight transportation investments needed over the next 20 years to support Seattle’s in-
dustrial lands and keep freight traffic moving. The Freight Access Project identifies numerous projects
to improve freight mobility, safety, and accessibility in the Duwamish MIC, which are also identified in
the Draft FMP. In the vicinity of Terminal 5, recommended projects include heavy haul upgrades and
other improvements to East Marginal Way (described in more detail in a section below) between the
Port and rail yards, access improvements to the Main Seattle International Gateway (SIG) Yard via S
Hanford Street, grade separation of S Lander Street over the BNSF railroad tracks, study of additional
SODO railroad grade separations, and freight access and Intelligent Transportation System (ITS)
improvements to S Spokane Street. The recommendations include the following projects in the Terminal
5 study area that would address capacity and access needs:

e East Marginal Way Corridor (S Royal Brougham St to Idaho St.) — This project
would reconstruct a core freight route to heavy haul standards and offer safety and
operational improvements for all modes.

e East Marginal Way / S Hanford Street Intersection - This project would upgrade
the signal, lengthen the northbound right-turn lane, improve the railroad crossing
pavement, and evaluate the need for railroad crossing gates at the Whatcom track
crossings. The project also includes rebuilding the intersection and its approaches to
Heavy Haul route requirements.

e Hanford Street and Main SIG Access Improvements (East Marginal Way S to 1st
Avenue S) - This project evaluate the feasibility of installing a traffic signal at the
Main SIG entrance. It would also rebuild the segment of Hanford Street between the E
Marginal Way S and 1st Avenue S to Heavy Haul route standards, including new
pavement at railroad crossings. It may include rail crossing gates or other devices, if
needed.

e South Spokane Street ITS Upgrades (Chelan Avenue to Airport Way South) —
Described in the following section.

10
11

Seattle Department of Transportation, Freight Master Plan, Public Review Draft, May 2016.

Seattle Department of Transportation website: http://www.seattle.gov/transportation/freight_fmp.htm, Accessed April 18,
2016.

Seattle Department of Transportation and Port of Seattle, Seattle Industrial Areas Freight Access Project, May 2015.

12
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The Freight Access Project also recommends the following evaluation project:

o Lower Spokane Street Freight Only Lanes Pilot Project (Harbor Island to
Airport Way S) - This pilot project would design, implement, and evaluate freight-
only lanes on the corridor. It would modify roadway channelization for truck-only
lanes, install signal and signage upgrades, and provide ITS equipment such as variable
message signs and detection equipment. The project would evaluate time-of-day oper-
ations, while providing a contingency for allowing all traffic to use the lanes in the
event of an incident on the upper bridge.

The Port would contribute to freight improvement projects identified in the FMP and FAP at locations
affected by the Terminal 5 project.

West Seattle Bridge / Duwamish Waterway Corridor

SDOT prepared the West Seattle Bridge / Duwamish Waterway Corridor Whitepaper and Priority In-
vestment List™ in September 2015 at the request of Councilmember Tom Rasmussen and Mayor Ed
Murray. This whitepaper compiled a list of investment strategies to address congestion in the corridor.
Almost all of the project recommendations are part of prior studies and plans. Key high-priority projects
related to the segments near Terminal 5 include the following:

e South Spokane Street Intelligent Transportation System (ITS) Upgrades — This
project, which was part of SDOT’s 2014 Next Generation ITS Implementation Plan,
would install ITS equipment along Lower Spokane Street corridor between Terminal 5
and Airport Way S to collect and display real-time travel time information to truck
drivers and other motorists. Traffic signal system improvements at the intersection of
Chelan Avenue could also be included in the project scope.

e Bridge opening coordination — SDOT will work with the Coast Guard and marine
vessel operators to voluntarily avoid bridge openings if there is an incident that blocks
traffic on the West Seattle High-Level Bridge or Spokane Street Viaduct. Bridge
opening protocols are described later in Section 2.4.

e Traffic management — Several projects were listed to reduce delay related to openings
of the Lower Spokane Street Swing Bridge, rail crossings, and truck queues at Termi-
nals 5 and 18. Management measures could include advance notification, and coordi-
nation of systems to reduce delay after a bridge opening or train crossing.

In April 2016, SDOT prepared a written progress report to the City Council related to the implementa-
tion of these initiatives. SDOT’s accomplishments in 2015 and 2016 include: **

e Painted eastbound red bus lane and increased police enforcement on the West Seattle
Bridge.

e Coordinated with Coast Guard and marine vessel operators to obtain cooperation with
voluntary avoidance of openings during road traffic peak periods.

¢ Revised mechanical opening sequence of the Swing Bridge to reduce the time it takes
to open and close it.

¥ Seattle Department of Transportation, September 22, 2015.

4 SDOT, West Seattle Bridge Corridor Improvements, Update on White Paper and Investment List Report, April 15, 2016.
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e Added enhanced markings of at-grade crossing of Alki Trail at five-way intersection
(West Marginal Way SW/SW Spokane Street/Chelan Avenue SW).

o Revised RapidRide C Line Service.

Duwamish Freight Spot Improvement Program

SDOT prepared a summary report of spot improvements that it proposed for State of Washington’s
Freight Mobility Strategic Investment Board (FMSIB).*® The list included pavement, turn radius, signal,
and signage/wayfinding improvements. Near the Terminal 5 site it recommended:

o Railroad crossing reconstruction on SW Spokane Street at the 11th Avenue SW rail
crossing and on East Marginal Way at the T-30 rail crossing.

e Pavement rehabilitation on S/SW Spokane Street.

o Port terminal wayfinding signs at various locations.

Multimodal Plans and Projects

Move Seattle,™ approved by voters in November 2015, is a multimodal transportation package that inte-
grates recommendations developed in the City’s various modal plans, and includes a list of high-priority
projects that are intended to be implemented within the next 10 years. Two high priority Move Seattle
projects include elements also identified as part of the FMP and Freight Access Project: the South
Lander Grade Separation and the East Marginal Way Corridor. The East Marginal Way Corridor Im-
provements Project seeks to implement the heavy haul and other freight improvement projects described
above, while also providing facilities to improve safety and mobility for people who walk or bike
through the corridor. The Delridge Complete Street Project, which seeks to streamline traffic operations
and improve multimodal connections between transit, freight, pedestrians, and general-purpose vehicles,
is also identified as a high priority Move Seattle project. Both the East Marginal Way and Delridge cor-
ridor projects recognize the Port as a critical freight generator in their respective study areas and include
improvement of freight movement as part of their multimodal objectives. Terminal 5 is compatible with
the freight objectives of these projects. However, these multimodal projects also seek to improve safety
and mobility for other travelers in these corridors, including people who walk, bike, take transit, or drive
personal vehicles. Any transportation improvements identified to support the Terminal 5 project should
be compatible with the multimodal objectives of the East Marginal Way and Delridge Way corridor
studies. Both corridor studies are currently underway so the timeline for project implementation is not
yet known; however, it is possible that construction of the corridor projects could overlap with construc-
tion of Terminal 5 improvements, requiring construction coordination between the Port and the City.

The City’s Bicycle Master Plan (BMP)*" sets forth a vision that riding a bicycle be a comfortable and
integral part of daily life in Seattle for people of all ages and abilities, and provides a blueprint to make
it easier to decide to ride a bike. In the Terminal 5 vicinity, the BMP recommends an off-street trail
connection between the West Seattle Bridge Trail and Duwamish River Trail. Non-motorized crossing
of the SW Spokane Street/West Marginal Way SW/Chelan Avenue SW intersection—which connects
the West Seattle Bridge Trail to the east and Alki Trail to the west—is identified as a “catalyst” project,
defined as being located at a significant choke point that poses implementation challenges due to
physical constraints. Further information about this project is presented in Section 2.8. The BMP also

% SDOT, Duwamish Freight Spot Improvement Program, Proposed Projects for Partnership with Freight Mobility

Strategic Investment Board, September 2015.
Seattle Department of Transportation, Move Seattle: 10-Year Strategic Vision for Transportation, Spring 2015.
Seattle Department of Transportation, Bike Master Plan, April 2014.
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recommends protected bike lanes along Delridge Way SW to the southwest of the project site, and
along East Marginal Way S to the east of the site. None of the BMP-recommended projects located in
the vicinity of Terminal 5 are included in the current BMP Implementation Plan;'® however, bicycle
facility recommendations are being developed as part of the Move Seattle Delridge Way and East Mar-
ginal Way multimodal corridor projects described above.

The City’s Pedestrian Master Plan (PMP)™ sets forth a mission to make Seattle the most walkable city in
the nation. None of the PMP’s Tier 1 (high priority) improvements are located near Terminal 5. However,
pedestrian facility recommendations are being developed in the vicinity of the Terminal 5 site as part of
the Move Seattle Delridge Way and East Marginal Way multimodal corridor projects described above.

The Transit Master Plan (TMP?) defines the critical role that transit plays in meeting the City’s goals
related to sustainability, equity, economic productivity, and livability. Developed with feedback from
King County Metro and Sound Transit, the TMP identifies the types of transit facilities, services, pro-
grams, and system features that will be required to meet Seattle’s transit needs through 2030, based upon
market analysis, review of future growth patterns, and evaluation of transit needs. In the vicinity of Ter-
minal 5, the TMP identifies the West Seattle Bridge as part of Seattle’s Frequent Transit Network (FTN),
which is a vision for a network of transit corridors that connect the city’s urban centers and villages with
high-quality transit service within a short walk for most residents. It identifies the service level of the
corridor connecting West Seattle and Downtown as “frequent” to “very frequent.” It also identifies Del-
ridge Way SW as a priority bus corridor; transit facility recommendations are being developed as part of
the Move Seattle Delridge Way multimodal corridor project described above.

The Sound Transit 3 (ST3)? ballot measure that voters will consider in November 2016 will build upon
the existing mass transit system of light rail, commuter rail and bus service to destinations throughout
King, Snohomish and Pierce counties. The ST3 package includes extension of light rail from Downtown
to West Seattle, which is part of the City’s FTN described above. If the ST3 package passes, this project
would build light rail from the stadium district in downtown Seattle to the vicinity of Alaska Junction in
West Seattle, with an alignment primarily on an elevated guideway and a new rail-only fixed span
crossing the Duwamish River. The project would provide five new or expanded stations, including a new
station on Delridge Way SW south of the Terminal 5 site. ST3 plans are conceptual at this time and exact
locations of stations and support structures for the elevated line are not known. Nevertheless, the
proposed light rail corridor and station are located to the south of the West Seattle Bridge, so they would
not overlap with the Terminal 5 project footprint, which is located to the north of the West Seattle Bridge.
However, the proposed Delridge station could be located within one-quarter mile of Terminal 5, which
would greatly improve transit service for Port employees. Therefore, any transportation improvements
proposed to support the Terminal 5 project should also be designed to accommodate pedestrian access
between the site and Delridge Way SW. The proximity of the light rail extension and would also require
coordination if construction activities for both the Terminal 5 and light rail projects were to overlap.

Capital Improvement Program

Every year during the annual budget process, the City adopts a six-year Capital Improvement Program
(CIP) that outlines anticipated investments over that timeframe. While the CIP identifies near-term
high priority projects, some may be fully funded while others are not. The 2016-2021 Proposed Cap-
ital Improvement Program? includes transportation projects in the Terminal 5 vicinity. Funded pro-
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Seattle Department of Transportation, Bike Master Plan, 2016-2020 Implementation Plan, March 2016.
Seattle Department of Transportation, Seattle Pedestrian Master Plan, September 2009.

Seattle Department of Transportation, Transit Master Plan, April 2012.

Sound Transit, Sound Transit 3, http://soundtransit3.org/, Accessed August 2016.

City of Seattle, 2016-2021 Proposed Capital Improvement Program, September 23, 2015.
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jects include design of the Lander Street Grade Separation and the multi-modal corridor studies of
East Marginal Way and Delridge Way SW; the City portion of the Heavy Haul Corridor Project on
East Marginal Way is currently listed as an unfunded project in the CIP, but it indicates that this pro-
ject will be implemented in partnership with the Port.

2.2. Traffic Volumes

2.2.1. Historic Traffic Volumes on SW Spokane Street

Traffic volumes along the Spokane Street corridor have fluctuated in the past decade. The City maintains a
permanent traffic recording station on the Spokane Street Swing Bridge. Since 1992, traffic counts have
been performed on the bridge for a seven-day period during every month of the year. These data were
collected and compiled to show how traffic volumes have changed since 1992 and how the volumes vary
from month to month.

Figure 5 shows the average weekday daily traffic (AWDT) volumes by year on the Spokane Street Swing
Bridge. The peak volumes occurred in 2011 and 2012, coinciding with construction work that was occur-
ring on the Spokane Street Viaduct and the Alaskan Way Viaduct. Additional traffic may have utilized
surface routes that included Spokane Street to avoid construction-related congestion. The lowest volumes
occurred in 2009 and 2010, coinciding with the economic recession. Year 2013 was the last full year with
Terminal 5 operating as a container terminal, and existing conditions documented in this report reflect that
year. Between 2005 (pre-recession) and 2013, and excluding the construction-related peaks in 2011 and
2012, traffic volumes grew at an average rate of about 1.6% per year.

Figure 5. Average Weekday Daily Traffic (AWDT) on Spokane Street — 1992 through 2015
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Source:  Seattle Department of Transportation. Counts on Spokane Street at “Point A” which is the
Lower Spokane Street (Swing) Bridge. Values reflect counts performed in the spring of each year (March or April).
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Figure 6 shows the AWDT on the Spokane Street Swing Bridge for each month in 2013, which is the last
full year with Terminal 5 operating as a container terminal. The annual average volume from 2013 was
12,600 vehicles per day with slightly more than half traveling the bridge in the eastbound direction. This
unbalanced flow likely occurs as vehicles use the surface route in order to avoid eastbound congestion on
the West Seattle Freeway and Spokane Street Viaduct approaching SR 99, 1% Avenue S, and I-5. As
shown, average volumes vary only slightly from month to month.

