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Summary

This Discipline Report is produced by the Washington State Department of Ecology (Ecology) as
part of the development of an Environmental Impact Statement (EIS) as required pursuant to
the State Environmental Policy Act (SEPA).

The Board of Pilotage Commissioners (BPC), in consultation with Ecology, is conducting a
rulemaking to amend Chapter 363-116 of the Washington Administrative Code (WAC), Pilotage
Rules. The rulemaking will consider 2019 legislative changes made to Chapter 88.16 of the
Revised Code of Washington (RCW) (Pilotage Act) through the passage of Engrossed Substitute
House Bill (ESHB) 1578. The rules will be designed to achieve best achievable protection, as
defined in RCW 88.46.010, and will be informed by other considerations in ESHB 1578. The BPC
and Ecology determined that the rulemaking may have significant adverse impacts on the
environment and are developing an EIS.

This Noise Discipline Report describes the existing conditions and potential impacts to noise
resource resulting from the four rulemaking alternatives: No Action (Alternative A), Addition of
Functional and Operational Requirements (FORs) (Alternative B), Expansion of Tug Escort
Requirements (Alternative C), and Removal of Tug Escort Requirements (Alternative D). To
compute underwater noise levels, a specialized underwater acoustic model was applied using
forecast vessel traffic data for each alternative provided by Ecology. Results were prepared for
two time periods, one in January (winter conditions) and the other in July (summer conditions).
Acoustic source levels for different vessel categories were derived from a comprehensive
review of existing vessel underwater radiated noise (URN) data sets and reports. Local water
depths and environmental parameters that influence underwater sound propagation were
accounted for by the model. The outputs included sound maps of average noise levels across
the modeling area, and the metrics for the average (Leq), median (Lso), and highest (Ls) noise
levels were tabulated in three frequency bands: broadband sound pressure level (SPL) and
Southern Resident killer whale (SRKW) communication and echolocation bands. The change in
these metrics was also calculated for each alternative. See JASCO Applied Sciences’ Technical
Memorandum on Underwater Noise Modeling for details on the underwater noise modeling
approaches used for this assessment.

The following noise-related objectives were analyzed in the assessment:

e What are the existing underwater sound levels at the key receptor locations (i.e.,
biologically significant areas)? How often are the National Marine Fisheries Service
(NMFS) behavioral disturbance thresholds for marine mammals and fishes (120 and
150 dB broadband SPL, respectively) exceeded at these locations?

e How do existing tug escort operations contribute to these existing underwater noise
conditions? Conversely, how would removal of the tug escort requirements change in
noise levels?

e How would the proposed expansion of the tug escort requirements affect the
underwater sound levels at the key receptor locations?

e What are the airborne operational noise impacts to human and wildlife receptors?
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Significant and unavoidable noise impacts were identified under Alternatives A, B, and C.
Table 1 summarizes the changes in escort tug activity under each alternative, the resulting
impacts on noise, mitigation measures identified, and determinations of significance.
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Table 1. Noise impact summary.

Significant and

whistles, etc.

Change in Resulting Impact on Noise Comparison to No Action Mitigation Unavoidable
Activity g fmp Alternative 9 Adverse
Impact?
Alternative A: No Action
Adherence to laws
(Endangered Species Act,
Marine Mammal Protection
Act), codes (requirements
Continued substantial for minimum distances
o . between vessels and
contribution to underwater noise N/A Yes
. . ) . whales, and vessel speed
Continued impacts at certain locations. . O
operation of in proximity to whales),
and Standards of Care and
escort tugs best management
throughout EIS : gement
practices (participating in
Study Area. : :
noise reduction programs).
Adherence to state noise
Continued airborne noise from standards and best
escort tug engines, ventilation, N/A practices to limit No
whistles, etc. unnecessary and nighttime
airborne noise.
Alternative B: Addition of Functional and Operational Requirements
Continued substantial
Continued contribution to underwater noise | Same as for Alternative A. | Same as for Alternative A. Yes
operation of impacts at certain locations.
escort tugs
throughout EIS Continued airborne noise from
Study Area. escort tug engines, ventilation, | Same as for Alternative A. | Same as for Alternative A. No
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Significant and

whistles, etc.

Area.

Change in Resulting Impact on Noise Comparison to No Action Mitigation Unavoidable
Activity gimp Alternative g Adverse
Impact?
Alternative C: Expansion of Tug Escort Requirements
Iens(i:rc?raﬁﬁ n Continued substantial Minor increase in
un derwag time contribution to underwater noise | underwater noise at certain | Same as for Alternative A. Yes
(by 2.41%) and impacts at certain locations. locations.
shift in escort Conti . <o f
tug commute ontinued airborne noise from | vy, increase in airborne .
and escort escort tug engines, ventilation, . : . Same as for Alternative A. No
. noise at certain locations.
Alternative D: Removal of Tug Escort Requirements
S Substantial reduction in Substantial reduction in
Elimination of underwater noise at certain underwater noise at certain None. No
escort tug locations. locations.
activity — : : , -
throughout EIS Eliminated airborne noise from | Minor decrease in airborne
Study Area. escort tug engines, ventilation, noise in the EIS Study None. No
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1.0 Introduction

1.1 Background

The Board of Pilotage Commissioners (BPC), in consultation with the Washington Department
of Ecology (Ecology), is conducting a rulemaking to amend Chapter 363-116 of the Washington
Administrative Code (WAC), Pilotage Rules. The rulemaking will consider 2019 legislative
changes made to Chapter 88.16 of the Revised Code of Washington (RCW) (Pilotage Act)
through the passage of Engrossed Substitute House Bill (ESHB) 1578. The rules will be designed
to achieve best achievable protection, as defined in RCW 88.46.010, and will be informed by
other considerations in ESHB 1578.

The rulemaking will:

e Describe tug escort requirements for the following vessels (referred to as “target vessels”
throughout this report) operating in the waters east of the line extending from Discovery
Island light south to New Dungeness light and all points in the Puget Sound area:

o Oil tankers of between 5,000 and 40,000 deadweight tons.
o Articulated tug barges (ATBs) and towed waterborne vessels or barges greater than
5,000 deadweight tons that are designed to transport oil in bulk internal to the hull.

e Specify operational requirements for tug escorts, where they are required.

e Specify functionality requirements for tug escorts, where they are required.

e Consider the existing tug escort requirements applicable to Rosario Strait and connected
waterways to the east, established in RCW 88.16.190(2)(a)(ii), including adjusting or
suspending those requirements, as needed.

e Describe exemptions to tug escort requirements, including whether certain vessel types
or geographic zones should be precluded from the escort requirements.

e Make other changes to clarify language and make any corrections needed.

This rulemaking could potentially increase or
decrease tug escort activity and the risk of oil
spills in Puget Sound. The BPC and Ecology
therefore determined that the rulemaking may
have significant adverse impacts on the
environment. The BPC and Ecology issued a
Determination of Significance on February 22,

Note: Unless specified otherwise, the
following terminology applies throughout
this discipline report:

e “Tug escort” refers to the act of a tug
escorting a target vessel that is
specifically affected by this rulemaking.

2023, which initiated development of an e “Escort tug” refers to the tug that
Environmental Impact Statement (EIS) as required conducts escorts of target vessels.
under RCW 43.21C.030 (2)(c) pursuant to the Underway time for an escort tug

includes active escort time and time
spent commuting to and from an escort
job.

State Environmental Policy Act (SEPA). At the
same time, Ecology also issued a formal scoping
notice as required through the SEPA process.
Ecology conducted an EIS Scoping Meeting on
March 21, 2023, to invite comments on the scope of the EIS and a comment period was open
from February 22 through April 8, 2023.
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The BPC and Ecology have agreed to act as co-lead agencies under SEPA and share lead agency
responsibility for the EIS. The elements of the environment to be included in the EIS were
preliminarily identified in the scoping notice. This Discipline Report serves as the detailed
analysis of an element identified for inclusion in the EIS and will serve as supporting
documentation to the EIS.

The BPC is conducting the rulemaking process concurrently with the EIS development and
works closely with Ecology to coordinate the public involvement process. The rulemaking effort
includes regular public involvement workshops that are designed to share information with
stakeholders, Tribal government representatives, and the public. The BPC also appointed the
Oil Transportation Safety Committee (OTSC) as an advisory committee of subject matter
experts representing different areas like the regulated industry, Tribal governments, and
environmental groups. The OTSC meets regularly to develop recommendations for the BPC, and
the BPC makes the final decisions related to this rulemaking.

1.2 Rulemaking Alternatives

Through the rulemaking public involvement process, the BPC developed rulemaking
alternatives for consideration in the EIS. The BPC has proposed four reasonable® rulemaking
alternatives to be analyzed in the EIS. This Discipline Report analyzes the impacts associated
with the four proposed rulemaking alternatives: No Action (Alternative A), Addition of
Functional and Operational Requirements (FORs) (Alternative B), Expansion of Tug Escort
Requirements (Alternative C), and Removal of Tug Escort Requirements (Alternative D). The
proposed rulemaking alternatives are summarized below and are shown in Figure 1.

Alternative A. No Action. Under Alternative A, the existing tug escort regulations would
continue in effect with no changes.

Alternative B. Addition of Functional and Operational Requirements. The existing tug escort
regulations would continue with the addition that escort tugs operating under the rule would
need to meet the following three functional and operational requirements:

1. Pre-escort conference: Prior to beginning the escort, the escort tug and the target vessel
need to coordinate and discuss safety measures and other standard requirements.
2. Minimum horsepower: Escort tugs must meet minimum horsepower (hp) requirements
based on the DWT of the escorted vessel:
o Escort tugs must have 2,000 hp for vessels greater than 5,000 and less than 18,000
DWT
o Escort tugs must have 3,000 hp for vessels equal to or greater than 18,000 DWT
and less than 40, 000 DWT.
3. Propulsion specifications: To ensure sufficient propulsion, escort tugs must have a
minimum of twin-screw propulsion.

Alternative C. Expansion of Tug Escort Requirements. This alternative would maintain the
geographic scope of the current tug escort regulations and extend them to the northwest (see

! As defined in Chapter 197-11-786 WAC.
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Figure 1 below). This alternative would add 28.9 square miles (74.9 square kilometers) to the
existing geographic extent where tug escort requirements apply. The expansion area would be
located at the northern boundary of the existing tug escort requirement. This alternative would
include the above-mentioned three functional and operational requirements set forth under
Alternative B.

Alternative D. Removal of Tug Escort Requirements. This alternative would remove the current
tug escort requirement for the target vessels within the rulemaking boundaries.

Alternative A (No Action)  Alternative B (Add FORs)  Alternative C (Expansion) Alternative D (Removal)

No change to geographi&;' No change to geographic Expand current requiremehts Remove requirements within
scope of requirements scope of requirements north to Patos Island current boundary
No change to existing Add pre-escort conference, Add pre-escort conference,

N/A - tug escort requirements

functional and operational minimum horsepower, and minimum horsepower, and
for target vessels are removed

requirements (FORs) propulsion requirements propulsion requirements

Figure 1. Proposed rulemaking alternatives.

Under ESHB 1578, Ecology developed a model to simulate vessel traffic patterns and oil spill
risk, including escort tug activity. The model was based on historical automatic identification
system (AIS) data from 2015-2019 and was used to inform the 2023 Analysis of Tug Escorts for
Tank Vessels. For the current EIS effort, Ecology used the model 1) to simulate the tracks of
escort and assist? tug traffic, based on 2015-2019 historical AIS data, and 2) to simulate the
current volumes of escort and assist tug traffic along these tracks while accounting for tug
escort requirements that went into effect in 2020. Ecology also used the model to simulate
tracks and volumes of target and non-target vessels based on 2015-2019 historical AlS data,
specifically for use as inputs for the underwater noise modeling.

The model produced 1,000 annual simulations of escort and assist tug traffic. To represent
current conditions and Alternative A, Ecology selected the simulation output with the highest

2 Escort tugs are sometimes referred to as “escort/assist tugs” in this analysis because the same vessels typically
perform both escorting and assisting work. Ecology used the model to simulate traffic for both escorting and
assisting work; however, only escorting work would be affected by the rulemaking alternatives.
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amount of escort tug traffic (i.e., the "worst case scenario") to ensure that the EIS does not
undercount potential environmental impacts and to account for other potential near-term
growth in vessel traffic (e.g., traffic from the Trans Mountain Expansion). For Alternative C,
Ecology modified the Alternative A simulated traffic outputs to account for the proposed
changes in tug escort requirements under that alternative. For Alternative D, activity associated
with tug escort requirements was excluded from the underwater noise model inputs. Finally,
Ecology adjusted the outputs for non-target vessels to account for recreational and fishing
vessels that are not equipped with AlIS.

The simulation outputs are used here to show the differences in underway time for escort tugs
under Alternative A and Alternative C. Figure 2 and Figure 3 show the results of these
simulations, compiled to indicate the total minutes per year (min per yr) of escort tug underway
time within each one-square-kilometer grid cell. Figure 4 depicts the change in escort tug
underway time between Alternatives A and C. Escort tug activity under Alternative B would not
be expected to be meaningfully different than under Alternative A, while Alternative D would
result in zero tug escorts. Refer to the Transportation: Vessel Traffic Discipline Report (Appendix
B) for details regarding the vessels activity simulation methodology and results.

See Attachment A (JASCO’s Technical Memorandum on the Underwater Acoustics Assessment)
for additional details about how marine vessel activity was incorporated into the underwater
noise model.
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Figure 2. Simulated escort tug underway time under Alternative A.

Environmental Health: Noise Discipline Report
Page 15 June 2025



l:l Alternative A (No Action)
rulemaking area
— —1 Alternative C (Expansion)
— —! rulemaking area
{ I EIS Study Area
Total annual tug escort activity (min/yr)
Alternative C (Expansion)
1-499
I 500-999
I 1,000 - 4,999
Il 5.000 - 8,999 il
I 9.000 - 12,878 S:tra it of
Juan de Fuca
L \‘. s I'/-
~— N 4"0:_,_ - A "'\
Port Angeles b
PR
8 )
N
I B \
/ﬂ\ )
n vkl I
< Hood Canal {_2\" "« )
R 00 5 ooan
- o | P
»o Bellingham ST TN B Fhaattle
4 : 7 ot ’;;'lh fyn =, B g0
it Bellingham Y o R
r I, e o
_.-' o Bﬂy W £ - ! ® %
- i g 4 I LAy 5
’ - 7 A AVSE B
\ ! o L
Q S ) & - ’ &
b B % 7 < /’_,« n ’ 3 .
L s L P
ﬁ“:\:\]) - ": = g Si' (\/:-'H’,\_’
L xf,, et 4 j}__‘..\\\'\\-
plets g o b R s
a4 4 AoLS e S 7 Tacoma
3 \ > maq Wy {,\ 1
h ’;g / / ’\f r .-z”f Y ,I
,.‘k. (\ ) = FJ(“?{’I":\,"S ’\“,_l 4
| 5 e TR £
SR ! i N £
bt T8
& - - -
2 Lf e Olympia
! Channel
s LS8

Figure 3. Simulated escort tug underway time under Alternative C.
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1.3 Resource Study Area

The EIS Study Area includes the rulemaking alternative boundaries and potential areas for
escort tug commutes to and from the alternative boundaries. Specifically, the EIS Study Area
includes all connected marine waters in the Salish Sea® network of coastal waterways (including
Puget Sound), bounded to the north by the 49t Parallel and bounded to the west by a line
extending across the Strait of Juan de Fuca from Pike Point to Tongue Point (see Figure 5). A
smaller area was selected for the underwater noise modeling to optimize computation time
and reduce storage requirements yet address the key objectives.

3 The term “Salish Sea” is used here to describe the transboundary waters of the Strait of Juan de Fuca, the Puget
Sound, and the Georgia Strait. The name for this waterbody was proposed in 1989 by a marine science professor at
Western Washington University to emphasize the region as a single ecosystem. It has since been formally adopted
by the Washington State Committee on Geographic Names (Chapter 237-990 WAC) and the British Columbia
Geographical Names Office (BC Geographical Names, n.d.). It was named for the Coast Salish Tribes who live on or
near the Salish Sea on both sides of the U.S.-Canadian border. However, the defined geographic boundary of the
Salish Sea also extends into the lands and waters of Tribes that are not Coast Salish, including the Makah Tribe
(Nuu-Chah-Nulth). We use the term “Salish Sea” in this analysis, but recognize the diversity of native peoples that
have lived in and used these waters since time immemorial.
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1.4 Resource Description

This Noise Discipline Report describes the existing noise in the EIS Study Area—focusing
primarily on noise related to marine vessel activity—and evaluates the potential noise impacts
as a result of each rulemaking alternative. The assessment focuses on the following sub-
elements:

e Underwater noise assessment:

o Marine mammals, including Southern Resident killer whale (SRKW) (Orcinus
orca), Bigg’s or transient killer whales, humpback whales, gray whales, minke
whales, and harbor porpoise.

o Finfish.

e Airborne operational noise impacts to human and wildlife receptors.

1.5 Regulatory Framework

Several federal and state laws, plans, and policies are applicable to noise in the EIS Study Area.
Discussion of these laws, plans, and policies related to noise is intended to provide a framework
for the overall regulatory context of the action but is not necessarily intended to imply
applicability or compliance requirements for the four regulatory alternatives evaluated in the
EIS.

Table 2 summarizes relevant federal and state laws, plans, and policies for noise.

Table 2. Relevant laws, plans, and policies related to noise.

Statute, Regulation,
Policy
Federal

Description

e Establishes the framework for the protection and

Endangered Species Act conservation of threatened and endangered species and

(ESA) their habitats.

Marine Mammal Protection o Establishes the framework to prevent the significant

Act (MMPA) decline of marine mammal species and population stocks.
Protective Regulations for

Killer Whales in the e Establishes protections for killer whales against vessel
Northwest Region Under encroachment by prohibiting vessels within 200 yards

the Endangered Species (183 meters) of killer whales and prohibiting vessels

Act and Marine Mammal remaining in the path of whales in inland waters of
Protection Act (76 Federal Washington State, unless exempt.

Register [FR] 20870)

e Sets a national policy to protect Americans from noise
Noise Control Act of 1972 pollution that _thre_atens thglr health or welfare; boosts
(42 USC 4910) fedgrql coordlna'tlon on noise cor)trol re§ee}rch and
activities; establishes Federal noise emission standards;
and informs the public about noise reduction strategies.
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Statute, Regulation,
Policy

Description

Inland Navigation Rules,
Subpart D - Sound and
Light Signals (33 Code of
Federal Regulations
[CFR] Part 83, Subpart D)

o Establishes the appropriate use of vessel “sound signals”
(i.e., whistles, short blasts, and long blasts) for activity
within U.S. inland waters.

Navigation Rules and
Regulations handbook

o Establishes the “rules of the road” for vessel activity in
inland and international waters, including regarding
appropriate frequencies of vessel whistles.

Tribal

N/A

State

Fish and Wildlife
(RCW Title 77)

o Establishes state policies to preserve, protect, perpetuate,
and manage fish and wildlife resources.

State Listed Species -
Washington Administrative
Code (WAC) Chapter 220-
610-010, 220-200-100

¢ Identifies and classifies species in need of protection or
management as state endangered, state threatened, or
state sensitive; and defines the process for species
listing, management, recovery, and delisting.

Executive Order 18-02,
Southern Resident Killer
Whale Recovery and Task
Force

e Directs certain state agencies to take immediate action to
aid in the recovery of SRKW populations and establishes
the Southern Resident Killer Whale Task Force to identify,
prioritize, and support the implementation of a long-term
action plan to recover SRKW and address threats to
SRKW.

Washington State Wildlife
Action Plan

o Develops a comprehensive plan for conserving fish,
wildlife, and natural habitats; provides a list of Species of
Greatest Conservation Need for management purposes;
and identifies threats to species and conservation actions
and priorities.

RCW 79A.60.130

e Sets marine vessel noise standards and requires vessels
to have mufflers.

WAC 173-60-040

e Implements a maximum permissible noise level. Does not
apply to vessels.

Local

San Juan County Municipal
Code (Chapter 10.28 Article
[ll, Operation of Vessels in
Proximity to the Southern
Resident Killer Whale)

e Requires vessel operators to adhere to measures that
restrict the potential take of SRKW in San Juan County
marine waters.
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2.0 Methodology Summary

Ecology identified and reviewed scientific literature, technical reports, and data regarding
existing noise within the EIS Study Area, focusing primarily on noise related to marine vessel
activity. Ecology also reviewed Tribal and stakeholder input received from the scoping and
workshop phases. During scoping, the public identified underwater noise, physical
disturbances, and oil spill risks as primary concerns, with particular interest in how these factors
affect marine mammals, specifically the SRKW population and SRKW extirpation risks. Scoping
comments also expressed that fisheries studies should be considered (see Appendix F Plants
and Animals Discipline Report for details). Additional noise-specific suggestions were put
forward, including: examining differences in noise effects due to having two vessels present
relative to one (addition of noise sources); considering similar studies which show that tugs
contribute substantially to the local underwater soundscape; and looking into mitigation
techniques, such as using hybrid vessels, slowing down, or moving traffic routes. These
suggestions are addressed in this report.

