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Fishery Conservation and Management Act Essential Fish Habitat Response for the 

Terminal 91 Berths 6 & 8 Redevelopment Project, Elliott Bay, King County, Washington 
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Dear Mr. Tillinger: 

Thank you for your May 5, 2022 letter requesting initiation of consultation with NOAA’s 

National Marine Fisheries Service (NMFS) pursuant to section 7 of the Endangered Species Act 

of 1973 (ESA) (16 U.S.C. 1531 et seq.) for the U.S. Army Corps of Engineers’ (COE) proposed 

issuance of permit NWS-2022-842-WRD for the Terminal 91 Berths 6 & 8 Redevelopment 

Project, Elliott Bay, King County, Washington (HUC 171100191200). Thank you, also, for your 

request for consultation pursuant to the essential fish habitat (EFH) provisions in Section 305(b) 

of the Magnuson–Stevens Fishery Conservation and Management Act (16 U.S.C. 1855(b)) for 

this action. 

In this biological opinion (Opinion), NMFS concludes that the proposed action is not likely to 

jeopardize the continued existence of Puget Sound (PS) Chinook salmon (Oncorhynchus 

tshawytscha), PS steelhead (Oncorhynchus mykiss), Puget Sound-Georgia Basin (PS/GB) 

bocaccio rockfish (Sebastes paucispinis), or southern resident killer whales (SRKW; Orcinus 

orca). The project is also not likely to result in the destruction or adverse modification of critical 

habitat designated for these species.   

Please contact Sara Potter (NMFS liaison, Central Puget Sound Branch of the Oregon/ 

Washington Coastal Office) at sara.potter@noaa.gov if you have questions concerning this 

consultation or require additional information. 

       Sincerely, 

 

 

 

       Kim W. Kratz, Ph.D. 

       Assistant Regional Administrator 

       Oregon Washington Coastal Office 

cc: Jacalen Printz, USACE 

 Andrew Shuckhart, USACE   
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1. INTRODUCTION 

This Introduction section provides information relevant to the other sections of this document 

and is incorporated by reference into Sections 2 and 3, below. 

1.1. Background 

The National Marine Fisheries Service (NMFS) prepared the biological opinion (Opinion) and 

incidental take statement (ITS) portions of this document in accordance with section 7(b) of the 

Endangered Species Act (ESA) of 1973 (16 U.S.C. 1531 et seq.), as amended, and implementing 

regulations at 50 CFR part 402.  

We also completed an essential fish habitat (EFH) consultation on the proposed action, in 

accordance with section 305(b)(2) of the Magnuson–Stevens Fishery Conservation and 

Management Act (MSA) (16 U.S.C. 1801 et seq.) and implementing regulations at 50 CFR part 

600. 

We completed pre-dissemination review of this document using standards for utility, integrity, 

and objectivity in compliance with applicable guidelines issued under the Data Quality Act 

(DQA) (section 515 of the Treasury and General Government Appropriations Act for Fiscal Year 

2001, Public Law 106-554). The document will be available at the NOAA Library Institutional 

Repository [https://repository.library.noaa.gov/welcome]. A complete record of this consultation 

is on file at the Oregon Washington Coastal Office in Lacey, Washington.  

1.2. Consultation History 

On May 5, 2022, NMFS received a request for formal consultation from the Seattle District U.S. 

Army Corps of Engineers (COE) on its proposal to authorize construction for Terminal 91 Berths 

6 & 8 Redevelopment Project (proposed action) proposed by the Port of Seattle (Port; applicant).  

The COE concluded that the proposed action is likely to adversely affect the Puget Sound (PS) 

Evolutionary Significant Unit (ESU) of Chinook salmon (Oncorhynchus tshawytscha) and the 

PS Distinct Population Segments (DPS) of steelhead (Oncorhynchus mykiss). The consultation 

request included a “not likely to adversely affect” (NLAA) determination for Puget 

Sound/Georgia Basin (PS/GB) DPS of Sebastes paucispinus (bocaccio rockfish) and PS/GB 

Sebastes ruberrimus (yelloweye rockfish), Orcinus orca (Southern resident killer whale 

[SRKW]) and Central American (CAM) and Mexico (MEX) DPS of Megaptera noveaengliae 

(humpback whale). It also made an NLAA determination on the critical habitat for PS Chinook 

salmon, both rockfishes, and SRKW. Following submission, the COE affirmed that NMFS 

should include ESA consultation for steelhead critical habitat (electronic communication dated 

August 25, 2023). The COE determined no effect for humpback whale critical habitat, as 

documented by an email received by NMFS November 16, 2023  

We concur with the NLAA determination for PS/GB yelloweye rockfish and their critical 

habitat, and the no effect determination for humpback whale. We include our support for these 

NLAA determinations as in Section 2.11, “Not Likely to Adversely Affect” Determinations. This 

Opinion includes analysis of the COE determinations with which we did not concur (PS Chinook 

https://repository.library.noaa.gov/welcome
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salmon critical habitat, bocaccio and bocaccio critical habitat, and SRKW and SRKW critical 

habitat), and additional analysis of PS steelhead critical habitat.  

The proposed action (INQ-2022-00122) was considered for coverage under the Salish Sea 

Nearshore Programmatic Consultation (SNNP; WCRO-2019-04086). Having evaluated the 

proposed action and following a pre-consultation meeting with the applicant on March 3, 2023, 

NMFS determined that the complexity and scope of proposed activities are not suitable for 

coverage under the programmatic SSNP consultation. Consequently, and in light of the time-

critical nature of this proposed action, NMFS determined the most expedient path forward to be 

through this individual consultation.  

As such, NMFS notified COE via email on March 3, 2023 and via letter dated March 7, 2023 

that individual formal consultation was proceeding for this proposed action under tracking 

number WCRO-2022-03517. On March 27, 2023, NMFS requested additional information from 

the applicant – specifically, documentation of the proposed action’s essential fish habitat (EFH) 

analysis that was inadvertently omitted from the original permit package. After determining that 

we had sufficient information to complete ESA consultation, NMFS initiated formal consultation 

on April 18, 2023.  

We reviewed the May 5, 2022 COE consultation request document and related materials, 

including the September 2021 biological evaluation (BE), Appendix A: EFH Assessment, and 

other project materials to complete this Opinion. Additional information was received 

electronically from the Port on May 19, July 20, August 11, and August 25, 2023 and has been 

reviewed and incorporated. On July 20, 2023, the Port and COE clarified final elements of the 

project description as written in this Opinion. On July 25, 2023, the NMFS biologist calculated 

final project long-term habitat impacts using the Puget Sound Nearshore Conservation Calculator 

(Nearshore Calculator). Tabulation of all adverse and positive long-term impacting components 

of the proposed action in the Nearshore Calculator indicates the proposed action will provide 

long-term benefits to nearshore habitat. On November 16, 2023, the COE provided NMFS with a 

no effect determination for humpback whale critical habitat. Where relevant, we have adopted 

the information and analyses provided and/or referenced only after our independent, science-

based evaluation confirmed they meet our regulatory and scientific standards.  

On July 5, 2022, the U.S. District Court for the Northern District of California issued an order 

vacating the 2019 regulations that were revised or added to 50 CFR part 402 in 2019 (“2019 

Regulations,” see 84 FR 44976, August 27, 2019) without making a finding on the merits. On 

September 21, 2022, the U.S. Court of Appeals for the Ninth Circuit granted a temporary stay of 

the district court’s July 5 order. On November 14, 2022, the Northern District of California 

issued an order granting the government’s request for voluntary remand without vacating the 

2019 regulations. The District Court issued a slightly amended order 2 days later on November 

16, 2022. As a result, the 2019 regulations remain in effect, and we are applying the 2019 

regulations here. For purposes of this consultation and in an abundance of caution, we considered 

whether the substantive analysis and conclusions articulated in the biological opinion and 

incidental take statement would be any different under the pre-2019 regulations. We have 

determined that our analysis and conclusions would not be any different. 
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1.3. Proposed Federal Action  

Under the ESA, “action” means all activities or programs of any kind authorized, funded, or 

carried out, in whole or in part, by Federal agencies (see 50 CFR 402.02). Under MSA, federal 

“action” means any action authorized, funded, or undertaken, or proposed to be authorized, 

funded or undertaken by a federal agency (50 CFR 600.910).  

The proposed action is the issuance of permits by the COE under section 10 of the Rivers and 

Harbors Act, and section 404 of the Clean Water Act, to the Port of Seattle (the Port). The Port 

proposes to replace and reconfigure deteriorating marine industrial structures at Terminal 91 

Berths 6 and 8 on the north side of Elliott Bay in Seattle, Washington. Originally built as one of 

the Port of Seattle’s first facilities, Terminal 91 Berths 6 and 8 are the last remaining original 

timber pier structures at the terminal and are at the end of their service life. Approximately 30 

percent of the apron at Berths 6 and 8 is currently condemned and the remaining sections are 

posted with load limits. Berths 6 and 8 were last rehabilitated in 1985.  

We considered, under the ESA, whether or not the proposed action would cause any other 

activities and determined that it would cause the continuation of commercial fishing traffic, 

because the purpose of redevelopment of Berths 6 and 8 is ensuring long-term viability of the 

Port as the home to the North Pacific Fishing Fleet (Port 2022) 

The North Pacific Fish Fleet of commercial fish catcher/processors has homeported at Terminal 

91/Fishermen’s Terminal for more than 100 years (Port 2023a). The fleet comes and goes 

throughout the year, heading into the Pacific Ocean during harvest times and docking at the 

terminal to unload harvests. To reach the terminal, vessels must travel south from the Strait of 

Juan de Fuca, through Admiralty Inlet, and into Elliott Bay. Commercial vessels traveling this 

route follow well-defined navigation lanes known as the Traffic Separation Scheme, monitored 

by the U.S. Coast Guard (USCG) and the Canadian Coast Guard (CCG), and recognized by the 

International Maritime Organization (WDOE 2009). While it is impossible to predict the exact 

course of each individual commercial fishing vessel utilizing the berth, it is reasonable to assume 

they will travel between the Strait of Juan de Fuca to Elliott Bay via Admiralty Inlet in the 

established TSS lanes to unload their catch.  

Fish harvest conducted by the fleet is not considered a consequence of the proposed action. 

Harvest levels are determined by a number of federal and state decision making processes. Many 

of the process are themselves the subject of individual Section 7 consultations (i.e. NMFS 1994, 

1995, 1999, 2009, 2012). This proposed action will repair and extend the lifespan of Pier 91, 

which is the homeport of the North Pacific Fishing Fleet, and therefore it is reasonably certain 

that there will be continued vessel traffic to and from the pier as a consequence of this action. It 

is reasonably certain that the fleet will operate in some capacity, including that vessels will 

transit between Pier 91 and the entrance to the Strait of Juan de Fuca as they travel to the Pacific 

Ocean. However, we cannot reasonably predict the behavior of those vessels beyond the Strait of 

Juan de Fuca, including where those fishing vessels are likely travel after leaving the Straight, 

where those vessels will harvest fish, which species will be harvest or at what level.  Therefore, 

harvest is not an expected consequence of the proposed action. 
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The proposed action will include replacement of the existing creosote-treated timber pier and 

apron with a new wharf structure (including associated piles), relocation of a small boat storage 

and float system, and replacement of existing slope armoring. The exposed portion of steel sheet 

pile sections of the existing under-wharf bulkhead will be cut off, with portions below ground 

surface abandoned in place, and a new sheet pile wall installed just waterward of the existing 

bulkhead. Timber piles associated with the timber sections of existing bulkhead will be fully 

extracted to the extent practical, and above-ground timber lagging will be removed. Locations of 

the proposed elements are depicted on Figure 1, below.  

Because of the complexity of this proposed action, we incorporate by reference Sections 2 and 5 

of the BE, which contains the descriptions of: 

• project location,  

• timing,  

• elements and construction methods, and  

• conversation measures/best management practices (BMPs).  

However, additional information provided by the Port (D. Butsick, electronic communication) 

supplements or modifies some elements. Per electronic communication with the Port, the 

dimensions and volumes in the BE are superseded by the final design drawings (Port 2023b), as 

the BE used approximations, while the design drawings have the most detailed and accurate 

figures to date (D. Butsick, electronic communication May 19, 2023). These are described 

below. 
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Figure 1. Terminal 91 redevelopment site map. Source: Port of Seattle 2021.   

 

1.3.1. Proposed Action Elements and Construction Methods 

Wharf Replacement 

Wharf replacement will occur above the lower shore zone (LSZ; +5 feet MLLW to -10 feet 

MLLW) and deep shore zone (DSZ; -10 feet MLLW and deeper) in the waterway east of Pier 90. 

Construction is expected to occur throughout the full approved work windows. Components of 

the wharf replacement will include: 

• remove approximately 55,042 square feet (SF) of solid existing timber wharf, 154 SF of 

derelict pier, and 9,640 SF of rail spur and jut-out pier areas, and 
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• install 53,509 SF new wharf comprised of pre-cast concrete decking. 

The new concrete wharf will be 725 feet long with 25-foot spacing between cast-in-place 

concrete pile cap bents. The pile cap bents will support pre-cast concrete deck panels and a cast-

in-place or precast concrete bull rail. The precast concrete panels will be overlain by asphalt 

concrete.  

Small Boat Storage and Float System Removal/Relocation  

The Port proposes to remove the small boat storage and float system from its existing location 

above LSZ and DSZ in waterway east of Pier 90 (northeast corner of Terminal 91) and relocate 

some components to Berth 7 above LSZ and DSZ in waterway west of Pier 90 (northwest corner 

of Pier 90). Construction is expected to occur throughout the full approved work windows. 

Removal/relocation of the small boat storage and float system would include: 

• relocate the 1,590 SF solid small boat storage float to the west side of Pier 90, and 

• remove 911 SF of the 100 percent grated gangway and access float system, and 

reconfigure/relocate 275 SF of those components on the east side of Pier 90. 

The floats and small boat storage will be anchored/affixed to the existing pier and guide piles 

using steel pile collars with abrasion resistant surfaces. 

Pile Removal/Replacement 

Proposed pile work associated with the wharf replacement and small boat storage and float 

system removal/relocation includes the following elements:  

• Remove approximately 2,489 14-inch diameter creosote-treated timber pile in one of two 

ways: 

o When no conflict occurs with location of new pile, creosote-treated timber pile 

will be cut at the top of the subgrade and removed in order to maintain slope 

stability.  

o Conflicting pile will be extracted by crane by using a vibratory hammer. Pile will 

be cut by divers equipped with chainsaws or by biting with a dredge bucket, and 

pile and timber decking will be removed using land-based and/or floating crane 

barges for disposal at an approved upland facility. A debris boom will be installed 

around the work area in order to contain any floating debris produced during the 

demolition and new construction work. 

• Install a total 320 piles, including: 

o 64 20-inch steel fender pile with full-round 24-inch diameter high density 

polyethylene sheaths  

o 6 20-inch steel pipe guide and mooring pile 

o 240 24-inch concrete octagonal pile 

o 5 24-inch steel pipe guide pile  

o 2 24-inch steel pipe float guard pile 

o 3 36-inch steel pipe float guard pile 
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Prestressed concrete pile will be installed to support the new wharf apron. Steel fender pile will 

be primarily installed using a vibratory hammer, though impact driving may be required to 

achieve final tip elevation. New guide pile will primarily be installed using a vibratory hammer, 

though impact driving may be required to achieve final tip elevation.  

Slope Excavation and Armoring Replacement 

Slope excavation and armor replacement will occur below 0 feet mean lower low water (MLLW) 

in the waterway east of Pier 90. Armor removal is estimated to take 15 days, and armor 

replacement is estimated to take 45 days. Replacement of primarily under-wharf slope armoring 

will include the following components: 

• removal of 25,000 cubic yards (CY) of existing material on the slope (riprap, sediment, 

and debris) within a 67,660 SF area, and 

• installation of 13,000 CY of fill within a 67,660 SF area, including: 

o 1-foot thickness of quarry spalls, 

o 3-foot thickness of heavy riprap, 

o 8-inch equivalent width fish mix containing 50% sand to fill the voids (above -10 

feet MLLW). 

The top of the toe of the new armoring will be placed at -39 feet MLLW and will be a total of 4-

feet thick to provide scour protection and stability. The armoring will be installed to a 2H:1V 

slope between approximately +6.16 feet and -10 feet MLLW, then to a 1.75H:1V slope between 

-10 and -39 feet MLLW. The area will be excavated to a subgrade depth that will allow 

installation to a 1-foot thickness of quarry spalls and a 3-foot thickness of riprap. 

The Terminal 91 site is under an administrative cleanup order action in accordance with the 

Model Toxics Control Act (MTCA) regulations. A remedial investigation (RI) is being 

conducted under an Agreed Order between the Port and WDOE (No. DE24768) to determine a 

final cleanup action. The RI report is currently in progress, but studies to date have confirmed 

that historical activities resulted in sediment contamination in the vicinity of the piers. Polycyclic 

aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), and mercury are the primary 

constituents of concern in sediment in the Berth 6 & 8 project area. Thus, sediment removal for 

this proposed action has been approved by WDOE as an ‘interim cleanup action’.  