Hourly traffic volumes for June 2013, which Figure 6 shows most closely represents the average month,
were plotted to show how traffic volumes fluctuate by time of day. Figure 7 shows that the highest volumes
occur during the morning commuter peak hour, with the predominant flow in the eastbound direction. As
previously discussed, Lower Spokane Street is often used as a bypass by commuters who look to avoid
morning congestion on the West Seattle Freeway and Spokane Street Viaduct. Westbound flow across the
Swing Bridge is highest during the commuter PM peak hour.

Figure 6. Average Weekday Traffic (AWDT) on Spokane Street Bridge by Month — 2013
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Source:  Seattle Department of Transportation. Counts on Spokane Street at “Point A” which is the
Lower Spokane Street (Swing) Bridge. Values reflect counts performed one week each month in 2013.
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Figure 7. Hourly Volumes on Spokane Street Bridge — Average Weekday in June 2013
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Source:  Seattle Department of Transportation. Counts on SW Spokane Street Bridge for one week in June 2013. Counts reflect the
average of Tuesday, Wednesday and Thursday volumes.

2.2.2. Existing Intersection Traffic Volumes

Peak period intersection turning-movement counts (which show the volume for each movement at an
intersection) were compiled from various sources for the AM and PM peak hours. As shown on Figure 4,
peak traffic in the Spokane Street Bridge corridor occurs during the AM peak hour, which as described
later in this report, is also when peak volumes generated by Terminal 5 are expected to occur. The PM
peak hour condition was also evaluated since it is when reverse-direction traffic is highest, which can
affect intersection operations. The traffic volume data were obtained for dates prior to June 2014 to reflect
conditions when Terminal 5 was operational. Table 3 lists the intersections for which data were obtained.
No recent turning movement counts were available for the SW Spokane Street/Terminal 5 Access Bridge
or SW Spokane Street/11™ Avenue SW intersections prior to the terminal closing. Therefore, traffic
volumes for those intersections were derived based on counts at adjacent intersections, historic counts
from SDOT’s database for the Swing Bridge and Harbor Island roadways, and Terminal 5 gate volumes.
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Table 3. Existing Intersection Traffic Counts

Date of

Intersection Data source count(s) Count Type @
SW Spokane Street/West Marginal Way SW/Chelan Ave SW SDOT April 2014 Intersection Count
SW Spokane St/ Harbor Avenue SW SDOT July 2013 Intersection Count
East Marginal Way S / SR 99 Ramps (at North Argo Access) Heffron b October 2012 Machine Counts

S Spokane Street/East Marginal Way S SDOT Dec 2009 Machine Counts
East Marginal Way S/S Hanford Street SDOT May 2013 Intersection Count

a. Intersection counts include volumes by turning movement and are usually performed using a camera; Machine counts are performed

along roadway segments using pneumatic tubes and counting machine.
b.  Counts commission by Heffron Transportation, Inc., and performed by All Traffic Data, Inc. on the new East Marginal Way Grade-

Separated structure.

Intersection counts were adjusted to reflect the average month in 2013 based on data from the Spokane

Street Swing Bridge described above. In addition, the volumes were increased to reflect the existing De-
sign Day condition for Terminal 5, which is described in Section 2.2.4. Figure 8 shows the existing AM
and PM peak hour traffic volumes for the study area intersections.
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2.2.3. Terminal 5 Throughput and On-Dock Intermodal Volumes

Since Terminal 5 reopened in its present configuration, the terminal throughput has averaged about
466,000 TEUs per year, with a peak throughput of about 695,000 TEUs in 2005 (a year that experienced
increased traffic due to diversions from Southern California ports). The historic annual throughput and
intermodal volumes are shown on Figure 9. In the past decade, the share of containers loaded directly to
rail at Terminal 5’s on-dock intermodal yard ranged from about 25% to 35%.

Figure 9. Annual Throughput and Intermodal Volumes at Terminal 5 — 1997 to 2013
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2.2.4. Truck Volumes

RFID readers have been installed at all of the Port’s container terminals and began recording trucks en-
tering those terminals on April 1, 2013. Data for the nearly full-year period from April 1, 2013 through
March 22, 2014 were compiled for Terminal 5. This period reflects full operation of the terminal before
the former tenant moved to Terminal 18, and reflects all truck movements regardless of whether the
truck carried an empty chassis or a container. Figure 10 presents the daily truck trips that entered Termi-
nal 5 during this period. The figure shows that an average of 1,044 trucks per day entered Terminal 5,
reflecting a total of 2,088 truck trips per day (one trip entering and one trip exiting the terminal). The
85™-percentile volume was approximately 1,230 entering trucks per day, or 2,460 total truck trips per
day. On peak days, the volume approached 1,400 trucks entering the terminal each day (2,800 total
truck trips). The 85™-percentile volumes were assumed to represent the Design Day condition for
Terminal 5.

Figure 10. Trucks Entering Terminal 5 Each Day (April 1, 2013 thru March 22, 2014)
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Source: RFID data from Port of Seattle for the period from April 1, 2013 through March 22, 2014. Data compiled by Heffron
Transportation, Inc.

As described later in Section 4.1.4, an average of 12% of the daily truck trips occur during the com-
muter AM peak hour and 3% occur during the PM peak hour. The Design Day for existing conditions
(in 2013) included 295 AM peak hour truck trips and 74 PM peak hour truck trips.
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2.3. Level of Service

Level of service (LOS) is a qualitative measure used to characterize traffic operating conditions. Six
letter designations, “A” through “F,” are used to define level of service. LOS A is the best and repre-
sents good traffic operations with little or no delay to motorists. LOS F is the worst and indicates poor
traffic operations with long delays. LOS D is acceptable to the City.

Level of service is defined in terms of delay. For signalized intersections, delay is dependent on a num-
ber of variables, including traffic volumes by turning movement, intersection lane geometry, percentage
of heavy vehicles, signal timing, and signal phasing. Complete descriptions of level of service criteria
are included in Appendix A.

Level of service for the study area intersections was determined using methodologies presented in the
Highway Capacity Manual (HCM)?® and calculated with the Synchro 9.1 traffic operations analysis soft-
ware. Existing intersection lane configurations and signal operations data, which were obtained from
SDOT, were field verified. The model was also coded to account for the high volumes of trucks in the
area with percentages that range up to 100% for some movements based on existing counts. Levels of
service are reported using the Synchro module for signalized intersections and the HCM 2010 module
for the all-way stop intersection at East Marginal Way S/North Argo Access. Table 4 summarizes the
existing levels of service for the study area intersections.

The analysis shows that almost all of the study area intersections now operate at LOS D or better. The
exception is the five-legged intersection at SW Spokane Street/West Marginal Way SW/Chelan Avenue
SW, which currently operates at LOS F during the PM peak hour. Operations at this intersection are af-
fected by the need for each of the five streets that approach the intersection to be served with a separate
signal phase. This level of service reflects typical operation without any pre-emption of signal phases due to
train crossings of West Marginal Way SW just north of the intersection or openings of the Spokane Street
Swing Bridge. Such pre-emptions exacerbate congestion at the intersection since some movements are not
served to reduce potential vehicle-train conflicts at the crossing. Swing Bridge openings affect both the
five-legged intersection and Terminal 5 Access Bridge operations due to vehicles that queue while waiting
for vessels. Further information about the frequency and duration of Spokane Street Swing Bridge openings
is provided in the next section.

23 HCM 2010, Transportation Research Board. 2010.
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Table 4. Level of Service Summary - Existing (2013) Conditions

AM Peak Hour PM Peak Hour
Signalized Intersections LOS! Delay? LOS Delay
SW Spokane St/ Harbor Ave SW C 24.7 C 20.4
SW Spokane St/ West Marginal Way SW / Chelan Ave SW D 51.0 F 80.1
SW Spokane St/ Terminal 5 Access A 9.8 B 13.4
SW Spokane St/ 11t Avenue SW A 2.0 A 4.1
S Spokane St/ East Marginal Way S B 15.9 B 25.2
S Hanford St / East Marginal Way S B 17.7 C 215
East Marginal Way NB Ramp / North Argo Access Road 3 B 11.1 B 11.9

Source:  Synchro model developed by Concord Engineering and Heffron Transportation, Inc., January 2015. Levels of service for signal-
ized intersections were calculated using the Synchro 9.1 methodology. The all-way stop intersection level of service was deter-
mined using the 2010 HCM methodology.

1. Level of service.

2. Average seconds of delay per vehicle.

3. All-way stop controlled intersection

2.4. Spokane Street Swing Bridge Operations

The Spokane Street Swing Bridge is located on lower SW Spokane Street and connects West Marginal
Way and Terminal 5 to Harbor Island. This bridge pivots (“swings”) to open for marine traffic on the
Duwamish River’s West Waterway. Many large commercial vessels and barges require the bridge to
open when transiting to up-river industrial areas. Because the depth of the river is affected by tides,
larger vessels must time their trips with accommodating tides. The Swing Bridge has no black-out peri-
ods that restrict marine traffic at certain hours of the day, and there is a parallel alternative route on the
West Seattle Freeway that most traffic can use when the bridge is open. There are some static message
signs with a flashing beacon that alert drivers to use alternative routes when the Swing Bridge is open
(locations are shown on Figure 4).

Data related to the frequency and duration of bridge openings were obtained for a two-year period from
January 1, 2014 through December 31, 2015. During this period, there were 3,599 bridge openings, an
average of 150 per month. Openings tended to occur more frequently during the summer months, with a
peak of about 200 openings per month, as shown on Figure 11.

The bridge data were also compiled to determine the duration for each bridge opening. As shown on
Figure 12, the average opening was 11.8 minutes long, and the 85™-percentile was 14.0 minutes long.
There were a handful of openings that lasted longer than 35 minutes, which included three openings that
exceeded 100 minutes.

The time of day that openings occur was reviewed. The majority (64%) occurred during daytime busi-
ness hours between 7:00 A.M. and 5:00 P.M.
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Figure 11. Swing Bridge Openings per Month
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Figure 12. Duration of Swing Bridge Openings
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SDOT has evaluated the bridge opening protocols for the Swing Bridge. The West Seattle Bridge /
Duwamish Waterway Corridor Whitepaper and Priority Investment List** included the following detail
related to these protocols:

The Spokane St Swing Bridge crosses the West Duwamish Waterway. The waterway ex-
isted long before a bridge was installed. The U.S Coast Guard is charged with managing
navigable waterways within the United States. Federal law CFR 33 Chapter 11, enacted in
1894, requires bridges to be permitted and, in general, not restrict navigation. The permit
for the Swing Bridge requires that bridge openings must occur, without delay, when re-
guested by a vessel captain. In the past, SDOT requested that the Coast Guard grant a de-
viation from this requirement and allow ““closed periods” during peak commute times.
Similar to the permit for the Lake Washington Ship Canal bridges, a closed period would
restrict bridge openings and avoid vehicle delays during peak commute times. The Coast
Guard has denied SDOT’s request stating the significant hardship delaying vessel sailing
would have on the waterway users. Waterway users argue that sailings are scheduled
around tides and currents. A peak period delay of only a few hours could result in many
hours of delay until sailing conditions are again favorable. The Coast Guard and federal
courts have ruled that, although navigation may have a higher standing than vehicle
travel, it is not absolute.

SDOT requested that vessel openings be delayed during time of extreme congestion due to
a blocking incident on the West Seattle High-Level Bridge. The Coast Guard has specifi-
cally ruled that ““a bridge opening cannot be delayed due to an incident on a parallel
route.” They have agreed to broadcast a request that vessels “volunteer’ delaying their
sailing should SDOT report a blocking incident on the High-level Bridge.

SDOT has proposed ITS improvements along SW Spokane Street to better coordinate signal operations
with bridge openings and to alert users of potential bridge-opening delays. These were previously de-
scribed in Section 2.1.5 above. In addition, SDOT recommended improvements to the Swing Bridge
control system, which is the computer-based program that opens and closes the bridge. It may be possi-
ble to reduce the time that SW Spokane Street is closed to traffic by about 30 seconds for each bridge
event by changing the electrical/mechanical functional time. In addition, SDOT has worked with the
Coast Guard and marine vessel operators to voluntarily avoid bridge openings if there is an incident that
blocks traffic on the West Seattle High-Level Bridge or Spokane Street Viaduct.

24

Seattle Department of Transportation, September 22, 2015.

heffron -31- October 6, 2016

transportation inc.



Terminal 5 Improvement Project
Transportation Technical Report - REVISED

2.5. Traffic Safety

Historical collision data were obtained from the City to determine if there are any unusual traffic safety
conditions in the vicinity of Terminal 5. Signalized intersections with 10 or more collisions per year and
unsignalized intersections with five or more collisions per year are typically considered high-collision
locations by the City. Four years of data were obtained from the City, which includes the period from
January 1, 2011 through December 31, 2014. Data specific to bicycle collisions along SW Spokane
Street between East Marginal Way S and Terminal 5 were also requested. The reported collisions are
summarized in Table 5.

During the four-year period, none of the intersections met the City’s threshold for a high collision inter-
section, and there were no reported collisions involving trains. The highest number of collisions
occurred at the S Spokane Street North Road/East Marginal Way S intersection. Of the 12 total
collisions, one collision resulted in a fatality (discussed below) and five collisions resulted in six
injuries. The second highest number of collisions occurred at the SW Spokane Street/Harbor Ave SW
intersection. Two of the seven collisions resulted in a total of four injuries.

There were four recorded bicyclist collisions near the SW Spokane Street/11"™ Avenue SW intersection,
which is where the West Seattle Trail crosses from the north side to the south side of SW Spokane
Street. Two of the bicycle collisions occurred in 2011, one in 2012 and one in 2014. There was also one
bicycle/bicycle collision on SW Spokane Street between SW Klickitat Way and 11th Avenue SW in
2013. None of the bicycle collisions resulted in a fatality.

There were two fatalities reported within the study area during the four-year analysis time period. One
fatality occurred at the S Spokane Street /East Marginal Way S intersection in 2013 during daylight
hours. This collision involved two vehicles caused by one vehicle changing lanes. The other fatality
occurred at the intersection of S Hanford Street/East Marginal Way S. It involved a semi-truck and
bicyclist and occurred in 2013 during daylight hours. After the bicyclist fatality, the City installed a
flashing beacon north of S Horton Street to improve the visibility of pedestrians and bicyclists in the
corridor. Future improvements are also proposed as part of the Seattle Bicycle Master Plan®,
recommends a protected bicycle lane along this segment of the corridor.