Ecology reviewed available literature and data from previous studies and other technical
sources associated with marine vessel activities to examine how different vessel categories
contribute to the underwater soundscape in the EIS Study Area. Ecology also assessed the
underwater noise distributions for several vessel activity simulations. These simulations
estimated the existing annual spatial and temporal distribution for escort tugs, and how
underway times and routes are modeled to change under the rulemaking alternatives (see
Appendix B, Transportation: Vessel Traffic Discipline Report).

Ecology then identified seven biologically important locations that could be impacted by the
proposed rulemaking and overlayed them with the escort tug density map to select certain
locations for monitoring the sound levels under each alternative. High-resolution acoustic
propagation modeling was performed to determine how existing marine vessels and escort tug
operations affect the local soundscape, specifically at the identified biologically sensitive
locations.

The model predicted some significant impacts based on the significance thresholds outlined in
Table 3. Per WAC 197-11-794, significant “means a reasonable likelihood of more than a
moderate adverse impact on environmental quality” and should rely on context (e.g., physical
setting) and intensity (e.g., magnitude and duration of impact). Findings of significance were
reported for each alternative, where identified.
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Table 3. Significance thresholds for noise impacts.

Indicator Significance Thresholds

e Tug escort requirements contribute to at least a 10 percent
increase in the area where received noise (ensonified area) is
above the NMFS acoustic disturbance threshold compared to
without tug escort requirements (Alternative D).

e Tug escort requirements contribute to at least a 10 percent
increase in the occurrence of periods during which received
noise levels are above the NMFS acoustic disturbance
thresholds compared to without tug escort requirements
(Alternative D).

Underwater sound
levels exceeding the
National Marine
Fisheries Service
(NMFS) acoustic
disturbance thresholds

e Tug escort requirements contribute to the highest received
levels (95" percentile) increasing by greater than 3 decibels

Highest and median (dB) compared to without tug escort requirements (Alternative
underwater sound D).
levels e Tug escort requirements contribute to the median received

levels (50" percentile) increasing by greater than 3 dB
compared to without tug escort requirements (Alternative D).

e Reasonable likelihood of a chronic and recurring increase in the

Airborne operational frequency, severity, and/or extent of noise standard
noise levels exceeding exceedances in populated communities, due to source noise
noise standards from escort tugs, compared to without tug escort requirements

(Alternative D).
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3.0 Technical Analysis and Results

This section describes the affected environment for noise within the EIS Study Area. It also
describes the anticipated qualitative impacts on noise from the four alternatives: No Action
(Alternative A), Addition of FORs (Alternative B), Expansion of Tug Escort Requirements
(Alternative C), and Removal of Tug Escort Requirements (Alternative D). This section also
identifies mitigation measures that could avoid, minimize, or reduce the potential impacts and
determines if there would be significant and unavoidable adverse environmental impacts.

3.1 Affected Environment

The EIS Study Area for noise includes most of the connected network of marine waters in the
Salish Sea (including Puget Sound), bounded to the north by the 49t Parallel and bounded to
the west by a line extending across the Strait of Juan de Fuca from Pike Point to Tongue Point
(see Figure 5). The Salish Sea is a geographic area encompassing land and water bodies of
southern British Columbia, Canada, and northern Washington State. Major waters that make up
the Salish Sea estuarine ecosystem include the Strait of Georgia, Strait of Juan de Fuca, and
Puget Sound. Within these major waters are numerous straits, inlets, canals, and bays (Western
Washington Institute, 2024).

The rulemaking areas include marine waters of San Juan, Skagit, and Whatcom counties, and a
small portion of Island County, Washington. Specific waters include Bellingham Bay, Samish
Bay, Rosario Strait, Thatcher Pass, Burrows Bay, and smaller areas such as Boat Harbor,
Deepwater Bay, Strawberry Bay, Secret Harbor, and Cooks Cove.

Washington’s marine waters support Tribal treaty fishing rights and cultural practices (see
Appendix K Tribal Resources Discipline Report for further discussion). They are habitat for a vast
array of species, are extensively used recreationally, and produce income from maritime sector
economic activities. Vessels that utilize the EIS Study Area include recreational boats as well as
large commercial vessels such as container ships, tank barges, ATBs, ferries, cruise ships, and
commercial and factory fishing vessels. For the purposes of this analysis and consistent with
previous analyses, Ecology is considering the escort tug population of this EIS to be the 18
escort tugs identified in Appendices P and Q of the 2021 Vessel Traffic Trend Study (BPC &
Ecology, 2021). Ecology assumes that, while the fleet conducting tug escort activity may have
changed since the 2021 study (and may continue to change), the fleet will remain generally
similar in composition and characteristics (e.g., length) to those identified in the 2021 study.
Ecology estimates that escort tug activity currently represents approximately 0.96 percent of
the overall marine vessel activity with AlS in the EIS Study Area. See Appendix B Transportation:
Vessel Traffic Discipline Report for details.
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3.1.1 Overview of Marine Vessel Noise

The Salish Sea, including the EIS Study Area, is a high marine vessel traffic area for both
commercial and recreational vessels (MacGillivray et al., 2024). Busy marine shipping routes
pass through this area, including local and international shipping lanes to the Ports of Seattle,
Tacoma, and Vancouver, British Columbia, as well as numerous passenger and cargo ferry
routes, and several types of tugs. These inland waters are also popular for recreational and
fishing vessels, as well as whale watching and other ecotourism traffic. Underwater noise,
introduced into the environment by vessel traffic, can impact marine animals by disrupting their
behavior, reducing their habitat quality, and limiting their ability to communicate and forage
(Nowacek et al., 2007; Weilgart, 2007; Tyack, 2008; Joy et al., 2019).

A recent underwater noise study conducted in the Salish Sea (MacGillivray et al., 2024)
evaluated sound level contributions from different categories of vessel traffic and compared
them with the natural ambient background. The assessment found that, in general, the monthly
average sound pressure level (SPL) from vessels exceeded ambient sound by more than 10 dB
throughout most of the study area. The broadband frequency band contained the greatest
excess of noise energy which can be attributed to the fact that underwater radiated noise
(URN) emissions from large vessels are greatest at low frequencies (i.e., below 500 hertz [Hz]).
Nonetheless, the excess level above ambient remained high in the SRKW frequency bands
(detailed in Section 3.1.5), particularly near locations of concentrated vessel activity. These
areas can be identified in the underwater soundscape maps produced for this study presented
in Figure 6 and Attachment A. In the SRKW masking bands, exposure to sound levels 10 dB
above ambient sound can have a substantial effect in reducing the available listening space for
communication and echolocation, both important life functions for surviving in their habitat
(Pine et al., 2018; Putland et al., 2017).
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Figure 6. Equivalent continuous noise levels (Leq) for summer in the broadband SPL for
Alternative A. Key receptor locations (yellow triangles) are numbered on the map.
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Due to the prevalence of underwater noise from Salish Sea vessel traffic and its overlap with
SRKW critical habitat, voluntary vessel slowdown programs have been implemented in three
separate locations in the region (Swiftsure Bank, Haro Strait and Boundary Pass, and Puget
Sound) (Matei et al., 2024; Port of Vancouver, 2024). Studies have shown that noise levels
decrease substantially during the slowdown periods with underwater SPL reductions by up to
3 dB (Joy et al., 2019; Matei et al., 2024; Port of Vancouver, 2024), which is equivalent to a 50
percent reduction in sound intensity due to decibels being on a logarithmic scale.

The current rulemaking proposes changes to escort tug traffic, and a recent local study (Matei
et al., 2024) conducted in Puget Sound revealed that tug traffic can contribute up to
approximately 19 percent to the overall underwater noise budget in the area. (MacGillivray et
al., 2024) had consistent findings, with tugs ranked the second and third highest contributing
vessel category in the SRKW communication and echolocation bands, respectively, in the Salish
Sea.

While underwater noise is a primary ecological concern, marine vessel activity also contributes
to airborne noise levels. Marine vessel airborne noise primarily comes from the propulsion and
auxiliary engines, with other on-vessel sources including exhaust, ventilation systems, and
occasional whistle use (e.g., foghorns). Whistles are generally used to communicate with other
nearby vessels, announce vessel anchoring or presence while navigating in restricted visibility
conditions (e.g., fog), or to signal an onboard emergency.

Vessel parameters, such as size and load, can influence airborne noise emissions. Typically,
larger vessels produce more noise, as they require larger engines that also produce lower
frequency sound waves that travel farther than high frequency waves (Physics Lab, 2025).
Therefore, larger vessels may be audible to more distant receptors as compared to smaller
vessels. Engine load further influences noise levels, as ships carrying or pulling heavier loads
require more power and therefore produce more engine noise.

Vessels also contribute to airborne noise levels when in port and stationary. Repair and
maintenance, loading and unloading cargo, and idling add to noise levels in ports.

Numerous factors influence the propagation and human perception of noise. The surrounding
environment, such as topography, atmospheric conditions (e.g., temperature, humidity, wind),
and even vegetation coverage (Gaudon et al., 2022; Hamer, 2019) can influence where and how
far sound travels. Water bodies can act as “hard” surfaces for airborne noise, meaning they do
not absorb sound well, resulting in noise reaching longer distances compared to noise travelling
across noise-absorbent soft soils.

The noise contribution from an escort tug is dependent on whether it is actively escorting a
target vessel or transiting on its own. Under Alternatives A (No Action) and C (Expansion), tugs
are actively escorting for approximately 37—39 percent of their underway time and are
commuting alone for the remaining 61-63 percent of underway time. Since noise is additive (on
a logarithmic scale, due to noise being measured in decibels), there would be higher sound
levels associated with escorting activities where more than one vessel is present, compared to a
vessel on its own.
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To better understand the existing underwater soundscape in the EIS Study Area, JASCO Applied
Sciences (JASCO) conducted underwater acoustic noise modeling as discussed in Section 3.1.5
(Assessment of Current Underwater Noise Impacts from Marine Vessels).

3.1.2 Wildlife Noise Receptors

Many marine wildlife species that are found in the EIS Study Area are sensitive to underwater
noise. Marine mammals are particularly sensitive to underwater noise due to their use of sound
for vital life functions, which underwater noise can negatively affect. An overview of the species
present in the area is given below, with a focus on their spatial and temporal distribution
throughout the EIS Study Area. See the Plants and Animals Discipline Report (Appendix F) for
detailed biological information and corresponding regulatory status on the marine life species
present in the EIS Study Area.

The SRKW, with a current population of only 73 individuals, is an important species that utilizes
the EIS Study Area (Center for Whale Research, 2024; Orca Conservancy, 2024). This distinct
population of killer whales has been listed under the ESA as endangered (DOC, 2005) with three
factors believed to be related to their decline: food availability, contaminant loads, and vessel
and noise interactions (Krahn et al., 2002; Lacy et al., 2017; Shields et al., 2018). The SRKW
population is protected under the ESA and MMPA in the United States, and the Species at Risk
Act (SARA) in Canada. SRKW critical habitat spans much of the southern Salish Sea, due to the
important salmon foraging grounds in this area, and overlaps with nearly the entire EIS Study
Area. This killer whale ecotype relies on both passive listening as well as echolocation for
communication, navigation, and finding food (Holt, 2008). Their presence is documented year-
round, with a peak historically in spring and summer which has now shifted later in the year to
summer and fall, coinciding with the abundance trends of their preferred prey, the Fraser River
chinook salmon (Ettinger et al., 2022; Shields et al., 2024). SRKW presence in fall and winter in
the Salish Sea has remained consistent or even increased in recent years (Shields et al., 2024).

The other population of killer whales that frequents the EIS Study Area is the Bigg’s or transient
killer whales, whose population has had a significant increase in presence over the past 15
years (Shields et al., 2018, 2024). This population’s local distribution is more widespread than
SRKW (Shields et al., 2024). Bigg’s killer whales also rely on the use of sound for important life
functions, but they are less vocal and use passive listening to a greater extent than echolocation
for foraging than SRKW (Ford et al., 2013) since they prey on marine mammals (Ford et al.,
2013; Shields et al., 2018) whose hearing range overlaps with killer whale vocalizations. The
peak occurrence for Bigg’s killer whales in the Salish Sea was historically in late summer but
now spans half the year, from April through to September (Shields et al., 2024).

Other whale species that frequent the area are humpback, gray, and minke whales. The
number of humpback and gray whale sightings in the Salish Sea has increased substantially over
the last decade, while minke sightings have remained stable or decreased slightly (Olson et al.,
2018; Shields et al., 2024). Recent studies (Olson et al., 2018; Shields et al., 2024) have
identified each species’ current local presence and spatial distribution.

Harbor porpoises are another marine mammal species present in the Salish Sea with increased
sightings in recent years (Anderson et al., 2023). Their distribution is relatively widespread but
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has localized concentrations in the waters south of Victoria, B.C., Boundary Pass, and southern
Rosario Strait (Anderson et al., 2023).

Finfish (e.g., herring, salmon, etc.) present in the EIS Study Area are sensitive to underwater
noise and are wildlife noise receptors. Approximately 200 species of finfish inhabit the waters
throughout Puget Sound (Ruckelshaus & McClure, 2007). Critical habitat for five fish species can
be found in the EIS Study Area, and nearly the entire EIS Study Area has been designated as
Essential Fish Habitat (EFH) for Groundfish and Coastal Pelagic Species (NOAA Fisheries, 2020).

Birds are also wildlife noise receptors. While all birds could be affected by airborne noise, diving
seabirds are also sensitive to underwater noise. Over 170 bird species utilize the Salish Sea
marine ecosystem. While diving seabirds could be found in the waters throughout the EIS Study
Area while foraging, marine birds in general tend to select nearshore habitats with limited
disturbances for foraging and resting. Certain parts of the EIS Study Area, such as the San Juan
Islands National Wildlife Refuge, have been designated as protected areas to preserve and
provide important habitat specifically for birds.

See the Plants and Animals Discipline Report (Appendix F) for additional details regarding
wildlife species present in the EIS Study Area.

3.1.3 Wildlife Noise Assessment Studies and Effects Criteria

Underwater sound from ships has, until recently, received lower interest than sound produced
by louder sources such as seismic surveys and pile driving. However, ships are present over a
much larger fraction of the world’s oceans and vessel traffic more often overlaps with areas,
such as the southern Salish Sea, with critical habitat of endangered species. There has been an
increase in ship noise in many areas due to the increase in marine vessel traffic (McKenna et al.,
2012). The waters within the EIS Study Area are biologically rich and diverse, as discussed in
Appendix F Plants and Animals Discipline report. However, they also serve as major shipping
corridors for commercial vessels and contain popular recreational and fishing areas. As
awareness of anthropogenic noise and its potential to have negative impacts on wildlife
increases, numerous studies have been conducted to better understand these effects—notably,
on SRKW, due to their extremely vulnerable population status.

Several recent reports have confirmed negative impacts from vessels and their noise on SRKW.
It was found that noise from vessels significantly impacted the communication and
echolocation abilities of SRKW (Burnham & Moore, 2023), with a greater reduction in
echolocation range during daylight hours and on weekends due to increases in recreational
vessel traffic (DFO, 2021). Studies have also shown that SRKW significantly increased the sound
level and duration of their calls in the presence of boats (Foote et al., 2004; Holt et al., 2009).
This indicates that acoustic masking by boat noise affects the ability of these animals to
communicate and it can be inferred that their communication and echolocation spaces are
reduced. Furthermore, vessel noise has been shown to reduce the amount of time spent
foraging, particularly in female SRKW (Tennessen et al., 2024). This can have even greater
detrimental effects on the population given the important reproductive implications of females
being impacted. Tennessen et al. (2024) also revealed that male SRKW have reduced success in
attempted prey captures, and that high levels of noise (received SPL 2110 dB re 1 puPa? in the
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15-45 kilohertz [kHz] frequency band)! decreased dive depth and success during deep dives,
likely reducing the capture of adult Chinook salmon.

A study by Fournet et al. (2018) found that humpback whales decreased their calling rate in the
presence of vessel noise, regardless of the overall ambient noise level. Additionally, Sprogis et
al. (2020) used vessel playback experiments to compare the impact of low and high levels of
noise on humpback whales. They found that humpback whale mothers decreased their resting
time by 30 percent, doubled their respiration rate, and increased their swim speed by 37
percent in response to the high level of noise playbacks (172 dB re 1 pPa? m? SPL low
frequency-weighted source level). These behavioral changes not only affect the animals’
physical demands, but could potentially have wider population effects due to alterations in
mothering as well as mating behaviors, such as decreased calling and male singing rates shown
in other studies (Fournet et al., 2018; Miller et al., 2000).

There are comparatively fewer noise impact studies for other marine wildlife species found in
the EIS Study Area. However, studies on gray whale responses showed that vessel noise may
result in displacement from prime habitat (Moore & Clarke, 2002) or impaired communication
among individuals, which may compromise vital social interactions (Burnham & Duffus, 2019),
including those essential for reproduction (Dahlheim & Castellote, 2016).

Because many marine animals rely on acoustic cues for survival, NMFS has established acoustic
thresholds representing underwater noise levels at which the behavior of marine wildlife would
be expected to be disturbed (NOAA Fisheries, 2023a, 2023b). These thresholds vary depending
on the type of wildlife exposed to the noise as marine species have different hearing ranges and
susceptibilities to hearing damage and behavioral disturbances (NOAA Fisheries, 2023a, 2023b).
The NMFS marine mammal and finfish behavioral acoustic disturbance thresholds have been
established as 120 dB broadband SPL and 150 dB broadband SPL, respectively, for continuous
noise sources (NOAA Fisheries, 2023a, 2023b).

3.1.4 Human Noise Receptors

Human receptors for airborne escort tug noise include those in populated communities along
the shoreline within the EIS Study Area. Communities that may perceive escort tug noise
include Tacoma, Seattle, Everett, Port Townsend, Port Angeles, Anacortes, Bellingham, and
Neptune Beach. Tribal communities are also sensitive noise receptors of note, particularly those
located along the shoreline near major shipping lanes, such as the Lummi Nation and the
Suquamish Tribe. People on other marine vessels, such as those used for fishing or recreation,
could also be exposed to escort tug noise. Refer to Appendix | Recreation Discipline Report for
information on recreational areas of interest.

1“dB re 1 uPa?” is a common unit for measuring underwater sound levels. ‘dB’ stands for decibel, which is a unit of
measure used to express the ratio of one value of a power quantity to another on a logarithmic scale. It is
especially suited to quantify variables with a large dynamic range. ‘1 uPa’ is the typical reference value for
underwater sound level computations. When expressed as pPa? m? this refers to source levels referenced at 1 m
from the source (Robin & Plante, 2022; 1SO, 2017).
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3.1.5 Assessment of Current Underwater Noise Impacts from Marine
Vessels

In order to better understand the existing underwater soundscape in the EIS Study Area and
assess potential underwater noise impacts from marine vessels (including escort tugs) under
existing conditions and the proposed rulemaking alternatives, Ecology entered contract with
JASCO to conduct underwater noise modeling. This subsection summarizes the modeling
methodology and the results of the analysis for existing conditions (as represented by the
results for Alternative A).

Underwater Noise Modeling Methodology

The JASCO applied a specialized underwater acoustic ship noise model to assess escort tug and
other vessel noise. The ship noise model takes into account the Ecology-supplied simulated
vessel tracks in 10-minute timesteps over the course of a week to compute estimated existing
sound levels. The model predicts how escort tug traffic contributes to the soundscape (Figure 7
and Table 4). Additionally, changes in noise levels over time and under each alternative were
investigated. The model incorporates all vessel categories present in the dataset, each with
their unique source signature defined using an accurate source level formula that accounts for
vessel category, size, and speed (MacGillivray et al., 2022). The overall sound field is
determined by all acoustic sources present, incorporating their respective acoustic frequency
distributions and corresponding levels. Refer to Attachment A for more details about the
modeling approach.
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Figure 7. Daily density values for vessels with AIS (measured in number of 1 min vessel track
points) in January (left) and July (right) 2022 for Alternative A: No Action. The weeks modeled
are highlighted by the red box.
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Table 4. Ten vessel categories used for the classification of all vessel traffic in the track

datasets.