The interim action work plan (Port 2023c) was developed to present and characterize the 

proposed redevelopment action through the MTCA lens in the absence of a final RI and 

feasibility study. The work plan specifies that after slope excavation is complete, the contractor 

will conduct sampling of both the newly exposed slope and the stockpiled excavated material 

prior to offsite disposal. The contractor will submit a Dredging and Disposal Work Plan 

(DDWP) to address activities associated with dredge work, including disposal means and 

methods. The DWWP will be submitted to the Port Engineer at least 60 days prior to dredging, 

and must be reviewed and approved by the Port and WDOE. Disposal options are determined by 

sediment quality testing (Puget Sound Dredged Disposal Analysis); clean materials are disposed 

of in established in-water disposal sites governed by Puget Sound DMMP (Dredged Material 

Management Program) regulations.  Contaminated material is disposed of in upland facilities. 
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Sheet Pile Wall Replacement 

The sheet pile wall is positioned at the top of the slope under the wharf, extending approximately 

729 linear feet (LF) under the wharf and 13 LF north beyond the wharf edge. Sheet pile wall 

replacement will take place above 0 feet MLLW in the waterway east of Pier 90.  

Removal of the exposed existing bulkhead is estimated to take 60 days, and replacement of the 

existing bulkhead will be performed concurrently over approximately 42 days. This replacement 

will include the following components: 

• Remove the top approximately 4 feet of the existing bulkhead 742 LF above the mudline 

and capping. The existing bulkhead type varies along the length and consists of either 

steel sheet pile, tied back creosote treated timber, or tied back creosote treated timber 

with a concrete fascia. Creosote pile will be fully extracted to the extent practical, and all 

above-ground timber lagging will be removed. 

• Install steel sheet pile with approximately 6 feet of exposed height directly adjacent 

(waterward) of the 742 LF existing abandoned wall. 

Sheet pile driving will be conducted in the dry whenever possible. Installation of the new sheet 

pile wall will be conducted primarily using a vibratory hammer, though impact driving may be 

required to achieve final depths. Removed material will be disposed of at an approved upland 

facility.  

Construction Vessels 

Specific construction vessel support for the proposed action was considered based on the 

following information in the BE:  

• The wharf will be constructed utilizing floating derrick barges, support barges, and 

assisting tugs. 

• Floats will be removed and reinstalled in the new location using land-based and/or 

floating crane barges. 

• Excavation/dredging of the excess slope material and installation of new slope armoring 

will be conducted using land-based and/or barge-mounted excavators or a clamshell 

bucket and barge derrick.  

• Cutting and removal of the exposed portion of the existing bulkhead will be done by 

crews on upland or barge mounted equipment and land-based or crane-mounted 

excavators. 

Based on this information, and electronic communication from the Port (D. Butsick, 2023), at 

least one barge and one tug are expected at the proposed action site for up to a full year in order 

to support both in- and overwater construction elements during the work windows and ongoing 

upland construction outside of in-water work window. Construction staging vessels are expected 

to tie off to existing infrastructure where possible; however, crane barges are expected to spud 

down and remain in place for the duration of the project.   
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Stormwater Upgrades 

The Port proposes to consolidate the 8 existing stormwater conveyances discharging to the 

project area above 0 feet MLLW on Berths 6 & 8 wharf face. A single new 18-inch outfall will 

be installed to provide basic stormwater treatment in compliance with WDOE, City of Seattle, 

and Port stormwater treatment standards.  

Offsetting Activities 

A number of activities included in the proposed action can result in the loss of nearshore long-

term habitat functions and values to ESA listed species and their designated critical habitat. 

Long-term adverse effects on nearshore habitat from the proposed activities will be offset with 

an equal (or greater) amount of conservation offsets (compared to project effects/debits). 

Offsetting activities incorporated into the proposed project include  

• removal of creosote-treated timber pile and bulkhead materials (estimated 3,334 tons),  

• reduction of in-water structures (i.e., pile, -1,711 SF),  

• reduction of overwater cover (-11,964 SF),  

• debris removal, and  

• installation of basic stormwater treatment.  

These offsetting activities are intended to offset the loss of long-term ecosystem functions from 

the project actions, with the goal of achieving a no-net-loss of long-term habitat function as a 

result. 

The NMFS’ Puget Sound Nearshore Calculator (Nearshore Calculator) can be used to ensure the 

proposed action balances impacts on long-term nearshore habitat function. Beneficial and 

detrimental attributes of the proposed federal action have been entered in the Nearshore 

Calculator to determine if impacts on long-term nearshore habitat function are balanced. The 

Nearshore Calculator summary sheet is provided in Appendix A.  

If following construction, the proposed offsets are found to result in a negative value in the 

Nearshore Calculator (most likely due to fewer tons of creosote removed than projected), the 

applicant will implement a habitat improvement plan offset those remaining debits within 3 

years, within the South-Central Puget Sound Partnership service area. The Port has proposed 

two1 potential projects to achieve these offsets. If this becomes necessary, the Port will contact 

NMFS to determine the valuation of those proposed projects prior to submission for appropriate 

ESA consultation. It is possible, though, that any necessary offsets might also be purchased 

through Puget Sound Partnership or a conservation bank. 

                                                 

1 Two piling removal projects are planned within the next three years – Pier 34 Pile Removal Project and Jack Block 

Pier Removal Project. Both will remove a substantial number of creosote-treated timber pilings and overwater 

structures from the East Waterway and Elliott Bay, respectively. 
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1.3.2. Best Management Practices 

General Measures 

• In-water work will occur during the designated work window when juvenile salmonids 

are absent or present in very low numbers. 

• Care will be taken to prevent any petroleum products, chemicals, or other toxic or 

deleterious materials from entering the water. Fuel hoses, oil drums, oil or fuel transfer 

valves and fittings, etc., will be checked regularly for drips or leaks, and shall be 

maintained and stored properly to prevent spills into waters. Proper security shall also be 

maintained to prevent vandalism. 

• Vegetable-based hydraulic fluid will be used in pile driving equipment. 

• The contractor will have a spill containment kit, including oil-absorbent materials, on site 

to be used in the event of a spill or if any oil product is observed in the water. 

• If a spill were to occur, work would be stopped immediately, steps would be taken to 

contain the material, and appropriate agency notifications would be made. The contractor 

is responsible for the preparation of spill response and hazardous material control plans to 

be used for the duration of project construction. 

• Spills and/or conditions resulting in distressed or dying fish shall be reported immediately 

to WDOE’s Northwest Regional Spill Response Office at (425) 649-7000 (a 24-hour 

phone number), the Washington Emergency Management Division at 1-800-OILS-911, 

and the National Response Center at 1-800-424-8802. 

• If fish are observed in distress or a fish kill occurs, work would be stopped immediately. 

Washington Department of Fish and Wildlife (WDFW), WDOE and other necessary 

agencies would be contacted and work would not resume until further approval is given. 

• A marine mammal monitoring plan will be carried out during in-water work. 

Pile Removal/Installation Water Quality Measures 

• The applicant’s contract specifications for pile removal and disposal incorporate Best 

Management Practices for Pile Removal and Placement in Washington State (2016) 

promulgated by the EPA. 

• No pile treated with AZCA, creosote, pentachloraphenol, or coal tar will be used. The 

project would result in a reduction of creosote-treated timber pile. 

• A boom will be installed around the work area prior to removal of the timber piling and 

related structures to contain and collect debris. Debris will be disposed of at an approved 

upland location. 

• Hydraulic water jets will not be used to remove or place piling. 

• Every effort will be made to minimize release of adhering sediments when extracting 

fender piling that are pulled from the water and placed on receiving barge or on the 

adjacent concrete cargo pier deck. 

• All treated wood will be contained on land or barge during and after removal to preclude 

sediments and any contaminated material from re-entering the aquatic environment. 

• Treated piling will be fully extracted or cut at the mudline; holes or piling stubs will be 

covered with a new riprap layer. 
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• Piling will be replaced in same general location, and pile will not extend beyond the 

footprint of existing structure. 

Turbidity from Pile Cutting  

• Where possible, extraction equipment for vibratory extraction or lifting of cut pile will be 

kept out of the water to avoid "pinching" pile below the water line in order to minimize 

creosote release during extraction.  

• The work surface on barge deck or pier shall include a containment basin for pile and any 

sediment removed during pulling. Any sediment collected in the containment basin will 

be disposed of at an appropriate upland facility, as will all components of the basin (e.g., 

straw bales, geotextile fabric) and all pile removed.  

• All pile removed will be disposed of at an appropriate upland facility. 

Pile Removal/Installation Noise Abatement 

• Vibratory hammer installation is the preferred method to minimize the generation of 

potentially injurious sound. Impact pile driving would be limited to proofing of structural 

pile. 

• Noise attenuation measures (i.e., bubble curtain) will be employed for impact-driving of 

all steel pile. 

• Pile caps will be used for all driving of concrete pile. 

• Sheet pile driving will be conducted in the dry (at low tide) whenever possible. 

• For projects that produce underwater noise within the range known to cause ‘disturbance’ 

of cetaceans, qualified biologists will be stationed at appropriate points to ensure that 

work is stopped if marine mammals enter the project area, consistent with the 

proponent’s marine mammal monitoring plan. 

1.3.3. Project Timing 

In-water work is expected to take approximately two and a half authorized in-water work 

windows to complete. In Tidal Reference Area 5, the WDOE-approved work window is August 

1 through February 15 (198 days) for all work except dredging, and September 1 through 

February 15 (167 days) for dredging in areas outside the Duwamish Waterway (such as is 

proposed in this action). 

Estimated workdays represent the number of days in which work may occur. Work may not be 

consecutive, and activities may occur with breaks over the full in-water work windows.  

• creosote pile removal is expected to take 50 total days, with vibratory and saw removal 

performed concurrently, 

• concrete pile will be impact driven with an estimated installation production rate of 

approximately 3 pile per day over approximately 100 work days,  

• steel fender pile installation estimated production rate is 8 pile per day over 

approximately 13 work days,  

• steel guide pile estimated production rate is 8 pile per day over approximately 0.5 work 

days, and 
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• sheet pile wall installation estimated production rate is approximately 20 LF of wall per 

day for approximately 42 work days.  

1.3.4. Action Area 

“Action area” means all areas to be affected directly or indirectly by the Federal action and not 

merely the immediate area involved in the action (50 CFR 402.02). The Action Area for the 

proposed action includes greatest extent of the area of effects associated with the temporary 

construction-related effects, ongoing operational effects, and long-term effects of structures. 

For the proposed action, there are short-term construction-related effects, operational effects 

associated with the continued use of the replacement structures, and long-term (or enduring) 

effects caused by the replacement of the in- and overwater structures. The most far-reaching 

effects of the proposed action are operational effects from perpetuation of fishing vessels that 

utilize the berth. Because the primary purpose of berth rehabilitation is to provide moorage for 

commercial fishing vessels, it is reasonably certain that the structure will generate future 

commercial fishing vessel operation. Intermittent biological effects (i.e., sound or collision) 

associated with these fishing vessels are expected to occur to listed species anywhere vessels are 

underway.  

To reach the terminal, vessels must travel south from the entrance to the Strait of Juan de Fuca, 

through Admiralty Inlet, and into Elliott Bay. Commercial vessels traveling this route follow 

well-defined navigation lanes known as the Traffic Separation Scheme (TSS), monitored by the 

U.S. Coast Guard (USCG) and the Canadian Coast Guard (CCG), and recognized by the 

International Maritime Organization (WDOE 2009). While it is impossible to predict the exact 

course of each individual commercial fishing vessel utilizing the berth, it is reasonable to assume 

they will travel between the Strait of Juan de Fuca to Elliott Bay via Admiralty Inlet in the 

established TSS lanes to unload their catch. Outside of the Puget Sound navigation lanes, the 

location of the vessels is variable to the degree that an analysis of co-occurrence of vessels with 

listed species is speculative. Therefore, the Action Area for this proposed action is defined by the 

geographic range of the TSS in marine waters of Puget Sound between the entrance to the Strait 

of Juan de Fuca and Elliott Bay (Figure 2).   

The action area includes Puget Sound Chinook Salmon, Puget Sound Steelhead, Southern 

Resident Killer Whale, bocaccio and yelloweye rockfish and critical habitat for each of these 

species.  
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Figure 2. The approximate action area is highlighted in the yellow polygon. The geographic 

extent of the Action Area shown here is defined by commercial shipping lanes 

from Seattle to the entrance of the Strait of Juan de Fuca (purple polygons; USCG 

2024) and actual commercial vessel traffic data (red lines; NOAA 2024).  

Effects from temporary construction, operational stormwater treatment, and long-term impacts 

are more spatially constrained to the area adjacent to construction. The extent of these effects is 

considered to be the Terminal 91 waterway, extending into Elliott Bay approximately 4 miles 

south into a portion of the West Waterway at the mouth of the Lower Duwamish, as defined by 

the extent of the area directly affected by underwater noise from impact driving of 36-inch steel 

piles. This will be referred to throughout this document as the “project area”. Within the project 

area, the Green River populations of PS Chinook and PS steelhead are expected to be the most 

prevalent fish populations exposed to project effects.  Green River fall Chinook are a priority 

prey species for SRKW. 

 

2. ENDANGERED SPECIES ACT BIOLOGICAL OPINION AND INCIDENTAL TAKE 

STATEMENT  

The ESA establishes a national program for conserving threatened and endangered species of 

fish, wildlife, plants, and the habitat upon which they depend. As required by section 7(a)(2) of 

the ESA, each Federal agency must ensure that its actions are not likely to jeopardize the 

continued existence of endangered or threatened species or to adversely modify or destroy their 
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designated critical habitat. Per the requirements of the ESA, Federal action agencies consult with 

NMFS, and section 7(b)(3) requires that, at the conclusion of consultation, NMFS provide an 

opinion stating how the agency’s actions would affect listed species and their critical habitats. If 

incidental take is reasonably certain to occur, section 7(b)(4) requires NMFS to provide an ITS 

that specifies the impact of any incidental taking and includes reasonable and prudent measures 

(RPMs) and terms and conditions to minimize such impacts.  

The COE determined the proposed action is not likely to adversely affect Puget Sound-Georgia 

Basin DPS (PS/GB) bocaccio rockfish (Sebastes paucispinis), PS/GB yelloweye rockfish 

(Sebastes ruberrimus), and Southern Resident killer whale (SRKW; Orcinus orca) or their 

critical habitat, and humpback whale (Megaptera novaeangliae). No determination was provided 

for PS steelhead critical habitat. The COE did not indicate humpback whale DPS, but the listed 

entities are CAM and MEX. The COE determined no effect for humpback whale critical habitat. 

Our concurrence with the COE’s determination on humpback whale, and yelloweye rockfish and 

their critical habitat, is documented in the "Not Likely to Adversely Affect" Determinations 

section (Section 2.13). We disagree with the COE’s effect determination for SRKW and 

bocaccio rockfish, and on PS Chinook salmon, bocaccio, and SRKW critical habitat, which we 

analyze in this Opinion along with PS steelhead critical habitat.  

2.1. Analytical Approach 

This biological opinion includes both a jeopardy analysis and an adverse modification analysis. 

The jeopardy analysis relies upon the regulatory definition of “jeopardize the continued existence 

of” a listed species, which is “to engage in an action that reasonably would be expected, directly 

or indirectly, to reduce appreciably the likelihood of both the survival and recovery of a listed 

species in the wild by reducing the reproduction, numbers, or distribution of that species” (50 

CFR 402.02). Therefore, the jeopardy analysis considers both survival and recovery of the 

species.  

This biological opinion also relies on the regulatory definition of “destruction or adverse 

modification,” which “means a direct or indirect alteration that appreciably diminishes the value 

of critical habitat as a whole for the conservation of a listed species” (50 CFR 402.02). 

The designation(s) of PS steelhead critical habitat use(s) the term primary constituent element 

(PCE) or essential features. The 2016 final rule (81 FR 7414; February 11, 2016) that revised the 

critical habitat regulations (50 CFR 424.12) replaced this term with physical or biological 

features (PBFs). The shift in terminology does not change the approach used in conducting a 

“destruction or adverse modification” analysis, which is the same regardless of whether the 

original designation identified PCEs, PBFs, or essential features. In this biological opinion, we 

use the term PBF to mean PCE or essential feature, as appropriate for the specific critical habitat. 

The ESA Section 7 implementing regulations define effects of the action using the term 

“consequences” (50 CFR 402.02). As explained in the preamble to the final rule revising the 

definition and adding this term (84 FR 44976, 44977; August 27, 2019), that revision does not 

change the scope of our analysis, and in this opinion, we use the terms “effects” and 

“consequences” interchangeably. 
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We use the following approach to determine whether a proposed action is likely to jeopardize 

listed species or destroy or adversely modify critical habitat:  

● Evaluate the rangewide status of the species and critical habitat expected to be adversely 

affected by the proposed action.  

● Evaluate the environmental baseline of the species and critical habitat.  

● Evaluate the effects of the proposed action on species and their critical habitat using an 

exposure–response approach.  

● Evaluate cumulative effects.  

● In the integration and synthesis, add the effects of the action and cumulative effects to the 

environmental baseline, and, in light of the status of the species and critical habitat, 

analyze whether the proposed action is likely to: (1) directly or indirectly reduce 

appreciably the likelihood of both the survival and recovery of a listed species in the wild 

by reducing the reproduction, numbers, or distribution of that species; or (2) directly or 

indirectly result in an alteration that appreciably diminishes the value of critical habitat as 

a whole for the conservation of a listed species. 