% Seattle Department of Transportation, Bike Master Plan Implementation Plan 2015-2019, October 17, 2014.
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Table 5. Intersection Collision Summary

Type of Collisions (Totals for 4 Years) Severity 2 Collisions by Year Summary

Rear Side- Left Right Right Ped/ # of # of Total for  Average
Intersection End Swp  Tun  Turn  Angle Bicycle Other | Injuries Fatalities| 2011 2012 2013 2014 | 4 Years  per Year
S Spokane NR (north road) St/ 2 2 0 1 3 0 4 6 1 3 5 1 3 12 3.0
East Marginal Way S
SW Spokane St/ Harbor Ave SW 1 2 0 2 1 0 1 4 0 1 2 1 3 7 1.8
S Spokane SR (south road) St/ 1 3 0 0 1 0 1 0 0 3 3 0 0 6 15
East Marginal Way S
SW Spokane St/ 11t Ave SW 2 0 0 0 0 4 0 1 0 4 1 0 1 6 15
SW Spokane St/ WSF off-ramp 0 2 0 0 0 0 2 6 0 0 0 4 0 4 1.0
SW Spokane St/ West Marg Way 0 1 0 0 0 0 1 0 0 0 1 1 0 2 05
SW/ Chelan Ave SW
S Hanford St/East Marginal Wy S 1 0 0 0 0 1 0 0 1 1 0 1 0 2 05
SW Spokane St/ T-5 Access 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0
SW Spokane St/ Klickitat Ave SW 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0
SW Spokane St/ T-18 Access 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0

Source: City of Seattle, January 2015. Summarizes collision data for the four-year period from January 1, 2011 through December 31, 2014.
a. Injuries are not recorded for every collision in the report from the City.

heffron -33- October 6, 2016

transportation inc.



Terminal 5 Improvement Project
Transportation Technical Report - REVISED

2.6. Rall

Terminal 5 has an existing intermodal rail yard that has six 3,000-foot long loading tracks and about
40,000 linear feet of storage tracks. An intermodal unit train is typically made up of 24 to 28 double-
stack rail cars, and each car can accommodate 10 intermodal boxes (containers). A full train’s length,
including locomotives, can range from 5,000 to 8,600 feet, and is typically 7,500 feet long. When a train
arrives at the terminal, it is split into segments by switching each part into the loading tracks and/or
storage tracks. The segments are reconnected, attached to locomotives, and undergo break tests before a
full unit train leaves the terminal destined for the mainline. During both the arrival and departure
switching maneuvers, the trains block the at-grade crossing of West Marginal Way SW just north of SW
Spokane Street.

It is estimated that the existing intermodal rail yard has the capacity to handle about 530,000 TEUs per
year, which averages to about 18 full unit trains per week. Historically, Terminal 5 generated about nine
trains per week, about half of the yard’s capacity. Further information about existing rail operations be-
yond the terminal is provided in the T-5 Rail Infrastructure and Grade-Crossing Analysis (Moffatt &
Nichol, April 2016).

2.7. Transit

Two King County Metro routes provide bus transit service along SW Spokane Street adjacent to the
site. Route 21 provides all-day service between Arbor Heights, West Seattle and Downtown Seattle. The
buses operate from 4:45 A.M. to 1:00 A.M. at about 15-minute headways (time between consecutive
buses) during most of its operating hours. Route 37 connects between Alaska Junction and Downtown
Seattle via Alki Avenue SW, but only operates during the morning and afternoon peak periods. This
route has four buses destined to downtown in the morning and four returning buses in the afternoon.
Both routes have bus stops on SW Spokane Street just west of Chelan Avenue SW.

Sound Transit’s ST3 package will be on the November 2016 ballot. If the ST3 package passes, this
project would build light rail from the stadium district in downtown Seattle to the vicinity of Alaska
Junction in West Seattle, with an alignment primarily on an elevated guideway and a new rail-only fixed
span crossing the Duwamish River. The project would provide five new or expanded stations, including
a new station on Delridge Way SW, south of the Terminal 5 site. Further information about the ST3
plans was provided in Section 2.1.5.

2.8. Non-Motorized Facilities

Most streets in the site vicinity have sidewalks on at least one side of the street. The Terminal 5 Access
Bridge has no sidewalks, but does have shoulders (including a very wide shoulder on the west side of
the structure) that could be used by pedestrians in an emergency. There is no sidewalk along the
north/east side West Marginal Way SW south of Chelan Avenue SW due to the proximity of the
railroad tracks along this corridor. There are wide gravel and dirt areas between the curb and railroad
tracks that are used by pedestrians.

The West Seattle Trail crosses the Duwamish River on the south side of the Spokane Street Swing Bridge.
The trail splits just west of the bridge with a trail continuing high on the slope under the West Seattle
Freeway to the Delridge neighborhood, and a secondary connection descending to grade and along side-
walks at the SW Spokane Street/West Marginal Way SW/Chelan Avenue SW intersection. The bike path
crosses the Duwamish West Waterway on the south side of the Swing Bridge, and crosses to the north side
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of SW Spokane Street at 11" Avenue SW, which provides a signalized crossing. The path crosses the
Harbor Island Access Road (surface SW Spokane Street), 11" Avenue SW, and the Terminal 18 truck gate
driveway at unsignalized crossings. Further east, the West Seattle Trail connects to East Marginal Way,
which has a sidewalk on its west side and painted bicycle lanes on both sides.

In 2015, SDOT enhanced the existing surface bicycle travel routes through the intersection with green bike

boxes and green bike lanes as shown on Figure 13. These “short-term” improvements are intended to be
the first phase of bicycle improvements at the intersection.

Figure 13. Short-Term Bicycle Improvements at Five-Legged Intersection
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Source: SDOT, Presentation to the Seattle Bicycle Advisory Board, January 7, 2015. The green bicycle lanes were
added to the intersection in 2015.

In the long-term, SDOT recommends a grade-separated structure for bicyclists (and pedestrians) that
would connect from the existing Terminal 5 Access Bridge to SW Spokane Street west of Chelan
Avenue SW. The potential new crosswalk on the west side of the SW Spokane St/T-5 Access would
also be accompanied with bike and pedestrian signal heads and detection. That option is depicted in
Figure 14. Additional structural analysis and design would be needed to determine if it is possible to
cantilever the pedestrian/bicycle facility off of the existing T-5 Access Bridge. SDOT has also
suggested a potential mid-term solution that would create a trail parallel to West Marginal Way SW and
connect to the SW Spokane Street Bridge via streets located south of the bridge. SDOT will continue to
evaluate the mid-term and long-term options, and no timetable for implementation has been proposed.
SDOT has no plans or funding to implement mid- or long- term improvements at the intersection of
Chelan Ave SW, W Marginal Way SW, SW Spokane St, and the Alki Trail.
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Figure 14. Potential Long-Term Bicycle Improvements at Five-Legged Intersection
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2.9. Parking

Terminal 5 has about 540 parking spaces that are located in various lots around the terminal. The largest
parking lots are located adjacent to the Administration Building (183 spaces), transit shed (143 spaces),
and gate house (155 spaces). There are about 40 other spaces located near the maintenance facilities,
intermodal yard, and security gate.

On-street parking is not allowed along most streets in the site vicinity. The exception is Harbor Avenue
SW, but the parking is separated from the main areas of the terminal by the intermodal rail yard, a fence,
and a landscaped berm.

In 2008, the City of Seattle and Port of Seattle convened the South Harbor Truck Parking workgroup in
response to community concerns about heavy-duty trucks parking along residential streets in the
Georgetown and South Park neighborhoods (truck parking is allowed on industrial streets). The work
group recommended many measures to address truck parking.?° The key elements that were implemented
included:

e The Port of Seattle implemented a free truck parking lot for about 120 trucks (power only,
no trailers) on the south end of T-25. That parking lot is still in operation.

e City and Port jointly developed outreach materials to inform truck drivers about parking
regulations and show on a map where truck parking and overnight parking is prohibited.

e City installed additional sighage where truck parking is prohibited (per SMC 11.72.070).

e City would increase enforcement of truck parking regulations.

The actions did help reduce truck parking impacts; however, ongoing education and enforcement may
be needed.

% Port of Seattle, South Harbor Truck Parking: Work Group Recommendations, April 2009.
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3. CONSTRUCTION-RELATED IMPACTS OF
ACTION ALTERNATIVES

Alternatives 2 and 3 would generate temporary increases in vehicular, truck, train, and barge traffic as-
sociated with construction activities to rehabilitate the wharf, deepen the berth, and reconstruct upland
facilities including the container yard, intermodal yard, and support facilities. The potential transporta-
tion-related elements of this work include:

e Transport of construction debris and dredge spoils away from the project site;
e Transport of construction materials and equipment to the site; and
e Travel and parking demand generated by construction workers.

In addition, the Action Alternatives would construct a new substation on the site, which would eliminate
some existing parking. This section describes the transportation impacts associated with the construction
elements of the Action Alternatives.

Details about how the Terminal 5 berth improvements would be constructed are presented in the Bio-
logical Assessment Terminal 5 Cargo Wharf Rehabilitation and Berth Deepening®’ report. The work is
expected to be completed over two years, with in-water work limited to a period between mid-August
and mid-February. The elements that could affect transportation would be demolition, transportation of
piles and other materials, and dredging. Each of these is described below.

Wharf Demolition: The project would demolish older wharf and structural systems as needed. This
includes removing piles, overwater structures, and asphalt paving. Materials removed during demolition
are expected to be trucked off site. At the peak, demolition activities may generate up to ten double
dump truck loads per hour, resulting in 20 truck trips per hour (10 trucks arriving and 10 trucks
departing).

Transport of Piles: Upgrading the berth is expected to require about 4,400 piles, which includes a
combination of H-piles, sheet piles, concrete piles, and pinch piles. Given the various installation meth-
ods, it is expected that six sheet or concrete piles could be installed per day, and 7 pinch piles could be
installed per day. The piles would be delivered to the terminal on trucks, with up to two truck deliveries
per day.

Dredging: Dredge spoils are expected to be loaded onto a barge, and disposed of according to strict re-
quirements of the U.S. Environmental Protection Agency (EPA), Department of Natural Resources
(DNR), and Washington Department of Ecology (DOE). Dredge sediments unsuitable for open water
disposal would be barged to a contractor-provided upland offloading facility. Therefore, none of the
dredged material is expected to generate truck traffic from Terminal 5.

Upland Improvements: Alternative 3 would include improvements to the upland areas and railyard to
increase terminal storage and handling capacity. The container marshalling area would be enlarged by
demolishing and/or relocating the existing entrance gate, freight station, transit shed, maintenance and
repair facilities. The existing intermodal rail yard would be reconfigured with additional rail lines and
concrete or rail runways for RTG or RMG equipment. These construction activities would generate
truck and construction worker trips.

2" Hart Crower, March 19, 2015.
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The highest volume of trucks during uplands construction would occur during demolition. It is esti-
mated that all of the demolition materials (e.g., pavement, structures) could generate 2,200 to 2,800
truckloads of material, and each load would generate two truck trips (one empty truck entering the site
and one full truck leaving). If the material is stock-piled, then the number of trucks would be generated
at the rate that they can be loaded, which with two loaders is estimated to be limited to about 20 loads
per hour and 160 loads per day. This could generate up to 40 truck trips per hour and 320 truck trips per
day. If the material is not stock-piled, trucks would be loaded at a slower rate that accounts for the time
to remove materials and load them directly.

Concrete and pavement installation for the uplands is likely to occur in phases, with half of the pave-
ment being completed during the non-in-water work months of one year, and half being completed in
the next year. The total paved area is estimated to require 2,650 truckloads of surface course, concrete,
and asphalt, which relates to 1,325 truckloads per year. Concrete and asphalt work would likely be done
at different times, and each is estimated to generate a maximum of 10 truckloads per hour, and 80
truckloads per day.

Construction worker trips would vary by stage of work, and typically the peak construction worker load
occurs during building construction when many different trades can be on the site simultaneously (e.g.,

carpenters, electricians, plumbers, etc.). These peak phases for construction workers would not overlap
with the peak truck activity described above.

Substation: Alternatives 2 and 3 include upgrading the power supply to the terminal and constructing a
new substation near the Administration Building, the footprint of which would eliminate 29 parking
spaces.

For all stages of construction, the number of construction workers at the site would be less than the ter-
minal employs when operational, and the number of truck trips generated would be less than the con-
tainer terminal would generate. Therefore, the level of traffic and parking demand would also be less.
The vicinity roadways and the on-site parking supply could accommodate traffic and parking demand
generated by construction activities. No adverse impacts associated with construction traffic or parking
are expected.

Prior to beginning construction work that could impact SDOT right-of-way; the contractor would be
required to submit the following information to SDOT for review and approval of necessary permits:

e Haul Route Plan;
e Traffic control plan for work on or adjacent to an arterial street;
In addition, the Port and NWSA would commit to being part of SDOT’s ongoing construction

coordination program to ensure coordination of project timelines, construction sequencing, traffic
control plans and construction staging.
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4. TRAVEL DEMAND ESTIMATES FOR ALL
PROJECT ALTERNATIVES

This section presents the travel demand estimates for all of the project alternatives, including the No
Action Alternative. The historic travel demand for Terminal 5 was previously presented (see Section
2.2.3) to provide context and establish the Design Day trip generation for the existing condition. Infor-
mation is then presented (Section 4.2) to estimate how those volumes would change with larger ship
sizes and increased throughput. The travel routes and trip assignments are then presented (Section 4.3)
to estimate each alternative’s trips on study area roadways.

4.1. Parameters for Estimating Truck Trips

Over the past two decades, trucking logistics have improved with enhancements to fleet management
systems and trip planning processes. One recent industry trend has seen shipping lines adding vessels to
service routes while maintaining the same number of ports of call. This allows vessels to sail at reduced
speeds, which saves significant costs by reducing fuel use. This also results in increased time in port,
which spreads out discharge and load activities, and reduces the need to staff terminals during the more
expensive hoot shifts.”® These industry changes have affected truck traffic at the port by reducing sea-
sonal and daily peaks in traffic. The following sections present the primary factors used to derive truck
trip generation estimates for the increased capacity conditions that could occur at Terminal 5.