Category Name

Description

Cargo Vessels at
Anchorage

Bulk Carriers, Container Ships, General Cargo Ships, Tankers, or
Vehicle Carriers at anchor

Bulk Carriers

Cargo vessels that carry bulk cargo

Container Ships

Cargo vessels that carry shipping containers

Fishing

Fishing vessels, including commercial and indigenous fishing vessels,
but excluding personal recreational fishing boats

Tankers Cargo vessels transporting oil or large amounts of fluid

Passenger Vessels with a purpose of carrying passengers that do not fit in other
categories, such as cruise ships and water taxis

Recreational Personal watercrafts

Ferry Ferry vessels including roll-on roll-off vessels that carry passengers (ro-
ro passenger) or cargo (ro-ro cargo)

Tugs and Tug- Tugs with or without associated barges, ATB, tow bunkering, tow oil tugs

and-barge

Combos

Vehicle Carriers

Cargo vessels that transport vehicles

The underwater noise model focused on seven wildlife noise receptor locations. JASCO
identified these receptors by conducting a literature review to determine areas of high
importance to local marine wildlife, and more specifically to marine mammals due to their use
of sound for vital life functions that could be negatively affected by underwater noise. To
identify locations of high importance to SRKW, JASCO reviewed the most recent studies on
SRKW distribution in the Salish Sea (Olson et al., 2018; DFO, 2021; Shields et al., 2024) that
highlighted areas of high occurrence, which were overlayed with the affected escort tug traffic
routes to determine areas of potential impact. Because humpback, gray, and minke whales also
utilize the EIS Study Area and/or are also highly sighted marine mammal species in the Salish
Sea, it is important to consider noise effects from the rulemaking on these species of baleen
whale as well. Therefore, JASCO also examined areas utilized by humpback, gray, and minke
whales (Olson et al., 2018; Shields et al., 2024). These areas of high biological importance were
then overlayed with the Ecology-provided dataset of simulated escort tug activity to narrow the
selection to a set of receptor locations that could be exposed to noise from escort tugs under
existing conditions and/or one of the rulemaking alternatives. The seven selected wildlife
receptor locations are shown in Figure 8 and described in Table 5.
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Table 5. Key underwater noise receptor locations and rationale for their selection.

Key Receptor

. Rationale for Selection
Location

Near proposed expansion area and an area of intensive SRKW

activity?

Near proposed expansion area and an area frequented by SRKW,?

humpback whales® and harbor porpoises®

3 — Lummi Bay Near proposed expansion area

Close to a moderate amount of target tug traffic and an area

frequented by SRKW?2¢ and harbor porpoises®

Close to a moderate amount of target tug traffic and an area

frequented by SRKW,2¢ gray whales® and harbor porpoises®

An area of intensive SRKW activity,®® humpback whales® and minke

whales®

7 — Puget Sound ﬁ)lose to current target tug robute and an area frequented by SRKW,¢
umpback, and gray whales

Source: a — (DFO, 2021), b — (Olson et al., 2024), c — (Anderson et al., 2023), d — (Olson et al., 2018), e — (Shields et al., 2024)

1 — Strait of Georgia

2 — Boundary Pass

4 — Anacortes

5 — Rosario Strait

6 — Haro Strait

Underwater acoustic modeling of vessel noise was then performed to characterize existing
noise levels at these seven receptor locations and to investigate the changes under the escort
tug rulemaking alternatives. This noise assessment used the NMFS behavioral acoustic
disturbance threshold for marine mammals (120 dB broadband SPL) and fish (150 dB
broadband SPL) for continuous sources (NMFS, 2024).

Underwater noise calculations were carried out using JASCO’s Acoustic Real-Time Exposure
Model Incorporating Ambient (ARTEMIA). The ARTEMIA is an underwater soundscape
prediction and mapping model that accurately simulates underwater sound levels generated by
large ensembles of marine sources that can be moving (e.g., such as vessels, geophysical
surveys, and ambient sound) over large geographic areas. The model combines input data from
several different sources, described below, to predict marine environmental noise originating
from ship traffic and ambient sources. The frequency range of the sound mapping calculations
was 10-63,000 Hz, in decidecade frequency bands.!

Key inputs to the ARTEMIA model included a georeferenced database describing environmental
features influencing sound propagation, vessel source density maps, and time-dependent wind
and rain data. From these inputs, ARTEMIA used numerical sound propagation models to
produce digital maps of SPL data versus easting, northing, frequency, and depth for the study
area (Figure 9).

L A frequency band whose bandwidth is equal to one decidecade, which is one tenth of a decade or approximately
one third of an octave, and for this reason sometimes referred to as a 1/3 octave (ISO, 2017).
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Figure 9. Flowchart of JASCO’s Acoustic Real-Time Exposure Model Incorporating Ambient
(ARTEMIA) model.

Sound maps generated using ARTEMIA were analyzed in terms of the following three frequency
bands that were identified by an expert working group convened by the Coastal Ocean
Research Institute (CORI) (Heise et al., 2017) as being particularly relevant to the acoustic

quality of SRKW habitat:
1. Broadband (nominally 10—-100,000 Hz; limited to 10—63,000 Hz for this study), for
evaluating behavioral or physiological impacts.
2. Communication band (500-15,000 Hz), for evaluating effects of noise on
communication masking.
3. Echolocation band (nominally 15,000-100,000 Hz; limited to 15,000-63,000 Hz for this
study), for evaluating effects of noise on echolocation masking.
These frequency bands cover the range of overlap between vessel noise and SRKW hearing
sensitivity, as shown in Figure 10.
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Figure 10. Killer whale audiogram data (i.e., hearing threshold versus frequency) (Szymanski et
al., 1999; Branstetter et al., 2017). The range of the Coastal Ocean Research Institute (CORI)
broadband, communication, and echolocation bands are indicated by the plot annotations.

In this analysis, the SPL was computed in the three CORI bands by summing the decidecade
frequency band sound maps from ARTEMIA within the corresponding frequency ranges (with
appropriate weighting at the band edges). Summation of the broadband and SRKW
echolocation bands was limited to the maximum modeled band frequency of 63,000 Hz.
Neglecting bands above 63,000 Hz was not expected to affect the results, as these bands
generally contribute comparatively little sound energy to the marine soundscape, due to the
strong effect of seawater absorption on sound propagation at high frequencies.

The model was run for one week of vessel traffic data in the summer (July) and in winter
(January) to compute estimated existing sound levels.

Results (Existing Conditions, With and Without Tug Escorts)

The underwater noise modeling assessment suggests that noise levels at all seven biologically
important locations periodically exceed the NMFS acoustic disturbance threshold for marine
mammals (120 dB SPL) under existing vessel traffic conditions. A few of the locations (four in
winter and three in summer) also had exceedances above the 150 dB (SPL) threshold for finfish.
Exceedances of this noise threshold are more frequent near congested ports and shipping
lanes; for example, the most frequent noise level exceedances occurred in Puget Sound for
approximately 1,326 minutes total per week in the summer (i.e., 13 percent of the time).
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More specifically, the underwater noise modeling revealed the following key findings,
addressing the study’s key objectives:

The SPL at all seven receptor locations occasionally reached the NMFS 120 dB
broadband SPL behavioral disturbance threshold for marine mammals under the
existing vessel traffic conditions during both seasons. At four of the seven modeled
locations, these exceedances are over 10 percent more frequent with tug escort
requirements (Alternative A) compared to without them (Alternative D).

o Note: Similar trends would be expected if the modeling were to use a threshold
of 110 dB SPL in the SRKW echolocation band, as highlighted by Tennessen et al.
(2024) to be of particular relevance when examining potential impact on
foraging. However, the threshold is anticipated to be exceeded less often than
the 120 dB SPL broadband threshold since the echolocation band encompasses a
smaller frequency range that does not include predominant ship noise
frequencies, and therefore contains less acoustic energy. This suggests that using
the 120 dB SPL broadband threshold results is a more environmentally
conservative analysis because it identifies more instances where vessel
underwater noise could be affecting marine mammal behavior.

The highest existing median sound levels were observed on the Strait of Georgia
receptor in winter and the Puget Sound receptor in summer (in the broadband
frequency band). We suspect that the highest median noise levels observed in the Strait
of Georgia during winter are due to higher vessel traffic density, particularly bulk
carriers, at that location. Interestingly, the largest difference between winter and
summer was observed at the Puget Sound receptor, with higher sound levels
experienced in summer likely attributed to an increase in recreational and cruise ship
vessel traffic.

The modeling revealed that existing escort tug operations (those affected by the
rulemaking) have a fairly substantial contribution to the local soundscape at certain
locations. Under current conditions (Alternative A), tug escort requirements account for
an increase in the median and highest noise levels of up to 1.7 and 2.8 dB broadband
SPL, respectively, compared to without tug escort requirements (Alternative D). These
increases occurred at locations with high escort tug underway time density, i.e., Rosario
Strait. However, the increase attributable to current tug escort requirements was less
than 0.5 dB SPL for most other modeled locations and time periods.

Under existing vessel traffic conditions, the NMFS behavioral disturbance threshold for
finfish (150 dB broadband SPL) was reached at three locations in summer and four in
winter; although some sites had very few exceedances (i.e., 1-5 minutes per week). Two
of these locations had fewer exceedances when escort tugs were removed (Alternative
D).

o The noise model used a receiver depth of 10 meters due to the particular focus
on marine mammals, specifically SRKW. Therefore, an animal at a greater water
depth than 10 meters would experience lower sound levels due to the increased
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distance between the source (vessel) and the receiver (animal). In other words,
there would be fewer or no exceedances of the 150 dB SPL threshold for animals
closer to the seafloor. Finfish of greatest concern in the EIS Study Area (i.e.,
those with special conservation statuses at greatest risk of impacts from the
rulemaking), particularly salmonids, typically inhabit waters much deeper than
10 meters during most of the year (Arostegui et al., 2017; Smith et al., 2015).?
Therefore, finfish of concern would likely be exposed to fewer exceedances of
the finfish behavioral threshold than the model indicates.

o However, there would be more exceedances if a lower threshold value was to be
considered, such as 123 dB SPL or 140 dB, as shown by van der Knaap et al.
(2022) to instill a reaction in herring and salmon, respectively.

Tables 6 and 7 present the median (Lso) and highest (Ls) noise levels, respectively, under
existing conditions for the three frequency bands of interest and two seasons examined, and
the change in noise levels when tug escort requirements were removed from the model. Table
8 and Table 9 present the total number of minutes per week where the received broadband SPL
is above the NMFS acoustic disturbance thresholds for marine mammals (120 dB SPL) and
finfish (150 dB SPL), with and without tug escort requirements. Tables 10 and 11 present the
average area ensonified above 120 dB and 150 dB broadband SPL, respectively, with and
without tug escort requirements. Collectively, these results serve to illustrate the noise
contribution from escort tugs under existing conditions. See Attachment A for all modeling
details and results.

! Salmonids may possibly be found at depths less than 10 meters during the spring. However, the model runs were
specifically based on winter and summer data (seasonal vessel, wind, rain, and temperature data) and may
therefore not be representative of noise impacts during the spring. Other finfish of conservation concern were not
considered closely in this noise analysis because they are expected to inhabit depths much deeper than 10 meters
(e.g., bocaccio, eulachon, green sturgeon, yelloweye rockfish) or to inhabit shallow, nearshore areas where little
tug escort activity occurs (e.g., bull trout, steelhead) (Hayes et al., 2011; Moser et al., 2016; NOAA Fisheries, 2024;
Pietsch & Orr, 2015; Puget Sound Partnership and WDFW, 2011).
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Table 6. Modeled median noise levels under existing conditions, with and without tug escort
requirements.

SRKW

Kev Recentor Broadband Communication Band SRKW Echolocation
IYocatio':\ (0.01-63 kHz) (0.5-16 kHz) Band (16-63 kHz)
Winter Summer Winter Summer Winter Summer
Median noise level (Lso, dB re 1 yPa?), existing conditions with tug escort reqgs. (Alt. A)
1 |Strait of Georgia 100.8 89.4 99.0 87.5 77.2 79.3
2 |Boundary Pass 92.9 92.6 91.6 90.9 78.3 81.1
3 |Lummi Bay 94.2 88.1 93.4 86.6 77.8 79.4
4 |Anacortes 98.2 92.5 95.6 90.5 78.9 80.7
5 |Rosario Strait 94.2 96.8 93.2 95.7 80.6 82.0
6 |Haro Strait 94.0 94.0 92.7 92.7 79.6 82.0
7 |Puget Sound 89.8 105.1 88.4 103.5 78.3 81.0
Change in median noise level (Lso, dB re 1 yPa?) without tug escort regs. (Alt. D)
1 |Strait of Georgia -0.2 0 -0.2 0 0 0
2 |Boundary Pass -0.1 0 -0.1 0 0 0
3 |Lummi Bay -0.2 -0.1 -0.3 0 -0.1 0
4 |Anacortes -0.3 -0.3 -0.1 -0.3 0
5 |Rosario Strait -0.9 -1.7 -1.1 -1.9 -0.2 -0.3
6 |Haro Strait -0.2 -0.3 -0.3 -0.4 0 0
7 |Puget Sound -0.1 -0.8 -0.1 -0.9 0 -0.2
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Table 7. Modeled highest noise levels under existing conditions, with and without tug escort

requirements.

SRKW

Kev Receotor Broadband Communication Band SRKW Echolocation
I)_,ocatio% (0.01-63 kHz) (0.5-16 kHz) Band (16-63 kHz)
Winter Summer Winter Summer Winter Summer
Highest noise level (Ls, dB re 1 yPa?), existing conditions with tug escort regs. (Alt. A)
1 |Strait of Georgia 118.9 105.2 117.0 100.1 90.0 84.3
2 |Boundary Pass 112.3 107.9 110.1 104.3 89.3 85.2
3 |Lummi Bay 116.8 92.6 116.3 90.5 90.2 83.1
4 |Anacortes 115.3 111.7 114.5 110.1 90.5 92.1
5 |Rosario Strait 123.3 120.5 120.5 117.9 99.1 97.1
6 [Haro Strait 119.2 115.8 115.5 112.8 91.3 90.0
7 |Puget Sound 124.5 125.3 118.8 119.2 97.1 99.7
Change in highest noise level (Ls, dB re 1 yPa?) without tug escort regs. (Alt. D)
1 |Strait of Georgia 0 0 0 0 0 0
2 |Boundary Pass 0 0 -0.1 0 0 0
3 |Lummi Bay -0.2 -0.4 -0.4 0 -0.1 0
4 |Anacortes -1.2 -1 -1.7 -1 -0.1 -0.5
5 |Rosario Strait -0.8 -2.8 -1 -2.5 -1.5 -2.6
6 |Haro Strait 0 -0.2 0 -0.3 0 -0.3
7 |Puget Sound 0 -0.1 0 -0.4 0 -0.1

Table 8. Modeled number of minutes (per week) above the 120 dB SPL threshold under existing
conditions, with and without tug escort requirements.

Winter Summer
Key Receptor
Location With Tug Without Tug With Tug Without Tug
Escorts (Alt. A) | Escorts (Alt. D) | Escorts (Alt. A) | Escorts (Alt. D)
1 |Strait of Georgia 366 366 3 3
2 |Boundary Pass 15 15 42 42
3 |Lummi Bay 134 119 4 4
4 |Anacortes 162 126 210 192
5 |Rosario Strait 926 782 604 483
6 |Haro Strait 498 498 293 277
7 |Puget Sound 1,144 1,133 1,326 1,220
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Table 9. Modeled number of minutes (per week) above the 150 dB SPL threshold under existing
conditions, with and without tug escort requirements.

Winter Summer
Key Receptor
Location With Tug Without Tug With Tug Without Tug
Escorts (Alt. A) | Escorts (Alt. D) | Escorts (Alt. A) | Escorts (Alt. D)
1 |Strait of Georgia 0 0 0 0
2 |Boundary Pass 0 0 0 0
3 |Lummi Bay 0 0 0 0
4 |Anacortes 1 0 0 0
5 |Rosario Strait 5 4 15 12
6 |Haro Strait 1 1 1 0
7 |Puget Sound 26 26 35 35
Table 10. Modeled average total area ensonified above the 120 dB SPL threshold under
existing conditions, with and without tug escort requirements.
S . Area Ensonified Above 120 dB (SPL) (km?)
cenario -
Winter Summer
With Tug Escorts (Alt. A) 1184 80.7
Without Tug Escorts (Alt. D) 116.2 78.0
Table 11. Modeled average total area ensonified above the 150 dB threshold under existing
conditions, with and without tug escort requirements.
s . Area Ensonified Above 150 dB (SPL) (km?)
cenario -
Winter Summer
With Tug Escorts (Alt. A) 1.5 1.2
Without Tug Escorts (Alt. D) 1.5 1.2

3.1.6 Assessment of Current Airborne Operational Noise Impacts from
Escort Tugs

While underway, escort tugs produce continuous airborne noise from their propulsion and
auxiliary engines, exhaust, and ventilation systems. As noted in Section 3.1.1 (Overview of
Marine Vessel Noise), the generation and perception of noise are influenced by factors
including engine size, load, and whether the escort tug is operating alone or with a target
vessel. Escort tug propulsion engines range from approximately 2,000 hp to 10,000 hp, which
are significantly smaller than the engines used on oil tankers and emit noise in higher frequency
ranges that generally are less perceptible over long distances. Engine sizes and noise frequency
ranges from escort tug engines are expected to be generally comparable to those for the
engines on ATBs and tugs towing oil barges. Other than when they are actively escorting or
assisting a target vessel, escort tugs are almost exclusively running “light” with minimal load on
the engine, and thus produce less noise than the engines that are propelling or towing the
target vessel.
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For tugs that are actively escorting a target vessel—which, as noted in Section 3.1.1 (Overview
of Marine Vessel Noise), represents approximately 37—39 percent of escort tug underway
time—the ability to perceive noise specifically from the escort tug can depend on the
positioning of the escort tug relative to the engines that are propelling or towing the target
vessel. For example, when escorting a tank barge (which has a separate tug that is towing the
barge), the escort tug may be positioned hundreds of feet behind the towing tug. Humans
along the shoreline may therefore be able to distinguish the noise from these two separate
sources. However, while escorting a tanker ship or ATB, the engines are closer together and
their noise may not be individually distinguishable to distant receptors.

Escort tugs also produce intermittent noise from whistles or bells in certain circumstances, such
as when maneuvering near other vessels, leaving a dock or berth, or operating in areas where
visibility is limited (e.g., due to night, fog, or visual obstructions). Per the U.S. Coast Guard
(USCG) and Puget Sound Harbor Safety Committee, marine vessel operators should limit
unnecessary and nighttime noise (Puget Sound Harbor Safety Committee, 2023; USCG, 2016).
Where feasible, vessel operators generally rely on radio communications, rather than whistles,
to coordinate vessel movements and reduce unnecessary noise impacts. Ecology expects that
escort tugs would rarely need to use whistles while actively escorting, as the target vessel
would typically be responsible for any necessary whistle use.

Routine maintenance and repair activities can also be a source of noise while escort tugs are
anchored. While some potentially noisy maintenance and repair activity may occur while the
tug is on the water, most of it likely occurs while the tugs are out of service and on land in a
shipyard. Ecology estimates that a typical escort tug is out of service for approximately 30 days
per year (Captain Jeff Slesinger, OTSC Tug Industry Representative, personal communication,
October 10, 2024), a portion of which would be to perform maintenance and repair activities.

Escort tug activity primarily occurs far enough from the shoreline that routine escort tug activity
is generally not expected to meaningfully influence perceived noise levels in shoreline
communities within the EIS Study Area. Approximately half (306,074 minutes per year) of
existing escort tug activity takes place within 1 mile of the shoreline, approximately 37 percent
(114,237 minutes per year) of which is during the escorting phase when noise from the escort
tug is less likely to be individually perceptible. Only a subset of this represents activity within 1
mile of populated areas. However, as noted in Section 3.1.1 (Overview of Marine Vessel Noise),
other factors such as topography, atmospheric conditions, and vegetation coverage can
influence noise propagation.

Noise from escort tugs has the potential to contribute to wildlife impacts by causing birds to
flush from nesting, foraging, or resting areas. However, as discussed in the Plants and Animals
Discipline Report (Appendix F), escort tugs rarely operate in close proximity to shoreline
habitats.
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3.2 Alternative A: No Action
3.2.1 Impacts from Implementation

Alternative A represents the most likely future conditions if we make no changes to existing tug
escort requirements for target vessels. Tug escort requirements for target vessels would remain
in place in the current rulemaking area as established by RCW 88.16.190(2)(a)(ii).

As discussed above in Section 3.1.5 (Assessment of Current Underwater Noise Impacts from
Marine Vessels), escort tugs would continue to have potential impacts related to underwater
noise, and no additional impacts would occur under Alternative A. When evaluating impacts on
SRKW specifically, due to their low population numbers, the death of just one animal would
represent a population decline of approximately 1.4 percent and would further reduce
population health by limiting genetic diversity (Williams et al., 2024). Any potential continued
underwater noise impacts for marine mammals, and SRKW in particular, therefore merits
careful assessment.

Ecology’s underwater noise modeling indicates that existing sound pressure levels at all seven
biologically important receptor locations periodically exceed the NMFS marine mammal
behavioral disturbance acoustic threshold (i.e., 120 dB broadband SPL). The modeling also
revealed that existing escort tug operations have a fairly substantial contribution to the local
soundscape at some of these modeled locations, particularly Rosario Strait, Anacortes, and
Lummi Bay.

The intensity, duration, and frequency of underwater noise impacts depend on the location and
the time of year. The contribution of escort tugs to these noise threshold exceedances at the
Rosario Strait location is approximately 18 percent and 25 percent higher in winter and
summer, respectively, with tug escort requirements compared to conditions with no tug escort
requirements (Alternative D). At the Anacortes location, the duration of exceedances, with tug
escort requirements, is 29 percent higher in winter compared to conditions with no tug escort
requirements. Lastly, at Lummi Bay, an increase (13 percent) in the duration of the threshold
exceedances was observed in winter only when tug escort requirements are present compared
to conditions with no tug escort requirements. This portion of underwater noise is attributable
to the tug escort requirements, which would continue under Alternative A.