● If necessary, suggest a reasonable and prudent alternative to the proposed action.  

For this consultation, NMFS also evaluated the proposed action using a Habitat Equivalency 

Analysis (HEA)2 and the Puget Sound Nearshore Habitat Values Model (NHVM) that we 

adapted from Ehinger et al. (2015). We developed an input calculator (“Nearshore Calculator”) 

that serves as a user-accessible interface to simplify model use. Ecological equivalency that 

forms the basis of HEA is a concept that uses a common currency to express and assign a value 

to functional habitat loss and gain. Ecological equivalency is traditionally a service-to-service 

approach where the ecological functions and services for a species or group of species lost from 

an impacting activity are fully offset by the services gained from a conservation activity. In this 

case, we use this approach to calculate the “cost” and “benefit” of the proposed action, as well as 

the effects of the existing environmental baseline into the future, using the NHVM. 

The NHVM includes a debit/credit factor of two applied to new structures to account for the fact 

that impacts on unimpaired habitat have been found to be more detrimental than future impacts 

to already impaired habitat at sites with existing structures (Roni et al. 2002). To rephrase, given 

the current condition of nearshore habitat, impacts from new structures on relatively unimpaired 

habitat would be, for example, more harmful than impacts resulting from the repair or 

replacement of existing structures, and the model accounts for this difference. 

NMFS developed the NHVM based specifically on the designated critical habitat of listed 

salmonids in Puget Sound, scientific literature, and our best professional judgement. The model, 

                                                 
2 A common “habitat currency” to quantify habitat impacts or gains can be calculated using Habitat Equivalency 

Analysis (HEA) methodology when used with a tool to consistently determine the habitat value of the affected area 

before and after impact. NMFS selected HEA as a means to identify section 7 project related habitat losses, gains, 

and quantify appropriate mitigation because of its long use by NOAA in natural resource damage assessment to 

scale compensatory restoration (Dunford et al. 2004, Thur 2006) and extensive independent literature on the model 

(Milon and Dodge 2001, Cacela et al. 2005, Strange et al. 2002). In Washington State, NMFS has also expanded the 

use of HEA to calculate conservation credits available from fish conservation banks (NMFS 2008a, NMFS 2015), 

from which “withdrawals” can be made to address mitigation for adverse impacts to ESA species and their 

designated CH. 
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run by inputting project specific information into the Nearshore Calculator, produces numerical 

outputs in the form of conservation credits and debits. Credits (+) indicate positive 

environmental results to nearshore habitat quality, quantity, or function. Debits (-) indicate a loss 

of nearshore habitat quality, quantity, or function. The model can be used to assess credits and 

debits for nearshore development projects and restoration projects; in the past, we have used this 

approach in the Structures in Marine Waters Programmatic consultation (NMFS 2016a 

Use of the NHVM requires an assumption of the amount of time the proposed structure, and thus 

the resulting habitat impacts, will persist. For this consultation and consistent with our 

application in NMFS 2020 and 2021b batched biological opinions on COE actions, we have 

applied an assumption that structures are serviceable for approximately 40 years3 before 

requiring an additional action to maintain their structural integrity (this terminal was last 

rehabilitated 37 years ago) .  

As explained above, model outputs for new or expanded projects account for impacts to an 

undeveloped environment and are calculated at a higher debit rate (2 times greater) than those 

calculated for replace/repair projects, that assume that some function has already been lost from 

the existing structure. Outputs from the NHVM account for the following consequences of the 

proposed action: 

• Beneficial aspects of the proposed action, including any positive effects that would result 

from reduction of overwater coverage, in-water structures, creosote removal, and 

reduction of armoring. 

• Minimization incorporated through project design improvements (e.g., credit is given for 

grating over water structures). 

• Adverse effects that would occur from the replacement over water structures, the 

persistence of existing relocated over water structures, pile installation, and shoreline 

stabilization. 

Appendix A contains a summary sheet of the Nearshore Calculator that displays entries for 

overall long-term habitat impacts (beneficial and detrimental) caused by the proposed project.  

2.2. Rangewide Status of the Species and Critical Habitat 

This Opinion examines the status of each species that is likely to be adversely affected by the 

proposed action. The status is determined by the level of extinction risk that the listed species 

face, based on parameters considered in documents such as recovery plans, status reviews, and 

listing decisions. This informs the description of the species’ likelihood of both survival and 

recovery. The species status section also helps to inform the description of the species’ 

“reproduction, numbers, or distribution” for the jeopardy analysis. The Opinion also examines 

the condition of critical habitat throughout the designated area, evaluates the conservation value 

of the various watersheds and coastal and marine environments that make up the designated area, 

and discusses the function of the PBFs that are essential for the conservation of the species. 

                                                 
3 Assumption based on available input parameters of the NHVM model.  



WCRO-2022-03517 -19- 

One factor affecting the status of ESA-listed species considered in this opinion, and aquatic 

habitat at large, is climate change. Climate change is likely to play an increasingly important role 

in determining the abundance and distribution of ESA-listed species, and the conservation value 

of designated critical habitats, in the Pacific Northwest. These changes will not be spatially 

homogeneous across the Pacific Northwest. Major ecological realignments are already occurring 

in response to climate change (IPCC 2022). Long-term trends in warming have continued at 

global, national and regional scales. Global surface temperatures in the last decade (i.e., 2010’s) 

were estimated to be 1.09 degrees Celsius (°C) higher than the 1850 to1900 baseline period, with 

larger increases over land (~1.6 °C) compared to oceans (~0.88 °C; IPCC WGI 2021). The vast 

majority of this warming has been attributed to anthropogenic releases of greenhouse gases 

(IPCC WGI 2021).  Globally, 2014 to 2018 were the 5 warmest years on record both on land and 

in the ocean (2018 was the 4th warmest) (NOAA NCEI 2022). Events such as the 2013 to 2016 

marine heatwave (Jacox et al. 2018) have been attributed directly to anthropogenic warming in 

the annual special issue of Bulletin of the American Meteorological Society on extreme events 

(Herring et al. 2018). Global warming and anthropogenic loss of biodiversity represent profound 

threats to ecosystem functionality (IPCC  2022). These two factors are often examined in 

isolation, but likely have interacting effects on ecosystem function. 

Updated projections of climate change are similar to or greater than previous projections (IPCC 

2021). NMFS is increasingly confident in our projections of changes to freshwater and marine 

systems because every year brings stronger validation of previous predictions in both physical 

and biological realms. Retaining and restoring habitat complexity, access to climate refuges 

(both flow and temperature) and improving growth opportunity in both freshwater and marine 

environments are strongly advocated in the recent literature (Siegel and Crozier 2020). 

Climate change is systemic, influencing freshwater, estuarine, and marine conditions. Other 

systems are also being influenced by changing climatic conditions. Literature reviews on the 

impacts of climate change on Pacific salmon (Crozier 2011; Crozier 2012; Crozier 2013; Crozier 

2014; Crozier 2015; Crozier 2016; Crozier 2017; Crozier and Siegel 2018; Siegel and Crozier 

2019; Siegel and Crozier 2020) have collected hundreds of papers documenting the major 

themes relevant for salmon. Here we describe habitat changes relevant to Pacific salmon and 

steelhead, prior to describing how these changes result in the varied specific mechanisms 

impacting these species in subsequent sections.  

Forests  

Climate change will impact forests of the western U.S., which dominate the landscape of many 

watersheds in the region. Forests are already showing evidence of increased drought severity, 

forest fire, and insect outbreak (Halofsky et al. 2020). Additionally, climate change will affect 

tree reproduction, growth, and phenology, which will lead to spatial shifts in vegetation.  

Halofsky et al. (2018) projected that the largest changes will occur at low- and high-elevation 

forests, with expansion of low-elevation dry forests and diminishing high-elevation cold forests 

and subalpine habitats. 

Forest fires affect salmon streams by altering sediment load, channel structure, and stream 

temperature through the removal of canopy. Holden et al. (2018) examined environmental 

factors contributing to observed increases in the extent of forest fires throughout the western U.S.  
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They found strong correlations between the number of dry-season rainy days and the annual 

extent of forest fires, as well as a significant decline in the number of dry-season rainy days over 

the study period (1984 through 2015). Consequently, predicted decreases in dry-season 

precipitation, combined with increases in air temperature, will likely contribute to the existing 

trend toward more extensive and severe forest fires and the continued expansion of fires into 

higher elevation and wetter forests (Alizedeh 2021).  

Agne et al. (2018) reviewed literature on insect outbreaks and other pathogens affecting coastal 

Douglas-fir forests in the Pacific Northwest and examined how future climate change may 

influence disturbance ecology. They suggest that Douglas-fir beetle and black stain root disease 

could become more prevalent with climate change, while other pathogens will be more affected 

by management practices. Agne et al. (2018) also suggested that due to complex interacting 

effects of disturbance and disease, climate impacts will differ by region and forest type. 

Freshwater Environments 

The following is excerpted from Siegel and Crozier (2019), who present a review of recent 

scientific literature evaluating effects of climate change, describing the projected impacts of 

climate change on instream flows: 

Cooper et al. (2018) examined whether the magnitude of low river flows in the western U.S., 

which generally occur in September or October, are driven more by summer conditions or the 

prior winter’s precipitation. They found that while low flows were more sensitive to summer 

evaporative demand than to winter precipitation, interannual variability in winter precipitation 

was greater. Malek et al. (2018) predicted that summer evapotranspiration is likely to increase in 

conjunction with declines in snowpack and increased variability in winter precipitation. Their 

results suggest that low summer flows are likely to become lower, more variable, and less 

predictable.  

The effect of climate change on ground water availability is likely to be uneven. Sridhar et al. 

(2018) coupled a surface-flow model with a ground-flow model to improve predictions of 

surface water availability with climate change in the Snake River Basin. Projections using RCP 

4.5 and 8.5 emission scenarios suggested an increase in water table heights in downstream areas 

of the basin and a decrease in upstream areas.  

As cited in Siegel and Crozier (2019), Isaak et al. (2018), examined recent trends in stream 

temperature across the Western U.S. using a large regional dataset. Stream warming trends 

paralleled changes in air temperature and were pervasive during the low-water warm seasons of 

1996 to 2015 (0.18 to 0.35°C/decade) and 1976 to 2015 (0.14 to 0.27°C/decade). Their results 

show how continued warming will likely affect the cumulative temperature exposure of 

migrating sockeye salmon (O. nerka) and the availability of suitable habitat for brown trout 

(Salmo trutta) and rainbow trout (O. mykiss). Isaak et al. (2018) concluded that most stream 

habitats will likely remain suitable for salmonids in the near future, with some becoming too 

warm. However, in cases where habitat access is currently restricted by dams and other barriers 

salmon and steelhead will be confined to downstream reaches typically most at risk of rising 

temperatures unless passage is restored (FitzGerald et al. 2020; Myers et al. 2018). 
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Streams with intact riparian corridors and that lie in mountainous terrain are likely to be more 

resilient to changes in air temperature.  These areas may provide refuge from climate change for 

a number of species, including Pacific salmon. Krosby et al. (2018), identified potential stream 

refugia throughout the Pacific Northwest based on a suite of features thought to reflect the ability 

of streams to serve as such refuges. Analyzed features include large temperature gradients, high 

canopy cover, large relative stream width, low exposure to solar radiation, and low levels of 

human modification. They created an index of refuge potential for all streams in the region, with 

mountain area streams scoring highest. Flat lowland areas, which commonly contain migration 

corridors, were generally scored lowest, and thus were prioritized for conservation and 

restoration. However, forest fires can increase stream temperatures dramatically in short time-

spans by removing riparian cover (Koontz et al. 2018), and streams that lose their snowpack with 

climate change may see the largest increases in stream temperature due to the removal of 

temperature buffering (Yan et al. 2021). These processes may threaten some habitats that are 

currently considered refugia. 

Marine and Estuarine Environments 

Along with warming stream temperatures and concerns about sufficient groundwater to recharge 

streams, a recent study projects nearly complete loss of existing tidal wetlands along the U.S. 

West Coast, due to sea level rise (Thorne et al. 2018). California and Oregon showed the greatest 

threat to tidal wetlands (100 percent), while 68 percent of Washington tidal wetlands are 

expected to be submerged. Coastal development and steep topography prevent horizontal 

migration of most wetlands, causing the net contraction of this crucial habitat. 

Rising ocean temperatures, stratification, ocean acidity, hypoxia, algal toxins, and other 

oceanographic processes will alter the composition and abundance of a vast array of oceanic 

species. In particular, there will be dramatic changes in both predators and prey of Pacific 

salmon, salmon life history traits and relative abundance. Siegel and Crozier (2019) observe that 

changes in marine temperature are likely to have a number of physiological consequences on 

fishes themselves.  For example, in a study of small planktivorous fish, Gliwicz et al. (2018) 

found that higher ambient temperatures increased the distance at which fish reacted to prey.  

Numerous fish species (including many tuna and sharks) demonstrate regional endothermy, 

which in many cases augments eyesight by warming the retinas. However, Gliwicz et al. (2018) 

suggest that ambient temperatures can have a similar effect on fish that do not demonstrate this 

trait. Climate change is likely to reduce the availability of biologically essential omega-3 fatty 

acids produced by phytoplankton in marine ecosystems. Loss of these lipids may induce 

cascading trophic effects, with distinct impacts on different species depending on compensatory 

mechanisms (Gourtay et al. 2018). Reproduction rates of many marine fish species are also likely 

to be altered with temperature (Veilleux et al. 2018). The ecological consequences of these 

effects and their interactions add complexity to predictions of climate change impacts in marine 

ecosystems.  

Perhaps the most dramatic change in physical ocean conditions will occur through ocean 

acidification and deoxygenation. It is unclear how sensitive salmon and steelhead might be to the 

direct effects of ocean acidification because of their tolerance of a wide pH range in freshwater 

(although see Ou et al. 2015 and Williams et al. 2019a), however, impacts of ocean acidification 

and hypoxia on sensitive species (e.g., plankton, crabs, rockfish, groundfish) will likely affect 
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salmon indirectly through their interactions as predators and prey. Similarly, increasing 

frequency and duration of harmful algal blooms may affect salmon directly, depending on the 

toxin (e.g., saxitoxin vs domoic acid), but will also affect their predators (seabirds and 

mammals). The full effects of these ecosystem dynamics are not known but will be complex. 

Within the historical range of climate variability, less suitable conditions for salmonids (e.g., 

warmer temperatures, lower streamflows) have been associated with detectable declines in many 

of these listed units, highlighting how sensitive they are to climate drivers (Ford 2022; Lindley et 

al. 2009; Williams et al. 2016a; Ward et al. 2015). In some cases, the combined and potentially 

additive effects of poorer climate conditions for fish and intense anthropogenic impacts caused 

the population declines that led to these population groups being listed under the ESA (Crozier et 

al. 2019). 

Climate change effects on salmon and steelhead 

In freshwater, year-round increases in stream temperature and changes in flow will affect 

physiological, behavioral, and demographic processes in salmon, and change the species with 

which they interact. For example, as stream temperatures increase, many native salmonids face 

increased competition with more warm-water tolerant invasive species. Changing freshwater 

temperatures are likely to affect incubation and emergence timing for eggs, and in locations 

where the greatest warming occurs may affect egg survival, although several factors impact 

intergravel temperature and oxygen (e.g., groundwater influence) as well as sensitivity of eggs to 

thermal stress (Crozier et al. 2020). Changes in temperature and flow regimes may alter the 

amount of habitat and food available for juvenile rearing, and this in turn could lead to a 

restriction in the distribution of juveniles, further decreasing productivity through density 

dependence. For migrating adults, predicted changes in freshwater flows and temperatures will 

likely increase exposure to stressful temperatures for many salmon and steelhead populations, 

and alter migration travel times and increase thermal stress accumulation for Evolutionary 

Significant Unit or Distinct Population Segments (ESU or DPS, respectively) with early-

returning (i.e. spring- and summer-run) phenotypes associated with longer freshwater holding 

times (Crozier et al. 2020; FitzGerald et al. 2020). Rising river temperatures increase the 

energetic cost of migration and the risk of en route or pre-spawning mortality of adults with long 

freshwater migrations, although populations of some ESA-listed salmon and steelhead may be 

able to make use of cool-water refuges and run-timing plasticity to reduce thermal exposure 

(Keefer et al. 2018; Barnett et al. 2020). 

Marine survival of salmonids is affected by a complex array of factors including prey abundance, 

predator interactions, the physical condition of salmon within the marine environment, and 

carryover effects from the freshwater experience (Burke et al. 2013; Holsman et al. 2012).  It is 

generally accepted that salmon marine survival is size-dependent, and thus larger and faster 

growing fish are more likely to survive (Gosselin et al. 2021).  Furthermore, early arrival timing 

in the marine environment is generally considered advantageous for populations migrating 

through the Columbia River. However, the optimal day of arrival varies across years, depending 

on the seasonal development of productivity in the California Current, which affects prey 

available to salmon and the risk of predation (Chasco et al. 2021). Siegel and Crozier (2019) 

point out the concern that for some salmon populations, climate change may drive mismatches 

between juvenile arrival timing and prey availability in the marine environment. However, 

phenological diversity can contribute to metapopulation-level resilience by reducing the risk of a 
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complete mismatch. Carr-Harris et al. (2018), explored phenological diversity of marine 

migration timing in relation to zooplankton prey for sockeye salmon O. nerka from the Skeena 

River of Canada. They found that sockeye migrated over a period of more than 50 days, and 

populations from higher elevation and further inland streams arrived in the estuary later, with 

different populations encountering distinct prey fields. Carr-Harris et al. (2018) recommended 

that managers maintain and augment such life-history diversity. 