4.1.1. Average Container Size

The Port tracks throughput at each terminal by both the numbers of containers and TEUSs, a twenty-foot
equivalent unit, which is the standard unit of measure for the shipping industry. A 40-foot container is
equivalent to 2.0 TEUs. In the past 10 years, the average number of TEUs per container for all Port ter-
minals has been relatively steady at 1.74. Over 70% of containers are 40-foot or larger. This factor was
used to convert TEU forecasts to containers for use in the truck trip forecasts.

4.1.2. Average Day and Design Day

RFID data described previously were compiled for all of the Port terminals. The number of days per
year that truck gates were open at the Port’s three largest terminals ranged from 245 days at Terminal 5
to 293 days at Terminal 18. The average was 260 days per year, which indicates that the terminal gates
are open on some weekend days and some holidays. Many Saturdays experienced truck volumes that
were close to the average day; Sunday volumes were the lowest of the week. It was assumed that the
upgraded Terminal 5 would be open for 260 days per year to reflect an Average Day condition.

Traffic analysis is often performed for an 85™-percentile condition, which will be referred to as the De-
sign Day. Based on RFID data for the entire port, the 85™-percentile volumes were 18% to 40% higher
than the average day volumes through each terminal. The lowest peak condition occurred at Terminal 5,
which had many smaller ship calls; the highest peak condition occurred at Terminal 18, which accommo-
dated larger ships. To be conservative, and to account for the potential for larger ships at Terminal 5, the
Design Day truck volumes were assumed to be 40% higher than an average day. As described later, the
40% increase accounts for the potential increase in truck activity associated with large ship loading and
unloading events. Based on analysis of throughput at Terminal 18 during large-ship events, which is
described in Section 4.1.5, this factor results in a conservatively high estimate of trips.

2% Moffatt & Nichol, December 2014.
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4.1.3. Truck Trips per Ship Lift

Two months of detailed RFID data and ship lift data for the Terminal 18 gate were compared to deter-
mine a truck trip factor per gate move. A ship lift is counted every time a container is either loaded or
unloaded from a ship at the terminal. Overall, the terminal generated approximately 1.77 truck trips for
every ship lift of a container not moved by on-dock rail. Trips are defined as one-way movements.
Since the value is less than two, it means that some trucks drop off one container and pick up a second
during the same trip through the terminal. This type of increased efficiency would likely be required for
Terminal 5 to achieve the increased throughput target. The factor of 1.77 truck trips per ship lift was
applied to all containers projected to enter or leave the terminal through the truck gate (excluding those
moved through the terminal’s on-dock rail yard).

4.1.4. Truck Trips by Time of Day

The port-wide RFID data for the period from April 1, 2013 through March 22, 2014 were compiled to
determine the arrival patterns for trucks at all of the Port terminals. This average arrival pattern is pre-
sented in Figure 15. Based on these truck arrival data, peak hour traffic analysis assumed that 12% of
each day’s trips would occur during the AM peak hour of the nearby street system, which is the highest
one-hour volume between 7:00 and 9:00 A.M. During the street system’s PM peak hour (the highest one-
hour volume between 4:00 and 6:00 p.M.), the terminal would generate 3% of the day’s traffic. These
data also show a lower arrival rate during the lunch hour, which reflects the anticipated change to a
grounded container operation by which truck drivers cannot fetch or deliver their own load without
longshore support. Under these conditions, the gates would likely close or operate at reduced capacity
during the longshore lunch hour. It is noted that this pattern reflects a conservatively high condition
where the terminal gates are open for the standard day shift from 8:00 A.M. to 5:00 p.Mm.. If gates are
opened earlier or during lunch, a lower percentage of traffic would likely occur during the peak hours.
The pattern with only a daytime shift was assumed for the No Action and Alternative 2 conditions.

For Alternative 3, capacity limitations of the RMGs within the terminal to load trucks would likely re-
quire that a second shift be added to the gate on peak days. Under this condition, a reservation system
would also be implemented to spread truck traffic out over the course of the two shifts. The potential
effect on traffic through the gate was estimated, assuming that 50% of the intermodal dray trips would
be moved during the night shift, and that 25% of the local/regional trucks would be moved during the
night shift. The potential effect on traffic through the gate is also shown on Figure 15. With a second
shift, the percentage of daily trucks that would arrive during the AM peak hour would decrease from
about 12% to 8%, and truck arrivals during the PM peak hour would decrease from 3% to 2%. The es-
timated daily and peak hour volumes for each alternative are presented later in this section.
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Figure 15. Truck Arrivals at Port Terminals by Time of Day
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Source: RFID data from Port of Seattle for all terminals for the period from April 1, 2013 through March 22, 2014. Data compiled
by Heffron Transportation, Inc.

4.1.5. Effect of Larger Vessels on Traffic Peaks

With the Alternative 2 or 3 improvements, larger vessels are expected to call at Terminal 5 than could
be accommodated by the existing cranes. To better understand how larger ships could affect truck traffic
entering and exiting the terminal, detailed analysis was performed for Terminal 18, which currently ac-
commodates larger ships. For Seattle, which has a more limited local market for goods compared to
other large ports such as Los Angeles or Long Beach, a larger ship does not necessarily relate to more
containers per call. To illustrate this, 11 months of vessel calls were tracked for Terminal 18 and com-
pared to the number of containers that were unloaded or loaded from each vessel. Figure 16 illustrates
the relationship between vessel size and throughput. As shown, smaller ships have a higher percentage
of cargo unloaded or loaded. The data reflected many calls of ships larger than 10,000 TEUs with fewer
containers moved through the terminal than the containers moved for much smaller ships.
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Figure 16. Vessel Size vs. Throughput at Terminal 18 — Year 2015
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Ship activity at the various terminals usually follows a regular pattern, with weekly or biweekly service
to and from various foreign ports. To understand how ship arrivals and the sizes of those ships could
affect truck movements through the terminal gates, two months of ship lift and truck RFID data were
reviewed for Terminal 18 (September and October 2015). Figure 17 shows the number of daily truck
trips that entered Terminal 18 for each day of the period, overlaid with lifts from individual ships. Sun-
days are the days with no traffic through the gate. The ship lifts are shown for the day that the ship ar-
rived, even though those lifts may have occurred over a number of days. This allows the truck gate ef-
fect to be related to the size and throughput for each ship.

The chart shows a relatively constant pulse of activity in each week, which typically included one large
ship plus several smaller ones. The peak day for ship activity occurred on September 25, 2015 when two
ships arrived at the terminal with respective capacities of 11,388 TEUs and 8,566 TEUSs. A total of
5,956 containers (10,924 TEUs) were unloaded/loaded for these two ships, which is about 27% of the
combined capacity. Truck volumes entering the terminal remained relatively constant, and while there
was a slight increase in daily volumes about four days after the peak ship arrivals, it was not much
higher than daily trips generated two weeks later when there were smaller ships at the terminal. On the
average weekday during the two-month period, 809 trucks entered the terminal. This increased to 953
trucks per day on the 85™-percentile day (18% higher than average), and 1,081 trucks per day on the
peak day (34% higher than average).

The Design Day for Terminal 5 assumes that truck volumes will be 40% higher than the average day.
Based on the observations at Terminal 18, this factor reflects a conservatively high estimate of truck
trips, and captures the potential increase in truck traffic associated with a larger ship or expedited
load/unload event.
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Figure 17. Trucks Entering Gate vs. Ship Lifts at Terminal 18
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Source: Port of Seattle RFID Data at Terminal 18 inbound gate and ship lift data for Terminal 18. Notes: Two Ship Arrivals on
9/25/15 with capacity of 11,388 TEUs and 8,566 TEUs, respectively. A total of 5,956 boxes (10,924 TEUs) were unloaded/loaded for
these two ships.

Red lines indicate the day that the ship arrived. Containers may have been loaded or unloaded over more than 1 day.

4.2. Future Throughput and Truck Volumes

Cranes at the current Terminal 5 facility are each capable of serving 6,000 TEU ships.. Shippers have
been using larger and larger vessels to reduce costs. Vessels capable of carrying 10,000 to 18,000 TEU
capacities are starting to be used on routes to other West Coast terminals. Vessels of that size would
typically call on several ports during a West Coast circuit, discharging only a portion of their capacity at
one port. Alternative 1, the No Action Alternative, assumes that Terminal 5 would resume operating as it
had in the past with Panamax-class vessels. Alternatives 2 and 3 assume that vessels carrying up to
18,000 TEUs would call at Terminal 5, which would increase the throughput. The potential effects of
these changes and the resulting truck and rail trip generation are described in the following sections.

4.2.1. Terminal Throughput and Vessel Calls

The estimated vessel call and discharge rates for Alternatives 1 through 3 were previously presented in
Table 1 of this report.

Alternative 1 (No Action Alternative) assumes an annual throughput at Terminal 5 of 647,000 TEUs.
Alternative 1 assumes that existing cranes would continue to be used, and that the vessel calls would be
similar to what occurred previously when an average of six vessels per week called at the terminal. The
vessels reflected a mix of sizes, and only a portion of the vessel capacity was unloaded from or loaded
onto each ship.

heffron -44 - October 6, 2016

transportation inc.



Terminal 5 Improvement Project
Transportation Technical Report - REVISED

With Alternatives 2 or 3, the improved pier and deeper berth would allow larger ships to call at Termi-
nal 5. An analysis was performed by Moffatt & Nichol to determine the potential throughput that could
be accommodated by the terminal given the potential berth capacity, container yard area, storage den-
sity, peaking factors associated with larger ships, and container dwell time in the terminal. For Alterna-
tive 2, which would have modest upland improvements, the throughput is estimated at 1.3 million TEUs
per year. For Alternative 3, which would have increased container yard and intermodal yard capacities,
the throughput is estimated to be 1.7 million TEUs per year.

4.2.2. Intermodal Share

The majority of containers that move through the Port are transported by rail between their landside
connections and inland origins or destinations. At Terminal 5, most would be transferred to and from
rail through the on-dock intermodal rail yard; some would be drayed to the off-dock rail yards. The per-
centages of containers via each mode of travel were previously presented in Table 2. For the No Action
Alternative, an estimated 55% of the containers would be intermodal. With increased throughput at
Terminal 5 with Alternatives 2 or 3, the percentage of containers transported by rail is expected to in-
crease to 75%, with two-thirds (or 50% of the total throughput) assumed to be handled at the on-dock
intermodal yard and one-third (or 25% of the total) assumed to be drayed to off-dock rail yards. The
remaining 25% of the total cargo would be trucked to local and regional businesses.

4.2.3. Truck Trips

The factors described above were used to estimate truck trips for the increased throughput scenarios,
which are presented in Table 6. As shown, with the increased throughput volumes, the upgraded Termi-
nal 5 is expected to generate 3,560 to 4,660 truck trips on the Design Day for Alternatives 2 and 3, re-
spectively. It is noted that truck trips are reported as one-way trips (e.g. 4,660 truck trips per day reflects
2,330 trucks entering the terminal and 2,330 trucks exiting the terminal). The table also shows the esti-
mated net change in trips for the Action alternatives as compared to the No Action Alternative, pro-
jected at 1,080 additional Design Day truck trips for Alternative 2 and 2,180 additional Design Day
truck trips for Alternative 3.

The table also summarizes projected peak hour trips. As previously described, Alternative 1 and 2 are
assumed to operate with only a daytime shift at the truck gate. Alternative 3, however, would require a
second gate shift on peak days. Therefore, Alternative 2 would have the highest peak hour truck trips,
and is estimated to generate an additional 130 truck trips during the AM peak hour and 31 truck trips
during the PM peak hour on the Design Day.
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Table 6. Terminal 5 Truck Trip Generation Estimates — All Alternatives

Average Day Truck Trips Design Day Truck Trips
AM Peak  PM Peak AM Peak  PM Peak

Condition Daily Hour Hour Daily Hour Hour
Alternative 1 - No Action 2

Drayed to Off-Dock Rail Yard 630 76 19 890 107 27

Trucked to local/regional businesses 1,140 137 34 1,590 191 48

Total 1,770 213 53 2,480 298 75
Alternative 2 - 1.3 Million TEUs/Year 2

Drayed to Off-Dock Rail Yard 1,270 152 38 1,780 214 53

Trucked to local/regional businesses 1,270 152 38 1,780 214 53

Total 2,540 304 76 3,560 428 106
Alternative 3 — 1.7 Million TEUs/Year b

Drayed to Off-Dock Rail Yard 1,660 133 33 2,330 186 47

Trucked to local/regional businesses 1,660 133 33 2,330 186 47

Total 3,320 266 66 4,660 372 94
Net Change in Trips for Alternative 2 770 91 23 1,080 130 31
Net Change in Trips for Alternative 3 1,550 53 13 2,180 74 19

Source: Derived by Heffron Transportation, Inc. January 2016.

a.  Terminal gate for Alternatives 1 and 2 assumed to be open during day shift only. With that condition, 12% of the daily trips would occur
in the AM peak hour, and 3% would occur in the PM peak hour.

b.  Terminal gate for Alternative 3 assumed to be open during both day and night shift. With that condition, 8% of the daily trips would
occur in the AM peak hour and 2% would occur in the PM peak hour.
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4.2.4. Employee Trips

The numbers of employees needed to staff the terminal during various ship unload/load events was esti-
mated for each alternative. When the terminal is operating at peak capacity, it is likely to have all cranes
staffed. This in turn increases the yard equipment needed, as well as staffing at the terminal’s on-dock
intermodal yard and truck gates. The Average Day conditions assume that a single ship would call at the
terminal; the Design Day assumes two ship calls. The following assumptions were made related to ter-
minal staffing.

e Crane/Yard Gangs — Each crane is typically operated by a crew (referred to as a “gang”) of
22 persons, which includes the crane personnel as well as ground crews to position
containers inside the terminal. Terminal 5 currently has six cranes, which can be configured
to service two smaller ships or one larger ship. With the Alternative 2 or 3 pier and berth
improvements, the terminal could have up to 12 cranes operating for two large ships. When
the terminal is operating at peak berth capacity, a second crane shift would be needed for all
alternatives.

e Gate Clerks and Supervisors — The existing truck gate, which has 13 lanes (10 inbound
and 3 outbound) would remain for the No Action Alternative and Alternative 2, and would
be operated with remote clerks in a single office (also called “the kitchen). When the
terminal is operating at capacity, it is assumed to require 24 staff (clerks and supervisors).
For Alternative 3, capacity limitations of the RMGs within the terminal to load and unload
trucks would likely require that a second shift be added to the gate on peak days. Under this
condition, a reservation system would also be implemented to spread truck traffic out over
the course of the two shifts. The gate would require fewer staff for the day shift, but would
add staff for a second gate shift.

e Yard Staff — Terminal 5’s on-dock intermodal yard is assumed to operate during two shifts,
and would be staffed by up to 30 people for the No Action Alternative and Alternative 2.
Alternative 3 would increase the capacity of the yard, and yard staff could increase to 54
people for each of two shifts.

e Mechanics/Service Personnel — Staff needed to maintain yard equipment would increase
with throughput and amount of equipment used. The highest staffing need would be for
Alternative 2, which assumes use of top picks for many operations.

e Management — Five to eight managers are assumed to be on terminal for a day shift with
one to two during a night shift.