Since noise levels exceed the behavioral threshold for marine mammals in areas of high
biological importance, underwater noise from continued tug escort requirements under
Alternative A would have the potential to result in negative impacts on marine mammals at
those locations. Numerous species of marine mammals frequent those locations, particularly
SRKW, Bigg'’s killer whales, humpback and gray whales. Some possible impacts from continued
underwater noise could include displacement of marine mammals; alteration of calling rates,
intensities, or other forms of communication; effects on foraging behavior and orientation;
stress; and/or physical injury in extreme cases.

Additionally, underwater noise could also negatively affect the behavior of finfish and diving
marine birds. The NMFS behavioral disturbance acoustic threshold for finfish (i.e., 150 dB
broadband SPL) was exceeded briefly at two locations, i.e., Rosario Strait and Puget Sound. Only
Rosario Strait had noise contribution from escort tugs, with a 25 percent increase in threshold
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exceedances with tug escort requirements in both seasons compared to conditions with no tug
escort requirements. Two other locations, Anacortes and Haro Strait, had only one minute of
exceedance time above the threshold. It should be taken into consideration that the noise
model used a receiver depth of 10 meters due to the particular focus on marine mammals,
specifically SRKW. Therefore, an animal at a greater water depth than 10 meters would
experience lower sound levels due to the increased distance between the source (vessel) and
the receiver (animal). In other words, there would be fewer or no exceedances of the
thresholds for animals closer to the seafloor.

While sound levels infrequently exceeded the NMFS finfish behavioral threshold, recent
research (Ogurek et al., 2024; van der Knaap et al., 2022) indicates that there could still be
potential for behavioral impacts to finfish, particularly where fish ‘hotspots’ overlap with high
vessel traffic areas (e.g., Puget Sound). Additionally, there may be updates to the NMFS finfish
threshold in the future to lower it (S. Nedelec pers. comm.) as numerous studies (Picciulin et al.,
2010; Simpson et al., 2016; Nedelec et al., 2017; van der Knaap et al., 2022; Ogurek et al., 2024)
have shown behavioral changes as well as impacts to survival in finfish from boat noise and at
much lower levels (i.e., 123—-140 dB broadband SPL) than 150 dB SPL.

As mentioned below in Section 3.2.2 (Mitigation Measures), escort tugs would continue to
adhere to regulations regarding minimum distances to marine mammals, slowdown
requirements, and noise reduction best management practices (BMPs) when safe and
appropriate to do so. Refer to Appendix F Plants and Animals Discipline Report for more details
on overall impacts to wildlife.

Climate change is expected to have minimal effect on the impacts caused by underwater noise.
An increase in atmospheric carbon dioxide has the potential lead to increased ocean acidity,
reducing the absorption of high frequency sound. This could lead to longer distance
propagation of the higher frequency component of ship noise, but it could also increase the
distances over which animals are able to communicate and echolocate.

Lastly, under Alternative A, escort tugs would continue to emit airborne noise as discussed in
Section 3.1.6 (Assessment of Current Airborne Operational Noise Impacts from Escort Tugs).
Shoreline communities, particularly those near ports and docks used by target vessels, may
continue to hear occasional noise from escort tugs.

3.2.2 Proposed Mitigation Measures

Implementation of the required and/or recommended mitigation measures described in this
subsection would further reduce the potential for noise-related impacts under Alternative A.

Required Mitigation (Rulemaking or Other Existing Regulations)

Escort tugs are required to adhere to all applicable federal requirements regarding vessel traffic
safety and navigation within the established traffic separation scheme and under the vessel
traffic service. Escort tugs are also required to adhere to all applicable requirements regarding
airborne noise, including the noise standards established under RCW 79A.60.130.
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Recommended Mitigation Measures

There are both federal (76 FR 20870) and state (RCW 77.15.740) requirements to maintain a
certain distance from killer whales; 200 yards under federal regulations and 1,000 yards under
state regulations. The state regulations also include vessel speed requirements. These
measures help reduce noise and vessel disturbance-related impacts to marine mammals, as
described in Section 1.5 (Regulatory Framework) and in the Plants and Animals Discipline
Report (Appendix F). At both the federal and state levels, these requirements have an
exemption for vessels operating in conjunction with the vessel traffic service, which includes
escort tugs and target vessels. Ecology encourages tugs and target vessels to comply with these
distance and speed regulations where safe and feasible to do so. Ecology also recommends that
the Puget Sound Harbor Safety Committee consider developing a Standard of Care for escort
tugs that encourages them to maintain 1,000-yard distance from killer whales where safe and
feasible to do so.

Recommended noise-specific mitigation measures include vessel slowdowns, when safe and
appropriate to do so. Several studies have shown that noise levels substantially decrease during
vessel traffic slowdowns (Joy et al., 2019; Matei et al., 2024; Port of Vancouver, 2024). Two
separate voluntary slowdown programs reduced underwater sound intensity levels by up to 50
percent, or 3 dB by slowing large commercial vessel traffic to 11 or 14.5 knots, depending on
the vessel type (Matei et al., 2024; Port of Vancouver, 2024). Specifically for tugs, a
comprehensive study on tug noise levels revealed that main engine revolutions per minute
(RPM) was the only design parameter that has a strong correlation with source level
(MacaGillivray et al., 2022). Ecology recommends that escort tugs continue their participation in
voluntary slowdowns aimed at reducing noise and disturbance impacts to marine mammals,
including those led by the ECHO Program and Quiet Sound.

The PSHSC Standard of Care on tanker escorts recommends that in Rosario Strait, escort speed
should not exceed ten knots. Ecology recommends that the PSHSC extend this SOC to the escort
of target vessels and that escort tugs and target vessels continue to reduce speed to reduce
underwater noise impacts.

Additionally, the use of battery-electric or hybrid-electric vessels may help reduce vessel noise
levels. The Trans Mountain Expansion is using escort tugs with a hybrid electric engine which
allows the tugs to operate on a single thruster, reducing underwater noise as well as emissions
and fuel consumption. While operating in this hybrid mode, the tugs travel at much slower
speeds (Transmountain, 2021). There is also a fully electric harbor tug operating at the Port of
San Diego (Crowley’s eWolf) (Crowley, 2024). While this tug may be effective for assist work in
the Port of San Diego, the technological readiness for deployment of electric tugs for escort
work in the Salish Sea is not yet in place. Harbor tugs are designed to control larger vessels at
slow speeds while escort tugs need to be able to control their escorted vessels at higher
speeds. Additionally, the range of the eWolf (Crowley, 2022), up to two assist jobs in the Port of
San Diego with minimal charging, likely would not work in the context of the Salish Sea where
escort jobs are typically much longer. Ecology recommends that escort tug companies consider
a transition to hybrid electric and eventually electric tugs, when the cost and technology make
this feasible, in order to further reduce underwater noise impacts of their operation.
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The displacement of vessel traffic routes away from biologically sensitive locations could result
in substantial reductions in noise levels (Vagle & Neves, 2019; Burnham & Vagle, 2023). The
ECHO Program has run a voluntary lateral displacement initiative for several years within the
Canadian inshore area of Juan de Fuca Strait shifting traffic away from sensitive SRKW foraging
areas. These trials showed a broadband underwater noise reduction between 4 and 7 dB SPL,
mainly due to the increase in distance of tugs and barges to the key SRKW area (Burnham &
Vagle, 2023; Port of Vancouver, 2024). Any new proposed voluntary lateral displacement trials
would require participation and approval from the USCG, a careful analysis of potential risks,
consultation with Tribes to assess potential interactions with treaty fishing, and coordination
with relevant stakeholder and industry interests. Unlike the Strait of Juan de Fuca, much of the
EIS Study Area has more restricted waterways and narrower shipping lanes, so displacement
within existing shipping lanes may be less feasible.

Refer to the Plants and Animals Discipline report (Appendix F) for a comprehensive list of
mitigation measures to reduce impacts to marine mammals.

For airborne noise, Ecology recommends that escort tug operators follow best practices to limit
unnecessary and nighttime airborne noise consistent with guidelines from the USCG and Puget
Sound Harbor Safety Committee (Puget Sound Harbor Safety Committee, 2023; USCG, 2016).

3.2.3 Significant and Unavoidable Adverse Impacts

Alternative A would result in significant and adverse noise impacts in the EIS Study Area due to
the substantial contribution to underwater noise from tug escort requirements. As discussed in
Section 3.2.1 (Impacts), Ecology’s underwater noise modeling indicates that tug escort
requirements in Alternative A do make a significant contribution to underwater noise in certain
modeled biologically important areas—specifically, Rosario, Anacortes, and Lummi in winter
and Rosario in summer. Tug escort requirements in Alternative A cause the NMFS 120 dB
marine mammal behavioral disturbance to be exceeded at least 10 percent more frequently at
these locations than without the current tug escort requirements.

Tug escort requirements under Alternative A also cause the NMFS 150 dB SPL finfish behavioral
disturbance threshold to be exceeded over 10 percent more frequently in certain areas.
However, the counts of these exceedances (both with and without tug escort requirements) are
very low. For example, the 25 percent increase at Rosario Strait in summer under Alternative A
represents an increase of only three minutes per week (0.03 percent of the week). Further,
while the noise model is based on a receiver depth of 10 meters, most finfish of concern are
found at greater depths. Therefore, the underwater noise from tug escort requirements under
Alternative A is not expected to result in meaningful exceedances of the threshold at the
depths where finfish of concern are likely to be found and thus is not expected to result in
significant impacts on finfish.

Lastly, regarding airborne noise, continued tug escort requirements under Alternative A would
not be expected to result in a chronic or recurring increase in the frequency, severity, and/or
extent of airborne noise standard exceedances in populated communities. Therefore,
Alternative A would not result in significant and adverse impacts related to airborne noise in
the EIS Study Area.
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3.3 Alternative B: Addition of Functional and Operational
Requirements

3.3.1 Impacts from Implementation

Alternative B adds functional and operational requirements intended to increase safety and
formalize existing best practices. It makes no change to the geographic boundaries described in
Alternative A. The additional functional and operational requirements include 1) minimum
either 2,000 or 3,000 hp requirements for the escort tugs based on the DWT of the escorted
vessel, 2) minimum of twin-screw propulsion, and 3) a pre-escort conference between the tug
and the escorted vessel.

Of the 18 tugs identified in the 2021 Vessel Traffic Trend Study (BPC & Ecology, 2021) as
performing target vessel escort work, two are between 2,000 and 3,000 hp. Ecology reviewed
the data used in this report and found that the escort tugs between 2,000 and 3,000 hp were
only escorting target vessels under 18,000 DWT. The horsepower requirement codifies existing
industry practices and ensures that tugs have sufficient power to intervene to prevent a drift
grounding (and potential subsequent spill). Additionally, all 18 of the identified tugs meet the
minimum twin screw propulsion requirement. These two requirements reflect today’s industry
practices and are therefore unlikely to result in changes to the distribution of escort tugs and
their associated impacts. The FORs are intended to increase safety and formalize existing best
practices.

The addition of FORs would not be anticipated to have any meaningful changes in underwater
or airborne noise levels compared to Alternative A, since all escort tugs in the existing fleet
already meet the proposed horsepower and propulsion requirements.

Refer to the Plants and Animals Discipline Report (Appendix F) for more details on overall
impacts to wildlife.

3.3.2 Mitigation Measures

No additional mitigation measures than those included for Alternative A in Section 3.2.2
(Mitigation Measures) have been identified for Alternative B. The FORs are not expected to
change the underwater noise impacts over those described in Alternative A. Escort tugs would
be required to adhere to existing federal vessel traffic safety requirements and state noise
standards. Ecology recommends that escort tugs continue to participate in PSHSC Standards of
Care, voluntary underwater noise reduction measures, maintain distance from killer whales
where safe to do so, and consider transitions to hybrid electric vessels when feasible to do so.
We also recommend that the PSHSC consider extending and/or creating new Standards of Care
as described in Section 3.2.2.
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3.3.3 Significant and Unavoidable Adverse Impacts

As stated in Section 3.3.1 (Impacts), the addition of the FORs would not be anticipated to have
any meaningful changes in underwater or airborne noise levels compared to Alternative A.
However, similarly to Alternative A, Alternative B would result in significant and unavoidable
adverse impacts to marine mammals in the EIS Study Area due to the substantial contribution
to underwater noise from tug escort requirements. See details under Section 3.2.3 (Significant
and Unavoidable Adverse Impacts) for Alternative A.

3.4 Alternative C: Expansion of Tug Escort Requirements
3.4.1 Impacts from Implementation

Alternative C maintains the tug escort requirements outlined in Alternative A and expands
them northwest towards Patos Island. Alternative C would result in a 2.41 percent increase in
escort tug underway time. The net increase in escort tug underway time would occur primarily
within and near the expansion area (i.e., in the Strait of Georgia and the Strait of Georgia South
Zones). Escort tug underway time in the rest of the EIS Study Area would decrease slightly or
remain the same (see Figure 4). Alternative C also includes the FORs included in Alternative B.
The FORs are not expected to have an impact on noise levels and locations, relative to
Alternative A.

Ecology also modeled predicted changes in underwater noise at the seven selected biologically
important locations under Alternative C. The results of the noise modeling showed that the
expansion of the tug escort requirements would minimally change the underwater sound levels
at most modeled locations when compared to Alternative A (Table 12 and Table 13). Alternative
C would also not result in additional exceedances of the NMFS 120 dB SPL and 150 dB SPL
behavioral disturbance acoustic thresholds as compared to existing conditions (Table 14 and
Table 15). Specifically, median and highest noise levels at only two locations (Boundary Pass
and Lummi Bay), which are adjacent to the expansion area, increased slightly, and only in
winter. The relative increase observed in winter, which is not present in the summer, is
attributed to higher noise levels from recreational vessel traffic that mask the smaller changes
in noise produced by expanded tug escort requirements. This small increase would result in no
additional threshold exceedances and only very minor changes in the average ensonified area,
where the received sound would be above 120 dB SPL.

Since noise levels under Alternative C reach the marine mammal and finfish behavioral
disturbance acoustic thresholds, there is potential for the noise to have negative impacts on
marine mammals and fish, as discussed in Section 3.2 (Alternative A: No Action), with some
additional negligible to minimal impacts on marine mammals, finfish, and diving birds within
and near the rulemaking expansion area.

Refer to the Plants and Animals Discipline Report (Appendix F) for more details on overall
impacts to wildlife.
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Table 12. Change in modeled median noise levels from Alternative A to Alternative C.

Key Receptor

Broadband

(0.01-63 kHz)

SRKW

Communication Band

SRKW Echolocation
Band (16-63 kHz)

Location (0.5-16 kHz)
Winter Summer Winter Summer Winter Summer
Median noise level (Lso, dB re 1 yPa?), Alternative A
1 |Strait of Georgia 100.8 89.4 99.0 87.5 77.2 79.3
2 |Boundary Pass 92.9 92.6 91.6 90.9 78.3 81.1
3 |Lummi Bay 94.2 88.1 93.4 86.6 77.8 79.4
4 |Anacortes 98.2 92.5 95.6 90.5 78.9 80.7
5 |Rosario Strait 94.2 96.8 93.2 95.7 80.6 82.0
6 |Haro Strait 94.0 94.0 92.7 92.7 79.6 82.0
7 |Puget Sound 89.8 105.1 88.4 103.5 78.3 81.0
Change in median noise level (Lso, dB re 1 yPa?) from Alternative A to Alternative C
1 |Strait of Georgia 0 0 -0.1 0 0 0
2 |Boundary Pass 0 0 0.1 0 0 0
3 |Lummi Bay 0.6 0 0.3 0 0 0
4 |Anacortes 0 -0.1 0 -0.1 0 0
5 |Rosario Strait 0 0 0 0 0 0
6 |Haro Strait 0 0 0 0 0 0
7 |Puget Sound 0 0 0 0 0 0
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Table 13. Change in modeled highest noise levels from Alternative A to Alternative C.

Kev Receiver Broadband Commuﬁ?c‘;ri\:)n Band SRKW Echolocation
IYocation (0.01-63 kHz) (0.5-16 kHz) Band (16-63 kHz)
Winter Summer Winter Summer Winter Summer
Highest noise level (Ls, dB re 1 yPa?), Alternative A
1 |Strait of Georgia 118.9 105.2 117.0 100.1 90.0 84.3
2 |Boundary Pass 112.3 107.9 110.1 104.3 89.3 85.2
3 |Lummi Bay 116.8 92.6 116.3 90.5 90.2 83.1
4 |Anacortes 115.3 111.7 114.5 110.1 90.5 92.1
5 |Rosario Strait 123.3 120.5 120.5 117.9 99.1 97.1
6 [Haro Strait 119.2 115.8 115.5 112.8 91.3 90.0
7 |Puget Sound 124.5 125.3 118.8 119.2 97.1 99.7
Change in highest noise level (Ls, dB re 1 yPa?) from Alternative A to Alternative C
1 |Strait of Georgia 0 0 0 0 0 0
2 |Boundary Pass 0.4 0 0.3 0 0 0
3 |Lummi Bay 0 -0.1 -0.1 0 0 0
4 |Anacortes 0 -0.2 0 0 0 0
5 |Rosario Strait 0 0 0 0 0 0
6 |Haro Strait 0 0 0 0 0 0
7 |Puget Sound 0 0 0 0 0 0

Table 14. Modeled number of minutes (per week) above the 120 dB SPL threshold under
Alternative A and Alternative C.

Key Receptor Winter Summer
Location Alternative A Alternative C Alternative A Alternative C
1 |Strait of Georgia 366 366 3 3
2 |Boundary Pass 15 15 42 42
3 |Lummi Bay 134 134 4 4
4 |Anacortes 162 162 210 210
5 |Rosario Strait 926 926 604 604
6 |Haro Strait 498 498 293 293
7 |Puget Sound 1,144 1,144 1,326 1,326

Page 49

Environmental Health: Noise Discipline Report

June 2025




Table 15. Modeled number of minutes (per week) above the 150 dB SPL threshold under
Alternative A and Alternative C.

Location Alternative A | Alternative C | Alternative A | Alternative C
1 |Strait of Georgia 0 0 0 0
2 |Boundary Pass 0 0 0 0
3 |Lummi Bay 0 0 0 0
4 |Anacortes 1 1 0 0
5 |Rosario Strait 5 5 15 15
6 |Haro Strait 1 1 1 1
7 |Puget Sound 26 26 35 35
Table 16. Modeled average total area ensonified above the 120 dB SPL threshold under
Alternative A and Alternative C.
. Area Ensonified Above 120 dB SPL (km?)
Scenario -
Winter Summer
Alternative A 118.4 80.7
Alternative C 118.6 80.6
Table 17. Modeled average total area ensonified above the 150 dB SPL threshold under
Alternative A and Alternative C.
. Area Ensonified Above 150 dB SPL (km?)
Scenario -
Winter Summer

Alternative A 1.5 1.2
Alternative C 1.5 1.2

Lastly, under Alternative C, the changes in escort tug activity described above could result in
additional perceptible airborne noise impacts to shoreline communities located near the
rulemaking expansion area, especially near Cherry Point. However, the majority of the increase
in escort tug activity would take place far from the shoreline (i.e., within the expanded
rulemaking area), and escort tug activity near certain communities (e.g., Anacortes, Neptune
Beach) would decrease under Alternative C.

3.4.2 Mitigation Measures

Mitigation measures for Alternative C are largely the same as those included for Alternative A
(Section 3.2.2). Escort tugs would be required to adhere to existing federal vessel traffic safety
requirements and state noise standards. Ecology recommends that escort tugs continue to
participate in PSHSC Standards of Care, voluntary underwater noise reduction measures,
maintain distance from killer whales where safe to do so, and consider transitions to hybrid
electric vessels when feasible to do so. We also recommend that the PSHSC consider extending
and/or creating new Standards of Care as described in Section 3.2.2.
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Specifically for Alternative C, our recommendation to extend the Tanker Escort Standard of
Care includes both extending the overall applicability and speed recommendations to the
escort of target vessels, and including the expansion area.

3.4.3 Significant and Unavoidable Adverse Impacts

The expansion of tug escort requirements under Alternative C would result in significant and
unavoidable adverse impacts to marine mammals in the EIS Study Area due to the substantial
contribution to underwater noise attributable to tug escort requirements , which would be the
same as those discussed in Section 3.2.3 (Significant and Unavoidable Adverse Impacts) for
Alternative A.

The expansion of tug escort requirements would not be expected to result in a chronic or
recurring increase in the frequency, severity, and/or extent of airborne noise standard
exceedances in populated communities. Therefore, Alternative C would not result in significant
and adverse impacts related to airborne noise in the EIS Study Area.