Synchrony between terrestrial and marine environmental conditions (e.g., coastal upwelling, 

precipitation and river discharge) has increased in spatial scale causing the highest levels of 

synchrony in the last 250 years (Black et al. 2018). A more synchronized climate combined with 

simplified habitats and reduced genetic diversity may be leading to more synchrony in the 

productivity of populations across the range of salmon (Braun et al. 2016). For example, salmon 

productivity (recruits/spawner) has also become more synchronized across Chinook salmon 

populations from Oregon to the Yukon (Dorner et al. 2018; Kilduff et al. 2014). In addition, 

Chinook salmon have become smaller and younger at maturation across their range (Ohlberger et 

al. 2018).  Other Pacific salmon species (Stachura el al. 2014) and Atlantic salmon (Olmos et al. 

2020) also have demonstrated synchrony in productivity across a broad latitudinal range.  

At the individual scale, climate impacts on salmon in one life stage generally affect body size or 

timing in the next life stage and negative impacts can accumulate across multiple life stages 

(Healey 2011; Wainwright and Weitkamp 2013; Gosselin et al. 2021). Changes in winter 

precipitation will likely affect incubation and/or rearing stages of most populations. Changes in 

the intensity of cool season precipitation, snow accumulation, and runoff could influence 

migration cues for fall, winter and spring adult migrants, such as coho and steelhead. Egg 

survival rates may suffer from more intense flooding that scours or buries redds. Changes in 

hydrological regime, such as a shift from mostly snow to more rain, could drive changes in life 

history, potentially threatening diversity within an ESU (Beechie et al. 2006). Changes in 

summer temperature and flow will affect both juvenile and adult stages in some populations, 

especially those with yearling life histories and summer migration patterns (Crozier and Zabel 

2006; Crozier et al. 2010; Crozier et al. 2019).  

At the population level, the ability of organisms to genetically adapt to climate change depends 

on how much genetic variation currently exists within salmon populations, as well as how 

selection on multiple traits interact, and whether those traits are linked genetically. While genetic 

diversity may help populations respond to climate change, the remaining genetic diversity of 

many populations is highly reduced compared to historic levels.  For example, Johnson et al. 

(2018), compared genetic variation in Chinook salmon from the Columbia River Basin between 

contemporary and ancient samples. A total of 84 samples determined to be Chinook salmon were 

collected from vertebrae found in ancient middens and compared to 379 contemporary samples. 

Results suggest a decline in genetic diversity, as demonstrated by a loss of mitochondrial 

haplotypes as well as reductions in haplotype and nucleotide diversity. Genetic losses in this 

comparison appeared larger for Chinook salmon from the mid-Columbia than those from the 

Snake River Basin. In addition to other stressors, modified habitats and flow regimes may create 

unnatural selection pressures that reduce the diversity of functional behaviors (Sturrock et al. 

2020). Managing to conserve and augment existing genetic diversity may be increasingly 

important with more extreme environmental change (Anderson et al. 2015), though the low 

levels of remaining diversity present challenges to this effort (Freshwater et al. 2019). Salmon 



WCRO-2022-03517 -24- 

historically maintained relatively consistent returns across variation in annual weather through 

the portfolio effect (Schindler et al. 2015), in which different populations are sensitive to 

different climate drivers. Applying this concept to climate change, Anderson et al. (2015) 

emphasized the additional need for populations with different physiological tolerances. Loss of 

the portfolio increases volatility in fisheries, as well as ecological systems, as demonstrated for 

Fraser River and Sacramento River stock complexes (Freshwater et al. 2019; Munsch et al. 

2022). 

2.2.1. Status of the Species 

Table 1 provides a summary of listing and recovery plan information, status summaries and 

limiting factors for the species addressed in this opinion. More information can be found in 

recovery plans and status reviews for these species. Acronyms appearing in the table include 

DPS (Distinct Population Segment), ESU (Evolutionarily Significant Unit), ICTRT (Interior 

Columbia Technical Recovery Team), MPG (Multiple Population Grouping), NWFSC 

(Northwest Fisheries Science Center), TRT (Technical Recovery Team), and VSP (Viable 

Salmonid Population). 
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Table 1. Listing classification and date, recovery plan reference, most recent status review, status summary, and limiting factors 

for each species considered in this opinion. Listed documents are incorporated by reference.  

Species Listing 

Classification 

and Date 

Recovery Plan 

Reference 

Most 

Recent 

Status 

Review 

Status Summary Limiting Factors 

Puget Sound  

Chinook 

salmon 

Threatened 

6/28/05 

(70 FR 37159) 

Shared 

Strategy for 

Puget Sound 

2007 

NMFS 2006 

NMFS 

2017a; Ford 

2022 

This ESU comprises 22 populations distributed over five 

geographic areas. All Puget Sound Chinook salmon 

populations continue to remain well below the TRT 

planning ranges for recovery escapement levels. Most 

populations also remain consistently below the spawner–

recruit levels identified by the TRT as necessary for 

recovery. Across the ESU, most populations have 

increased somewhat in abundance since the last status 

review in 2016, but have small negative trends over the 

past 15 years. Productivity remains low in most 

populations. Overall, the Puget Sound Chinook salmon 

ESU remains at “moderate” risk of extinction.  

• Degraded floodplain and in-river 

channel structure 

• Degraded estuarine conditions and 

loss of estuarine habitat 

• Degraded riparian areas and loss of 

in-river large woody debris 

• Excessive fine-grained sediment in 

spawning gravel 

• Degraded water quality and 

temperature 

• Degraded nearshore conditions 

• Impaired passage for migrating fish  

• Severely altered flow regime 

Puget Sound 

steelhead 

Threatened 

5/11/07 

NMFS 2019 NMFS 

2017a; Ford 

2022 

This DPS comprises 32 populations. Viability of has 

improved somewhat since the PSTRT concluded that the 

DPS was at very low viability, as were all 3 of its 

constituent MPGs, and many of its 32 DIPs (Hard et al. 

2015). Increases in spawner abundance were observed in 

a number of populations over the last five years within 

the Central & South Puget Sound and the Hood Canal & 

Strait of Juan de Fuca MPGs, primarily among smaller 

populations. There were also declines for summer- and 

winter-run populations in the Snohomish River basin. In 

fact, all summer-run steelhead populations in the 

Northern Cascades MPG are likely at a very high 

demographic risk. 

• Continued destruction and 

modification of habitat 

• Widespread declines in adult 

abundance despite significant 

reductions in harvest  

• Threats to diversity posed by use of 

two hatchery steelhead stocks 

• Declining diversity in the DPS, 

including the uncertain but weak 

status of summer-run fish 

• A reduction in spatial structure 

• Reduced habitat quality  

• Urbanization 

• Dikes, hardening of banks with 

riprap, and channelization 
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Species Listing 

Classification 

and Date 

Recovery Plan 

Reference 

Most 

Recent 

Status 

Review 

Status Summary Limiting Factors 

Puget Sound/ 

Georgia Basin 

DPS of  

Bocaccio 

Endangered 

04/28/10 

NMFS 2017b NMFS 

2016b 

Though bocaccio were never a predominant segment of 

the multi-species rockfish population within the Puget 

Sound/Georgia Basin, their present-day abundance is 

likely a fraction of their pre-contemporary fishery 

abundance. Most bocaccio within the DPS may have been 

historically spatially limited to several basins within the 

DPS. They were apparently historically most abundant in 

the Central and South Sound with no documented 

occurrences in the San Juan Basin until 2008. The 

apparent reduction of populations of bocaccio in the Main 

Basin and South Sound represents a further reduction in 

the historically spatially limited distribution of bocaccio, 

and adds significant risk to the viability of the DPS. 

• Over harvest 

• Water pollution 

• Climate-induced changes to rockfish 

habitat 

• Small population dynamics 

Southern 

resident  

killer whale 

Endangered 

11/18/05 

NMFS 2008b NMFS 

2022a 

The Southern Resident killer whale DPS is composed of a 

single population that ranges as far south as central 

California and as far north as southeast Alaska. While 

some of the downlisting and delisting criteria have been 

met, the biological downlisting and delisting 63 criteria, 

including sustained growth over 14 and 28 years, 

respectively, have not been met. The SRKW DPS has not 

grown; the overall status of the population is not 

consistent with a healthy, recovered population. 

Considering the status and continuing threats, the 

Southern Resident killer whales remain in danger of 

extinction. 

• Quantity and quality of prey 

• Exposure to toxic chemicals 

• Disturbance from sound and vessels 

• Risk from oil spills 
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2.2.2. Status of the Critical Habitat  

This section describes the status of designated critical habitat affected by the proposed action by 

examining the condition and trends of the essential physical and biological features (PBFs) of 

that habitat throughout the designated areas. These features are essential to the conservation of 

the ESA-listed species because they support one or more of the species’ life stages (e.g., sites 

with conditions that support spawning, rearing, migration and foraging). 

For most salmon and steelhead, NMFS’s critical habitat analytical review teams (CHARTs) 

ranked watersheds within designated critical habitat at the scale of the fifth-field hydrologic unit 

code (HUC5) in terms of the conservation value they provide to each ESA-listed species that 

they support (NMFS 2005). The conservation rankings were high, medium, or low. To determine 

the conservation value of each watershed to species viability, the CHARTs evaluated the 

quantity and quality of habitat features, the relationship of the area compared to other areas 

within the species’ range, and the significance to the species of the population occupying that 

area. Even if a location had poor habitat quality, it could be ranked with a high conservation 

value if it were essential due to factors such as limited availability, a unique contribution of the 

population it served, or is serving another important role. 

Critical habitat for PS Chinook salmon, PS steelhead, GB/PS bocaccio rockfish, and SRKW is 

designated within portions of the Action Area.  

NMFS reviews effects on critical habitat by examining how the PBFs of critical habitat will be 

altered, the duration of such changes, and the influence of these changes on the potential for the 

habitat to serve the conservation values for which it was designated.  Whether or not habitat is 

designated as critical, the full range of the Action Areas provides accessible habitat to the various 

listed species considered in this opinion, and it is certain that the features of the habitat, will be 

altered either temporarily, or for the foreseeable future. Given the mixture of critical and non-

critical habitat within the Action Areas, in the following section, we will review effects to all 

habitat features, whether or not the habitat is designated as critical, as this analysis is 

foundational to our review of the effects of the proposed action on the listed species themselves. 

Chinook salmon critical habitat in nearshore marine area, from the line of extreme high tide out 

to a depth of 30 meters, is present in the Action Area. The nearshore environment supports 

various life stages of PS Chinook salmon including growing and sexually maturing adults, 

migrating spawners, and rearing and growing juveniles.  

Steelhead critical habitat includes 2,031 stream miles. Nearshore and offshore marine waters 

were not designated for this species. Steelhead river or stream critical habitat for migration is 

present in a portion of the Action Area within the West Waterway, an estuary where saltwater 

from the sound and freshwater from the Duwamish River mix. Water levels and salinity here 

fluctuate with the tide and amount of water in the river. The Action Area coincides with 

approximately 30 acres of PS steelhead critical habitat within the final 0.41 miles of West 

Waterway prior to the terminus in Elliott Bay.  

Cumulatively, the associated salmonid critical habitat PBFs present in portions of the Action 

Area that apply to these 2 species include: 
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4. Estuarine areas free of obstruction and excessive predation with:  

(i) Water quality, water quantity, and salinity conditions supporting juvenile and 

adult physiological transitions between fresh- and saltwater;  

(ii) Natural cover such as submerged and overhanging large wood, aquatic 

vegetation, large rocks and boulders, side channels; and  

(iii) Juvenile and adult forage, including aquatic invertebrates and fishes, 

supporting growth and maturation. 

5. Nearshore marine areas free of obstruction with water quality and quantity conditions 

and forage, including aquatic invertebrates and fishes, supporting growth and maturation; 

and natural cover such as submerged and overhanging large wood, aquatic vegetation, 

large rocks and boulders, and side channels. 

Both marine deepwater and nearshore bocaccio critical habitat are designated in portions of the 

Action Area. Rockfish critical habitat features are distinguished between species and between 

adults and juveniles, as each species and life history stage have different location and habitat 

needs. Juvenile settlement habitats located in the nearshore with substrates such as sand, rock 

and/or cobble compositions that also support kelp are essential for conservation because these 

features enable forage opportunities and refuge from predators and enable behavioral and 

physiological changes needed for juveniles to occupy deeper adult habitats. PBFs essential to the 

conservation of juvenile bocaccio rockfish include: 

1. Quantity, quality, and availability of prey species to support individual growth, 

survival, reproduction, and feeding opportunities; and  

2. Water quality and sufficient levels of dissolved oxygen to support growth, 

survival, reproduction, and feeding opportunities. 

Benthic habitats or sites deeper than 98 feet that possess or are adjacent to areas of complex 

bathymetry consisting of rock and or highly rugose habitat. PBFs essential to the conservation of 

adult bocaccio rockfish include: 

1. Quantity, quality, and availability of prey species to support individual growth, 

survival, reproduction, and feeding opportunities. 

2. Water quality and sufficient levels of dissolved oxygen to support growth, 

survival, reproduction, and feeding opportunities. 

3. The type and amount of structure and rugosity that supports feeding opportunities 

and predator avoidance.  

Marine critical habitat for SRKW is present within the Action Area in depths 6.1 meters or 

greater relative to extreme high water. The PBFs essential to SRKW conservation and recovery 

existing within the Action Area include: 

1. Water quality to support growth and development. 

2. Prey species of sufficient quantity, quality, and availability to support individual 

growth, reproduction and development, as well as overall population growth. 

3. Passage conditions to allow for migration, resting, and foraging. 
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A summary of the status of critical habitats considered in this Opinion is provided in Table 2 

below 

Table 2.  Critical habitat, designation date, federal register citation, and status summary for 

critical habitat considered in this opinion 

Species Designation 

Date and 

Federal 

Register 

Citation 

Critical Habitat Status Summary 

Puget 

Sound 

Chinook 

salmon 

9/02/2005 

70 FR 52630 

Critical habitat for Puget Sound Chinook salmon includes 1,683 miles of streams, 41 square 

mile of lakes, and 2,182 miles of nearshore marine habitat in Puget Sounds. The Puget Sound 

Chinook salmon ESU has 61 freshwater and 19 marine areas within its range. Of the freshwater 

watersheds, 41 are rated high conservation value, 12 low conservation value, and eight received 

a medium rating. Of the marine areas, all 19 are ranked with high conservation value.  

Puget 

Sound 

steelhead 

2/24/2016 

81 FR 9252 

Critical habitat for Puget Sound steelhead includes 2,031 stream miles. Nearshore and offshore 

marine waters were not designated for this species. There are 66 watersheds within the range of 

this DPS. Nine watersheds received a low conservation value rating, 16 received a medium 

rating, and 41 received a high rating to the DPS. 

Puget 

Sound/Ge

orgia 

Basin 

DPS of 

bocaccio 

11/13/2014 

79 FR68042 

Critical habitat for bocaccio includes 590.4 square miles of nearshore habitat and 414.1 square 

miles of deepwater habitat. Critical habitat is not designated in areas outside of United States 

jurisdiction; therefore, although waters in Canada are part of the DPSs’ ranges for all three 

species, critical habitat was not designated in that area. Based on the natural history of bocaccio 

and their habitat needs, NMFS identified two physical or biological features, essential for their 

conservation: 1) Deepwater sites (>30 meters) that support growth, survival, reproduction, and 

feeding opportunities; 2) Nearshore juvenile rearing sites with sand, rock and/or cobbles to 

support forage and refuge. Habitat threats include degradation of rocky habitat, loss of eelgrass 

and kelp, introduction of non-native species that modify habitat, and degradation of water 

quality as specific threats to rockfish habitat in the Georgia Basin. 

Southern 

resident 

killer 

whale 

08/02/2021 

86 FR 41668 

Critical habitat includes approximately 2,560 square miles of marine inland waters of 

Washington: 1) the Summer Core Area in Haro Strait and waters around the San Juan Islands; 2) 

Puget Sound; and 3) the Strait of Juan de Fuca. Six additional areas include 15,910 square miles 

of marine waters between the 20-feet (6.1-meter (m)) depth contour and the 656.2-feet (200-m) 

depth contour from the U.S. international border with Canada south to Point Sur, California. We 

have excluded the Quinault Range Site. Based on the natural history of the Southern Residents 

and their habitat needs, NMFS identified three PCEs, or physical or biological features, essential 

for the conservation of Southern Residents: 1) Water quality to support growth and 

development; 2) prey species of sufficient quantity, quality, and availability to support 

individual growth, reproduction and development, as well as overall population growth; and 3) 

passage conditions to allow for migration, resting, and foraging Water quality in Puget Sound, in 

general, is degraded. Some pollutants in Puget Sound persist and build up in marine organisms 

including Southern Residents and their prey resources, despite bans in the 1970s of some 

harmful substances and cleanup efforts. The primary concern for direct effects on whales from 

water quality is oil spills, although oil spills can also have long-lasting impacts on other habitat 

features In regards to passage, human activities can interfere with movements of the whales and 

impact their passage. In particular, vessels may present obstacles to whales’ passage, causing the 

whales to swim further and change direction more often, which can increase energy expenditure 

for whales and impacts foraging behavior. Reduced prey abundance, particularly Chinook 

salmon, is also a concern for critical habitat.  