Table 7 summarizes the assumed staffing needs for both the existing and improved conditions.
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Table 7. Terminal 5 Employee Estimate — All Alternatives

Average Day (1 ship) Design Day (2 ships)
Personnel Throughput Day Shift Night Shift Day Shift Night Shift
Alternative 1 (No Action) 647,000 TEUs/year 4 cranes / 9 gate lanes 6 cranes / 13 gate lanes
Crane/Yard Gangs 88 0 132 132
Gate Clerks & Supervisors 5 0 7 0
Rail Yard Staff 20 0 30 30
Management 5 0 5 1
Mechanics 16 0 16 8
Total 134 0 190 171
Alternative 2 (Wharf 1.3M TEUslyear 6 cranes / 13 gate lanes 10 cranes/13 gate lanes
Improvements)
Crane/Yard Gangs 132 0 220 220
Gate Clerks & Supervisors 24 0 24 0
Rail Yard Staff 30 0 30 30
Management 5 0 5 1
Mechanics 16 0 27 14
Total 207 0 306 265
Alternative 3 (Wharf + Uplands) 1.7 M TEUslyear 6 cranes / 13 gate lanes 12 cranes/13 gate lanes
Crane/Yard Gangs 132 138 258 258
Gate Clerks & Supervisors 18 16 18 16
Rail Yard Staff 54 54 54 54
Management 8 2 8 2
Mechanics 26 13 23 13
Total 244 223 364 343

Source: Heffron Transportation and Moffatt & Nichol, January 2016.

Some of the employees who work the day shift could take transit, walk or bike to work. However, those
options are limited by the fact that many employees are dispatched from the labor hall and do not arrive
directly from home. In addition, transit may not be available to night shift employees since none of the
bus routes that serve the near-site area operate after 2:00 A.M. when the night shift typically ends.
Employee modes of travel were derived from ‘Journey-to-Work’ survey results from the year 2010
Census.? No data were reported for the Transportation Analysis Zone (TAZ) where Terminal 5 is
located; therefore, data for the two TAZs just south of Terminal 5 (TAZs 176 and 179), which have
industrial uses and similar transit service, were reviewed. The data showed that 96% of the employees
commuted by personal vehicle (77% by single-occupant vehicle and 19% by carpool), 1% walked or
biked to work, and 3% used transit. These results are similar to the year 2000 Census data reported for
the census tract where Terminal 5 is located that also determined that 96% of the employee trips were
made by personal vehicle. The modes of travel are reasonable given the limitations described above.

2 Compiled by the Puget Sound Regional Council.
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Trip generation rates used to estimate Terminal 5 employee trips assume that each employee travels to
the site before the shift, leaves just after the shift, and that very few employees leave the site during the
shift. Therefore, a daily trip generation rate of 2.10 trips per employee was used. For the morning and
afternoon peak hours, a trip generation rate of 0.65 trips per employee was assumed, which reflects 65%
of the employees entering or leaving the site during the peak hour. The employee trips were then
adjusted to reflect the mode of travel characteristics described above in which 4% of the trips occur by
non-vehicular modes, and the average vehicle carried 1.2 persons. The transit trip reduction was not
applied to inbound trips during the PM peak hour since few transit routes are in service at 2:00 A.M.
when the night shift ends. The employee trip generation for each alternative is summarized in Table 8.

Based on the estimated staffing levels, the highest number of employee trips would occur in the PM

peak hour, when employees who work the day shift leave the terminal and those who work the night
shift arrive at the terminal.

Table 8. Terminal 5 Employee Vehicle Trip Estimates — All Alternatives

Daily 2 AM Peak Hour PM Peak Hour

In Out Total In Out Total InP Out Total

Average Day Condition
No Action (Alternative 1) 113 113 226 70 0 70 0 70 70
Alternative 2 174 174 348 108 0 108 0 108 108
Alternative 3 392 392 784 127 0 127 121 127 248
Net Change - Alt 2 61 61 122 38 0 38 0 38 38
Net Change - Alt 3 279 279 558 57 0 57 121 57 178

Design Day Condition

No Action (Alternative 1) 303 303 606 99 0 99 93 99 192
Alternative 2 480 480 960 159 0 159 144 159 303
Alternative 3 594 594 1,188 189 0 189 186 189 375
Net Change - Alt 2 177 177 354 60 0 60 51 60 111
Net Change - Alt 3 291 291 582 90 0 90 93 90 183

Source: Heffron Transportation, Inc., August 2016.

a. Daily trips assume that each employee generated 2.10 trips per day, and that 65% of the employees commute during the peak one
hour period in the morning and afternoon. Vehicle trips assume that 96% of the trips occur by vehicle with an average vehicle
occupancy of 1.2 persons per vehicle.

b. Account for 2nd shift employees arriving during PM peak hour. All inbound trips during the PM peak hour are assumed to be by
vehicle (single occupant and carpool) since most transit service does not operate at 2:00 A.M. when the night shift ends.

The number of walk/bike and transit trips was also estimated based on the mode of travel experience for
the site area. These are summarized in Table 9. At peak employment (Alternative 3 during a Design
Day), the Terminal 5 project is expected to generate a net increase of 4 walk/bike trips per day (2 in and
2 out) and 10 transit trips per day (5 in and 5 out).
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Table 9. Terminal 5 Employee Walk/Bike and Transit Trip Estimates — All Alternatives

Daily Walk/Bike Trips® Daily Transit Trips P
In Out Total In Out Total
Average Day Condition
No Action (Alternative 1) 1 1 2 4 4 8
Alternative 2 2 2 4 6 6 12
Alternative 3 2 2 4 7 7 14
Net Change - Alt 2 1 1 2 2 2 4
Net Change - Alt 3 1 1 2 3 3 6
Design Day Condition
No Action (Alternative 1) 2 2 4 6 6 12
Alternative 2 3 3 6 9 9 18
Alternative 3 4 4 8 11 11 22
Net Change - Alt 2 1 1 2 3 3 6
Net Change - Alt 3 2 2 4 5 5 10

Source: Heffron Transportation, Inc., August 2016.
a. Based on 2010 Census results that 1% of employees in the site vicinity commute by walk or bike modes of travel.
b. Based on 2010 Census results that 3% of employees in the site vicinity commute by transit.

4.3. Trip Distribution Pattern and Trip Assignment

4.3.1. Truck Trips

The truck trip distribution pattern for Terminal 5 was based on detailed origin-destination studies per-
formed in February 2014 to develop the Container Terminal Area Traffic Analysis Tool.* These studies
used Bluetooth readers that were placed at the terminal entrances and along regional roadways to capture
unique addresses emitted from vehicles containing Bluetooth-enabled devices. Data at points along major
travel routes were then paired with the terminal data to derive an origin-destination pattern for each termi-
nal at the Port. The data were further augmented with information from local warehouse and consolidation
businesses to determine local truck trip patterns.

Data collected from the Bluetooth readers determined that nearly all Terminal 5 trucks (about 92%) ar-
rived and departed the terminal via SW Spokane Street east of the terminal, crossing the Swing Bridge.
About half of these trucks used the ramps to and from the Spokane Street Viaduct that connect to Harbor
Island, east of the site. The rest stayed on surface streets to access the near-dock intermodal yards as well
as local connections to SR 99 and 1-90 (via East Marginal Way S and S Atlantic Street). None of the
trucks arrived or departed using the West Seattle Freeway ramps that connect direct to Chelan Avenue
SW west of the terminal.

With larger ships at Terminal 5, more trucks (25%) are expected to travel to and from the near-dock rail
yards, resulting in more concentrated truck increases on surface SW Spokane Street and East Marginal
Way between S Hanford Street and the Argo Yard. The new North Argo Access allows trucks destined to
that railyard to avoid the merge across SR 99. The new access route passes under SR 99 just south of the

% The Transpo Group, July 2015.
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East Marginal Way grade-separated structure. Trucks returning from the Argo Yard use northbound East
Marginal Way S north of Diagonal Avenue S. One change expected within the 10-year horizon is the
extension of SR 509 from its current terminus near SeaTac Airport to I-5. In the future, this new highway
connection is expected to attract more truck traffic to West Marginal Way SW and SR 509, reducing the
number of trucks that may now use I-5 south of Spokane Street. That change is expected to result in
decreased truck traffic on the Spokane Street Viaduct compared to existing conditions. Table 10
summarizes the truck trip pattern assumed for future conditions, which reflects the existing travel patterns
for all of the Port’s terminals and the planned changes to the roadway system described above.

Table 10. Truck Trip Distribution Pattern for Terminal 5

SIG Argo I-5

Yard Yard I-5 North | 1-90 East | South SR 99 SR 509 Local Total
Existing <1% 4% 15% 20% 29% 11% 9% 12% 100%
Future 15% 10% 7% 12% 18% 13% 13% 12% 100%

Source: The Transpo Group, February 2014. Patterns derived from Bluetooth data at terminals and along primary travel routes.
Note:  Existing conditions based on current travel patterns for Terminal 5; the future condition based on existing travel patterns for all of
the Port's terminals.

“Local” trips are those that travel between the terminal and local distribution and logistics facilities in

the Duwamish neighborhood. Figure 18 shows the location of these businesses. Travel patterns would

change by day depending on the customer and origin of the ship. The trip pattern assumed for the local
trips was based on the port-wide average of local trips from all of the terminals.
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Figure 18. Local Import/Export Businesses in Duwamish
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Source: Port of Seattle, August 2016.
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Figure 19 shows the truck trip distribution pattern based on regional and local destinations. Figure 20
shows the truck trips for all three alternatives on the near site network. The net change in truck trips for
Alternative 2, which has the highest number of peak hour truck trips, is shown on Figure 21.

4.3.2. Employee Trips

The travel pattern for employee trips was derived using information from the City of Seattle’s Concur-
rency Director’s Rule 5-2009.% The City’s materials for this Directors Rule include a database that pro-
vides vehicle trip patterns for various types of land uses for each Transportation Analysis Zone (TAZ) in
the city. The data were compiled to determine inbound and outbound patterns during the peak hours. Based
on this information, about 70% of the employees are expected to use the West Seattle Freeway to access
SR 99 North or I-5 (25% to SR 99 north of Spokane Street, 20% to I-5 north of downtown, 10% to 1-90,
10% south on 1-5, and 5% to Beacon Hill). About 17% are expected to use West Marginal Way SW to
access SR 509 or SR 599 and destinations south of Seattle, while another 15% would use local streets
(including Harbor Avenue SW and Delridge Way SW) to access West Seattle. Figure 22 shows the
employee trips for the AM and PM peak hours.

3L City of Seattle Department of Transportation, Transportation Concurrency Project Review System, Director’s Rule 5-

2009, Effective April 13, 2009.
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5. PROJECT IMPACTS

5.1. Future Traffic Volumes

Three future years—2020, 2030, and 2040—were evaluated to capture the potential growth in terminal
throughput over time. The No Action volumes for Terminal 5 were evaluated for each of these horizon
years to provide a basis for comparison. Under these conditions, container operations could continue
with existing terminal infrastructure. Alternative 2 was evaluated for year 2030 conditions, and Alterna-
tive 3 was evaluated for year 2040 conditions. Figure 23 illustrates the analysis conditions evaluated for
this report. It also shows the growth trend line between the actual conditions in 2013 and the Alternative
3 conditions in the year 2040. This shows that the compound growth would be 4.4% per year, a conser-
vatively high assumption for container growth.

Figure 23. Analysis Conditions
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Source: Heffron Transportation, Inc., January 2016.

Traffic volumes for the 2020, 2030, and 2040 No Action Alternative were derived by applying an an-
nual growth rate of 1.6% per year to existing non-Terminal 5 traffic volumes. This is the historic growth
rate for traffic on the Spokane Street Swing Bridge observed from 2005 through 2013, which accounts
for the economic recovery since the 2008/2009 recession as well as increased traffic due to growth in
West Seattle, and is similar to growth rates expected elsewhere in Seattle. This growth rate exceeds the
growth rate predicted by the Container Terminal Area Traffic Analysis Tool*’, which used regional fore-
casts prepared by the Puget Sound Regional Council. The tool estimated a future growth rate for the
Lower Spokane Street Swing Bridge of 0.3% per year.