3.5 Alternative D: Removal of Tug Escort Requirements
3.5.1 Impacts from Implementation

Alternative D removes the existing tug escort requirements for target vessels, eliminating
escort tug activity associated with this proposed rule. Target vessel movement would be
unaffected by this Alternative. We can reasonably assume that most or all of the 18 identified
escort tugs would remain within the EIS Study Area but shift to other assisting and/or escort
work for larger vessels. While the individual tugs may continue to contribute to underwater
noise across the EIS Study Area, those impacts are unrelated to this rulemaking and are not
considered. Our analysis for Alternative D focuses on the change in underwater noise
associated with the removal of tug escort requirements for target vessels in the current
rulemaking area.

We estimate that Alternative D reduces total AlS vessel traffic underway time by 0.96 percent.
The reduction of escort tug vessel traffic would result in less vessel traffic in shipping lanes and,
thus, corresponding underwater noise. As discussed in Sections 3.1.5 (Assessment of Current
Underwater Noise Impacts from Marine Vessels) and 3.2 (Alternative A: No Action), the existing
tug escort requirements (Alternative A) contribute a substantial amount to underwater noise,
with potential impacts to marine mammals and finfish at some modeled locations in the EIS
Study Area, specifically Rosario Strait, Anacortes, and Lummi Bay. Therefore, a substantial
improvement in the underwater soundscape at those three locations would be possible due to
the reduced exceedances of the NMFS marine mammal behavioral disturbance acoustic
threshold. See the “without tug escorts” portions of Tables 6 to 11 for the model outputs for
Alternative D.

The underwater noise model predicted changes in median noise levels at all seven biologically
sensitive receptor locations under Alternative D, either during one or both seasons. The results
of the noise modeling showed that median noise levels are expected to decrease at certain
modeled times and locations (notably Rosario Strait and Puget Sound), including fewer and/or
shorter exceedances of the 120 dB SPL NMFS marine mammal behavioral threshold in some of

Environmental Health: Noise Discipline Report
Page 51 June 2025



these modeled locations. For example, Alternative D would decrease exceedances at the
Rosario Strait modeled location by 18 percent and 25 percent in the winter and summer,
respectively. At the Anacortes modeled location, Alternative D would decrease exceedances by
29 percent in the winter. Alternative D would also be expected to reduce exceedances near the
Lummi Bay modeled location in the winter by 13 percent. Alternative D would also reduce
exceedances of the 150 dB SPL NMFS finfish behavioral acoustic threshold at Rosario Strait
(winter and summer), Haro Strait (summer), and Anacortes (winter).

The removal of escort tug requirements for target vessels would reduce noise-related impacts
in the areas highlighted above, resulting in benefits to important animal resources such as
through reduced risk of noise-related injury and stress; expanded area use; and improved
communication, orientation, foraging, mating, and defense.

Refer to the Plants and Animals Discipline Report (Appendix F) for more details on overall
impacts to wildlife.

Lastly, under Alternative D, elimination of the tug escort requirement would eliminate airborne
noise contributions from escort tugs. However, because these existing noise impacts are not
substantial, improvements in airborne noise levels would not be expected to be significant.

3.5.2 Mitigation Measures

No mitigation measures have been identified for Alternative D.

3.5.3 Significant and Unavoidable Adverse Impacts

Alternative D would result in reductions in the amount of time that underwater noise exceeds
the 120 dB SPL and 150 dB SPL thresholds at some biologically sensitive locations. This
reduction in noise would result in benefits for marine mammals, finfish, marine birds, and other
noise-sensitive marine wildlife due to a substantial (> 10 percent) decrease in the time when
noise levels exceed the acoustic thresholds at certain locations (i.e., Rosario Strait, Anacortes
and Lummi Bay). Due to the reduction in underwater and airborne noise, Alternative D would
not result in significant and unavoidable adverse noise impacts.
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Figure C-4. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative C
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Figure C-7. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative C
(green) with time (one week) at key receptor location #7.

Figure C-8. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative C
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Figure C-9. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative C
(green) with time (one week) at key receptor location #2.

Figure C-10. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative C
(green) with time (one week) at key receptor location #3.

Figure C-11. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative C
(green) with time (one week) at key receptor location #4.

Figure C-12. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative C
(green) with time (one week) at key receptor location #5.

Figure C-13. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative C
(green) with time (one week) at key receptor location #6.

Figure C-14. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative C
(green) with time (one week) at key receptor location #7.

Figure C-15. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative D —
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Figure C-16. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative D —

removal (blue) with time (one week) at key receptor location #2.

Figure C-17. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative D —

removal (blue) with time (one week) at key receptor location #3.

Figure C-18. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative D —

removal (blue) with time (one week) at key receptor location #4.

Figure C-19. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative D —

removal (blue) with time (one week) at key receptor location #5.

Figure C-20. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative D —

removal (blue) with time (one week) at key receptor location #6.

Figure C-21. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative D —

removal (blue) with time (one week) at key receptor location #7.

Figure C-22. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative D —

removal (blue) with time (one week) at key receptor location #1.

Figure C-23. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative D —

removal (blue) with time (one week) at key receptor location #2.

Figure C-24. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative D —

removal (blue) with time (one week) at key receptor location #3.

Figure C-25. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative D —

removal (blue) with time (one week) at key receptor location #4.

Figure C-26. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative D —

removal (blue) with time (one week) at key receptor location #5.
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Figure C-27. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative D —
removal (blue) with time (one week) at key receptor location #6.

Figure C-28. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative D —
removal (blue) with time (one week) at key receptor location #7.

Figure C-29. SRKW echolocation band (15 to 63 kHz) received SPL for Alternative A (red) and
Alternative D — removal (blue) with time (one week — top plot, 48 hrs — bottom plot) at key
receptor location #5 in southern Rosario Strait.

Figure D-1. Equivalent continuous noise levels (Leq) for winter (left) and summer (right) in the
broadband, Southern Resident killer whale (SRKW) communication band, and SRKW
echolocation band for Alternative C.

Figure D-2. Equivalent continuous noise levels (Leq) for winter (left) and summer (right) in the
broadband, Southern Resident killer whale (SRKW) communication band, and SRKW
echolocation band for Alternative D.

Tables

Table 1. Key underwater noise receptor locations and rationale for their selection.

Table 2. Description of the escort tug underway time associated with the proposed rulemaking for
each alternative.

Table 3. The ten vessel categories used for the classification of all vessel traffic in the track datasets.

Table 4. Summary of data sources and scaling relationships used for assigning source levels to
different vessel categories.

Table 5. Seabed profiles for the geoacoustic zones. Parameter values vary linearly within each depth
range.

Table 6. Median noise levels (Lso; dB re 1 pPa) for Alternative A (top section) and the differences with
Alternative C and D (bottom sections) in the broadband, Southern Resident killer whale (SRKW)
communication band, and SRKW echolocation band at the key receptor locations.

Table 7. Highest noise levels (Ls; dB re 1 pyPa) for Alternative A (top section) and the differences with
Alternative C and D (bottom sections) in the broadband, Southern Resident killer whale (SRKW)
communication band, and SRKW echolocation band at the key receptor locations.

Table 8. Winter: number of minutes (per week) above the 120 dB threshold at each receptor location
under each alternative and percent increase from Alternative D.

Table 9. Summer: number of minutes (per week) above the 120 dB threshold at each receptor
location under each alternative and percent increase from Alternative D.

Table 10. Winter: number of minutes (per week) above the 150 dB threshold at each receptor
location under each alternative and percent increase from Alternative D.

Table 11. Summer: number of minutes (per week) above the 150 dB threshold at each receptor
location under each alternative and percent increase from Alternative D.

Table 12. Average total area ensonified above the 120 dB threshold for each alternative and percent
increase from Alternative D.

Table 13. Average total area ensonified above the 150 dB threshold for each alternative and percent
increase from Alternative D.

Table A-1. Frequency dependent parameters of the CRAM computational grid used in the current
study.
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Table E-1. Equivalent continuous noise levels (Leq; dB re 1 yPa) for Alternative A (top section) and
the difference with Alternative C and D (bottom sections) in the broadband, Southern Resident
killer whale (SRKW) communication band, and SRKW echolocation band at the key receptor
locations. E-1
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Executive Summary

The Salish Sea and Puget Sound are important habitat areas for Southern Resident killer whales (SRKW)
and many other species of marine mammals. Busy marine shipping routes also pass through these areas,
including local and international shipping lanes to the Ports of Seattle, Tacoma, and Vancouver British
Columbia and others, as well as numerous passenger and cargo ferry routes. These inland waters are
also popular for recreational and fishing vessels, as well as tug and ecotourism traffic. Underwater noise
from vessels can have widespread impacts on marine animals by disrupting their behaviour, reducing
their habitat quality, and limiting their ability to communicate and forage.

Underwater noise is one of the priority elements of the tug escort rulemaking Environmental Impact
Statement (EIS). This technical memorandum presents the details of an underwater noise modeling
assessment to compute existing noise levels and predicted changes due to changes in tug escort
requirements under the proposed rulemaking alternatives. This report includes the modeling objectives,
overview of the alternatives, details of the model and inputs, the results in a number of formats (graphs of
noise level vs. time, sound maps, and tabulated values), and the key findings. The assessment examined
noise levels at identified biologically-important receptor locations and aimed to address the following
questions:

1.  What are the existing underwater sound levels at the key receptor locations (i.e., biologically
significant areas)?

2. How do existing tug escort operations contribute to these existing conditions?

3. How does the proposed expansion of the tug escort requirements affect the underwater sound levels
at the key receptor locations?

4. What are the changes in noise levels at the key receptor locations due to the removal of the tug
escort requirements?

5. Where and how often are the National Marine Fisheries Service (NMFS) behavioral disturbance
thresholds (120 and 150 dB broadband sound pressure level (SPL) for marine mammals and finfish,
respectively) exceeded, and how does this change between the alternatives?

To answer these questions, a state-of-the-art acoustic model (JASCO's ARTEMIA) was used to create
weekly-average sound maps for the alternatives and received noise levels with time at each receptor. The
model used vessel traffic data for each alternative provided by the Department of Ecology for January and
July 2022. Source levels for the different vessel categories were derived from a comprehensive review of
vessel underwater radiated noise (URN) data sets and reports collected by the VFPA-led ECHO Program,
Transport Canada, and JASCO since 2015.

The results were analyzed in three frequency bands, specified by an expert working group (Heise et al.
2017) for their special relevance to the acoustic quality of SRKW habitat:

1. Broadband (10-63,000 Hz), for evaluating behavioural or physiological impacts.
2. Communication band (500-15,000 Hz), for evaluating effects of noise on communication masking.
3. Echolocation band (15,000-63,000 Hz), for evaluating effects of noise on echolocation masking.

The analysis revealed that noise levels at all of the seven biologically-important receptor locations
periodically exceeded the NMFS 120 dB acoustic disturbance behavorial threshold for marine mammals
under existing vessel traffic conditions during both seasons modeled. Additionally, three to four of the
locations (depending on the season) occasionally exceeded the 150 dB finfish acoustic disturbance
threshold, though this occurred much less frequently than the 120 dB threshold exceedances.
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The occurrence and duration of exceedances above both the 120 and 150 dB thresholds under
Alternative C were identical to those under Alternative A. Some locations (four for the 120 dB threshold
and two for the 150 dB threshold) had fewer and/or shorter exceedances under Alternative D (removal of
tug escort requirements). Existing tug escort operations (those affected by the rulemaking) have a fairly
substantial contribution to the local soundscape depending on the location as determined by the model.
Median noise levels increased at all of the receptor locations, although minimally at some (0.1 to 0.3 dB)
but substantially at others (up to 1.7 dB) with high tug density, i.e., southern Rosario Strait.

The expansion of the tug escort requirements was modeled to have minimal effect on underwater sound
levels at the key receptor locations. The median and highest broadband noise levels increased by a
maximum of 0.6 and 0.4 dB, respectively, at the closest receptors to the expansion area, i.e., Lummi and
Boundary Pass, and only in the winter. The lack of effect in summer is likely attributed to higher noise
levels from recreational vessel traffic that mask the smaller changes in noise produced by the presence of
escort tugs. The NMFS behavioral thresholds are not exceeded more often under Alternative C than
under the existing conditions (Alternative A).
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1. Introduction

This report presents the underwater noise assessment as part of the tug escort’ rulemaking
Environmental Impact Statement (EIS). Underwater noise pollution, introduced into the environment by
vessel traffic, can have widespread impacts on marine animals by disrupting their behaviour, reducing
their habitat quality, and limiting their ability to communicate and forage (Nowacek et al. 2007; Weilgart
2007; Tyack 2008; Joy et al. 2019). The endangered Southern Resident killer whale (SRKW) population is
protected under the Endangered Species Act (ESA) in the United States of America, and its critical habitat
overlaps with the EIS Study Area. To examine the potential impacts on SRKW and other local marine
mammal species, sound levels were computed at biologically-significant locations within the EIS study
area for the following four rulemaking alternatives:

e Alternative A: Alternative A represents the most likely future conditions if no changes are made to
existing tug escort requirements for target vessels. Tug escort requirements for target vessels would
remain in place in the current rulemaking area as established by RCW 88.16.190(2)(a)(ii). Alternative
A maintains tug escort’ requirements for laden tank barges and articulated tug barges (ATBs) over
5,000 deadweight tonnage (DWT) and oil tankers between 5,000 and 40,000 DWT, hereafter referred
to as the target vessels, in Rosario Strait and connected waters east. This is the no action alternative
and the current requirement in statute.

e Alternative B: Alternative B adds functional and operational requirements (FORs) intended to increase
safety and formalize existing best practices. It makes no change to the geographic boundaries of the
RCW 88.16.190(2)(a)(ii) or the vessels to which it applies. These FORs include a pre-escort
conference, minimum horsepower, and propulsion specifications.

e Alternative C: Alternative C maintains the tug escort requirements outlined in Alternative A and
expands them northwest towards Patos Island. Alternative C would result in a 2.41 percent increase in
escort tug underway time. The net increase in escort tug underway time would occur primarily within
and near the expansion area (i.e., in the Strait of Georgia and the Strait of Georgia South Zones),
while escort tug underway time in the rest of the EIS Study Area would decrease slightly or remain
the same (see Figure 6). Alternative C also includes the FORs outlined in Alternative B.

e Alternative D: Alternative D removes the existing tug escort requirements for target vessels within the
rulemaking area, eliminating escort tug underway time associated with this proposed rule. It is
reasonable to assume that most or all of the 18 identified escort tugs would remain within the EIS
Study Area but shift to other assisting and/or escort work for larger vessels. While the individual tugs
may continue to contribute to underwater noise impacts, they would be unrelated to this rulemaking
and are not considered here.

" "Unless specified otherwise, the terms “escort tug” and “tug escort” refer to the subset of overall tug escort activity or underway
time for target vessels that are specifically affected by this rulemaking. Unless otherwise noted, the following meanings apply: “Tug
escort” refers to the act of a tug escorting a target vessel that is specifically affected by this rulemaking. “Escort tug” refers to the
tug that conducts escorts of target vessels. Underway time for an escort tug includes active escort time and time spent commuting
to and from an escort job.
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JASCO’s ARTEMIA model was used to compute sound levels (broadband, SRKW communication, and
echolocation bands) for each alternative to create average sound level maps, and to compute noise level
variations with time. This model accounts for individual ship locations and movements through the study
area to calculate area-wide noise levels in 10-minute time steps and locally around each receptor location
in 1-minute time steps. It was applied to address the following objectives:

1. What are the existing underwater sound levels at the key receptor locations (i.e., biologically
significant areas)?

2. How do existing tug escort operations contribute to these existing conditions?

3. How does the proposed expansion of the tug escort requirements affect the underwater sound levels
at the key receptor locations?

4. What are the changes in noise levels at the key receptor locations due to the removal of the tug
escort requirements?

5. Where and how often is the National Marine Fisheries Service (NMFS) behavioral disturbance
thresholds (120 dB and 150 dB broadband SPL for marine mammals and finfish, respectively)
exceeded and how does this change between the alternatives?

This report presents the methodology and assumptions that were associated with the modeling. Section 2
presents the details of the model and input data sets. Section 3 presents the results of the modeling and
Section 4 summarizes the key findings and important notes for the interpretation of the results.
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2. Methods

2.1. Model Area and Noise Receptor Locations

The underwater noise model area covered a slightly smaller region than the EIS study area to reduce
computational time and storage requirements yet still address the study objectives. For example, the
affected tug traffic density was consistent throughout the main waterways of Puget Sound (Figure 1), thus
extrapolation of the results from the northern portion (near receptor #7) is reasonable.
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Figure 1. Map of modeling area with key acoustic receptor locations with density tracks of the escort tugs affected by
the rulemaking.

Table 1. Key underwater noise receptor locations and rationale for their selection.

5] rec_eptor Rationale for selection
location

1-So0G Near proposed expansion area and a SRKW hotspot3
Near proposed expansion area and an area frequented by SRKW3, humpback whales?and harbor
2 - Boundary .
porpoises
3 — Lummi Near proposed expansion area
Close to a moderate amount of target tug traffic and an area frequented by SRKW"3and harbor
4 — Anacortes )
porpoises
5 _ Rosario Close to a moderate amount of target tug traffic and an area frequented by SRKW"3and harbor
porpoises*
6 — Haro A hotspot for SRKW'? and humpback whales?
7 — Puget Close to current target tug route and an area frequented by SRKW', humpback, and gray whales?

" (Olson et al. 2018), 2 (Olson et al. 2024), * (DFO 2021),  (Anderson et al. 2023)
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2.2. ARTEMIA Model Overview

Underwater noise calculations were carried out using JASCO’s Acoustic Real-Time Exposure Model
Incorporating Ambient (ARTEMIA). ARTEMIA is an underwater soundscape prediction and mapping
model that accurately simulates underwater sound levels generated by large ensembles of marine
sources (e.g., such as vessels, geophysical surveys, and ambient sound) over large geographic areas.
The model combines input data from several different sources, described below, to predict marine
environmental noise originating from ship traffic and ambient sources. All sound map calculations were
performed in a BC Albers easting (x) and northing (y) coordinate system (code EPSG:3005). The
frequency range of the sound mapping calculations was 10-63,000 Hz, in decidecade (i.e., standard one-
third-octave) frequency bands.

Key inputs to the ARTEMIA model included a georeferenced database describing environmental features
influencing sound propagation (see Section 2.7), vessel source density maps (see Section 2.4), and time-
dependent wind and rain data (see Section 2.7.4). From these inputs, ARTEMIA used numerical sound
propagation models to produce digital maps of sound pressure level (SPL) data versus easting, northing,
frequency, and depth for the study area (Figure 2).

Source density Iayers

Wind and rain data
[ 2022-01-01 [ 2022-01-02 |
L il i il

ARMEMIA

Sound
Propagation

sound map layers

Ly (x,y,2)
G by source type
< erﬁ%i: by frequency band
oo method by month

Figure 2. Flowchart of JASCO’s Acoustic Real-Time Exposure Model Incorporating Ambient (ARTEMIA) model.

For this study, ARTEMIA was configured to compute sound propagation using the split-step parabolic-
equation method, which is a fast and accurate method for calculating underwater wave propagation. In
ARTEMIA, the time-dependent aspect of the soundscape is handled by running the model in the track
mode, which computes time-dependent sound level maps from vessel tracks and meteorological data.
This was used to calculate ship noise and ambient sound calculations through the study area to compute
area-wide noise levels in 10-minute time steps and locally around each receptor location in 1-minute time
steps.

ARTEMIA takes advantage of Open Multi-Processing (OpenMP) parallelization technology to accelerate
propagation modeling calculations using multi-core CPU architectures. Sound fields for the present study
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were calculated using a High Performance Computing (HPC) cluster. Parallel model runs were executed
on multiple HPC nodes, with 40-96 processor cores per node, to accelerate the model calculations.

2.3. CORI SRKW Frequency Bands

Sound maps generated using ARTEMIA were analyzed in terms of the following three frequency bands
that were identified by an expert working group convened by the Coastal Ocean Research Institute
(CORI) (Heise et al. 2017) as being particularly relevant to the acoustic quality of SRKW habitat:

1. Broadband (nominally 10-100,000 Hz; limited to 10-63,000 Hz for this study), for evaluating
behavioural or physiological impacts.
. Communication band (500-15,000 Hz), for evaluating effects of noise on communication masking.
3. Echolocation band (nominally 15,000-100,000 Hz; limited to 15,000-63,000 Hz for this study), for
evaluating effects of noise on echolocation masking.

These frequency bands cover the range of overlap between vessel noise and SRKW hearing sensitivity, as
shown in Figure 3.

broadband
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Figure 3. Killer whale audiogram data (i.e., hearing threshold versus frequency) (Szymanski et al. 1999; Branstetter et
al. 2017). The range of the Coastal Ocean Research Institute (CORI) broadband, communication and echolocation
bands are indicated by the plot annotations.