2.3. Environmental Baseline 

The “environmental baseline” refers to the condition of the listed species or its designated critical 

habitat in the Action Area, without the consequences to the listed species or designated critical 

habitat caused by the proposed action. The environmental baseline includes the past and present 

impacts of all Federal, State, or private actions and other human activities in the Action Area, the 

anticipated impacts of all proposed Federal projects in the Action Area that have already 
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undergone formal or early section 7 consultations, and the impact of State or private actions 

which are contemporaneous with the consultation in process. The consequences to listed species 

or designated critical habitat from ongoing agency activities or existing agency facilities that are 

not within the agency’s discretion to modify are part of the environmental baseline (50 CFR 

402.02).  

As described in Section 1.3.4, the Action Area for this proposed action is defined by the 

geographic range of the TSS in marine waters of Puget Sound between the entrance to the Strait 

of Juan de Fuca and Elliott Bay. The project area for the proposed action is considered to be the 

Terminal 91 waterway, extending into Elliott Bay approximately 4 miles south into a portion of 

the West Waterway at the mouth of the Lower Duwamish, as defined by the extent of the area 

directly affected by underwater noise from impact driving of 36-inch steel piles.  

2.3.1 Habitat in the Action Area 

Habitat in the Action Area includes portions of the Strait of Juan de Fuca (SJDF) and Salish Sea 

adjacent to the TSS, as well as the project area.  

Habitat in the SJDF includes 217 linear miles of shoreline between Cape Flattery and Point 

Wilson. The waters of the SDJF link the inner Salish Sea to the Pacific Ocean, and act as an 

essential pathway for exchange of incoming cold, dense saltwater with freshwater from many 

rivers influenced by intense tidal action (Strait Ecosystem Recovery Network Local Integrating 

Organization [LIO] 2017). Additionally, the connectivity of the SJDF makes it critical for marine 

transportation since almost all vessels entering or leaving Puget Sound or Georgia Basin ports for 

the Pacific Ocean travel through these waters (Strait Ecosystem Recovery Network LIO 2017). 

Increasing commercial and residential development around urbanizing areas have introduced 

anthropogenic pressure on habitat in the SDJF. A total area of 65 acres of overwater structures 

was observed in aerial photos taken between 2013 and 2016, and armored shoreline accounts for 

15.7 percent of total shoreline length (Beechie et al. 2017). Other pressure sources and stressors 

identified as very high priority by the Strait Ecosystem Recovery Network LIO (2017) include: 

marine shoreline infrastructure, including roads, railroads, and culverts; freshwater levees, 

floodgates, and tidegates influenced by agriculture and residential development; conversion of 

natural resource lands to developed areas; abstraction of surface water; onsite sewage systems; 

industrial infrastructure within geographically limited locations, legacy shoreline and sediment 

contaminants, and toxic chemicals; and, shipping lanes and oil spills.  

Habitat in the Salish Sea nearshore within the Action Area, considered at the landscape scale, is 

generally degraded from coastal development and pollution. Throughout the Salish Sea, 

nearshore areas have been modified by human activity, disrupting the physical, biological, and 

chemical interactions that are vital for creating and sustaining the diverse ecosystems of this 

area. There are approximately 503,106 acres of overwater structure in the nearshore of Puget 

Sound (Schlenger et al. 2011) and approximately 27 percent of Puget Sound’s shoreline has been 

modified by armoring (Simenstad et al. 2011). Habitat stressors include reduced water quality, 

reduced forage and prey availability, reduced quality of forage and prey communities, reduced 

amount of estuarine habitat, reduced quality of nearshore and estuarine habitat, and reduced 

condition of migration habitat due to structure noise and vessel perturbations. The input of 
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pollutants affects water quality, sediment quality, and food resources in the nearshore and deep-

water areas of critical habitat.  

In the project area (i.e., the vicinity of construction), habitat conditions have been further 

degraded by many decades of anthropogenic modification. Terminal 91 is in a highly-modified 

maritime industrial area and urban waterway along the northern shoreline of Elliott Bay, Puget 

Sound, in Seattle, Washington. Construction will occur on easternmost Pier 90 at Berths 6 & 8, 

situated in the northern portion of the adjacent waterway. East to west, the waterway is 

approximately 87 meters (286 feet) wide at the construction area and is bound by existing 

infrastructure of Pier 90 to the west and the landmass adjacent to 16th Avenue West. North to 

south, the waterway is approximately 747 meters (0.5 miles) bound by the landmass adjacent to 

West Garfield Street to the north and entering Elliott Bay to the south. Deep water areas at the 

berth face are dredged to -28 feet (8.5 meters) MLLW. Sand, silt, and mud are the dominant 

substrate types.  

The shoreline adjacent to the construction area is dominated by an existing wharf, riprap slopes, 

constructed seawalls, and bulkheads. Properties adjacent to Terminal 91 support commercial 

marine trade, including transportation facilities, maritime/industrial facilities, and vessel 

moorage. Ambient underwater noise near the facilities is estimated to be approximately 120 

dBRMS (Laughlin 2020). 

No forage fish spawning occurs in shorelines along the construction area or are downdrift 

(WDOE 2023).  Submerged aquatic vegetation (SAV) is not recorded within the waterway and is 

likely minimal (WDOE 2023). A July 2021 SAV survey showed sea lettuce around submerged 

debris and at approximately -40 feet MLLW, sparse Saccharina spp. at approximately -15 to -20 

feet MLLW, and sparse bull kelp at -30 feet MLLW in the northwest portion of the project area. 

None of this would be disturbed by the proposed debris removal or dredging of the slope. Bull 

kelp and eelgrass planted as part of the Port’s 2018 Blue Carbon pilot project are present on the 

west side of Terminal 91, outside of the project area.  

Elliott Bay is about 6 kilometers by 4 kilometers (3.7 by 2.5 miles), covering an area of about 

21.4 square kilometers (8.3 square miles; Silcox et al. 1984). With the exception of Duwamish 

Head extending into the bay from the south, Elliott Bay has a nearly semicircular shoreline. 

Shoreline elevations range from 0 feet relative to the ordinary high water mark (OHWM) in 

unarmored areas to about -30 feet (-9 meters) relative to MLLW along the inner shoreline, which 

is dominated by man-made piers and seawalls. Substrate along the shoreline consists of a mix of 

shell hash, scattered cobbles and boulders, and silts and clays. The average tidal fluctuation is 

11.3 feet (3.4 meters; NOAA 2018). The bathymetry of Elliott Bay is dominated by a submarine 

canyon in the center of the bay which trends in a northwest-southeast direction and debouches 

onto the floor of the central basin of Puget Sound (Massoth 1982). The easternmost areas of 

Elliott Bay are approximately 40 meters (131 feet) deep, gradually reaching depths of 200 meters 

(656 feet; NOAA 2011). Depths in the inner canyons range from 75 to 150 meters (246 to 492 

feet). Circulation in Elliott Bay generally follows a counter-clockwise low velocity circulation 

pattern. Currents during flood tides tend to flow clockwise and are typically stronger than 

counterclockwise ebb tide currents (NOAA 2018). The principal source of freshwater is the 

Duwamish River, which divides into the East and West Waterways before entering the southeast 

corner of the bay. 
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Elliott Bay is contained within the major urban city of Seattle and a long-established deep-water 

commercial seaport. Consequently, the surrounding upland areas have been heavily impacted by 

more than 100 years of development. As described above, the Project Area is highly modified 

and developed, with over 76 percent impervious surface (WDOE 2023). The southern half of the 

bay is occupied by the Port of Seattle and numerous other industrial waterfront users. Nearly 

continuous and heavy urban and industrial development extends along the eastern shoreline of 

Elliott Bay north from the Duwamish Waterway to Elliott Bay Park and Trail just east of the 

project area. Shoreline development is classified as medium or high intensity between the 

western extent of the project area and the outlet of Elliott Bay (WDOE 2023). Inland land use for 

miles north and south of the proposed action site is nearly continuous industrial, residential, and 

commercial properties, as well as roads and major highways.  

Water and sediment quality within the bay have been impaired by decades of urban and 

industrial discharges. These include sewage discharges from wastewater treatment facilities and 

numerous point and non-point stormwater discharges. Typical sources of noise near the project 

site include high levels of daily vessel traffic that include ocean-going commercial and military 

vessels, tug boats, commercial fishing boats, tour boats and ferries, and numerous recreational 

vessels. Strong tidal movement through Admiralty Inlet and Possession Sound is another 

contributor to ambient noise.  

2.3.2 Species in the Action Area 

The SJDF is utilized as a primary migration corridor for many species of fish, marine mammals, 

and birds that travel between the Salish Sea and the Pacific Ocean. Unique populations of 

raptors, marine birds, Roosevelt elk, black-tailed deer, marmots, and other mammals, as well as 

anadromous and resident fish, are found throughout the SJDF. The SJDF marine shoreline and 

nearshore contains the majority of Washington’s coastal kelp resources, supporting 95 linear 

miles of floating kelp, 161 linear miles of non-floating kelp, and 75 linear miles of eelgrass 

(Strait Ecosystem Recovery Network LIO 2017). These resources, along with numerous bays 

and pocket estuaries, provide habitat and food for salmon, birds, marine mammals, and forage 

fish migrating through or otherwise inhabiting the SDJF (PSI 2023).  

The Salish Sea is rich in marine, freshwater, and wetland species, including more than 100 

species of seabirds, 200 species of fish, 15 marine mammal species, hundreds of plant species, 

and thousands of invertebrate species (Armstrong et al. 1976; Canning and Shipman 1995; Thom 

et al. 1976). The array of species found in the Salish Sea reflects high productivity, a wide 

diversity of habitats, and a unique geographic location at the interface of the northern and 

southern ranges for many species (Sound Science 2007).  

In the project area, 1980 study found that fish abundance beneath Terminal 91 is only 20 percent 

as large as comparable shallow-mud sand habitats without piers (Miller et al. 1980; Nightingale 

and Simenstad 2001). Miller also found that riprap and pilings beneath Terminal 91 act as 

artificial reefs, attracting predominantly Embiotocidae spp. (surfperch) and Sebastes spp. 

(rockfish) with surfperch being dominant. Common fish species beneath Terminal 91 included: 

Parophrys vetulus (English sole), Lepidopsetta bilineata (rock sole), Hippoglossoides elassodon 

(flathead sole), Solea (dover sole), Citharichthys stigmaeus (speckled sanddab), Cymatogaster 

aggregata (shiner perch), Rhacochilus vacca (pile perch), Sebastes auriculatus (brown rockfish) 



WCRO-2022-03517 -33- 

and Sebastes maliger (quillback rockfish). Weitkamp (1982) found that fish distribution beneath 

Terminal 91 appeared to correlate to light availability. Juvenile salmonids feeding on the western 

side of the terminal (i.e., non-adjacent to the project area) were reluctant to pass under piers 

except where piers were open to light.  

PS Chinook salmon presence is documented within West Waterway, and juveniles and adults 

migrate through Elliott Bay (WDFW 2023). Effects to PS Chinook salmon will most likely occur 

among the Green River Chinook salmon distinct independent population (DIP), specifically the 

fall-run Green River Chinook salmon as this population is in closest proximity to the proposed 

action. Despite significant investments and large-scale restoration projects, Green River Chinook 

salmon population abundance, productivity, diversity and spatial distribution have not improved, 

and in some cases have continued to decline (Water Resource Inventory Area [WRIA] 9 2021) [. 

Annual escapement estimates of Chinook salmon natural origin spawners returning to the 

Duwamish/Green River has been highly variable and decreasing since 1990 (WRIA 9 2017). The 

number of natural-origin spawners has been below the planning target range (1,000 to 4,200). 5 

of the 10 most recent data years (WRIA 9 2021). However, the proportion of hatchery fish in the 

spawning grounds has ranged from 35 percent to 75 percent since 2002, and appeared to be 

increasing.  

PS steelhead presence and migration is documented throughout the Action Area and project area 

(WDFW 2023). The PS steelhead DIP most likely to be present in the project area are winter or 

summer run steelhead from the Green River (Duwamish)DIP (WDFW 2023), which are 

considered ‘healthy” and “depressed”, respectively. Run timing for adult Green River winter 

steelhead is generally from December through mid-March, with spawning generally from early 

March through mid-June. Run timing for Green River summer steelhead is generally from 

August through December with spawning generally from mid-January through mid-March. 

Adult PS steelhead, like adult PS Chinook, occupy deep water and do not typically rely on 

nearshore habitats. 

Bocaccio rockfish larvae are typically found in the pelagic zone, often occupying the upper 

layers of open waters, under floating algae, detached seagrass, and kelp. Rockfish larvae are 

thought to be mostly distributed passively by currents (Love et al. 2002), and may be broadly 

dispersed from the place of their birth (NMFS 2003). Therefore, rockfish larvae presence may 

occur in the Action Area and project area. There is no single, reliable historical or contemporary 

abundance estimate for the bocaccio DPS in the Puget Sound/Georgia Basin (Drake et al. 2010), 

and additional uncertainty in the anthropogenic and natural factors that limit their abundance 

(NMFS 2017b). Though bocaccio were likely never a predominant component of the multi-

species rockfish abundance within the Puget Sound/Georgia Basin (Drake et al. 2010), their 

present-day abundance is likely a fraction of their historical abundance. In recent decades, 

bocaccio have been most commonly documented within the South Sound and Main Basin (Drake 

et al. 2010; Williams et al. 2010). Adult PS/GB bocaccio rockfish typically occupy waters deeper 

than 120 feet (about 36 meters) (Love et al. 2002), and prefer rocky habitats like Dalco Pass near 

Tacoma. This preferred habitat is scarce within the project area, and preferential use by PS/GB 

bocaccio rockfish is not indicated (NMFS 2016b). Because of their depth preference, adult 

bocaccio rockfish in the Action Area would be present at depths that attenuate many of effects, 

causing any exposure to impacts to occur at low intensity. 
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SRKW are highly mobile with an average daily travel distance of 75 miles (Center for Whale 

Research 2018). In Puget Sound proper, there is limited SRKW occurrence in the spring and 

summer and increased occurrence during the fall and early winter months (between the months 

of October and January; Olson et al. 2018). Their movement patterns often overlap with the 

occurrence and movement patterns of their primary prey base, especially Chinook salmon, but 

are only somewhat predictable. While there may be areas within Puget Sound and the Strait of 

Juan de Fuca that the whales prefer, they are capable of occupying and traveling through any 

area. Because of their relatively large size, they do not typically enter waters less than 30 feet 

deep. Thus, SRKWs could be present when proposed action work will occur, especially from 

October through January, but are unlikely to occur in the vicinity of construction due to limited 

depth and vessel traffic.  

Critical habitat is designated within portions of the Action Area for PS Chinook salmon, PS 

steelhead, PS/GB bocaccio rockfish, and SRKW. The past and ongoing anthropogenic impacts 

described above have impacted ESA-listed species and their critical habitats by reducing the 

quantity and quality of migratory and rearing habitat, including reduced water quality caused by 

the introduction of pollutants related to upland development and vessel operations. 

2.4. Effects of the Action  

Under the ESA, “effects of the action” are all consequences to listed species or critical habitat 

that are caused by the proposed action, including the consequences of other activities that are 

caused by the proposed action (see 50 CFR 402.02). A consequence is caused by the proposed 

action if it would not occur but for the proposed action and it is reasonably certain to occur. 

Effects of the action may occur later in time and may include consequences occurring outside the 

immediate area involved in the action (see 50 CFR 402.17). In our analysis, which describes the 

effects of the proposed action, we considered the factors set forth in 50 CFR 402.17(a) and (b). 

Temporary effects are typically associated with construction or maintenance activities, and in this 

Opinion are applicable for both proposed infrastructure and offsetting activities. Stressors to 

species from activities covered in this Opinion will vary depending on their location relative to a 

listed individual and their duration, frequency, and intensity. Because BMPs will be 

implemented to limit effects to noise, water quality, and benthic habitat, the analysis is for those 

effects that occur despite the implementation of BMPs. The following temporary stressors 

(habitat reductions) were analyzed: 

a) underwater noise (pile work and construction vessels), 

b) suspended sediment and reduced dissolved oxygen (DO), 

c) contaminant exposure, 

d) reduced forage, and 

e) obstructions in migration areas 

The temporary stressors identified with each activity are listed in Table 3. We analyze each 

stressor in this section based on its extent, the risk of potential exposure to individuals of each 

species, and their anticipated responses. For each stressor and for each species, where exposure 

will occur, we evaluate the response of species to that exposure.  
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An additional construction effect on fish that is not habitat based, entrainment, is analyzed in 

Section 2.1.4.f.  