% The Transpo Group, July 2015.
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Traffic forecasts developed for the City’s proposed 2035 Comprehensive Plan® were reviewed for
consistency with the background traffic growth assumptions described above. The Comprehensive Plan
analysis forecasts 2035 traffic conditions with buildout of the City’s preferred future land use plan,
focusing on projected PM peak hour volume-to-capacity ratios (V/Cs) of vehicular traffic on arterials
crossing screenlines defined throughout the City. The existing and projected future V/Cs across the
screenlines closest to the Terminal 5 study area, as well as the resulting projected annual growth
between them, is summarized as follows:

3.11 Duwamish River, West Seattle Freeway — S Spokane Street:
EB - 2013 V/C = 0.61; 2035 V/C = 0.69; annual growth = 0.6%
WB - 2013 V/C = 0.87; 2035 V/C = 1.15; annual growth = 1.3%

9.12 South of Spokane Street, East Marginal Way S — Airport Way S:
NB - 2013 V/C =0.47; 2035 V/C = 0.60; annual growth = 1.1%
SB - 2013 V/C =0.52; 2035 V/C = 0.70; annual growth = 1.4%

In addition, the Draft Comprehensive Plan analysis provides existing and projected future Average
Weekday Daily Traffic (AWDT) vehicle volume forecasts for state highways throughout Seattle. The
existing and projected volumes for the state highway nearest the Terminal 5 study area, as well as the
resulting projected annual growth between them, is summarized as follows:

SR 99, East Marginal Way to West Seattle Bridge:
2013 AWDT =43,000; 2035 AWDT = 61,300; annual growth = 1.6%

These Draft Comprehensive Plan projections indicate that the Terminal 5 background annual traffic
growth assumption of 1.6% is conservatively higher than the projected annual growth on arterials
crossing the screenlines nearest the study area, and is consistent with the projected annual growth on the
state highway segment nearest the study area.

Existing non-terminal traffic was increased by 1.6% per year, and then Terminal 5 No Action truck and
employee trips were added to the network. The No Action Traffic Volumes are shown on Figures 24
through 26 for the 2020, 2030, and 2040 conditions, respectively.

5.1.1. Future Traffic Volumes at Study Area Intersections

The net change in truck trips and employee trips generated by Alternatives 2 and 3 were added to the No
Action Volumes to estimate the future Action Alternative volumes; Figure 27 shows for year 2030 with
Alternative 2, and Figure 28 shows year 2040 with Alternative 3.

¥ Traffic forecasts developed for the Mayor’s Recommended Draft Plan, Transportation Appendix, May 2016.
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5.1.2. Traffic Volumes on State Highways

Traffic forecasts developed for the City’s proposed 2035 Comprehensive Plan® included forecasts for
state highways in the area. These forecasts, which were built off of the PSRC’s regional model included
growth in Port of Seattle container terminal throughput to 3.5 million TEUs per year. Therefore, the
forecasts did include Terminal 5 as part of the overall Port growth target. Forecasts for several state
highways in the vicinity of Terminal 5 are summarized in Table 11. The net change in truck and em-
ployee trips generated by the terminal are then compared to the total volumes to show the magnitude of
the project’s impact. As shown, the project would represent a small percentage of the traffic on these
routes. Alternative 2 would represent 0.03% to 0.11% of the year 2035 traffic, and Alternative 3 would
represent between 0.07% and 0.29% of the 2035 traffic.

Table 11. Terminal 5 Traffic versus Future Traffic Volumes on State Highways

Net Change in Terminal 5 Traffic b

Average
Weekday Traffic @ Alternative 2 Alternative 3

T-5% T-5%
Year Year Truck Emp. of 2035 Truck Emp. of 2035
State Highway/Interstate 2013 2035 Trips Trips Traffic Trips Trips Traffic

Interstate 5 North of

West Seattle Freeway 235,700 266,500 30 160 0.07% 90 260 0.13%
Interstate 5 South of
West Seattle Freeway 235,700 266,500 50 35 0.03% 130 60 0.07%
Interstate 90 across
Lake Washington 142,800 185,100 30 35 0.04% 90 60 0.08%
SR 99 north of First
Avenue S Bridge 43,000 61,300 20 0 0.03% 90 0 0.15%
SR 99 at Yesler Way 77,200 66,200 0 90 0.14% 0 150 0.23%
SR 509 at Cloverdale 38,900 51,800 25 30 0.11% 100 50 0.29%

a.  Traffic forecasts developed by Fehr & Peers, for the Mayor's Recommended Draft 2035 Comprehensive Plan, Transportation
Appendix, May 2016.
b.  Derived by Heffron Transportation, Inc. per methodology described in this report.

5.2. Level of Service

Traffic operating conditions for the study area intersections were evaluated for each of the future year
conditions described in the previous section. The analysis assumed that the existing intersection lane
configurations would remain the same in the future; traffic signal timings were optimized since they are
likely to be adjusted by the future 2030 and 2040 horizon years. In addition, truck percentages for each
movement were adjusted to reflect changes in truck volumes relative to total volumes, which accounts
for the changes in Terminal 5 truck trips. The methodology to determine intersection level of service
was previously described in Section 2.3. Table 12 summarizes the projected future AM peak hour
conditions for all alternatives, and Table 13 shows the projected future PM peak hour conditions.

The analysis indicated that the following three intersections along the Spokane Street corridor would
operate at poor levels of service in the future:

3 Traffic forecasts developed for the Mayor’s Recommended Draft Plan, Transportation Appendix, May 2016.
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SW Spokane Street/West Marginal Way/Chelan Avenue SW — This intersection is forecast to
operate at LOS F for the 2020 No Action conditions during both the AM and PM peak hours.
Conditions would get progressively worse in the subsequent decades due to background traffic
growth in the corridor, with average PM peak hour vehicle delay of nearly 280 seconds per
vehicle by 2040. Traffic generated by the Terminal 5 improvements is projected to add up to
about 15 seconds of average delay per vehicle. As described later in the Mitigation section of this
report, increased train traffic associated with the terminal could block the north leg of the five-
legged intersection (the at-grade connection to Terminal 5) for much of the day, and at full
operation, it is recommended that the north leg of the intersection be closed to vehicle traffic.
Eliminating this leg of the intersection would dramatically improve traffic operations by
eliminating one phase of the sequential-phase signal operation, and allowing some movements to
operate concurrently. With closure of the north leg, it is estimated that in 2040 with Alternative 3,
the intersection would operate at LOS E during the AM peak hour (68.5 seconds of delay per
vehicle) and at LOS F in the PM peak hour, but with substantially reduced delay (97.3 seconds
per vehicle) compared to the No Action Alternative. Closing the north leg of the intersection
would also eliminate the at-grade railroad crossing and the signal pre-emption associated with
train movements adjacent to the intersection. All traffic to and from Terminal 5, as well as local
businesses at Terminal 7A, 7B, and 7C should be directed to use the Terminal 5 Access Bridge,
which would operate at LOS C or better during the peak hours with this diverted traffic.

Until train movements across the surface access at West Marginal Way S warrant, other
measures should be considered to improve operations. One alternative would be to convert the
north leg of the five-legged intersection into a one-way northbound roadway and eliminate the
ability to exit at this location. That would eliminate the signal phase associated with outbound
movements and improve traffic operations at the intersection.

SW Spokane Street/Harbor Avenue SW — This intersection is forecast to operate at LOS F
during the AM peak hour in 2040, without or with the proposed Terminal 5 project. This condi-
tion is related to the existing signal phasing that will not be able to accommodate growth in
background traffic and the high volume of southbound left turns projected from Harbor Avenue
SW onto the Spokane Street connector ramp. To mitigate this condition, it is recommended that
the signal phasing be changed, which could improve operations to LOS E (63.1 seconds of delay)
in 2040 with Alternative 3. Further detail about recommended signal improvements for the
Spokane Street corridor are presented in the Mitigation section.

S Spokane Street/East Marginal Way S — This intersection is expected to operate at LOS E
during the PM peak hour by 2030, and during both peak hours by 2040 without or with the
proposed Terminal 5 project. The increase in traffic generated by Terminal 5 would add fewer
than 2.0 seconds of delay to the intersection. Signal improvements described in the Mitigation
section would include this intersection.

S Hanford Street/East Marginal Way S — This intersection would operate at LOS D or better
until 2040, when it is forecast to operate at LOS F during the PM peak hour with Alternative 3.
Although the project is expected to add little average delay to the intersection (less than 2 sec-
onds per vehicle), operations could be improved by having all east-west pedestrian/bicycle
movements served by a separate signal phase. Further detail about recommended signal im-
provements for the corridor are presented in the Mitigation section.
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Table 12. Level of Service Summary - Future Conditions with All Alternatives — AM Peak Hour

Signalized Intersections

No Action Alternative

With T-5 Improvements

LOS! Delay?

LOS Delay

YEAR 2020

No Action (647,000 TEUs/YT)

SW Spokane St/ Harbor Ave SW D 44.9

SW Spokane St/ West Marginal Way SW / Chelan Ave SW F 774

SW Spokane St/ Terminal 5 Access B 10.6

SW Spokane St/ 11t Avenue SW A 2.1

S Spokane St/ East Marginal Way S B 17.2

S Hanford St / East Marginal Way S B 17.9

East Marginal Way NB Ramp / North Argo Access Road 3 B 12.0

YEAR 2030 No Action (647,000 TEUs/Yr)| With 1.3 Million TEUs/Year
SW Spokane St/ Harbor Ave SW E 58.3 E 58.8
SW Spokane St/ West Marginal Way SW / Chelan Ave SW F 129.3 F 142.2
SW Spokane St/ Terminal 5 Access B 12.7 B 14.7
SW Spokane St/ 11t Avenue SW A 2.3 A 2.7
S Spokane St/ East Marginal Way S C 22.3 C 26.7
S Hanford St / East Marginal Way S B 19.3 C 20.7
East Marginal Way NB Ramp / North Argo Access Road 3 B 13.4 B 14.6
YEAR 2040 No Action (647,000 TEUs/Yr)| With 1.7 Million TEUs/Year

SW Spokane St/ Harbor Ave SW F 84.5 F 85.7
SW Spokane St/ West Marginal Way SW / Chelan Ave SW F 200.2 F 215.8
SW Spokane St/ Terminal 5 Access B 13.8 B 16.0
SW Spokane St/ 11t Avenue SW A 25 A 3.0
S Spokane St/ East Marginal Way S E 56.0 E 57.6
S Hanford St / East Marginal Way S C 244 C 26.8
East Marginal Way NB Ramp / North Argo Access Road 3 B 15.5 B 16.4

Source:

Synchro model developed by Concord Engineering and Heffron Transportation, Inc., January 2016. Levels of service for signal-

ized intersections were calculated using the Synchro 9.1 methodology. The all-way stop intersection level of service was determined using

the 2010 HCM methodology.

1. Level of service.

2. Average seconds of delay per vehicle.
3. All-way stop controlled intersection
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Table 13. Level of Service Summary - Future Conditions with All Alternatives — PM Peak Hour

Signalized Intersections

No Action Alternative

With T-5 Improvements

LOS! Delay?

LOS Delay

YEAR 2020

No Action (647,000 TEUs/Yr)

SW Spokane St/ Harbor Ave SW C 215
SW Spokane St/ West Marginal Way SW / Chelan Ave SW F 121.4
SW Spokane St/ Terminal 5 Access B 17.5
SW Spokane St/ 11t Avenue SW A 4.8
S Spokane St/ East Marginal Way S C 26.2
S Hanford St / East Marginal Way S C 30.6
East Marginal Way NB Ramp / North Argo Access Road 3 B 12.9
YEAR 2030 No Action (647,000 TEUs/Yr)| With 1.3 Million TEUs/Year
SW Spokane St/ Harbor Ave SW D 34.6 D 38.3
SW Spokane St/ West Marginal Way SW / Chelan Ave SW F 188.3 F 199.0
SW Spokane St/ Terminal 5 Access C 24.3 C 323
SW Spokane St/ 11t Avenue SW A 6.5 A 7.2
S Spokane St/ East Marginal Way S E 56.8 E 57.0
S Hanford St / East Marginal Way S D 42.6 D 42.6
East Marginal Way NB Ramp / North Argo Access Road 3 B 15.1 B 15.2
YEAR 2040 No Action (647,000 TEUs/Yr)| With 1.7 Million TEUs/Year
SW Spokane St/ Harbor Ave SW D 49.0 D 42.8
SW Spokane St/ West Marginal Way SW / Chelan Ave SW F 277.4 F 291.3
SW Spokane St/ Terminal 5 Access D 40.4 D 50.0
SW Spokane St/ 11t Avenue SW A 8.8 A 9.6
S Spokane St/ East Marginal Way S E 65.5 E 65.8
S Hanford St / East Marginal Way S E 79.8 F 81.2
East Marginal Way NB Ramp / North Argo Access Road 3 B 18.7 B 18.8

Source:

Synchro model developed by Concord Engineering and Heffron Transportation, Inc., August 2016. Levels of service for signal-

ized intersections were calculated using the Synchro 9.1 methodology. The all-way stop intersection level of service was determined using

the 2010 HCM methodology.

1. Level of service.

2. Average seconds of delay per vehicle.
3. All-way stop controlled intersection
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5.3. Gate Queue Analysis

This section details the methodology used to estimate queue lengths at the Terminal 5 inbound truck gate.
This queuing analysis was performed to determine the number of gate lanes or service check points that
may be required to accommodate the peak truck queue and prevent it from backing up to SW Spokane
Street. There are two elements of the gate system that could cause truck queuing off of the terminal:

o Pre-check — This is where truck drivers must show security identification in order to ac-
cess the terminal. The analysis was used to determine whether the existing single check-
point would suffice or whether two check points would be needed under certain circum-
stances.

e Main Gate — Terminal 5’s main gate operates with a “kitchen counter” system meaning
that remote clerks can serve multiple lanes. There are 14 inbound truck lanes (13 queue
lanes and one bypass lane) in advance of the gate, but trucks are usually only allowed to
gueue in lanes that correspond to an open gate. To be conservative, the analysis was
performed assuming that only eight of the gate lanes and corresponding truck queue lanes
would be used for the improved terminal. If needed, two additional inbound lanes could be
opened to address queues.

5.3.1. Queue Model and Methodology

For queuing at the pre-check and main truck gate, a M/M/s model was applied. The M/M/s label refers to
the key input elements of the queuing model. The first “M” is the symbol that defines an exponential
distribution of inter-arrival times (times between each vehicle arrival at the transfer station) known as
“Markovian.” This distribution of arrivals is also described as a Poisson distribution. The second “M,”
also refers to an exponential distribution, but applies to service times in the queuing system. This as-
sumption implies that the transaction times for each truck will vary and will also follow an exponential
pattern. For example, many of the service times are expected to be less than the average, but will occa-
sionally be much longer (e.g., a truck driver that cannot find or does not have the proper identification). It
is important to note that the assumption that service times are exponentially distributed implies a some-
what large amount of variability and reflects a worst-case condition. Finally, the “s” label in the queuing
model description refers to the number of service points. For the inbound flows at the pre-check gate, the
model tested both a single and a double service point. For the main truck gate, the model tested queues
assuming that 8 of the existing 13 service lanes would be used to process inbound truck movements.