SPL in the three CORI bands were computed by summing the decidecade sound maps from ARTEMIA
within the corresponding frequency ranges (with appropriate weighting at the band edges). Summation of
the broadband and SRKW echolocation bands was limited to the maximum modeled decidecade band
frequency of 63,000 Hz. Neglecting bands above 63,000 Hz was not expected to affect the results, as
these bands generally contribute comparatively little sound energy to the marine soundscape due to the
strong effect of seawater absorption on sound propagation at high frequency.
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2.4. Vessel Traffic Dataset

Vessel traffic datasets for each alternative were provided by the Department of Ecology, and are thus
consistent across other aspects of the EIS. Ecology developed a model to simulate vessel traffic patterns
and oil spill risk, including escort tug activity. The model was based on historical automatic identification
system (AIS) data from 2015-2019 and was used to inform the 2023 Analysis of Tug Escorts for Tank
Vessels. For the current EIS effort, Ecology used the model 1) to simulate the tracks of escort and assist
tug traffic, and 2) to simulate the current volumes of escort and assist tug traffic along these tracks while
accounting for tug escort requirements that went into effect in 2020. Ecology also used the model to
simulate tracks and volumes of target and non-target vessels, specifically for use as inputs for the
underwater noise modeling.

The model produced 1,000 annual simulations of escort and assist tug traffic. To represent current
conditions and Alternative A, Ecology selected the simulation output with the highest amount of escort tug
traffic (i.e., the "worst case scenario") to ensure that the EIS does not undercount potential environmental
impacts and to account for other potential near-term growth in vessel traffic (e.g., traffic from the Trans
Mountain Expansion). For Alternative C, Ecology modified the Alternative A simulated traffic outputs to
account for the proposed changes in tug escort requirements under that alternative. For Alternative D,
escort tug underway time associated with this rule was excluded from the underwater noise model inputs.
Finally, JASCO adjusted the outputs for non-target vessels to account for recreational and fishing vessels
that are not equipped with AIS.

JASCO compared the Department of Ecology-provided datasets with AlS data downloaded from the
National Oceanic and Atmospheric Administration (NOAA) Marine Cadastre website, which revealed
comparable numbers of vessel transits and density. Table 2 summarizes how the escort tug underway
time differs between the alternatives.

Table 2. Description of the escort tug underway time associated with the proposed rulemaking for each alternative.

Alternative |Description

A - No action Ecology-provided escort tug activity data representing (simulated) existing traffic conditions.

B - FORs  |Assumed identical to Alternative A; did not model.

Ecology-provided escort tug activity data representing simulated activity under the expansion,
C - Expansion |corresponding to an increase in escort tug activity in the Strait of Georgia and Strait of Georgia
South; minor or no changes in escort tug activity throughout the rest of the EIS study area;

D - Removal | Elimination of the existing escort tug activity in the EIS study area.

One full week of simulated vessel transits in winter and one full week in summer were selected for this
assessment to capture seasonal variations in vessel traffic (Figure 4). These weeks were chosen in
January and July to represent the respective winter and summer season. The provided traffic data were
relatively consistent throughout the modeled months.
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Figure 4. Daily density values for vessels with AIS (measured in number of 1 min vessel track points) in January (left)
and July (right) for Alternative A. The weeks modeled are highlighted by the red box.

Recreational and fishing vessels frequently do not carry AIS transponders or sometimes use shorter range
AIS transponders so their messages are not always received and logged at sparsely distributed AIS
monitoring stations. As such, the simulated traffic dataset provided by the Department of Ecology is not
necessarily reflective of all vessel traffic present in the area. Adjustments to account for missing
recreational and fishing vessel traffic are described in Section 2.5. Track data for recreational vessels,
fishing vessels and anchored vessels were acquired through NOAA’s Marine Cadastre website.

All vessels were categorized as one of ten types of vessels (Table 3) to assign source levels, as detailed in
Section 2.6.

Table 3. The ten vessel categories used for the classification of all vessel traffic in the track datasets.

Category name Description
Cargo Vessels at Bulk Carriers, Container Ships, General Cargo Ships, Tankers, or Vehicle Carriers at
Anchorage anchor
Bulk Carriers Cargo vessels that carry bulk cargo
Container Ships Cargo vessels that carry shipping containers

Fishing vessels, including commercial and indigenous fishing vessels, but excluding
personal recreational fishing boats
Tankers Cargo vessels transporting oil or large amounts of fluid

Vessels with a purpose of carrying passengers that do not fit in other categories, such

Fishing

Passenger ) . )
g as cruise ships and water taxis
Recreational Personal watercrafts
Ferry Ferry vessels including roll-on roll-off vessels that carry passengers (ro-ro passenger)

or cargo (ro-ro cargo)

Tugs and Tug-and-barge
Combos

Vehicle Carriers Cargo vessels that transport vehicles

Tugs with or without associated barges, ATB, tow bunkering, tow oil tugs
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2.5. Non-AlIS Scaling Factors

AIS is a radio broadcasting system used to track and identify vessels for navigational safety. Requirements
for vessels to carry AIS vary depending on the vessel type/size and local regulations. It was assumed that
only the fishing and recreational vessel categories include a significant percentage of vessels that do not
broadcast AIS (Serra-Sogas et al. 2021). The AIS tracks for these categories were scaled to correct for
missed traffic records, as discussed in the study by Serra-Sogas et al. (2021) that compared aerial survey
vessel identifications with corresponding AlS records. Serra-Sogas et al. (2021) estimated average non-
AIS percentage at between 85 and 87 percent for these vessels categories. However, AlS use by these
vessel categories has likely increased since the data collection in 2016 and 2017; thus, it was projected
that approximately 75 percent of fishing and recreational vessels do not broadcast AIS and are not
accounted for in the Department of Ecology or NOAA vessel activity datasets. A scaling factor of four was
therefore applied to the corresponding fishing and recreational vessel data downloaded from the NOAA
Marine Cadastre website to account for these non-AlS vessels.

2.6. Vessel Source Levels

Source levels for the ten different vessels categories were derived from a comprehensive review of vessel
underwater radiated noise (URN) data sets and reports collected by the ECHO Program, Transport
Canada (TC), and JASCO since 2015 (Table 4). Supplement B provides more details about the source
level data sets used to represent URN for different types of vessels for this assessment.

In the acoustic model, AIS vessels in each category were assigned source levels based on their type
classification, length (1), speed (v), and draft (d). The general form of the frequency-dependent source
levels in the model was a power law formula, adapted from MacGillivray et al. (2022):

Ls(f) = Lser() + Bo(F) 10810 5+ Bu() 10810 7~ + Ba(f) logro g~ dB ™)

where:
e [ is the decidecade band centre frequency (Hz), from 10 to 50,000 Hz;

o B,(f), Bi(f), and B, (f) are frequency-dependent scaling factors for speed, length, and draft (taken to
be zero if source levels for the specified vessel type do not scale with a given parameter); and

o Ls(f) is a reference source level versus frequency curve (dB re 1 yPa’m?), for a specified vessel
type, at speed v, length [, and draft d .

For certain vessel categories, reference source levels were produced based on subdivision by additional
factors due to additional information on how the vessel noise emissions changed under specific
circumstances. These additional factors included subdivisions based on vessel size used for cargo and
passenger vessels, subdivisions based on year of build (YOB) used for roll-on roll-off (ro-ro) ferries, and
subdivisions based on different speed ranges used for ecotourism vessels. For the purposes of this
analysis and consistency with previous analyses, the escort tug population considered are the eighteen
escort tugs identified in Appendices P and Q of the 2021 Vessel Traffic Trend Study (BPC and Ecology
2021).

While the fleet conducting tug escort activity may have changed since the 2021 study (and may continue
to change), the fleet will remain generally similar in composition and characteristics (e.g., length) to those
identified in the 2021 study. Therefore, to compute average sound levels for this assessment, the source
level for the affected escort tug vessel traffic was not scaled for vessel length and instead used a single
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length corresponding to the 75" percentile of the lengths of those eighteen escort tugs. The reference
source level curves for the different vessel types are shown in Supplement B.

The time-stamped vessel position and source level data were used to calculate spatial grids (i.e., raster
maps) of frequency-dependent source density per unit area for the study area.
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Table 4. Summary of data sources and scaling relationships used for assigning source levels to different vessel categories.

oot Draft scaling

Vessel category Data sources categories ' (;caql:ng) (Ba #0)
l

Bulk carriers
Container ships
General cargo

Oil tankers ECHO functional regression model (MacGillivray et al. 2022)3 Yes Yes Yes Yes
Other tankers ECHO database (passenger vessels under 100 m only)*
Passenger

Tugs and tug-and-barge combos
Vehicle carriers
Fishing
Government
Miscellaneous
Recreational

ECHO database (TC Boundary Pass ULS, 2019-2023)*
ECHO 2017 slowdown trial report (naval vessels only; Yes No Yes No
MacgGillivray and Li 2018)*

ECHO measurements for ferry operators (MacGillivray and Li

Ferry 2016; MacGillivray et al. 2017; Frouin-Mouy et al. 2020; Dolman Yes Yes No No

et al. 2021)5
Cargo vessels at anchorage ECHO Burrard Inlet Measurements(Harris et al. 2022)° No No No No
Ecotourism ECHO Whale Watch and Smallz\éizs)?l URN Study (Wladichuk et al. By speed bin? No No No

! Indicates whether vessels in this category were assigned different reference source level curves based on their size or year of build (YOB).
2 Ecotourism vessels were assigned one of three source level profiles based on their AlS-reported speed over ground (<10, 10-20, and >20 knots).
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2.7. Environmental Description

Sound propagation in the ocean depends on the seawater and seabed environmental parameters. These
include water column temperature and salinity profiles, water depth, and geoacoustic properties of the
seabed, including sediment type (e.g., sand, silt, and bedrock) and the corresponding thickness of each
sediment layer. Details on each of these and the corresponding data sources are provided in the sub-
sections below.

2.7.1. Bathymetry

The bathymetry (depth contours) within the modeled region was represented using a 20 m resolution BC
Albers grid (code EPSG:3005). These data were synthesized from multiple sources, including the NOAA
digital elevation model (NGDC 2013), charts from the Canadian Hydrographic Service, and the SRTM15+
(v7.0) global bathymetry grid, which offers a 30 arc-second grid covering the entire globe (Rodriguez et
al. 2005). The compilation underwent re-gridding via minimum curvature techniques to account for
different resolutions of input data.

2.7.2. Sound speed profiles

In temperate regions, the seasonal variations in oceanic temperature and salinity profiles significantly
impact the speed of sound depth profile, leading to acoustic refraction effects. To capture these
variations, representative sound speed profiles (SSP) for January and July were derived using
temperature and salinity data from Fisheries and Oceans Canada (Water Properties Group 2019) and the
US Naval Oceanographic Office’s Generalized Digital Environmental Model V 3.0 (GDEM; 1990; Carnes
2009). The acoustic models applied here use these profiles to evaluate refractive effects.

2.7.3. Seabed geoacoustics

The geoacoustic characteristics of the seafloor play a crucial role in determining the propagation of sound
waves through the water column, particularly in shallow water where the seabed interacts strongly with
the propagating acoustic field. The primary mechanism for sound attenuation in shallow water (less than
approximately 200 m) is the reflection and absorption of sound energy at the seabed (Urick 1983). The
seabed geoacoustic properties within the modeled area were compiled by integrating results of
geoacoustic inversion analyses based on acoustic measurements and consulting relevant scientific
literature (Hamilton 1980; Erbe, MacGillivray, and Williams 2012; JASCO 2015; Matthews et al. 2018;
Ramsey and Warner 2021). These results were used to define and assign three geoacoustic zones,
representing different properties of the seafloor as inputs to the acoustic model (Table 5).
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Table 5. Seabed profiles for the geoacoustic zones. Parameter values vary Iinearly within each depth range.

Depth below Density
seafloor (m) (g/cm?) Speed Attenuation Speed Attenuation
(m/s) (dB/X) (m/s) (dB/A)

Zone A
0-100 Clayey-silt 1.54 1502-1602 0.61 195.0 29
>100 Bedrock 1.90 2275 0.10
Zone B and Zone C
0-50 Sand-silt-clay 1.80 1541-1591 0.72 250.0 19
>50 Bedrock 1.90 2275 0.10
Zone D
0-50 Silt 1.64 1558-1608 0.83
>50 Bedrock 1.90 2275 0.10 250 34

2.7.4. Wind and rain data

The acoustic model predicts ambient sound energy caused by wind and rain interacting with the sea
surface. These effects lead to baseline noise levels even in the absence of ship traffic.

To model sound due to wind and rain, meteorological data were retrieved from the Copernicus ERA5
reanalysis data set. The ERAS is a global reanalysis data set, comprised of over 200 variables, containing
data from 1940 to the present day, with a spatial resolution of 0.25 ° x 0.25 ° and a temporal resolution of
1 h. Grids of precipitation rate, temperature at sea surface, and wind speed at 10 m were retrieved for
January and July 2022. The retrieved grids were processed into 144 virtual weather stations, each with a
continuum of wind speed, temperature, and precipitation.

The resulting data set for each station then went through several checks to ensure completeness, and
accuracy of the data products produced. Statistics of the processed weather data indicate that both wind
and precipitation rate are significantly greater in winter (January) than in summer (July) across the study
area (plots in Appendix A.4).

3. Results

The underwater noise results are presented in a number of formats, including temporal plots showing
sound pressure level (SPL) vs time at each receptor location (Section 3.1), soundscape maps
(Section 3.2) and tabulated levels and differences between alternatives at each receptor location
(Section 3.3).

3.1. SPL vs Time

Broadband SPL versus time at receptor location #2 (Boundary Pass) for Alternatives A and C is shown in
Figure 5 and receptor location #5 (Rosario) for Alternatives A and D in Figure 6. These locations are
presented here as the model predicted greater differences between the Alternatives at those receptors.
The plots for all the other receptor locations are found in Supplement C.
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Figure 5. Broadband (10 Hz to 63 kHz) received sound pressure level (SPL) for Alternative A (red) and Alternative C
(green) with time (one week — top plot, 48 hrs — bottom plot) at receptor location #2 (Boundary Pass) adjacent to the
expansion area. The NMFS 120 dB marine mammal disturbance threshold is represented by the bold dashed line.
The spikes in SPL indicate vessel transits past the receptor location. No increase in the exceedance of the 120 dB
threshold due to the expansion (green) is observed; however, there are some periods of elevated levels which are
more apparent in the close-up graph on the bottom. These increases can be due to a closer approach of an actively
escorted target vessel as seen just past 00:00 on Jan 25 or an additional transit from an escort tug on its own, as seen
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just following this event.
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Figure 6. Broadband (10 Hz to 63 kHz) received sound pressure level (SPL) for Alternative A (red) and Alternative D —
removal (blue) with time (one week — top plot, 48 hrs — bottom plot) at key receptor location #5 (Rosario) that has high
escort tug traffic. The NMFS 120 dB marine mammal disturbance threshold is represented by the bold dashed line.
There are reductions in SPL due to the removal of the escort tug requirement (blue), which vary in level depending on
the proximity of the tug to the receptor as well as whether the transit included two vessels or one (i.e., escort tug
alone). These differences are more apparent in the close-up graph on the bottom.

3.2. Soundscape Maps

This section presents soundscape maps for the equivalent continuous noise levels (Leq), also known as
the time-average sound level, in each of the three frequency bands of interest (broadband, SRKW
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communication, and echolocation bands) for the two seasons. Alternative A is presented in Figure 7
below; the other alternatives are presented in Supplement D.
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Figure 7. Equivalent continuous noise levels (Leq) for winter (left) and summer (right) in the broadband (top), Southern
Resident killer whale (SRKW) communication band (middle), and SRKW echolocation band (bottom) for Alternative A.
Key receptor locations (yellow triangles) are numbered on each map. Note the difference in scales between the three

frequency bands.
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3.3. Tabulated Sound Levels

Tables 6 and 7 below present the median (Lso) and highest (Ls) values, respectively, for Alternative A and
the difference with Alternatives C and D for the three frequency bands and two seasons examined. A
corresponding table for the equivalent continuous noise levels (Leq) is found in Supplement E.

Table 6. Median noise levels (Lso; dB re 1 pPa) for Alternative A (top section) and the differences with Alternative C
and D (bottom sections) in the broadband, Southern Resident killer whale (SRKW) communication band, and SRKW
echolocation band at the key receptor locations.

CIGEGLET Communication band Echolocation band
Key receptor (0.01 to 63 kHz) (0.5 to 16 kHz) (16 to 63 kHz)

M e | sumer | Wmer | Swnmer | Wi | summer

Median noise level (Lso, dB re 1 uPa?), existing conditions with tug escorts (Alt. A)

1 SoG 100.8 89.4 99.0 87.5 77.2 79.3
2 | Boundary Pass 92.9 92.6 91.6 90.9 78.3 81.1
3 Lummi 94.2 88.1 93.4 86.6 77.8 79.4
4 | Anacortes 98.2 92.5 95.6 90.5 78.9 80.7
5 Rosario 94.2 96.8 93.2 95.7 80.6 82.0
6 Haro 94.0 94.0 92.7 92.7 79.6 82.0
7 Puget 89.8 105.1 88.4 103.5 78.3 81.0
Change in median noise level (Lso, dB re 1 yPa?) with expansion (from Alt. A to Alt.C)
1 SoG 0 0 -0.1 0 0 0
2 | Boundary Pass 0 0 0.1 0 0 0
3 Lummi 0.6 0 0.3 0 0 0
4 Anacortes 0 -0.1 0 -0.1 0 0
5 Rosario 0 0 0 0 0 0
6 Haro 0 0 0 0 0 0
7 Puget 0 0 0 0 0 0
Change in median noise level (Lso, dB re 1 pPa?) without tug escorts (from Alt. A to Alt. D)
1 SoG -0.2 0 -0.2 0 0 0
2 | Boundary Pass -0.1 0 -0.1 0 0 0
3 Lummi -0.2 -0.1 -0.3 0 -0.1 0
4 Anacortes -0.3 -0.3 -0.1 -0.3 0 0
5 Rosario -0.9 -1.7 -1.1 -1.9 -0.2 -0.3
6 Haro -0.2 -0.3 -0.3 -0.4 0 0
7 Puget -0.1 -0.8 -0.1 -0.9 0 -0.2
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Table 7. Highest noise levels (Ls; dB re 1 pyPa) for Alternative A (top section) and the differences with Alternative C
and D (bottom sections) in the broadband, Southern Resident killer whale (SRKW) communication band, and SRKW
echolocation band at the key receptor locations.

K Broadband Communication band Echolocation band
ey receptor (0.01 to 63 kHz) (0.5 to 16 kHz) (16 to 63 kHz)

location

Highest noise level (Ls, dB re 1 pPa?), existing conditions with tug escorts (Alt. A)

1 SoG 118.9 105.2 117.0 100.1 90.0 84.3
2 |Boundary Pass 112.3 107.9 110.1 104.3 89.3 85.2
3 Lummi 116.8 92.6 116.3 90.5 90.2 83.1
4 Anacortes 115.3 11.7 114.5 110.1 90.5 92.1
5 Rosario 123.3 120.5 120.5 117.9 99.1 97.1
6 Haro 119.2 115.8 1156.5 112.8 91.3 90.0
7 Puget 124.5 125.3 118.8 119.2 97.1 99.7
Change in highest noise level (Ls, dB re 1 uPa?) with expansion (from Alt. A to Alt.C)
1 SoG 0 0 0 0 0 0
2 |Boundary Pass 0.4 0 0.3 0 0 0
3 Lummi 0 -0.1 -0.1 0 0 0
4 Anacortes 0 -0.2 0 0 0 0
5 Rosario 0 0 0 0 0 0
6 Haro 0 0 0 0 0 0
7 Puget 0 0 0 0 0 0
Change in highest noise level (Ls, dB re 1 pPa?) without tug escorts (from Alt. A to Alt. D)
1 SoG 0 0 0 0 0 0
2 |Boundary Pass 0 0 -0.1 0 0 0
3 Lummi -0.2 -0.4 -0.4 0 -0.1 0
4 Anacortes -1.2 -1 -1.7 -1 -0.1 -0.5
5 Rosario -0.8 -2.8 -1 -2.5 -1.5 -2.6
6 Haro 0 -0.2 0 -0.3 0 -0.3
7 Puget 0 -0.1 0 -0.4 0 -0.1

The number of 1-min time steps where the received broadband SPL is above 120 dB and 150 dB were
summed for the week at each receptor location under each alternative (Tables 8 and 9 for the 120 dB
threshold exceedances for winter and summer, respectively and Tables 10 and 11 for the 150 dB
threshold exceedances for winter and summer, respectively).

Table 8. Winter: number of minutes (per week) above the 120 dB threshold at each receptor location under each
alternative and percent increase from Alternative D.

Duration of noise levels exceeding 120 dB (min/week) (A % from Alt. D)

Alt ti
1 - SoG ]2 Boundary 7 Puget

A-No action | 366 (0%) 15 (0%) 134 (13%) | 162 (29%) 926 (18%) 498 (0%) 1144 (1%)
C - Expansion | 366 (0%) 15 (0%) 134 (13%) | 162 (29%) = 926 (18%) 498 (0%) 1144 (1%)
D - Removal 366 15 119 126 782 498 1133
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Table 9. Summer: number of minutes (per week) above the 120 dB threshold at each receptor location under each
alternative and percent increase from Alternative D.