Table 3. Activity types causing temporary stressors (habitat reductions) (denoted by X), by 

activity 

Proposed Action Element 

Underwater 

Noise 

Suspended 

Sediment / 

Reduced 

DO 

Contaminant 

Exposure 

Reduced 

Forage 

Obstructions 

in Migration 

Areas 

Wharf replacement    X  

Small boat storage and float 

system removal/relocation 
   X  

Pile removal/replacement X X X X  

Slope excavation and armoring 

replacement 
X X X X X 

Sheet pile wall replacement X X X   

Construction vessels X X X X X 

Stormwater upgrades   X   

Offsetting activities X X X X  

2.4.1  Species Exposure and Response to Temporary Effects 

Work can occur between August 1 through February 15 (198 days) for all work except dredging, 

and September 1 through February 15 (167 days) for dredging in areas outside the Duwamish 

Waterway (such as is proposed in this proposed action). Construction is expected to take place 

during two work windows, so two cohorts of juvenile ESA listed fish may be exposed if present 

in the project area of temporary impacts.  

Temporary impacts will occur only within the project area described in Section 2.3. As 

summarized in Table 4, all species have some presence in the project area during some portion of 

the work windows, indicating exposure potential. As noted above, the salmonid DIPs mostly 

likely to be exposed to project effects would be fall-run Green River Chinook salmon and Green 

River (Duwamish) winter or summer run steelhead. It is possible that SRKWs will be present in 

the project area during the work window; however, we consider it unlikely in the project area 

that is subject to temporary construction effects. 
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Table 4.  Summary of species and life stages potentially present in the project area during 

construction 

Month J F M A M J J A S O N D 

Proposed Action Duration X X      X X X X X 

Adult PS Chinook salmon (fall run)      X X X X X X  

Juvenile PS Chinook salmon (fall run) X X X X X X X X X    

Adult PS steelhead (winter and summer run)  X X X X X X X X X X X X 

Juvenile PS steelhead (winter and summer run)   X X X X X X     

Juvenile PS/GB bocaccio    X X X X X X X   

Adult PS/GB bocaccio X X X X X X X X X X X X 

SRKW X X X X X X X X X X X X 

a) Underwater Noise  

Noise from Pile Installation and Removal  

Table 5 summarizes the proposed pile activities and methods. Underwater sound pressure levels 

(SPLs) from vibratory pile-driving will be temporary and intermittent, lasting up to 8 hours per 

work day. Steel fender, guide, and sheet pile will be installed with a vibratory hammer to the 

greatest extent possible; up to 80 structural steel pile may be proofed with an impact hammer to 

verify loadbearing capacity. Proofing steel piles with an impact hammer, if necessary, will last 

approximately 90 minutes per work day. The Port will use a bubble curtain as a BMP for the 

proposed action (Section 1.3.2) to attenuate sound on all impact-proofed steel pile, which is 

estimated to have a 9-dB reduction of sound impacts.  

Table 5. Proposed pile installation/removal 

Activity and Method Pile Type Count 

Pile 

per 

Day 

Estimated 

Work 

Days 

Vibration 

Minutes 

per Pile 

Impact 

Strikes 

per Pile 

Impact 

Strikes 

per 

Day 

Fully remove via vibratory 

hammer 

14” creosote-treated 

timber 
599 50 503 10 -- -- 

Remove by cutting at 

mudline 

14” creosote-treated 

timber 
1,890 50 503 -- -- -- 

Install pile via vibratory 

hammer, and potential 

impact proof 

20”, 24”, and 36” steel 
80/ Up to 

80 
8 14 60 400 3,200 

Install sheet pile via 

vibratory hammer 
24” steel AZ sheet 20 20 42 60 -- -- 

Install via impact hammer 24” concrete octagonal 240 3 100 -- 1,000 3,000 

Sound levels produced and propagated from pile driving (both sound pressure and particle 

motion) vary depending on numerous factors such as pile type (e.g., timber, concrete, steel), pile 

diameter, driver size, substrate characteristics, etc. (Bellmann et al. 2020; Jimenez-Arranz et al. 

2020; WSDOT 2020).  

Because the Port has included a marine mammal monitoring plan in the proposed action as a 

BMP designed to avoid marine mammal exposure to construction noise, NMFS’ analysis on 
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construction noise is on the exposure and response of fishes. Table 6 indicates lifestage of ESA-

listed fishes and the likelihood of presence when pile work noise will occur.  

Table 6. Fish presence and size assumptions in project area of noise impacts 

Fish 

Species Adult Presence Adult Size Juvenile Presence 

Juvenile 

Size 

PS 

Chinook 

salmon 

May be present in the project area in 

Elliott Bay, but are unlikely to be 

present in the vicinity of pile 

installation 

Larger than 

2 grams 

Unlikely except in late January/early 

February (King County 2001), as 

densities in Elliott Bay are 

approximately 18 fish per hectare in 

July, decreasing to below 5 fish per 

hectare for August through October 

(Rice 2011) 

Larger than 

2 grams 

PS 

steelhead 

Could be present in Elliott Bay when 

migrating to spawning areas, but are 

unlikely to be present in the vicinity 

of pile installation 

Larger than 

2 grams 

Extremely unlikely as they move 

through estuarine and nearshore areas 

rapidly during outmigration, and 

move offshore rapidly 

Larger than 

2 grams 

PS/GB 

bocaccio 

Very unlikely since they do not 

occupy the nearshore within the 

project area  

Larger than 

2 grams 

May be present in the nearshore 

during impact pile driving 

Less than 2 

grams 

Fish Response 

Based on the proposed pile work, the estimated noise levels during construction are shown in 

Table 7. 

Table 7. Distance to fish sound threshold levels during 36-inch steel pile driving 

Effect 

Threshold 

(dB) Unit 

Peak 

Isopleth 

During 

Impact 

Driving (dB) 

Impact 

Distance to 

Threshold 

(meters)2 

Vibratory 

Distance to 

Threshold 

(meters)3 

Single-strike injury 206 Peak SPL 196 2 -- 

Cumulative injury, fish ≥ 2 grams 187 SELcum -- 71 -- 

Cumulative injury, fish < 2 grams 183 SELcum -- 132 -- 

Behavior 150 RMS  -- 1,359 6 

The response of fish to noise associated with pile work depends on the characteristics of the 

sound waves and the size of the fish. NMFS uses a Sound Pressure Exposure spreadsheet to 

calculate the area around each pile where listed organisms would be considered at risk of injury 

or behavioral disruption during pile driving. In our analysis, SPLs are presented in decibels (dB) 

measured as root mean square (RMS) or peak with 1 microPascal (1 µPa) as the reference unit. 

The thresholds use SPLs when analyzing sounds of relatively long duration, such as the noise of 

a vibratory pile driver. These sounds are referred to as nonimpulsive or continuous sources. 

Shorter duration sound sources (milliseconds) are referred to as impulsive sounds and have 

thresholds denoted in SPLs and Sound Exposure Level (SEL). SEL is a measure of the energy of 

the emitted sound over a specified duration and is referenced to 1 microPascal squared second 

[µPa2
·s]). For impact pile driving, the duration is a single strike (Peak SPL). Multiple strikes 
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from an impact pile driver are assessed by integrating the sound energy across all pile strikes, 

which is denoted as cumulative SEL (SELcum)4.   

To assess the greatest potential for harm and exposure to habitat, we evaluated a scenario in 

which the highest possible amount of pile driving occurs to define the distance where 

construction noise attenuates to threshold values. The impact pile scenario with the greatest 

isopleth distance is impact proofing of 3 36-inch diameter steel pile in one day. Impact driving of 

this pile size will last less than 30 minutes per day; the maximum duration of impact driving any 

steel pile is expected to last less than 80 minutes per day (for a maximum of 9 hours cumulative) 

when impact driving occurs, for a total 14 expected days. An attenuation of 9 dB was subtracted 

from the source values for impact driving to account for implementation of a bubble curtain. The 

number of pile strikes is estimated per continuous work period. This approach defines a work 

period as all the pile driving between 12-hour breaks. Reports from these calculators are 

provided in Appendix B.  

Behavioral Response 

The level for behavioral effects to fish is at/above 150 dBRMS. Noise at this at this level, both 

from vibratory and impact pile drivers, may cause temporary behavioral changes, including a 

startle response or other behaviors, which may alter fish behavior in such a way as to delay 

migration, increase risk of predation, reduce foraging success, or reduce spawning success, 

indicative of stress. While SPLs of this magnitude are unlikely to lead to permanent injury, 

depending on a variety of factors (e.g., duration of exposure) they can still indirectly result in 

potentially lethal effects. NMFS’ overall synthesis of the best available science leads us to our 

findings. Studies in which these effects have been studied for salmonids and rockfish include, 

Grette 1985 (on Chinook salmon and sockeye), Feist et al. 1996 (on chum salmon), Ruggerone et 

al. 2008 (on coho salmon), Popper 2003 (on behavioral responses of fishes), and Pearson et al. 

1992, and Skalski et al. 1992 (on rockfish). 

Sound can also result in masking can negatively impact reproduction, predator detection, 

foraging, orientation, or communication (Slabbekoorn et al. 2010; Hawkins and Picciulin 2019). 

Planktonic reef fishes have been found to use sound to settle into reef habitats, so masking can 

potentially affect this important environmental clue (see review by Putland et al. 2019). Fish hear 

at low frequencies (the majority of fish hearing from less than 50 Hz to 500 Hz [Popper and 

Hawkins 2019]) and most of the sound energy of impact pile driving in concentrated at 

frequencies (100 to 800 Hz) within their hearing range. However, there is a limited 

understanding of fish hearing because fish are primarily sensitive to particle motion with a 

gradient of sensitivity among species to SPL depending on if they have a swim bladder and the 

degree of anatomical adaptations they have to convert sound pressure into particle motion that is 

detectable by the inner ear (Putland et al. 2019, p.41). Fish species that lack a swim bladder 

(such as eulachon and sand lance) have the most limited hearing. Salmon and rockfish have a 

swim bladder, but little specialization, so they primarily detect particle motion. Pacific herring, 

an important forage species of salmon, have special anatomical adaptations to their swim bladder 

and can hear sound pressure up to 5 kHz (Mann et al. 2005). Even at levels far lower than those 

                                                 
4 SELsingle strike + 10 log10(N), where N is the number of pulses. 

https://asa.scitation.org/doi/10.1121/10.0001218
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that might result in mortality, may result in temporary hearing impairment, physiological 

changes, changes in behavior and the masking of biologically important sounds; Popper et al. 

2014; Erbe and McPherson 2017). There may be significant consequences to individuals and 

populations as a result of changes in behavior, including impairment of spawning (Popper 2019).  

Noise will reach fish behavior threshold levels (150 dBRMS) in areas within 6 meters (20 feet) of 

activity during vibratory driving and within 1,359 meters (4,460 feet) of activity during impact 

driving (Table 7). During impact driving, the extent of this area encompasses the total width of 

the waterway adjacent to construction, and extends a maximum of approximately 3,096 feet 

south into Elliott Bay. It should be noted that the western bound of this area of effects is equal to 

the western boundary of the waterway, and approximately the width of the waterway to the east 

for the extent of this effect due to geographic barriers.  

While no studies specifically evaluate the effects of vibratory pile driving on salmonids, NMFS 

extrapolates from other studies to determine that vibratory pile driving can result in noise level 

sufficient to alter normal behavior patterns in fish. As cited in van der Knapp et al. (2022), when 

exposed to boat noise, wild Pacific herring and juvenile pink and chum salmon schools showed 

stereotyped responses that are consistent with classic vigilance behaviors associated with anti-

predator tactics (Magurran 1990). During exposure trials (in the presence of boat noise) both fish 

groups spent more time in behaviors considered to be a response to predators. These composite 

response findings suggest that salmon and herring respond to boat noise as a non-lethal predator 

(Beale and Monaghan 2004; Frid and Dill 2002). Flight responses to predators, including 

perceived predators, are adaptive. Once a predator is detected, schooling behavior decreases any 

one individual's probability of being eaten (Pitcher 1986). But repeated responses to predation 

risk can carry costs. If fish are repeatedly replacing foraging activities with vigilance and anti-

predator behavior, this can reduce their energetic intake and fitness. Simply living in a 

“landscape of fear” of predation risk can carry population-level consequences, even in the 

absence of actual predation (Lima and Dill 1990). In fact, fish exposed to boat noise are 

responding to both perceived and actual predation risk. In addition to disrupting normal behavior 

in response to anthropogenic disturbance, juvenile salmon and herring in the Salish Sea face a 

gauntlet of predators (Chasco et al. 2017).  

Therefore, underwater noise, including noise from vibratory or impact pile driving, could result 

in masking of communication and environmental signals for PS Chinook salmon, PS steelhead, 

and PS/GB bocaccio, or behavioral changes that constitute harm, , but to what extent we are 

unsure. 

Injury or Death 

The level of injury for fish begins at 183 dBrms for fish below 2 grams and at 187 dBrms for fish 

above 2 grams (Turnpenny and Nedwell 1994; Turnpenny et al. 1994; Popper 2003; Hastings 

and Popper 2005).  

During impact pile driving for this proposed action, the impact driving single-strike injury 

threshold (206 dB) will not be exceeded. The peak isopleth (196 dB) will be reached within 2 

meters of impact driving; no fish will be present within this distance due to exclusion around the 

bubble curtain. Impact pile noise will reach SELcum injury threshold levels for fish less than 2 

https://www.sciencedirect.com/science/article/pii/S0025326X21012911#bb0190
https://www.sciencedirect.com/science/article/pii/S0025326X21012911#bb0020
https://www.sciencedirect.com/science/article/pii/S0025326X21012911#bb0110
https://www.sciencedirect.com/science/article/pii/S0025326X21012911#bb0240
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/predation-risk
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/predation-risk
https://www.sciencedirect.com/science/article/pii/S0025326X21012911#bb0180
https://www.sciencedirect.com/science/article/pii/S0025326X21012911#bb0035
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grams (183 dB) within 132 meters (432 feet) of installation and injury threshold levels for fish 

greater than 2 grams (187 dB) within 71 meters (234 feet) of installation for fish greater than 2 

grams. The extent of the injury threshold exceedance for fish greater than 2 grams, including 

ESA-listed fish most likely present, nearly encompasses the width of the waterways, leaving the 

eastern and westernmost corridors unobstructed east and west of Pier 90 (respectively). The 

extent of injurious noise does not reach the northern or southern terminus of the of the waterway 

east of Pier 90, or extend into Elliott Bay due to the location and orientation of the project in the 

upper portion of the waterway.  

During the in-water work window, all exposed PS Chinook salmon and PS steelhead are 

expected to be larger than 2 grams, which reduces the likelihood of injury. Adult PS Chinook 

and adult and juvenile PS steelhead make little use of nearshore habitats, and would likely only 

be exposed to injurious levels of underwater sound if they were holding in an area long enough 

to accumulate harmful received levels of impact pile driving noise. Because the 71-meter area to 

injury onset is completely within the industrial waterway and not does not extend to the broader 

areas of Elliott Bay that fish might use for migration to spawning areas, it is unlikely that any 

adult salmon or steelhead would be exposed during the 14 days when impact driving of steel pile 

will occur. However, juvenile PS Chinook salmon have a higher chance of sound exposure due 

to their extensive use of nearshore habitats and potential to overlap with the in-water work 

window. Early in the work window, juvenile PS Chinook salmon (weighing more than 2 grams) 

may seek forage or shelter in armored areas beneath the existing wharf or along the eastern shore 

of the waterway east of Pier 90 despite vibratory construction noise. If behavior changes from 

vibratory sound cause disorientation or stress and juvenile PS Chinook salmon are unable exit 

the waterway, they may be exposed to impact driving causing sublethal injury.  

We assume juvenile and adult PS/GB bocaccio would not be present in the 71-meter distance to 

the onset of injury threshold because it is confined to the terminal waterway where no deepwater 

habitats with structure for rockfish is present. Adult PS/GB bocaccio are also expected to weigh 

at least 2 grams during the in-water work window, reducing the likelihood of injury. However, 

larval and young juvenile PS/GB bocaccio will weigh less than 2 grams and have the potential to 

be closer to the sound source, making them more vulnerable to injury or death.  

Injury or death associated with impact pile driving appears to be positively correlated with the 

size of the pile (driving larger piles requires more energy than smaller piles and produces higher 

sound levels) but site-specific geologic conditions also influence sound propagation, as instances 

of driving 30-inch diameter steel piles have been observed to create higher sound levels than 36-

inch diameter steel piles (WSDOT 2020). The type of pile seems to influence the severity of 

impacts to fishes. All observed fish-kills have been associated with impact driving of hollow 

steel piles ranging from 24- to 96-inches in diameter. Wood and concrete piles appear to produce 

lower sound pressures than hollow steel piles of a similar size, although it is not yet clear if the 

sounds produced by wood or concrete piles are harmful to fishes. Death from barotrauma can be 

instantaneous or delayed up to several days after exposure. 

High sound levels can also cause sublethal injuries, and adverse effects on survival and fitness 

can occur even in the absence of overt injury. Fish suffering damage to hearing organs may 

suffer equilibrium problems, and may have a reduced ability to detect predators and prey 

(Turnpenny et al. 1994; Hastings et al. 1996). A temporary shift in hearing sensitivity (referred to 
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as a temporary threshold shift [TTS]) can occur with exposure to SELcum as low as 184 dB 

(Popper et al. 2005). TTS can last hours to days (Turnpenny et al. 1994; Hastings et al. 1996). 