Truck trips generated for each of the three alternatives, and previously described in Section 4 were used
for this analysis. Inbound trips for each hour of the day were determined using the arrival rates shown
on Figure 15. As previously described, a second gate shift is expected to be added for Alternative 3.
However, for the purpose of understanding the resiliency of the gate, that alternative was evaluated for
both a single shift and double shift condition.

5.3.2. Service Rates

Pre-Check Gate

Service rates for the pre-check gate were determined from observations at the Terminal 18 gate in 2012.
The service rate was measured as the time between consecutive trucks arriving at the pre-check gate,

with 66 arrivals observed during the morning peak period. The service times ranged from 6.4 seconds to
26.9 seconds with an average service time of 17.7 seconds.
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If two pre-check lanes are provided, they could either be serviced by one or two security guards. It was
assumed that if one guard has to serve both lanes, the service rate per truck would increase by about 5
seconds (to 22.7 seconds per truck) to account for additional time needed for the guard to move between
the gate lanes. If a second guard is added, the average service time is assumed to remain at 17.7 seconds
per truck per lane.

Main Gate

Service rates for the main gate were assumed to be 1.2 minutes (72 seconds) per truck. This rate is based
on information provided by SSA Marine when Terminal 30 was being reactivated as a container termi-
nal with a new truck gate.® The existing gate has 14 storage lanes; however, only 8 of those lanes were
assumed to be used for inbound storage. Those 8 lanes have a capacity to hold 80 to 90 trucks. This con-
figuration was assumed for the No Action and Alternative 2 conditions.

Alternative 3 would replace the existing gate. The proposed gate would have a similar capacity to the
existing gate, with 80 to 90 trucks.

5.3.3. Queue Analysis Results
Pre-Check Gate

The analysis determined that the pre-check gate is the constraint in the system. Currently, the pre-check
gate facility is located about 1,900 feet from SW Spokane Street. This distance is estimated to accom-
modate about 24 trucks, assuming an average of 80 feet per truck, which allows extra space given that
this queue is continually moving. A single-lane gate with one security guard could accommodate hourly
volumes up to about 180 trucks per hour before the truck queue would extend to SW Spokane Street.
With two gate lanes for trucks, a single guard could accommodate hourly volumes up to about 280
trucks per hour. Beyond that volume, two security guards would be needed, one for each lane. To
reduce the potential that queues would reach SW Spokane Street, it is recommended that Terminal 5
provide two pre-check gate lanes, and that the pre-check gate open at least 30 minutes before the main
gate to accommodate early-arriving trucks. As noted below, the main gate would need to open one hour
early on days when more than 1,500 truck arrivals are expected, in which case the pre-check gate hours
would also need to open one-hour earlier than a typical day. The analysis also determined that the pre-
check gate(s) would need to remain open for the entire workday (i.e., a security guard would staff the
pre-check gate during morning, lunch, and afternoon breaks).

Queues by time of day for the Alternative 2 Design Day were determined using the queue model with
two pre-check gates and a single security guard, shown on Figure 29. The average and 95"-percentile
gueues were evaluated, the latter is defined as the queue length that could be exceeded for 5% of the
evaluated peak hour and is typically the basis used for facility design. Under this operating condition,
the 95™-percentile queue length is estimated to be 9 trucks, and would occur during the 9:00 A.M. hour.

% Heffron Transportation, Inc. Transportation Technical Report for Terminal 30 Cargo Reactivation, September 18, 2006.
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Figure 29. Queues at Pre-Check Gate for Alternative 2 — Design Day
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Source: Heffron Transportation, Inc., January 2016. Assumes two pre-check lanes with one security guard

Avrrivals that exceed 330 trucks per hour could create queues that extend to Spokane Street. That relates to
a daily volume of about 2,700 trucks entering the gate per day, which is 50% higher than Alternative 2
Design Day Volume. (It is noted that trucks entering the terminal are one-half of the total daily trips gen-
erated, which includes both entering and exiting trucks.) The pre-check gate should open one-hour earlier
than normal on days when the entering truck volume is expected to exceed 1,500 trucks to reduce the
potential for queues to extend onto SW Spokane Street.

As previously described, if RMGs are installed within the terminal (Alternative 3), the number of trucks
that can be served by the terminal’s yard equipment would be constrained. Under that condition a second
gate shift and a reservation system would be needed to meter the number of trucks that enter the terminal
during each hour. Therefore, although the Design Day volumes would be higher for Alternative 3, hourly
gueues are expected to be lower.

Recommended physical features and operating protocols for the pre-check gate are described in the
Mitigation section later in this report.

Main Gate

This analysis assumes that 8 of the existing 13 gate lanes would be used for inbound trucks, and would
have a total queue capacity of 80 to 90 trucks. The analysis determined that the main gate would need to
open one hour early (at 7:00 A.M.) when daily volumes are expected to exceed 1,500 trucks entering the
terminal per day. The model also assumed that the gate would be closed during the one-hour lunch
break. Figure 30 shows the Design Day queue by hour for Alternative 2 at the main gate. As shown,
with the early gate hours, the main gate would accommodate the Alternative 2 Design Day volumes.
The peak queue is expected to occur during the noon hour due to the lunch-time closure. However, the
gueued trucks would be accommodated by the available storage space and no overflow is expected.
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Figure 30. Queues at Main Gate With Lunch Break
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Source: Heffron Transportation, Inc., February 2015. Assumes 8 entry lanes and “kitchen counter” system. Gate would be closed
during one-hour lunch break.

Incidents that Affect Gate Operations

It is recognized that incidents and labor conditions can affect gate operations and queuing conditions. In
the past, computer malfunctions have occurred that either dramatically slow processing times or cease
processing altogether. Labor issues have also affected gate processing. Protocols to manage the queue
should be established if such conditions were to occur in the future. Operational protocols could include:

e Open up additional queuing space at the main terminal gate to process trucks through the
pre-check lane.

o Notify truck drivers and dispatchers (using radio, cell phone and/or internet communica-
tions) to avoid Terminal 5 until the queue has cleared.

¢ Notify SDOT and WSDOQOT traffic operations personnel about closures, so that messages
alerting drivers can be posted on select Dynamic Message signs along travel routes to the
terminal.

e Pay the cost of locating a Police Officer at the intersection of SW Spokane Street and the
Terminal 5 ramp to redirect truck traffic and prevent the queue from blocking through-traf-
fic on SW Spokane Street.

It is recommended that the Port of Seattle and NWSA develop a Gate Queue Management Plan that
defines the terminal operator’s responsibilities related to gate infrastructure and operating protocols to
prevent the truck queue from extending to SW Spokane Street. The Plan is presented in the Mitigation
section later in this report.
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5.4. Traffic Safety

Increased throughput at the terminal would add traffic to the surrounding street network, which could
increase the potential for conflicts. Historic collision data for the study area do not indicate any unusual
safety issues, and the data include truck traffic generated by the existing terminal along the same travel
routes that will be used in the future. Therefore, the Terminal 5 improvements are not expected to ad-
versely affect safety on the roadway network.

Increased throughput could increase the number of train crossings of West Marginal Way SW. The
Mitigation measures section later in this report recommends that the north leg of the SW Spokane
Street/West Marginal Way SW/Chelan Avenue SW intersection be closed to all but emergency vehicle
traffic with Alternative 2 or 3. This would eliminate the potential conflict at this intersection.

5.5. Rall

The No Action Alternative is estimated to generate about 9 trains during a peak week; Alternative 2 is
expected to generate up to 18 trains in a peak week, and Alternative 3 is expected to generate 24 trains in a
peak week. Each train would typically be 7,500 feet in length, but could range up to 8,600 feet in length.

As described in the Mitigation section of this report, it is recommended that with Alternative 2 or 3 that
surface West Marginal Way SW north of SW Spokane Street be closed to all traffic except emergency
vehicles. With this change, any additional rail crossing delays created by the increased train activity at this
location would be eliminated, and the traffic signal at the five-legged intersection of SW Spokane Street/
West Marginal Way SW/Chelan Avenue SW would no longer need to have a railroad pre-emption phase.

Three existing surface crossings of the Terminal 5 lead tracks, which are located off West Marginal Way
SW southeast of the five-legged intersection would experience increased train blockages. This traffic could
be accommodated by the Terminal 5 Access Bridge, which crosses over the rail tracks and provides access
to Terminals 7A, 7B, and 7C. Measures to improve local business access are also suggested in the
Mitigation section.

Further analysis of off-terminal rail impacts is described in the T-5 Rail Infrastructure and Grade-Crossing
Analysis (Moffatt & Nichol, April 2016).
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5.6. Transit

The proposed project is expected to generate about ten transit trips per day. As discussed in Section 2.1.5.
Future Plans and Policies, Delridge Way SW has been designated as a high priority bus corridor (with
improvements currently being studied as part of the Delridge Way Complete Streets Project) and Sound
Transit’s ST3 package includes extension of light rail between downtown Seattle and West Seattle, with a
station proposed on Delridge Way SW to the south of the West Seattle Bridge. Implementation of these
projects would improve transit service for Port employees. Measures to improve pedestrian access between
the transit stops/station and Terminal 5 are described in the next section.

5.7. Non-Motorized Facilities

Terminal 5 would generate little, if any, pedestrian or bicycle traffic. As described in Section 4.2.4, at peak
employment (Alternative 3 during a Design Day), the Terminal 5 project is expected to generate a net
increase of 4 pedestrian/bicycle trips (2 in and 2 out) and 10 transit trips (5 in and 5 out) per day. Those who
commute by transit would be pedestrian trips between transit stops and the terminal.

The Terminal 5 project would increase train activity across West Marginal Way SW north of SW Spokane
Street. The amount of delay associated with each train crossing event would be the same for the No Action
Alternative or Alternatives 2 or 3; however, the frequency of movements, and hence the chance for delay,
would increase with the project. The delay would affect pedestrians and bicyclists travelling to or from
Terminal 5 or businesses at Terminal 7 north of these tracks. As described in the Mitigation section of this
report, at some point, the duration of total blockage time would likely warrant closing this surface crossing
to all traffic except emergency vehicles. While this change would improve overall intersection operations, it
would eliminate the pedestrian and bicycle access to Terminal 5. If and when that happens, an alternative
pedestrian and bicycle access would need to be provided, which could be a bridge over the tracks, provision
of a shuttle, or another measure. It is noted that on-terminal shuttles are typically provided to transport
employees from the main office to their post on the terminal, and the route could be extended to pick up
employees at off-site locations, including nearby transit stops or the future light rail station.

SDOT recently completed short-term bicycle improvements at and near the five-legged intersection of SW
Spokane Street/West Marginal Way SW/Chelan Avenue SW, and is considering additional improvements.
Closing West Marginal Way at the railroad crossing would improve conditions for the potential medium-
term project with a surface bicycle trail along the east and north side of West Marginal Way SW. If the
street crossing is closed, the potential at-grade trail would not need to cross vehicular movements, and
bicyclists could flow freely across that leg of the intersection.

The City’s potential long-term bicycle improvement proposes to cantilever a new bicycle facility off of the
Terminal 5 Access Bridge. It would also add a new pedestrian/bicycle crosswalk on the west side of the SW
Spokane Street/Terminal 5 Access intersection. This additional crosswalk would require a pedestrian
crossing phase, but it could run concurrent with traffic from the Terminal 5 Access Bridge, and would not
affect the overall intersection level of service even with the Terminal 5 improvements and closure of the
West Marginal Way SW grade-crossing, which would add more traffic to the intersection. Additional
structural analysis and design for the long-term bicycle improvement is necessary to determine the
feasibility of cantilevering a bicycle/pedestrian path off the side of the existing Terminal 5 Access Bridge.

There is no “through” bicycle or pedestrian access allowed at Terminal 5. The proposed project is not
expected to adversely affect the travel time or safety of pedestrians or bicycles who walk or ride near
Terminal 5 since the Terminal 5 Access Bridge is located on the opposite side of the street from the bike
trail/sidewalk across the SW Spokane Street Swing Bridge, and the new corner-to-corner bike crossing
at the West Marginal Way SW/Chelan Avenue SW/Delridge Way/Spokane Street intersection does not
cross concurrently with any of the major movements that serve the terminal’s trucks or employees. To
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the east, the West Seattle Trail crosses SW Spokane Street at 11" Avenue SW, which provides a
signalized crossing. While the project would increase truck and employee trips on SW Spokane Street, it
would not affect the timing or operation of the bicycle crossing.

5.8. Parking

There are currently 481 parking spaces near the Terminal 5 Administration Building, which would re-
main for Alternative 1 (No Action). Parking would be reduced to 452 spaces with Alternative 2 due to
construction of the substation, which would eliminate some parking near the Administration Building.
Alternative 3 would reconfigure the yard, buildings, and parking lots. This alternative would have ap-
proximately 530 parking spaces.

The number of employees at the terminal on a peak day was detailed previously in Table 7. It is possible
that some employees from the day shift would still be parked at the site when employee arrive for the
night shift, and the peak parking demand for the terminal would occur during this overlap period. The
parking supply described above reflects the potential worst-case condition assuming some overlap.
Fewer parking spaces would be needed if the shifts are spread out enough to allow the day shift
employees to leave the site before the night shift employees arrive. The parking supply will be refined
once the terminal has a tenant and the actual shift times are known.

The proposed Terminal 5 project would increase the number of daily truck trips generated by the
terminal, which could increase the number of trucks that serve the port and the potential truck parking
demand. However, trucks that serve Terminal 5 also serve other terminals, including those in Tacoma,
and are related to the peak loads of the cumulative NSWA terminals. Therefore, it is not possible to
isolate the truck parking demand that would be associated with Terminal 5 alone. The Port of Seattle has
partnered with the City of Seattle to reduce truck parking in Georgetown and South Park with measures
describe previously in Section 0. The Port would continue to distribute outreach materials developed by
the City of Seattle, including a map that indicates areas where truck parking and overnight parking is
prohibited, to truck drivers who serve Terminal 5.