Duratlon of noise levels exceedlng 120 dB (mln/week) (A % from Alt. D)

Atermative

A - No action 3 (0%) 42 (0%) 4 (o%) 210 (9%) 604 (25%) 293 (6%) 1326 (9%)
C - Expansion | 3 (0%) 42 (0%) 4 (0%) 210 (9%) 604 (25%) 293 (6%) 1326 (9%)
D - Removal 3 42 4 192 483 277 1220

Table 10. Winter: number of minutes (per week) above the 150 dB threshold at each receptor location under each
alternative and percent increase from Alternative D.

Duratlon of noise levels exceedlng 150 dB (mln/week) (A % from Alt. D)

Altemative

A - No action 0 0 1 (100%) 5 (25%) (0%) 26 (0%)
C - Expansion 0 0 0 1 (100%) 5 (25%) 1(0%) 26 (0%)
D — Removal 0 0 0 0 4 1 26

Table 11. Summer: number of minutes (per week) above the 150 dB threshold at each receptor location under each
alternative and percent increase from Alternative D.

Duratlon of noise levels exceedlng 150 dB (mln/week) (A % from Alt. D)

Alt ti
e 7  Puget

A - No action 0 0 15 (25%) (100%) 35 (0%)
C - Expansion 0 0 0 0 15 (25%) 1 (100%) 35 (0%)
D - Removal 0 0 0 0 12 0 35

The average area ensonified above 120 dB and 150 dB broadband SPL for the weeks modeled under
each alternative are provided in Table 12 and 13 below.

Table 12. Average total area ensonified above the 120 dB threshold for each alternative and percent increase from
Alternative D.

Area ensonlfled above 120 dB

Alternative A % from Alt. D)
A - No action 118.4 (2%) 80.7 (4%)
C - Expansion 118.6 (2%) 80.6 (3%)
D - Removal 116.2 78.0

Table 13. Average total area ensonified above the 150 dB threshold for each alternative and percent increase from
Alternative D.

Area ensonlfled above 150 dB

Alternative A % from Alt. D)
A - No action 1.5 (0%) 1.2 (0%)
C - Expansion 1.5 (0%) 1.2 (0%)
D - Removal 1.5 1.2
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4. Conclusions

The underwater noise modeling assessment of the tug escort requirement alternatives revealed the
following key findings, addressing the study’s objective questions:

The SPL at all seven receptor locations periodically exceeded the NMFS 120 dB broadband SPL
behavorial disturbance threshold for marine mammals under the existing vessel traffic conditions
(Alternative A) during both seasons modeled. The levels at four locations in winter and three in
summer also periodically exceeded the 150 dB acoustic disturbance threshold for finfish, but much
less frequently than the 120 dB threshold. It should be taken into consideration that the noise model
used a receiver depth of 10 meters due to the particular focus on marine mammals, specifically
SRKW. Therefore, an animal at a greater water depth than 10 meters would experience lower sound
levels due to the increased distance between the source (vessel) and the receiver (animal). In other
words, there would be fewer or no exceedances of the thresholds for animals closer to the seafloor.

The occurrence and duration of exceedances above both the 120 and 150 dB thresholds under
Alternative C were identical to those under Alternative A. Some locations (four in both winter and
summer for the 120 dB threshold and two in both seasons for the 150 dB threshold) had fewer and/or
shorter exceedances under Alternative D.

Similar trends would be expected for a threshold of 110 dB in the SRKW echolocation band, as
highlighted by Tennessen et al. (2024) to be of particular relevance when examining potential impact
on foraging by SRKW. However, the threshold is anticipated to be exceeded less often than the 120
dB broadband threshold (Figure C-29 in Appendix C.3) since the echolocation band encompasses a
smaller frequency range, and therefore contains less acoustic energy. This suggests that using the
120 dB broadband threshold results in a more ecologically conservative analysis for this type of noise.

The highest existing (Alternative A) median sound levels were observed on the Strait of Georgia
receptor in winter and the Puget Sound receptor in summer (in the broadband frequency band).
Interestingly, the largest difference between winter and summer was observed at the Puget Sound
receptor, with higher sound levels experienced in summer.

The modeling revealed that existing tug escort requirements (those affected by the rulemaking) have
a fairly substantial contribution to the local soundscape at particular locations. Under current
conditions (Alternative A), tug escort requirements account for an increase in the median and highest
noise levels of up to 1.7 and 2.8 dB broadband SPL, respectively, compared to without tug escort
requirements (Alternative D). These increases occurred at locations with high escort tug underway
time density, i.e., Rosario Strait. However the increase attributable to current tug escort requirements
was less than 0.5 dB SPL for most other modeled locations and time periods.

Adherence to the functional and operational requirements (FORs), which includes pre-escort
conference, minimum horsepower, and propulsion specifications, is not expected to change the noise
levels. Based on a review of historical AIS data, Ecology found that the horsepower requirement
codifies existing industry practices for tug horsepower and size of target vessel. The propulsion
specification also codifies the existing conditions of escort tugs in the region. The OTSC identified that
all 18 tugs identified in the 2021 Vessel Traffic Trend Study (Ecology and BPC 2021) currently have
twin screw propulsion or better. The pre-escort conference will not change noise levels.
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e The expansion of the tug escort requirements (Alternative C) was modeled to have minimal effect on
underwater sound levels at the key receptor locations. The median and highest broadband noise
levels increased by a maximum of 0.6 and 0.4 dB, respectively relative to Alternative A, at the closest
receptors to the expansion area, i.e., Lummi and Boundary Pass. Both NMFS behavioral thresholds
are not exceeded more often with the expansion than under the existing conditions.

e Median noise levels decreased at all of the receptor locations, in either one season or both, due to the
removal of the curent tug escort requirements (Alternative D), and the amount of time spent above the
two NMFS behavioral thresholds decreased at four of the seven locations for the 120 dB threshold
(marine mammals) and two of the seven locations for the 150 dB threshold (finfish).

A few limitations or assumptions were made that could affect accuracy or relevancy of the assessment
results. The percentage of non-AlS vessel traffic was approximated from 7-9 year old data and while
some scaling for expected changes was made, there is uncertainty in the scaling parameter used to
estimate real fishing vessel and recreational vessel densities. The source level for the anchored vessels is
from measurements of one vessel and may not be representative of a typical vessel at anchor. The
simulation of vessel traffic represented just one week of winter and one week of real vessel traffic data;
some variability of traffic occurs between different weeks but it is expected that the variability will not lead
to substantial differences from the results predicted here.
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Glossary of Acoustics Terms

Unless otherwise stated in an entry, these definitions are consistent with ISO 18405 (2017).

indicates related terms that might be in this glossary. Underlined text indicates clickable
links to related terms in this glossary

1/3-octave
One third of an octave. A 1/3-octave is approximately equal to one decidecade (1/3 oct = 1.003 ddec).

1/3-octave-band

Frequency band whose bandwidth is one 1/3 octave. The bandwidth of a 1/3-octave-band increases with
increasing centre frequency.

90 % sound pressure level (90 % SPL)
The sound pressure level calculated over the 90 % energy time window of a pulse. Unit: decibel (dB).

absorption

The conversion of sound energy to heat energy. Specifically, the reduction of sound pressure amplitude
due to particle motion energy converting to heat in the propagation medium.

acoustic noise
Sound that interferes with an acoustic process.

ambient sound

Sound that would be present in the absence of a specified activity (ISO 18405: 2017). It is usually a
composite of sound from many sources near and far, e.g., shipping vessels, seismic activity, precipitation,
sea ice movement, wave action, and biological activity.

annotation

Within a spectrogram, a labelled selection of a time interval and frequency range as created during
manual analysis.

attenuation

The gradual loss of acoustic energy from absorption and scattering as sound propagates through a
medium. Attenuation depends on frequency—higher frequency sounds are attenuated faster than lower
frequency sounds.

audiogram

A graph or table of hearing threshold as a function of frequency that describes the hearing sensitivity of
an animal over its hearing range.

background noise

Combination of ambient sound, acoustic self-noise, and, where applicable, sonar reverberation (ISO
18405: 2017) that is detected, measured, or recorded with a signal.
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bandwidth
A range within a continuous band of frequencies. Unit: hertz (Hz).

broadband level

The total level measured over a specified frequency range. If the frequency range is unspecified, the term
refers to the entire measured frequency range.

cetacean

Member of the order Cetacea. Cetaceans are aquatic mammals and include whales, dolphins, and
porpoises.

compressional wave

A mechanical vibration wave in which the direction of particle motion is parallel to the direction of
propagation. Also called a longitudinal wave. In seismology/geophysics, it’s called a primary wave or P-
wave. Shear waves in the seabed can be converted to compressional waves in water at the water-seabed
interface.

conductivity-temperature-depth (CTD)

Measurement data of the ocean’s conductivity, temperature, and depth; used to compute sound speed
profiles and salinity.

continuous sound

A sound whose sound pressure level remains above the background noise during the observation period
and may gradually vary in intensity with time, e.g., sound from a marine vessel.

decade

Logarithmic frequency interval whose upper bound is ten times larger than its lower bound (ISO 80000-3
2006). For example, one decade up from 1000 Hz is 10,000 Hz, and one decade down is 100 Hz.

decibel (dB)

Unit of level used to express the ratio of one value of a power quantity to another on a logarithmic scale.
Especially suited to quantify variables with a large dynamic range.

decidecade

One tenth of a decade. Approximately equal to one third of an octave (1 ddec = 0.3322 oct), and for this
reason sometimes referred to as a 1/3 octave.

decidecade band

Frequency band whose bandwidth is one decidecade. The bandwidth of a decidecade band increases
with increasing centre frequency.

energy source level

A property of a sound source equal to the sound exposure level measured in the far field plus the
propagation loss from the acoustic centre of the source to the receiver position. Unit: decibel (dB).
Reference value: 1 yPa?m?s.
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energy spectral density level

The level (Lgy) of the energy spectral density (Ey) in a stated frequency band and time window. Defined
as: Lgs = 10logo(Ef/Efo). Unit: decibel (dB). As with energy spectral density, energy spectral density level
can be expressed in terms of various field variables (e.g., sound pressure, sound particle displacement).
The reference value (Efy) for energy spectral density level depends on the nature of the field variable.

energy spectral density source level

A property of a sound source equal to the energy spectral density level of the sound pressure measured
in the far field plus the propagation loss from the acoustic centre of the source to the receiver position.
Unit: decibel (dB). Reference value: 1 yPa? m2s/Hz.

ensonified
Exposed to sound.

frequency

The rate of oscillation of a periodic function measured in cycles per unit time. The reciprocal of the period.
Unit: hertz (Hz). Symbol: f. 1 Hz is equal to 1 cycle per second.

geoacoustic
Relating to the acoustic properties of the seabed.

hearing threshold

For a given species or functional hearing group, the sound level for a given signal that is barely audible
(i.e., that would be barely audible for a given individual in the presence of specified background noise
during a specific percentage of experimental trials).

hertz (Hz)

Unit of frequency defined as one cycle per second. Often expressed in multiples such as kilohertz (1 kHz
= 1000 Hz).

hydrophone

An underwater sound pressure transducer. A passive electronic device for recording or listening to
underwater sound.

hydrostatic pressure

The pressure at any given depth in a static liquid that is the result of the weight of the liquid acting on a
unit area at that depth, plus any pressure acting on the surface of the liquid. Unit: pascal (Pa).

isopleth

A line drawn on a map through all points having the same value of some specified quantity (e.g., sound
pressure level isopleth).

knot (kn)
Unit of vessel speed equal to 1 nautical mile per hour.
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level

A measure of a quantity expressed as the logarithm of the ratio of the quantity to a specified reference
value of that quantity. For example, a value of sound pressure level with reference to 1 uPa? can be
written in the form x dB re 1 pyPa2

masking
Obscuring of sounds of interest by other sounds at similar frequencies.

median
The 50th percentile of a statistical distribution.

mysticete

Member of the Mysticeti, a suborder of cetaceans. Also known as baleen whales, mysticetes have baleen
plates (rather than teeth) that they use to filter food from water (or from sediment as for grey whales). This
group includes rorquals (Balaenopteridae, such as blue, fin, humpback, and minke whales), right and
bowhead whales (Balaenidae), and grey whales (Eschrichtius robustus).

N percent exceedance level
The sound level exceeded N % of the time during a specified time interval. See also percentile level.

non-impulsive sound
Sound that is not an impulsive sound. Not necessarily a continuous sound.

octave

The interval between a sound and another sound with double or half the frequency. For example, one
octave above 200 Hz is 400 Hz, and one octave below 200 Hz is 100 Hz.

odontocete

Member of Odontoceti, a suborder of cetaceans. These whales, dolphins, and porpoises have teeth
(rather than baleen plates). Their skulls are mostly asymmetric, an adaptation for their echolocation. This
group includes sperm whales, killer whales, belugas, narwhals, dolphins, and porpoises.

parabolic equation method

A computationally efficient solution to the acoustic wave equation that is used to model propagation loss.
The parabolic equation approximation omits effects of backscattered sound (which are negligible for most
ocean-acoustic propagation problems), simplifying the computation of propagation loss.

percentile level

The sound level not exceeded N % of the time during a specified time interval. The Nth percentile level is
equal to the (100-N) % exceedance level. See also N percent exceedance level.

permanent threshold shift (PTS)

An irreversible loss of hearing sensitivity caused by excessive noise exposure. Considered auditory injury.
Compare with temporary threshold shift.
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propagation loss (PL)

Difference between a source level (SL) and the level at a specified location, PL(x) = SL — L(x).
Unit: decibel (dB). See also transmission loss.

radiated noise level (RNL)

A source level that has been calculated assuming sound pressure decays geometrically with distance
from the source, with no influence of the sea-surface or seabed. Often used to quantify source levels of
vessels or industrial operations from measurements.

received level
The level of a given field variable measured (or that would be measured) at a given location.

reference value

Standard value of a quantity used for calculating underwater sound level. The reference value depends on
the quantity for which the level is being calculated:

Sound pressure Do%=1pPa® or po=1upPa
Sound exposure Eo=1pPa’s

Sound particle displacement | §o2 =1 pm?

Sound particle velocity Uo? =1 nm?/s?

Sound particle acceleration  @o2 =1 ym¥s*

sound

A time-varying disturbance in the pressure, stress, or material displacement of a medium propagated by
local compression and expansion of the medium. In common meaning, a form of energy that propagates
through media (e.g., water, air, ground) as pressure waves.

sound intensity

Product of the sound pressure and the sound particle velocity (ISO 18405: 2017). The magnitude of the
sound intensity is the sound energy flowing through a unit area perpendicular to the direction of
propagation per unit time. Unit: watt per meter squared (W/m?). Symbol: I.

sound pressure

The contribution to total pressure caused by the action of sound (ISO 18405: 2017). Unit: pascal (Pa).
Symbol: p.

sound pressure level (SPL), rms sound pressure level

The level (L,) of the time-mean-square sound pressure (przms) in a stated frequency band and time
window: L, = 10Iog1o(pr2ms/pg) = 20log1o(prms/po), where rms is the abbreviation for root-mean-square.

2
Unit: decibel (dB). Reference value (P0) for sound in water: 1 yPa2 SPL can also be expressed in terms of
the root-mean-square (rms) with a reference value of po = 1 yPa. The two definitions are equivalent.

sound speed profile
The speed of sound in the water column as a function of depth below the water surface.
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soundscape

The characterization of the ambient sound in terms of its spatial, temporal, and frequency attributes, and
the types of sources contributing to the sound field (ISO 18405: 2017).

source level (SL)

A property of a sound source equal to the sound pressure level measured in the far field plus the
propagation loss from the acoustic centre of the source to the receiver position. Unit: decibel (dB).
Reference value: 1 yPa?m?2.

spectrogram

A visual representation of acoustic amplitude over time and frequency. A spectrogram’s resolution in the
time and frequency domains should generally be stated as it determines the information content of the
representation.

spectrum

Distribution of acoustic signal content over frequency, where the signal’s content is represented by its
power, energy, mean-square sound pressure, or sound exposure.

temporary threshold shift (TTS)
Reversible loss of hearing sensitivity caused by noise exposure. Compare with permanent threshold shift.

transmission loss (TL)

The difference between a specified level at one location and that at a different location: TL(x1,x2) = L(x1) —
L(x2) (1ISO 18405: 2017). Unit: decibel (dB). See also propagation loss.

unweighted
Term indicating that no frequency-weighting function is applied.

wavelength

Distance over which a wave completes one cycle of oscillation. Unit: meter (m). Symbol: A.
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Supplement A. ARTEMIA Model

A.1. CRAM Sound Propagation Model

Propagation loss was calculated in ARTEMIA using the CRAM (Complex-density Range-
dependent Acoustic Model) wave equation model. CRAM computes acoustic propagation via a
wide-angle split-step Padé parabolic equation (PE) solution to the acoustic wave equation (Collins
1993a). The parabolic equation method has been extensively benchmarked and is widely
employed in the underwater acoustics community (Collins et al. 1996). CRAM accounts for the
additional bottom loss resulting from partial conversion of incident compressional waves to shear
waves at the seabed and sub-bottom interfaces. It also includes wave attenuation in all layers.
Input parameters to CRAM include the sound speed profile as a function of depth, bathymetry
versus range profiles, and geoacoustic profiles describing the stratified acoustic properties of the
seabed. All input parameters are fully range dependent. CRAM is based on the RAMGEO1.5
source code and includes the following enhancements over the original version:

e Simulation of bottom loss from an elastic seabed using the complex-density equivalent fluid
approximation (Zhang and Tindle 1995).

e Inclusion of seawater attenuation using the frequency-dependent Horton-Thorp-Urick formula
(equation 1.47 in Jensen et al. 2011).

e Consideration of the Earth’s curvature using Tappert’s effective sound speed (Collins 1993b).
e Variable range step for enhanced short-range accuracy.

e Adaptive vertical grid for faster field calculations.

e Thread safety, dynamic memory allocation, and several bug fixes.

ARTEMIA calculates propagation loss in three dimensions by running CRAM along two-
dimensional (2-D) vertical planes radiating from the source and covering a 360° angular swath, an
approach commonly referred to as Nx2D. These vertical planes are separated by an angular step
size of A9, yielding N = 360°/A0 radials (Figure A-1). The current study employed a A8 value of
10°. The parameters of CRAM's computational grid were frequency dependent. An optimal set of
computational parameters for the study area was determined through convergence testing (Table
A-1).
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Figure A-1. The Nx2-D modeling in ARTEMIA, with propagation loss for each radial computed using CRAM.
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Table A-1. Frequency dependent parameters of the CRAM computational grid used in the current study.
Parameters are as follows: decidecade frequency band range f (Hz), number of Padé terms N,,, coarse
range step Ar (m), fine range step Arg,. (M), maximum range of fine range step g, (M), depth increment Az
(m), depth of sponge layer below seabed z,;, (M), thickness of sponge layer h,;s (M), attenuation gradient
in sponge layer a,,, (dB/A/m). The reference sound speed for the PE operator was 1500 m/s.

I T N ™ BV I T

10-16 3 50 10 5000 2 234 704 0.1
20-31.5 3 50 10 5000 2 119 357 0.1
40-63.1 3 50 10 5000 2 60 178 0.1
80-125 3 50 10 5000 2 50 150 0.1
150-250 3 50 10 5000 1.2 50 150 0.1
315-500 3 50 10 5000 0.6 50 150 0.1
630-1000 4 50 10 5000 0.3 50 150 0.1

The PE method has several advantages that make it well suited to modeling low-frequency sound
propagation. These include explicit range dependence of bathymetry and environmental
properties, arbitrary vertical stratification of sound speed profile in the water column, arbitrary
stratification of geoacoustic properties in the seabed, and computational efficiency at low-to-
intermediate frequencies dominated by vessel URN. Furthermore, the complex-density PE
implemented by CRAM can accurately simulate elastic seabed properties for most common
seabed sediments, which increases the accuracy of long-range PL calculations at continental
shelf locations. Disadvantages of the PE method limit its usefulness at higher frequencies: these
include a quadratic increase in computational effort with increasing frequency and difficulty
incorporating reflection losses due to rough interfaces at the surface and seabed.

For the current study, CRAM was used to calculate propagation loss for 21 decidecade frequency
bands from 10-1000 Hz. Propagation loss above 1000 Hz was extrapolated from the CRAM PL at
1000 Hz using the Horton-Thorp-Urick seawater absorption formula:

Npy(f > 1000 Hz) = Np; (1000 Hz) + (a(f) — «(1000 Hz)) x r dB,

where N, is the propagation loss (dB), f is the sound frequency (Hz), a(f) is the frequency-
dependent absorption coefficient (dB/m), and r is the slant-range between the source and
receiver points (m).