TTS reduces the survival, growth, and reproduction of the affected fish by impeding migration, 

increasing the risk of predation, and reducing foraging or spawning success.  

In sum, we expect a small number of juvenile and adult PS Chinook salmon, juvenile and adult 

PS steelhead, and juvenile PS/GB bocaccio will experience underwater sound at levels inducing 

sublethal effects, including disruption of normal behavior patterns. We expect a small fraction of 

juvenile fish that engage in disrupted behavior may have greater likelihood of being preyed upon 

by other species (Table 6). Based on the preference for vibratory methods over impact driving, 

the relatively short duration of proposed action impact noise effects (up to 8 hours per day for 14 

total days of steel driving), use of sound attenuation, the small area of effects within working 

waterways outside of Elliott Bay, the likelihood of these effects is small but not zero for these 

species. We cannot predict the exact number of individual fishes among the two cohorts that will 

be exposed, because of high variability in species presence at any given time. Furthermore, not 

all exposed individuals will experience adverse effects.  

SRKW Response 

Modeled distances to SRKW thresholds are provided in Table 8. 

Table 8.  Distance to SRKW sound threshold levels during 36-inch steel pile driving 

Effect 

MF Threshold 

(dB) Unit 

Peak Isopleth 

During 

Impact 

Driving (dB) 

MF Impact 

Distance to 

Threshold 

(meters)2 

MF Vibratory 

Distance to 

Threshold 

(meters)3 

Injury (onset of PTS, 

weighted) 
230 Peak SPL 196 0 -- 

Injury (onset of PTS, 

unweighted) 
185 SELcum -- 5 -- 

Injury (onset of PTS) 198 SELcum -- -- 0 

Behavior (weighted) 160 RMS -- 293 -- 

Behavior (unweighted) 120 RMS -- -- 600 

SRKW are unlikely to be injured or disturbed by elevated sound because the Port intends to use 

marine mammal monitoring and ‘stop work’ protocols. Experienced marine mammal observers 

will visually monitor the zone where acoustic levels are expected to exceed marine mammal 

thresholds before, during, and after pile work. Pile work will not start, or will cease, if whales 

enter the monitoring zones. Based on this protective measure, construction noise effects to 

SRKW are considered unlikely.  

Although construction noise could adversely affect a small number of juvenile PS Chinook 

salmon, the majority of effects would be sublethal and are not of a magnitude that will 

measurably affect the SRKW forage base, which is of adult salmon, among other fishes. 

Construction Vessel Noise 

Vessels create noise that listed species can detect and respond to. Construction vessels (barges 

and tugs) will be temporarily used to build elements of the proposed action, while fleet vessel 
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use of the completed structure is an operational activity. In this section, we analyze effects to fish 

from temporary construction vessel noise; impacts from ongoing fishing vessel presence are 

addressed in Section 2.4.2.b.  

Barges and tugs used during construction will cause noise when they enter and exit the terminal 

and as they reposition within the terminal. Noise will be truncated by the surrounding landforms 

once they arrive in the waterway. Based on prior vessel noise studies in Admiralty Inlet (Bassett 

et al. 2012), vessel noise while transiting to and from the terminal will be detectable within the 

line of sight of each vessel in Puget Sound proper until it mixes with other vessel noise to reach 

ambient conditions. Once at the site, a vessel may remain within the waterway for up to the full 

proposed action duration, resulting in only one round-trip transit. While within the terminal, 

vessel movement will likely be infrequent, and consist of small adjustments in order to facilitate 

equipment access as work progresses. We anticipate construction vessels will be traveling slow, 

especially within the terminal, reducing their noise levels.  

Fish Response 

Fish that encounter construction vessel noise will likely startle and briefly move away from the 

area. A study of motorboat noise on damselfish noted an increase in mortality by predation 

(Simpson et al. 2016). While some fish species have been noted to not respond to outboard 

engines, others respond with increased stress levels, and sufficient avoidance as to decrease 

density (Whitfield and Becker 2014), while others experience reduced forage success (Voellmy 

et al. 2014) either by reducing foraging behavior, or because of less effective foraging behavior 

as more time is spent in behavior considered to be a response to predators (van der Knaap et al. 

2022).Adult bocaccio are expected to be in deeper areas where the exposure to vessel noise is 

unlikely. Steelhead at juvenile or adult lifestages and adult PS Chinook salmon are larger fish, 

and stress/startle behavior is not expected to increase adverse secondary effects because these 

individuals are less susceptible to predation. Taken together, it can be assumed that a small 

number of juvenile PS Chinook salmon and juvenile PS/GB bocaccio from two cohorts will be 

exposed to construction vessel noise within the waterway, and are likely to respond to episodes 

of boat motor noise with a stress and startle reaction that can diminish both predator and prey 

detection for a short period of time with each episode.  

SRKW Response 

SRKW are unlikely to be exposed to construction vessel noise. Construction vessels will not 

operate within the “high use” areas for SRKW, which were determined to be along the 

Washington coast, the west entrance to the Strait of Juan de Fuca, and the northern Strait of 

Georgia in winter (Hanson et al. 2017; Emmons et al. 2019). If SRKW are present, including 

when construction vessels enter or exit the project location, noise would attenuate to ambient 

background outside of the terminal waterway. While SRKW detect and respond to vessels, 

because exposure to noise from construction vessels is expected to be only brief, we expect that 

only brief behavioral changes (avoidance) will occur among SRKW.  

The number of juvenile PS Chinook salmon expected to experience adverse sublethal 

construction vessel effects (stress and startle reaction) while within the waterway is not of a 

severity or magnitude that will measurably affect the SRKW forage base.  
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b) Suspended Sediment/Reduced Dissolved Oxygen 

In-water sediment-disturbing activities can cause short-term and localized increases in total 

suspended solids resulting in increased turbidity and correlated reduced dissolved oxygen (DO). 

Total suspended solids are measured as nephelometric turbidity unit (NTU) and compared to 

background NTU values to determine the area of impact from increased suspended sediment.  

The types and durations of in-water work potentially disturbing sediment and corresponding 

areas of benthic impact expected is summarized in Table 9.  

Table 9. Type and duration of proposed action activities potentially disturbing sediment 

Activity Type 

Duration 

of 

Work1 

(days) 

Area of 

Benthic 

Impact Waterway Location 

Pile removal via vibratory 

or sawing methods2 
14” creosote 50 2,661 SF Waterway east of Pier 90 

Pile installation – wharf 

and float 

20”, 24”, and 36” steel; 24” 

octagonal concrete 
114 931 SF Waterway east of Pier 90 

Pile installation- boat 

house 
20” and 24” steel guide piles 0.5 19 SF Waterway west of Pier 90 

Under-pier armor and 

debris removal 
Existing armor and debris 15 

67,660 

SF 

Waterway east of Pier 90 

Under-pier armor 

placement 
Armoring and fish rock 45 

67,660 

SF 

Waterway east of Pier 90 

Bulkhead removal3 

Steel sheet pile, creosote-

treated timber, creosote-

treated timber with concrete 

fascia 

60 742 LF4  Waterway east of Pier 90 

Bulkhead installation3 Steel sheet pile 42 742 LF4 Waterway east of Pier 90 

Construction vessels5 
Barges used for above-, in- 

and overwater components 

Up to 

365 
0 

Primarily waterway east 

of Pier 90, but west of 

Pier 90 for a lesser 

duration 
Notes: 

1. Activities may be performed concurrently and non-consecutively throughout the work windows.  

2. Pile removal via sawing and vibration will be performed concurrently. The total effort is expected to take 50 total days.  

3. Bulkhead installation and removal will take place concurrently. Thus, time periods shown overlap, with 60 days being 

the maximum work estimate. Installation days are shown separately for the purposes of considering vibratory 

installation of sheet pile wall. 

4. Linear feet along shoreline.  

5. Construction vessels duration estimates include use of vessels assisting in above-water project components, outside of 

in-water work window. Construction vessels are expected to tie-off on existing above water infrastructure. Crane 

barges, if used, are likely to spud down and remain in place for the duration of the project, and sediment disturbance is 

therefore expected to be minimal.  

As indicated in Table 9, despite the use of BMPs, elements of the proposed action will cause 

suspended sediment (turbidity) within discrete areas throughout the in-water work windows, and 

the sediment-disturbing activities may be performed concurrently and/or non-consecutively. In 

estuaries, aquatic life use criteria (WAC 173-201A-210) establish a point of compliance at a 

radius of 150 feet from the activity causing turbidity. Accordingly, the extent of suspended 

sediment and turbidity levels will vary within, but are not anticipated to extend more than, the 

150 feet from project work. When work occurs in the dry, we expect an increase in suspended 
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sediment and associated turbidity during the following tidal inundation, but affected area would 

not be expected to be extensive. 

The extent of turbidity effects is equal to the total surface water area within a 150-foot radius 

surrounding the maximum benthic area of effects for activities in Table 9 was calculated in 

Google Earth (Google Earth 2022). In the waterway east of Pier 90, this is equal to aquatic areas 

within 150-feet from the excavation area (67,660 SF) and the 26 SF of small boat float guide 

piles, as all other activities overlap. The resulting extent of turbidity effects equals 237,604 SF. 

In the waterway west of Pier 90, the area of turbidity effects equals the aquatic area 150-feet 

from each pile (19 SF), or approximately 30,303 SF. High levels of turbidity can result in 

warmer temperatures and lower levels of dissolved oxygen (Mitchell et al. (1999)). However, 

given the intermittent character of the suspended sediment in any given location, we expect only 

minor, temporary, and localized low DO concentrations associated with resuspension of bottom 

sediment. Oxygen solubility will be high in Elliott Bay during the work window due to cold 

surface water temperatures (ranging from 12.9°C [55°F] in August to 8.2°C [47°F] in February; 

NOAA 2023), and moderate salinity ranges (approximately 22 to 30 practical salinity units; 

Eash-Louks 2014). Pile work and sheet pile wall replacement may take place during warmer 

water temperatures, but tidal inundation and strong currents would provide inflow from Elliott 

Bay and limit DO reductions. Also, sediment disturbance from dredging, which has the largest 

area of sediment impact, will be confined to the work window between September and February 

when water temperatures are coldest, which is also expected to limit reductions in DO.  

Fish Response 

The response to suspended sediment ranges from behavioral avoidance and/or disorientation, 

physiological stress (e.g., coughing), gill abrasion, and death at extremely high concentrations, 

and thus may be characterized as lethal, sublethal or behavioral (Bash et al. 2001; Newcombe 

and MacDonald 1991; Waters 1995). 

• Behavioral effects that result in avoidance and loss of territoriality can have secondary 

effects to feeding rates and efficiency (Bash et al. 2001, p. 7). Fish that avoid elevated 

concentrations of suspended sediments may abandon preferred habitats and refugia and 

may enter less favorable conditions and/or be exposed to additional hazards (including 

predators).  

• Sublethal effects include physiological stress reducing the ability of fish to perform vital 

functions (Cederholm and Reid 1987), elevated blood sugars and cough rates (Servizi and 

Martens 1991), increased metabolic oxygen demand and susceptibility to disease and 

other stressors (Bash et al. 2001), and reduced feeding efficiency (Bash et al. 2001; Berg 

and Northcote 1985; Waters 1995). Sublethal effects can act separately or cumulatively 

to reduce growth rates and increase fish mortality over time. Elevated turbidity levels can 

reduce the ability of salmonids to detect prey, cause gill damage (Sigler et al. 1984; 

Lloyd et al. 1987; Bash et al. 2001) and cause juvenile steelhead to leave rearing areas 

(Sigler et al. 1984). Additionally, short-term pulses of suspended sediment influence 

territorial, gill-flaring, and feeding behavior of salmon under laboratory conditions (Berg 

and Northcote 1985).  

• Lethal effects include gill trauma (physical damage to the respiratory structures), severely 

reduced respiratory function and performance, and smothering (Bash et al. 2001).  
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Turbidity effects on fish rise in severity with increased sediment concentration and exposure 

times (Bash et al. 2001; Newcombe and Jensen 1996). Here, because the ESA-listed salmonids 

are not constrained to turbid areas, we expect exposed fish to respond primarily with avoidance, 

so that the duration of and intensity of exposure would be limited, even when turbid conditions 

persist several hours. Steelhead at juvenile or adult lifestages are larger fish, as are adult PS 

Chinook salmon, thus avoidance behavior is not expected to increase any adverse secondary 

effects (reduced forage success, increased predation risk) because at these lifestages these 

individuals readily access deeper water within their normal range of behaviors. Adult bocaccio 

are expected to be in deeper areas where the likelihood of exposure to increased turbidity is 

unlikely. 

However, some juvenile PS Chinook salmon and juvenile and larval PS/GB bocaccio among two 

cohorts could be exposed to spatially limited, intermittent effects of suspended sediment and 

turbidity, which could result in adverse physiological effects and displacement from preferred 

habitats, increased competition for prey resources, increased bioenergetic expenditure, and 

reduced growth or fitness among a small subset of the exposed individuals. 

SRKW Response 

SRKW are not expected to be exposed to temporary increases in suspended sediment and 

reduced DO during construction. Exposure would require SRKW to enter the working waterway, 

which is extremely unlikely. Sediment-suspending activities would be halted by marine mammal 

observers when SRKW enter the behavioral effects area, and suspended sediment/DO effects 

would dissipate to levels indistinguishable from background by the time SRKW enter the zone of 

potential exposure (150 feet diameter from activity). Any exposure would not be of sufficient 

magnitude to result in a measurable change of SRKW behavior or physiology.  

c) Contaminant Exposure 

The proposed action could cause mobilized PAHs during removal of creosote treated timber 

structures (Parametrix 2011; Smith 2008). PAHs associated with creosote-treated wood can 

contaminate surrounding sediment up to 6.5 feet from the pile (Evans et al. 2009). Smith (2008) 

reported concentrations of total PAHs of 101.8 micrograms per liter (µg/L) 30 seconds after 

creosote-pile removal and 22.7 µg/L 60 seconds after removal, while Weston Solutions (2006) 

found PAH concentrations of over 134 µg/L were observed 5 minutes following pile removal 

and concentrations in samples did not always go down at 5 minutes after removal. In the long 

term, removal of creosote timber piles will reduce leaching of chemical compounds into 

nearshore waters and marine sediments (WDNR 2014). 

The environmental fate of each type of PAH depends on its molecular weight. In surface water, 

PAHs can volatilize, photolyze, oxidize, biodegrade, bind to suspended particles or sediments, or 

accumulate in aquatic organisms, with bioconcentration factors often in the 10-10,000 range. 

Changes in pH and hardness may increase or decrease the toxicity of PAHs, and the variables of 

organic decay further complicate their environmental pathway (Santore et al. 2001). The 

concentration of PAHs released into surface water rapidly dilutes. Contaminants in the water 

column generally settle out soon after pile removal; however, PAH levels in the sediment can 

remain high for 6 months or more (Smith 2008). In sediments, PAHs can biodegrade or 

accumulate in aquatic organisms or non-living organic matter. Most do not easily dissolve in 
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water. Some evaporate into the air from surface waters, but most stick to solid particles and settle 

into sediments.  

The sediment disturbing activities described above could also resuspend contaminated materials 

and sediment during dredging. Up to 25,000 CY of sediment will be removed as a result of this 

proposed action. All of the sediment areas at Terminal 91 are included in a WDOE MTCA 

Agreed Order due to being contiguously owned property of a dangerous waste facility in the 

upland. Sampling conducted in 2022 indicates that chemical concentrations greater than the 

Sediment Cleanup Objective (SCO) for mercury, PCBs, and PAHs are present within the dredge 

area, with mercury concentrations in some intervals also exceeding the Cleanup Screening Level 

(Port 2023c). Resuspension rates of contaminated sediments have been reported ranging from 

less than 0.1 percent to over 5 percent dependent on a number of factors including the method of 

dredging, sediment properties, and site conditions (Bridges et al. 2008), and comprehensive 

studies indicate that when using bucket dredges without barge overflow, resuspension rates are 

typically less than 1 percent (Hayes and Wu 2001). 

Although there is evidence that contaminant concentrations in the water column can temporarily 

increase during disturbance, the bioavailability, area of effects, and duration of elevated risk is 

likely variable. Urban et al.’s 2010 study of ecotoxicological potential of arsenic, PAHs, and 

PCBs during dredging observed no short-term toxicity in nearby waters, and suggested 

desorption of contaminants from suspended particles of sediments with a low level of 

contamination during a dredging operation lowers the water quality in the local water column but 

does not promote significant acute toxicity effects on organisms. Conversely, Schneider et al. 

(2007) found that after 2 hours of resuspension, 20 percent of the resuspended PCBs in sediment 

were released into the dissolved phase; with 1 or 2 days between resuspension events, the 

percentage of dissolved PCBs at steady state decreased with subsequent resuspension events. 

This suggests resuspension of undisturbed, highly concentrated bulk sediment could add 

significant amounts of dissolved PCBs to the water column, but frequent resuspension events (as 

would be expected during construction, and in a berth area subject to propeller wash) might 

result in only minimal release of dissolved PCBs per event.  