5.9. Transportation Concurrency

The City of Seattle developed a Transportation Concurrency policy as part of its Comprehensive Plan
(City of Seattle, 1994). The Transportation Concurrency was updated with the Transportation Con-
currency Project Review System, Director’s Rule 5-2009 (City of Seattle, Effective 4/13/09). Within the
transportation concurrency policy, the City has adopted level-of-service standards for 30 screenlines,
each of which encompasses one or more arterials in the City. Screenline analysis is a transportation-
planning tool that groups key arterials of a transportation network together to measure the operating
conditions of a corridor. For example, the Ship Canal functions as a screenline to measure north-south
travel north of downtown Seattle. Up to four (4) of the City’s screenlines that would be crossed by the
greatest number of project trips are reviewed for concurrency.

The City has established a level of service (LOS) standard for each screenline, which is measured by the
volume-to-capacity (v/c) ratio. A project would meet the concurrency standard if the v/c ratio with the
addition of a proposed project’s traffic is lower than or equal to the LOS standard for the screenline.
However, if the new v/c ratio is greater than the LOS standard for the screenline, the proposed project
would either fail concurrency or be allowed to propose alternative solutions.
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Three screenlines were evaluated for this project:

1. Duwamish River between W Seattle Freeway and Spokane Street (Screenline 3.11),
2. South City limit from SR 99 to Airport Way S (Screenline 4.13), and
3. South of Spokane Street from East Marginal Way S to Airport Way S (Screenline 9.12).

The level of service standards and the volume-to-capacity (v/c) ratios are presented in Table 14.

Table 14. Concurrency Analysis for Terminal 5 Alternative 2

Total
2008 Volume With
Screenline 2008  Traffic  Project across Project LOS
Number  Location Direction  Capacity Count? Trips  screenline  v/cratio? Standard®
311 Duwamish River
W Seattle Freeway and EB 4,950 3,281 57 3,338 0.67 1.20
Spokane Street WB 4,950 5712 25 5,737 1.16 1.20
413 South City limit NB 11,800 3,179 1 3,180 0.27 1.00
SR 99 to Airport Way S SB 11,800 3,788 2 3,790 0.32 1.00
9.12 South of Spokane St
E Marginal Way to NB 9,600 5,138 0 5,138 0.54 1.00
Airport Way S SB 9,600 6,194 7 6,201 0.65 1.00

Source: City of Seattle DPD Director’s Rule 5-2009, Approved 4/10/09. Attachment C.

a Data reflect most recent official measurement of screenline volumes and capacities from 2008. Reflect PM peak hour volumes.
b v/c = volume-to-capacity ratio. It equals the 2008 traffic count+ project trips, divided by the 2008 capacity.

c Level of service standard, reported as a v/c ratio, which was established by the City of Seattle Ordinance #117383.

The analysis shows that the v/c ratios for all screenlines would be less than the LOS standards; therefore,
transportation concurrency would be met for the project. It should be noted, Screenline 3.11 in the
westbound direction is approaching its LOS threshold standard. It is also noted that the City is in the
process of updating its Concurrency process to account for multiple transportation modes.
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6. MITIGATION

6.1. During Terminal Construction

No transportation or parking impacts are expected from construction of the Terminal 5 pier improve-
ments or deepening the berth. The terminal would generate fewer truck and employee trips during the
construction period than the No Action operations would generate.

Prior to beginning construction work that could impact SDOT right-of-way; the contractor would be
required to submit the following information to SDOT for review and approval of necessary permits:

e Haul Route Plan; and
o Traffic Control Plan for work on or adjacent to an arterial street.

In addition, the Port and NWSA would commit to being part of SDOT’s ongoing construction
coordination program to ensure coordination of project timelines, construction sequencing, traffic
control plans and construction staging with other projects with overlapping construction timelines. The
Port would also be part of any coordination program established by Sound Transit if it proceeds with
construction of the light rail line to West Seattle and a new station at Delridge.

6.2. Long-term Mitigation with Terminal 5 Improvements

The following describes measures recommended to mitigate the long-term transportation impacts of the
proposed Terminal 5 Improvements. This includes both infrastructure improvements as well as opera-
tional protocols.

6.2.1. Off-site Intersection Improvements

Intersection of SW Spokane Street/West Marginal Way/Chelan Avenue SW. The analysis deter-
mined that increased vehicular traffic associated with either Alternative 2 or 3 would adversely affect
operations at the five-legged intersection of SW Spokane Street/West Marginal Way SW/Chelan Ave-
nue SW. In addition, increased train crossings of surface West Marginal Way SW, which is the north leg
of this intersection, would exacerbate delay and congestion by increasing the number of signal pre-
emptions of the intersection. Ultimately, when the terminal generates a high volume of trains (12 to 15
per week), it is recommended that the north leg of the intersection (West Marginal Way) be closed to all
vehicular traffic except emergency vehicles. All traffic to and from Terminal 5, as well as local
businesses at Terminal 7A, 7B, and 7C would then be directed to use the Terminal 5 Access Bridge,
which has capacity to accommodate this diverted traffic.

In the interim, other measures should be considered to improve operations. One alternative would be to
convert the north leg of the five-legged intersection into a one-way northbound roadway and eliminate
the ability to exit at this location. That would eliminate the signal phase associated with outbound
movements. Advance signage notifying drivers on northbound West Marginal Way to use left lane if the
crossing is blocked by a train would be re-installed (see Driver Information System Improvements
below). In addition, several measures are proposed to improve local access to businesses at Terminal 7
(see Local Access Improvements below). The Port should work with SDOT to determine the most
desirable configuration for the five-way intersection and triggers for implementation.
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Signal Upgrades on Spokane Street Corridor. With the closure of the north leg of the five-legged
intersection (described above), the traffic signal operation and pre-emption protocols for that intersec-
tion would change. Railroad pre-emption would no longer be required when a train crosses the north leg
of the intersection. Signal timing changes should also be made at the intersections of SW Spokane
Street/Harbor Avenue SW and S Hanford Street/East Marginal Way to accommodate future background
traffic growth. In addition, the manner in which signals operate following an opening of the lower
Spokane Street Swing Bridge should be updated. Therefore, it is recommended that a comprehensive
signal improvement project for the Spokane Street corridor be implemented as part of the Terminal 5
project that would reprogram signals along Spokane Street from Harbor Avenue SW to East Marginal
Way S, and include the signal at East Marginal Way/S Hanford Street. This project should include
upgrading the signal controller at the five-legged intersection and improving interconnection equipment,
if needed. These upgrades are consistent with recommendations in the City’s Freight Access Project and
Freight Master Plan described previously in Section 2.1.5.

6.2.2. Driver Information System Improvements
The Port should improve systems that provide information to drivers. This includes:

e Replacing the Flashing Alert Sign located on northbound West Marginal Way that
notifies motorists approaching Terminal 5 (and local businesses) that the railroad tracks
are blocked by a train. This would allow them time to move from the right turn lane to
the left turn lane so they can access the terminal and local businesses via the Terminal 5
Access Bridge. (It is noted that the foundation and conduit for the sign still exist, but the
sign was damaged by a collision and removed.) The alert sign should be maintained until
the surface access via W Marginal Way is closed to vehicular traffic.

e Connecting Terminal 5 to the NWSA’s Gate Wait Time Awareness System or a similar
system, which provides real-time information to truck drivers and dispatchers about the
time it will take to get through a terminal gate and the terminal.

6.2.3. Local Business Access and Pedestrian Access
To improve access for local businesses at Terminal 7, the Port should:

e Reconfigure the Terminal 5 Access Bridge (if approved by SDOT and the Seattle Fire
Department) to provide two inbound (westbound) lanes, with one of the lanes being
signed for Terminal 5 only and the other being striped and signed for “Right Turn Only”
onto 26th Avenue SW in order to provide a bypass lane for local businesses.

e Work with the Terminal 7 businesses to re-establish lane striping and No Parking
signage to maintain the surface route that connects to West Marginal Way at the south
end of Terminal 7 (near the West Seattle Bridge abutments).

e Work with the tenant to allow trucks from Terminal 7 to enter the Terminal 5 queue line
from 26th Avenue SW. In the past, these locally-generated trucks were required to exit
the terminal via the surface route and re-enter the queue line via the Terminal 5 Access
Bridge.

If the surface access to Terminal 5 at West Marginal Way S is closed as described in Section 6.2.1, an
alternative pedestrian and bicycle access should be provided, which could be a bridge over the tracks,
provision of a shuttle, or other measure.
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6.2.4. Gate Queue Management Plan

Increased truck traffic associated with Alternative 2 and 3 would require improvements and operational
protocols at the truck gates. A Gate Queue Management Plan has been developed for Terminal 5, and is
presented in Appendix B of this report. The plan identifies various elements that would be implemented
to reduce the potential for truck queues to reach SW Spokane Street. It includes detail related to gate
infrastructure, gate operations, incident management, monitoring, and remedies. The NWSA and Port of
Seattle would make the terminal operator responsible for managing the queue.

Three key elements of the plan relate to the infrastructure that should be provided at the gate, the
operating protocols that should then be implemented for various throughput conditions, and protocols if
there is an incident or event that closes the gate or reduces its capacity. These are outlined below.

Gate Infrastructure

If the existing Terminal 5 Main Gate and queue storage capacity remains, then the following
infrastructure will be provided at and approaching the Terminal 5 inbound gate prior to terminal
occupancy and operation.

¢ Retain the Main Gate with at least eight (8) inbound truck lanes and storage for at least 80
trucks (total for all lanes).

e Reconfigure the Terminal 5 Access Bridge (if approved by SDOT and the Seattle Fire
Department) to provide two inbound (westbound) lanes and one outbound (eastbound)
lane. The southernmost inbound lane should be striped and signed for “Terminal 5 Access
Only” and the northernmost inbound lane should be striped for “Right Turn Only” to
provide for local access to local businesses and warehouses.

e Provide two inbound pre-check (TWIC security check) lanes entering Terminal 5 with a
minimum storage length for two trucks each (150 feet) between the checkpoint and 26th
Avenue SW (the road at the west end of the Terminal 5 Access Bridge).

e Provide a single security booth with foot access to each of the inbound pre-check lanes.

e Provide gate processing technologies, including equipment identification, to reduce gate
transaction times. Equipment identification should occur at a location that does not affect
the ability to queue at the main gate prior to opening.

e Terminal shall be connected to the NWSA’s Wait Time Awareness System or similar
application that distributes information about gate and terminal wait times to truck drivers
and dispatchers through a mobile phone application or web-based interface.

e Maintain and/or update the existing video equipment (or replacement technology) that
provides real-time view of Terminal 5 queue lengths.

If the Terminal 5 Main Gate and Security Gate are relocated to extend the queue storage capacity, then
the first four elements above may be altered or eliminated as requirements based on the capacity
provided. The required features would be coordinated with SDOT and SDCI staff as part of the permit
process for the new gate structures.
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Gate Management Protocols

The terminal operator would operate the pre-check and main gate in a manner to prevent the truck queue
from extending onto SW Spokane Street. The operation is expected to change daily based on the
expected gate volume. The following lists a menu of potential operations that could be implemented to
reduce the potential queue:

e Open the pre-check gate at least 30 minutes prior to main gate opening and allow trucks to
gueue at the main gate. On days when the daily throughput is expected to generate more
than 1,500 inbound truck moves, the pre-check gate may need to be opened 1 hour prior to
opening the main gate unless other flow management strategies are implemented.

o Keep the pre-check gate open and staffed during morning, lunch, and afternoon break
periods.

e Provide a second security guard at the inbound pre-check lanes.
e Extend main gate hours for specific customers.

e Extend main gate hours for all movements.

Protocols during Gate Incidents/Events

It is recognized that incidents or events could occur that could reduce capacity of the gate or close it
altogether. Under such conditions, the terminal operator would:

e Open up additional queuing space at the main terminal gate to process trucks through the
pre-check lane.

o Notify truck drivers and dispatchers (using radio, cell phone and/or internet communica-
tions) to avoid Terminal 5 until the queue has cleared.

o Notify SDOT and WSDOT traffic operations personnel about closures, so that messages
alerting drivers can be posted on select Dynamic Message signs along travel routes to the
terminal.

e Pay the cost of locating a police officer at the intersection of SW Spokane Street and the
Terminal 5 ramp to redirect truck traffic and prevent the queue from blocking through-traf-
fic on SW Spokane Street.

In addition, the NWSA would monitor gate queue conditions and issue a bi-annual report. If queues do
extend onto SW Spokane Street, the plan prescribes remedy and enforcement actions that could be taken
against the terminal operator.

6.2.5. Truck Parking

The Port of Seattle and NWSA should continue to work with the City of Seattle to develop brochures
and web-based information related to truck parking, and distribute the information to truck drivers who
serve Terminal 5. The materials should include a map of the Sodo, Georgetown, South Park and
Delridge neighborhoods, show where truck parking and overnight parking is prohibited, and provide
information about off-street parking locations.
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Levels of service (LOS) are qualitative descriptions of traffic operating conditions. These levels of ser-
vice are designated with letters ranging from LOS A, which is indicative of good operating conditions
with little or no delay, to LOS F, which is indicative of stop-and-go conditions with frequent and
lengthy delays. Levels of service for this analysis were developed using procedures presented in the
Highway Capacity Manual (Transportation Research Board, 2010).

Level of service for signalized intersections is defined in terms of delay. Delay can be a cause of driver
discomfort, frustration, inefficient fuel consumption, and lost travel time. Specifically, level of service
criteria are stated in terms of the average delay per vehicle in seconds. Delay is a complex measure and is
dependent on a number of variables including: the quality of progression, cycle length, green ratio, and a
volume-to-capacity ratio for the lane group or approach in question. Table B-1 shows the level of service
criteria for signalized intersections from the Highway Capacity Manual.

Table B-1. Level of Service Criteria

Level of Service Average Delay Per Vehicle General Description
A Less than 10.0 Seconds Free flow
B 10.1 to 20.0 seconds Stable flow (slight delays)
C 20.1 to 35.0 seconds Stable flow (acceptable delays)
D 35.1 to 55.0 seconds Approaching unstable flow (tolerable delay—

occasionally wait through more than one sig-
nal cycle before proceeding.

E 55.1 to 80.0 sec