A.2. Areic Source Density Calculation

Georeferenced layers of gridded source density data are used to quantity the sound energy
originating from different categories of vessel, for a specified area, time, and frequency band.
These source density layers are calculated from ship source level and track data (see

Sections 2.6 and 2.4). This post-processing is implemented using the Navsrcmap software tool
written in the Fortran programming language. The tool takes as input vessel track data in the form
of Comma Separated Value (CSV) files containing the following columns:

e Date (UTC),
e Time (UTC),
e Unique source ID (e.g., IMO or MMSI number),

e Unique track/journey ID,
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o Vessel type code,

e Vessel easting (m),

e Vessel northing (m),

e Source depth (m), and

e Vessel source levels in decidecade bands from 10 to 50,000 Hz.

The Navsrcmap tool outputs raster files of georeferenced source density grids, by vessel type
and frequency band. Source density is represented in terms of the areic? source factor (ASF;
symbol Fs ,; units of Pa?), which is defined as the mean vessel source factor per unit area within a
single grid cell. The ASF within each layer is adjusted to a reference source depth, to facilitate the
sound propagation modeling.

The algorithm employed by the Navsrcmap tool for calculating the ASF grids from the vessel
track data is as follows. Before calculating source density, source levels from the track data are
adjusted to a reference source depth (d;) following the formulae described in MacGillivray and
de Jong (2021):

Ly(ds) = Ls(ds) + A (ds) — AL (ds) (A-1)

where the L is the source level (decibels) from the track data and 4, is a frequency-dependent
adjustment factor (Ainslie et al. 2022):

sin(2k,d sin(a))—sin(2k;d sin(a))
k,d sin(a)—kqd sin(a)

A(d) = —10log; (2 - ) dB. (A-2)
In this formula, « is a representative grazing angle and k, and k, are the wavenumbers
corresponding to the lower and upper decidecade frequency band limits:

_2nf

ky = 7 x 107905 and

k, = s x 10905,
c
where f is frequency and c is the speed of sound in water (Figure A-2). An appropriate reference
source depth value is chosen according to the mean source depth value for a specified vessel
category (a typical value of d; is in the 1-6 m range). The source depth adjustment is averaged
over three grazing angles (15°, 30°, and 45°).

2 Meaning “per unit area”, following the nomenclature employed in Ainslie (2010).

Document 03619 Version 5.0 A-3



JASCO Applied Sciences Tug Escort Rulemaking: Underwater Noise Modeling

0.1 1 10 100
kd

Figure A-2. The source depth adjustment factor, A, (d), versus the product of wavenumber and source

depth (kd), computed for an « = 30° grazing angle. The symbols show decidecade band values. The

wavenumber is equal to the ratio of the angular frequency to the speed of sound (k = ﬂ).
Cc

The first step in computing the source density is to calculate the energy source factor (Fs,.) on a

regular easting (x) and northing (y) grid. The grid coordinate system is defined as follows:
xi=x1+(—DAx j=1..M, (A-3)
yi=y1+t(k—-DAy k=1..M, (A-4)

where Ax is the easting increment, Ay is the northing increment, and the centre of each grid cell
is at coordinates (x;,y,). The gridded energy source factor is calculated by integrating the depth-
adjusted source level over time (t) whenever a vessel track is within a grid cell:

Fe(xj, i) = [ Fi()dt where Fy(r) = 105(0/(104®) (A-5)

where t, and t;, are the times when the vessel enters and leaves the grid cell, respectively. The
integrand is evaluated numerically in Navsrcmap using trapezoidal rule integration.

The final step is to compute grids of source density, versus easting and northing, by vessel
category. Given the energy source factor, the areic source factor (Fs ,) is calculated by dividing
the energy source factor by the area of each grid cell and the total time (T):
_ Fse(xj.yk)
Fs.a(%, Y1) = =y (A-6)
For visualization purposes, the ASF data can be represented as areic source level (ASL; symbol
L 4) data by converting to decibels.

A.3. Average SPL Calculations

To produce soundscape maps, ARTEMIA computes the three-dimensional (3-D) propagation loss
(PL; symbol N,,) from each source point using a cylindrical coordinate system in range (r),
azimuth (9), and depth (z). Propagation loss is modeled within two-dimensional (2-D) vertical
planes aligned along radials covering a 360° swath from the source, an approach commonly
referred to as Nx2-D. These vertical radial planes are separated by an angular step size of A6,
yielding My = (360°)/A8. number of planes (Figure A-3). The PL radials are thus sampled on a
discrete grid:
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r=>G0—-DAr i=1..M, (A-7)
0 =(G—1)A0 j=1..Mg (A-8)

where the radial and angular increments (i.e., Ar and A#) are selected through convergence
testing to satisfy the scale and distance requirements for sound mapping in each region. Values
of Ar = 50 m and A@ = 10° were used for the present study. Bathymetry, sound speed, and
geoacoustic profiles for each azimuth are sampled along radial lines extending from the source.
The cylindrical PL coordinate system is then resampled to the coordinate reference system for
calculating spatial sound maps.

\ Sound

IViv4

...............

.........

Depth (m)

Distance (km)

Figure A-3. The cylindrical coordinate system used for computing propagation loss in ARTEMIA.

ARTEMIA can calculate spatial maps using either projected or geographic coordinates. A
projected BC Albers coordinate reference system (i.e., easting and northing) is used for the
current project. ARTEMIA places the receiver points for the sound maps on a regular easting,
northing, and depth grid. The easting and northing increments (Ax and Ay, respectively) are
taken to be the same for both the source and receiver grids.

For each source grid point (x;, y), the mean-square sound pressure at the surrounding receiver

points is computed from the product of the areic source factor, the source cell area, and the
mean propagation factor within the receiver cell, as follows:

p2(X, ¥, Zr; X}, Yk ) = AXAy X Fs o (X, k) X Fpa(X,, ) (A-9)

where the mean propagation factor is calculated numerically at a discrete set of M,* sampling
points within a box of size Ax x Ay centred around the receiver at depth z, (Figure A-4):

= 1 <My M i 1 j 1
Fpa(xy, z) = W o Zj;i Fp (x + Ax (Mqu1 - E) ¥ + Ay (Mqu1 - E) ,zr) (A-10)

and the propagation factor F, is calculated from PL according to ISO 18405 (2017):
Fp(%,y,2,) = g 210~ NpLGyzr)/(10dB) (A-11)

where 1, is the standard reference distance of 1 m. The use of the mean propagation factor (F, 4)
for calculating the SPL in the receiver cell reflects the fact that vessels are approximated as a
spatially distributed (i.e., areic sheet) source when running ARTEMIA in density mode.
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The appropriate number of averaging points (i.e., as determined by M,) depends on the spatial
resolution of the computation grid and may be determined through convergence testing. For the
current study, a value of M,= 9 is used when the source and receiver are in the same grid cell

and M, = 3 when they are in different grid cells.

Lo |
\sar.nplinép 'r;ts ((p.i,/li ’
o) |

N

PL radials

receiver
cell

\

|

W_ source source cell

point area A
(95, Ak)

Figure A-4. Plan-view diagram showing geometry for calculation of mean propagation factor in each
receiver grid cell. Averaging of the propagation factor is performed at M,f sampling points, as illustrated by
the dots in the receiver cell.

Because PL is computed in cylindrical coordinates (r, 8), it is necessary to perform a
transformation from cylindrical to projected coordinates when computing the mean propagation
factor:

Fp (X' Y) - Fp (l"(X, Y)' e(Xr Y)) . (A-lZ)

This transformation is accomplished through bilinear interpolation of the propagation factor in r
and 6. Finally, the total SPL at each receiver point is computed as the decibel level of the sum of
the mean square pressure from all source cells:

oM
Ly (x,y,2,) = 10log,, (pOZZjﬁ 11:21 p%(xy, zr;xj,yk)) dB. (A-13)

Because sound levels in the ocean depend on receiver depth, sound field calculations were
performed at a total of 10 regularly spaced receiver depths between 10 and 190 m:

z.(i) =z, + (1—1)Az wherei=1..M, (A-14)

where z; =10 m, Az = 20 m, and M, = 10. The main output of the ARTEMIA model consisted of
raster files of georeferenced SPL versus depth, by vessel type and frequency band.
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A.4. WRASP Ambient Sound Model

The Wind and Rain Ambient Sound Propagation (WRASP) model comprises an empirical source
model (Scrimger, Evans, and Yee 1989; Ainslie 2010; Ainslie, Harrison, and Zampolli 2011) based
on measurements (Kuperman and Ferla 1985) and an energy flux propagation model. WRASP is
dependent on frequency, windspeed, rainfall rate, water sound speed, water depth, seafloor
geoacoustic properties, and receiver depth. The model assumes a uniform distribution of surface
sources and accounts for scattering off a rough sea surface. Figure A-5 shows the source
spectrum for different wind speeds and rainfall rates. WRASP is implemented in ARTEMIS at
each grid cell using the local environmental properties. For each snapshot, wind speed and
rainfall rates were interpolated from the ten nearest synthetic weather stations to each grid cell
using inverse distance weighting. WRASP has been validated using measurements from
Chapman and Cornish (1993).
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Figure A-5. Wind and rain noise areic dipole source spectrum level versus frequency used in the Wind and
Rain Ambient Sound Propagation (WRASP) model.
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Figure A-6. Boxplots of hourly wind speed (in m/s) including data from all 144 stations in the modeling area
for (top) January and (bottom) July 2022. The scales differ between the top and bottom plots.
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Figure A-7. Boxplots of hourly rain rate (in mm/h) including data from all 144 stations in the modeling area
for (top) January and (bottom) July 2022. The scales differ between the top and bottom plots.
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Supplement B. Reference Source Levels

B.1. Large commercial Cargo Vessels and Tugs

Source level parameters (i.e., for Equation 1) for bulk carriers, container ships, general cargo vessels,
tankers, tankers, passenger vessels (over 100 m), and tugs were defined according to the ECHO
functional regression model (MacGillivray et al. 2022). This is a statistical model for predicting source
levels for six types of commercial vessels that involves nine operational and design parameters. This
model was developed based on an intensive analysis of an ensemble of approximately 10,000 individual
URN measurements from the ECHO data set. Vessel design parameters not included in AIS (including
design speed, vessel age, engine RPM, and engine power) were fixed to their average values by creating
reference source level curves for up to three size subdivisions per vessel class (Figure B-1).
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Figure B-1. Reference source level curves versus decidecade band frequency for bulk carriers, container ships,
general cargo vessels, tankers, passenger vessels (over 100 m), and tugs. General cargo vessel source levels were
identical to bulk carrier source levels. Size subdivisions were defined according to vessel length. A single subdivision
was used for vehicle carriers since all vessels of this class are approximately the same size in the ECHO database.
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B.2. Fishing, Government, Recreational, Miscellaneous, and Small

Passenger Vessels

Source level parameters for fishing, government, miscellaneous, recreational vessels, small passenger
vessels (under 100 m), and high-speed passenger ferries were derived specifically for this study by
performing a multi-variable regression analysis on URN measurements collected from the ECHO database
during 2019-2023 (Figure B-2). The regression analysis followed the methodology of an earlier TC study
(Hannay et al. 2019; MacGillivray, Hannay, and Frouin-Mouy 2019), and it was used to derive reference
source levels and frequency-dependent scaling coefficients for speed and length. No draft scaling was
applied to these types of vessels (i.e., B;(f) = 0) as their draft was not reliably reported by AlS. Source
levels for fishing vessels included a notable spike in the 40 kHz decidecade band that corresponded to
fisheries sonars. Separate source levels were derived for naval vessels, as they are currently excluded
from the ECHO data set due to security restrictions. Average decidecade band source levels for naval
vessels were instead obtained from measurements collected during the 2017 ECHO slowdown trial in
Haro Strait (MacGillivray and Li 2018).
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Figure B-2. Reference source level curves versus decidecade band frequency fishing, government, miscellaneous,

Frequency (Hz)

naval, small passenger, and recreational vessels.
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B.3. Ro-ro Ferries

Source levels for ro-ro ferries were collected from several previous JASCO studies carried out for ECHO
and TC (MacGillivray and Li 2016; Frouin-Mouy 2017; MacGillivray, Frouin-Mouy, and Quijano 2017;
Frouin-Mouy et al. 2020; Dolman et al. 2021). A detailed review of URN data from these reports suggested
that differences in source level curves for ro-ro ferries were mainly associated with two factors: year of
build and size. Thus, reference source levels were assigned to individual vessels based on these two
factors (Figure B-3). Source level subdivisions for ro-ro passenger ferries were defined for large (>120 m
length) and intermediate (<120 m length) size vessels and for vessels built before and after 2005. Source
level subdivisions for ro-ro cargo ferries were defined for vessels built before and after 2005. Size
subdivisions were not applied to ro-ro cargo vessels since their size was determined by year of build.
Source level versus speed trends were quite variable for ro-ro ferries, due to widespread use of
controllable pitch propulsion, so this category was simplified by assuming a nominal value of 3, = 60 for
all vessels (Ross 1987).

Ro-ro Cargo Ro-ro Passenger
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Figure B-3. Reference source levels for (left) ro-ro cargo and (right) ro-ro passenger ferries.
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B.4. Anchored Cargo Vessels

Compared to the other vessel categories, limited source level data were available for anchored cargo
vessels. Source levels for this category were derived from measurements of a single anchored bulk
carrier in Burrard Inlet, collected by SMRU Consulting for the VFPA-led ECHO Program in partnership
with the Tseil-Waututh Nation (Harris et al. 2022). Radiated noise level data shared by the study authors
were converted to source levels (Figure B-4) using the seabed critical angle method for shallow water
URN measurement, developed during the TC MMP2 project (MacGillivray et al. 2023). Additional SPL
measurements from anchored bulk carriers were collected in Cowichan Bay by Murchy et al. (2022), but
correspondence with the authors confirmed that this data set did not include source level measurements.
As source levels for anchored cargo vessels were based on a very limited data set, no attempt was made
to vary them according to vessel size or type in the acoustic model.
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Figure B-4. Source levels for anchored cargo vessels.
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B.5. Ecotourism Vessels

Source levels for ecotourism vessels were derived from a 2017 study carried out by ECHO and DFO that
performed controlled source level measurements for 20 volunteer vessels (Wladichuk et al. 2018). This
study showed that URN profiles of ecotourism vessels are highly variable, due to their large variety of hull
and propulsion designs. Furthermore, speeds of ecotourism vessels vary significantly, depending on
whether they are engaged in whale watching (nominally 5 knots) or transiting between locations
(nominally 20-30 knots). To capture this range of variability in the model, this source level data set for
ecotourism vessels category was binned and averaged within three speed ranges (0-10, 10-20, and

>20 knots). Ecotourism vessels in the model were assigned one of these three reference source level
curves, depending on their speed reported over AlS (Figure B-5).
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Figure B-5. Reference source levels for ecotourism vessels.

Document 03619 Version 5.0 B-5



JASCO Applied Sciences Tug Escort Rulemaking: Underwater Noise Modeling

Supplement C. SPL vs time plots
C.1. Alternative A vs Alternative C

C.1.1. Winter
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Figure C-1. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative C (green) with time
(one week) at key receptor location #1.
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Figure C-2. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative C (green) with time
(one week) at key receptor location #2.
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Figure C-3. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative C (green) with time
(one week) at key receptor location #3.
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Figure C-4. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative C (green) with time
(one week) at key receptor location #4.
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Figure C-5. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative C (green) with time
(one week) at key receptor location #5.
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Figure C-6. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative C (green) with time
(one week) at key receptor location #6.
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Figure C-7. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative C (green) with time
(one week) at key receptor location #7.
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Figure C-8. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative C (green) with time
(one week) at key receptor location #1.
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Figure C-9. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative C (green) with time
(one week) at key receptor location #2.
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Figure C-10. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative C (green) with time
(one week) at key receptor location #3.
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Figure C-11. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative C (green) with time
(one week) at key receptor location #4.
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Figure C-12. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative C (green) with time
(one week) at key receptor location #5.
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Figure C-13. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative C (green) with time
(one week) at key receptor location #6.
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Figure C-14. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative C (green) with time
(one week) at key receptor location #7.
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C.2. Alternative A vs Alternative D
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Figure C-15. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative D — removal (blue)
with time (one week) at key receptor location #1.
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Figure C-16. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative D — removal (blue)
with time (one week) at key receptor location #2.
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Figure C-17. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative D — removal (blue)
with time (one week) at key receptor location #3.
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Figure C-18. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative D — removal (blue)
with time (one week) at key receptor location #4.
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Figure C-19. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative D — removal (blue)
with time (one week) at key receptor location #5.
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Figure C-20. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative D — removal (blue)
with time (one week) at key receptor location #6.
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Figure C-21. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative D — removal (blue)
with time (one week) at key receptor location #7.
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Tug Escort Rulemaking: Underwater Noise Modeling

Receiver #1
—— Alternative A (no action)

—— Alternative D (removal)

Figure C-22. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative D — removal (blue)
with time (one week) at key receptor location #1.
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Figure C-23. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative D — removal (blue)
with time (one week) at key receptor location #2.
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Figure C-24. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative D — removal (blue)
with time (one week) at key receptor location #3.
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Figure C-25. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative D — removal (blue)
with time (one week) at key receptor location #4.
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Figure C-26. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative D — removal (blue)
with time (one week) at key receptor location #5.
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Figure C-27. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative D — removal (blue)
with time (one week) at key receptor location #6.
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Figure C-28. Broadband received SPL (10 Hz to 63 kHz) for Alternative A (red) and Alternative D — removal (blue)
with time (one week) at key receptor location #7.
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C.3. SRKW Echolocation Band SPL vs time
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Figure C-29. SRKW echolocation band (15 to 63 kHz) received SPL for Alternative A (red) and Alternative D —
removal (blue) with time (one week — top plot, 48 hrs — bottom plot) at key receptor location #5 in southern Rosario
Strait. The levels exceed 110 dB much less frequently than the 120 dB broadband threshold is exceeded as shown in

Figure C-19.
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Supplement D. Soundscape Maps for Alternatives C and D
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Figure D-1. Equivalent continuous noise levels (Leq) for winter (left) and summer (right) in the broadband, Southern
Resident killer whale (SRKW) communication band, and SRKW echolocation band for Alternative C. Key receptor
locations (yellow triangles) are numbered on each map. Note the difference in scales between the three frequency
bands.
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Figure D-2. Equivalent continuous noise levels (Leq) for winter (left) and summer (right) in the broadband, Southern
Resident killer whale (SRKW) communication band, and SRKW echolocation band for Alternative D. Key receptor
locations (yellow triangles) are numbered on each map. Note the difference in scales between the three frequency

bands.
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Supplement E. Tabulated L.q Sound Levels

Table E-1 below presents the equivalent continuous noise levels (Leq) values for Alternative A and the
difference with Alternatives C and D for the three frequency bands of interest and two seasons examined.
Corresponding tables for Lso and Ls are found in Section 3.3.

Table E-1. Equivalent continuous noise levels (Leq; dB re 1 pPa) for Alternative A (top section) and the difference with
Alternative C and D (bottom sections) in the broadband, Southern Resident killer whale (SRKW) communication band,
and SRKW echolocation band at the key receptor locations.

CIGEGLET Communication band Echolocation band
Key receptor (0.01 to 63 kHz) (0.5 to 16 kHz) (16 to 63 kHz)

M| wer | swmer | Wt | Sunmer | winer | Summer |

Equivalent continuous noise level (Leq, dB re 1 pPa?), existing conditions with tug escorts (Alt. A)

1 SoG 113.5 99.4 109.9 95.2 87.4 80.5
2 |Boundary Pass 105.1 104.3 102.9 100.3 82.5 88.1
3 Lummi 109.6 94.9 108.9 90.8 86.4 81.7
4 | Anacortes 114.2 112.1 109.1 108.7 90.2 94.4
5 Rosario 127.9 126.7 117.8 116.1 101.4 99.5
6 Haro 117.6 115.7 110.2 108.7 92.6 93.3
7 Puget 128.8 131.1 115.0 116.6 98.1 101.8
Change in equivalent continuous noise level (Leq, dB re 1 pPa2) with expansion (from Alt. A to Alt.C)
1 SoG 0 0 0 0 0 0
2 |Boundary Pass 0.1 0 0.2 0 0 0
3 Lummi -0.1 0 -0.1 0 0 0
4 | Anacortes 0 0 0 0 0 0
5 Rosario 0 0 0 0 0 0
6 Haro 0 0 0 0 0 0
7 Puget 0 0 0 0 0 0
Change in equivalent continuous noise level (Leq, dB re 1 pPa?) without tug escorts (from Alt. A to Alt. D)

1 SoG 0 0 0 0 0 0
2 'Boundary Pass 0] 0 0] 0 0 0
3 Lummi -0.3 0 -0.3 0 -0.2 0
4 | Anacortes -4.9 -0.2 -2.4 -0.3 -3.9 -0.1
5 Rosario -0.3 -0.7 -0.7 -1.7 -0.4 -1.4
6 Haro 0 -2.6 0 -2 0 -1.3
7 Puget 0 0 0 -0.2 0 -0.1
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