The area of suspended contaminants from creosote-treated pile and sediment removal is directly 

related to the area of increased turbidity, totaling 267,907 SF. Benthic effects from resuspended 

contaminants would be applicable to this area minus the area where clean armor will be placed, 

totaling 200,247 SF. The duration of these activities is consistent with the time period expected 

for increased turbidity from pile removal or sawing (total expected duration of 50 days) and 

excavation of the under-pier armor and debris (15 days).  

Operation of construction vessels and potentially some equipment will also introduce exhaust 

into the water. We expect PAHs and other contaminants to be introduced into the water column 

during construction when vessels are moving, which would occur only intermittently within the 

terminal. Because these materials can disperse quickly, they can become quite widespread at 

very low concentrations. As stated above, PAHs can volatilize, photolyze, oxidize, biodegrade, 

bind to suspended particles or sediments in surface water, or accumulate in aquatic organisms.  
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Fish Response 

NMFS considers exposure pathway (i.e., direct contact or ingestion), duration, and specific 

contaminant bioavailability to determine potential effects as a result of removal of contaminated 

material. Aquatic species feeding in, or migrating through, contaminated habitats have been 

found to be vulnerable to both the near-term and delayed effects of toxic exposure (Heintz et al. 

2000; Meador 2014; Johnson et al. 2013; Varanasi et al. 1993). For this proposed action, juvenile 

PS Chinook salmon and juvenile PS/GB bocaccio would be the species and lifestages most likely 

exposed to temporary elevated contaminants in the water column since they are shoreline-

oriented and spend a greater amount of time within Puget Sound than other listed species.  

Risk to fish exposed to contaminants during migration is influenced by interactions between 

chemicals in complex mixtures and the convergent impacts of other stressors, such as water 

temperatures and pathogens (Arkoosh et al. 2004; Goertler et al. 2016). A meta-analysis of 

juvenile Chinook salmon navigating through a contaminated Superfund site resulted in 3 

mortality scenarios, including near-term mortality within the contaminated site, delayed 

mortality due to immunotoxicity and a subsequent increase in disease-related losses further 

downstream, and delayed mortality among migrants attributable to reduced growth (Lundin et al. 

2019). Most contaminant exposures during migration are sublethal, and include such adverse 

health outcomes as repression of growth (Heintz et al. 2000; Meador et al. 2006, Varanasi et al. 

1993), compromised immune function, and impaired reproduction (Lundin et al. 2019). For 

salmonids specifically, controlled exposures to PAHs, PCBs, DDTs, and TBTs have been shown 

to decrease the antigen response as well as decrease the proliferation and viability of immune 

cells (Arkoosh et al. 1994; Arkoosh et al. 2001; Bols et al. 2001; Jacobson et al. 2003; Misumi et 

al. 2005; Misumi et al. 2009). These types of delayed impacts may reduce the lifetime survival 

and reproductive success of individual fish, thereby reducing population abundance (Johnson et 

al. 2014). 

While rare, acute mortality events have been documented in salmon habitats (e.g., Scholz et al. 

2011). For example, PAHs have been documented to cause massive cardiac effects in very low 

concentrations, especially at early life stages and in fish with developing hearts (West et.al, 

2019). Whole-body tissue PAH, PCB, and DDT concentrations in juvenile Chinook salmon were 

elevated throughout the Portland Harbor Superfund site relative to the upstream sites, affirming 

that contaminant exposures in juvenile Chinook salmon occurred within the Harbor (Lundin et 

al. 2021).  

The probability of direct exposure to contaminants in the water column due to the proposed 

action is generally low given that the work windows would avoid peak presence of juvenile 

salmonids and because bioavailability is temporary and uncertain, juvenile PS Chinook salmon 

and juvenile PS/GB bocaccio are likely to avoid the construction area, and BMPs would be 

implemented to minimize the mobilization of sediments. However, juvenile PS Chinook salmon 

and PS/GB bocaccio could be exposed through ingestion of contaminated benthic prey exposed 

to contaminants in the 200,247 SF unarmored resuspension area. Exposure through ingestion of 

contaminated prey in industrial areas is a dominant pathway for aquatic organisms (Johnson et 

al. 2013, 2014). A measurable accumulation of contaminants in an individual organism is 

dependent on several factors, including levels of contaminants from the project, exposure of prey 

to contaminants (where and what life stage), the likelihood of detection of the contaminants in 
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the individual, and if the contaminant bioaccumulates and/or biomagnifies. Contaminants of 

concern for the proposed action, including mercury (as monomethyl mercury), PAHs, and PCBs, 

can accumulate and biomagnify in the aquatic food web (Compeau and Bartha 1984; Dorea 

2008; Yanagida et al. 2012), and bioconcentration in fish varies considerably with food chain 

structure and length (Barbosa et al. 2003). In order to isolate the effects of dietary exposure of 

PAHs on juvenile Chinook salmon, Meador et al. (2006) fed a mixture of PAHs intended to 

mimic those found by Varanasi et al. (1993) in the stomach contents of field-collected fish. 

These fish showed reduced growth compared to the control fish. Dietary DDTs, dietary PCBs, 

and dietary PAHs in fish were elevated relative to the stomach contents from fish upstream of a 

Superfund site, indicating a general correspondence between site-specific exposures to PCBs, 

DDTs, and PAHs via the diet and elevated tissue concentrations among subyearling Chinook that 

reside in these local habitats to feed, shelter, and grow (Lundin et al. 2021), consistent with 

earlier findings (Johnson et al. 2007; Yanagida et al. 2012). 

Resuspended pollutants are absorbed at a lower efficiency by benthic organisms than those 

bound to particulate organic matter directly from the water column (Charles et al. 2005). We 

expect concentrations in benthic prey are likely minor, but may result in reduced growth and 

other sublethal outcomes to prey. Given the volume of available prey in undisturbed areas, it is 

unlikely that any juvenile fish will feed solely from the relatively small area of disturbance 

during recovery, causing only minor biomagnification. Additionally, habitat offsetting activities 

would permanently remove creosote-treated timber and contaminated sediments which release 

chemicals to the aquatic environment as long as they are present. We therefore expect a small 

temporary increase in contaminants in juvenile fish that consume benthic prey within the 

200,247 SF unarmored resuspension area, but expect offsetting activities will reduce long-term 

fish and prey exposure to contaminants following construction.  

As noted above, the duration of elevated contaminant bioavailability following sediment 

disturbance is highly variable. To determine an estimate for the duration of effects, we consulted 

the available science on the bioavailability following resuspension for the three contaminants of 

concern (PAHs, PCBs, and mercury). Disturbed areas may contain elevated concentrations of 

PAHs for 6 months following pile extraction (Smith et al. 2008). PCB concentrations in 

interstitial porewater decreased to below the detection limit within 50 days after resuspension, 

with partitioning dependent on particle size and duration of exposure, following sediment 

resuspension in a laboratory study (Chalhoub et al. 2012). Bioavailable metals (i.e., mercury) are 

soluble to overlying water for the first 20 hours after settling, and resultant concentrations in 

benthic prey generally show consistent but nonsignificant increases that are metal and species 

specific (Fetters et al. 2016). Based on existing literature, we therefore conservatively estimate 

that benthic prey in the turbidity settling area will be exposed to elevated soluble contaminant 

concentrations for up to 6 months as resuspended sediment settles and contaminants sorb to the 

bulk sediment.  

Therefore, some juvenile PS Chinook salmon and PS/GB bocaccio will experience sublethal 

adverse contaminant effects from prey ingested during the 6-month period following 

construction. This proposed action may disturb sediment for up to 2 years; thus, the maximum 

period for this effect is 2.5 years, which could affect three cohorts of these species. The severity 

of contaminant elevations is expected vary during that time period as well, as elevated 

concentrations peak immediately following disturbance and dissipate through time. Effects will 

https://www.sciencedirect.com/science/article/pii/S0048969708006748?via%3Dihub#bib59
https://www.sciencedirect.com/science/article/pii/S0048969708006748?via%3Dihub#bib24
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therefore be smaller during the work window when fewer fish are likely to be present. Overall,  

we expect the proposed action will result in enduring reductions of contaminants in the aquatic 

environment following a small temporary increase, and anticipate a beneficial outcome to the 

fitness and survival of juvenile PS Chinook salmon and PS/GB bocaccio in the long term.  

SRKW Response 

Direct exposure of SRKWs to contaminants released during construction is unlikely because of 

the small exposure zones, their highly unlikely presence, and marine mammal 

monitoring/exclusion. 

Concentrations of mercury, PAHs, and PCBs will increase in the water column for 6 months 

following disturbance of contaminated material, then decrease below current levels following the 

permanent removal. Juvenile fall-run Green River Chinook salmon that are present during the 

period of contaminant elevation (i.e., 2.5 years) may incur sublethal effects. Contamination of 

Chinook salmon tissue has been documented in many studies (Krahn et al. 2007; O'Neill and 

West 2009; Mongillo et al. 2016; Veldhoen et al. 2010), and they in fact contain higher levels of 

some persistent pollutants than other salmon species due to their life history, geographic 

distribution, lipid content, and trophic level (Mongillo et al. 2016). 

SRKW could be affected by temporary increases of contaminants during construction if exposed 

juvenile PS Chinook salmon accumulate measurable tissue concentrations that and are 

subsequently consumed as adults. Predators at the top of the aquatic food chain acquire and 

bioconcentrate larger amounts of contaminants as a function of age or size (Nichols et al. 1999), 

and high levels of pollutants have been measured in sample of blubber (Krahn et al. 2007; Krahn 

et al. 2009; Ross et al. 2000), and feces (Lundin et al. 2015; Lundin et al. 2016). Therefore, 

NMFS considers toxin accumulation in SRKW a serious concern (NMFS 2008b).  

Temporary contaminant increases during construction are likely to cause some sublethal effects 

to juvenile fall-run Green River Chinook salmon. Prey tissue elevations from this proposed 

action cannot be accurately quantified without site-specific analysis of the chemical composition 

and bioavailability, and numerous organism-specific biological factors. However, we do 

anticipate increases would be minor based on chemical concentrations and short exposure times, 

and will occur only to a small number of fish. Furthermore, the proposed action will permanently 

remove contaminant sources following construction, which will reduce contaminant sources to 

the water column and improve prey quality.  

We therefore cannot determine with any accuracy if the temporary contamination impacts would 

result in measurable contaminant accumulations in juvenile Chinook salmon, and if those 

contaminants would persist in adult fish that may be consumed by SRKW. We expect prey 

quality diminishments to be below meaningful levels and not result in detectable consequences 

for any individual SRKW or at the population level. In sum, we consider direct effects to SRKW 

highly unlikely and effects through their forage base to be immeasurable.   

https://www.sciencedirect.com/science/article/pii/S0048969708006748?via%3Dihub#bib199
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d) Temporary Reduction of Forage 

Juvenile PS Chinook salmon and juvenile PS/GB bocaccio depend on benthic prey communities 

for forage, which may be altered or diminished by temporary shade and smothering from 

resuspended sediment as a result of the proposed action.  

Temporary shade is created by vessel propeller wash and moored construction vessels. 

Construction vessels propeller wash disturbs sediment and water and reduces light penetration 

(Eriksson et al. 2004), limiting primary productivity. Minor increased shade from propeller wash 

is expected for this proposed action because construction vessel movement within the waterway 

will primarily consist of small adjustments and work will take place over existing armor with 

few fines. At least one work barge with dimensions of approximately 45 feet by 100 feet (4,500 

SF) is expected to be in use for the duration of the proposed action. Moored construction vessels 

reduce light penetration to the benthos in a manner similar to temporary infrastructure, which 

results in effects similar to those from permanent infrastructure, including reduced macrofauna 

diversity and reduced density and species richness of epibenthic organisms (which serve as prey 

for juvenile salmonids; Haas et al. 2002), and vary depending on their duration in water, time of 

placement, width, and height. Barges will be primarily situated over DSZ, where water depth 

limits the potential primary productivity. Based on the water depth, additional construction 

vessel shade is likely to result in insignificant reductions in benthic and epibenthic production 

and not appreciably diminish prey base. 

Pile removal and installation activities, dredging/excavation, material placement, and 

construction vessel spudding will disrupt and diminish benthic prey communities where 

sediment contacts equipment and in the surrounding areas where suspended sediment will 

eventually settle. As bottom sediments are dislodged, benthic communities are disrupted, taking 

time to fully re-establish their former abundance and diversity and reducing prey availability in 

the footprint of the removal. This disturbance is highly local and confined to the footprint of the 

activity directly contacting the benthos.  

For this proposed action, we expect the temporary disturbed benthic area will equal 150-feet 

around the footprint of shoreline excavation in the waterway east of Pier 90 (237,604 SF), and 

150-feet around the guide pile installation area in the waterway west of Pier 90 (30,303 SF). 

Benthic communities in the footprints of the installed piles (950 SF) will be eliminated when 

new piles are installed, displacing benthic habitat that would provide prey for listed fishes. 

However, as 2,169 more pile are being removed than are being installed, 1,711 SF of additional 

area will be available for benthic colonization of armor following proposed action completion, 

potentially resulting in a net benefit in the long term.  

Benthic communities are expected to fully recover with incremental improvements over baseline 

conditions following construction. Existing under-pier substrate includes riprap armoring, 

derelict piles, metal debris, and concrete debris, and is likely limited in benthic prey productivity. 

The proposed action will utilize fish rock atop the new armor in order to fill interstices and 

reduce potential predator habitat, and provide finer substrate to support a more abundant and 

diverse invertebrate assemblage, which supports foraging for smaller fish. Therefore, we 

consider the duration of recovery to current conditions to determine adverse effects on juvenile 

PS Chinook salmon and juvenile PS/GB bocaccio.  
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The speed of recovery by benthic communities is affected by several factors, including the 

intensity and duration of the disturbance, with greater disturbance increasing the time to recovery 

(Dernie et al. 2003). Based on previous pile repair at Terminal 91 and elsewhere in Elliott Bay, 

new structures re-populate with sessile organisms and mobile invertebrates within 2 to 3 years 

(Port 2021). It is anticipated that sessile organisms will recolonize the new structures in a period 

of months following construction, beginning with early colonizers during spring months.  In the 

excavation and armoring area, recovery to full recruitment of prey complexity and abundance 

equaling baseline levels may take up to 3 years following material placement (including fish 

mix). Mobile organisms may begin to move back into the excavation footprint from the adjacent 

slope immediately following construction. Early colonizers would be followed by larger, slower 

growing, longer-lived species, during a recovery period that may last 2 to 3 years. Thus, for the 

proposed activity types and duration in the discrete work area, benthic recovery is expected to 

take several weeks in pile installation/removal areas, and a maximum of 3 years in the footprint 

of excavation for this proposed action.   

Fish Response 

NMFS finds it likely that juvenile PS Chinook salmon and juvenile PS/GB bocaccio, which have 

nearshore dependent behaviors and life history expressions that include growth, development, 

and maturation, would have the most significant response to reduced prey composition and 

abundance in the excavation area (approximately 268,000 SF). During the 3-year period of 

depressed prey availability, individuals among three cohorts are likely to have increased 

bioenergetic expenditure and increased competition as they seek areas with more prey 

abundance. It is likely that a small number of such individuals in each year will have reduced 

growth or fitness as a result of reduced forage, though that number is impossible to estimate. We 

expect the number of fish with reduced growth or fitness could result in decreased survival, but 

we expect this number of juveniles to be so low that it would not be discernable among adult 

abundance. 

SRKW Response 

Quantity and quality of prey is a factor in productivity of SRKW, and a recent study indicated 

that Chinook salmon were the most common prey species when averaged across SRKW fecal 

samples collected (51.0 percent, 67.3 percent, Puget Sound and outer coast waters, respectively). 

Chum salmon was the next most common species consumed in two areas of three areas surveyed 

(Puget Sound, 31.2 percent, Juan de Fuca/San Juan Islands 31.5 percent) but virtually 

nonexistent in outer coast waters (1.2 percent) (Hanson et al. 2021).  

Temporary construction effects from reduced forage are likely to result in small reduced growth 

and fitness for juvenile Chinook salmon for up to 3 years (see above). As discussed in Section 

2.3.2, the PS Chinook salmon in closest proximity to the proposed action are the Green River 

Chinook salmon DIP. This DIP is within the Southern Puget Sound Chinook salmon ESU/stock 

group, and increased abundance of their population is designated as a high-priority to benefit 

SRKW (NMFS and WDFW 2018). Specifically, individuals from juvenile fall-run Green River 

PS Chinook salmon DIP are most likely to be exposed to effects of the action due to the timing 

of construction and juvenile outmigration at a nearshore-dependent lifestage. The array of 

impacts to juvenile salmon correlate to a small, but likely, reduction in adult PS Chinook salmon 
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quantity and quality; however, the result of these effects among PS Chinook salmon as a feature 

of SRKW prey are difficult to discern the level of individual SRKW, or at the population level.  

NMFS does not expect SRKW to experience a meaningful prey reduction from the proposed 

action because effects of the proposed action occurs primarily among juvenile Chinook salmon, 

and we do not expect any reduction in abundance of juveniles to be of a sufficient magnitude to 

diminish their prey base (adult PS Chinook salmon). Temporary construction effects are likely to 

result in 3 years of minor reduced growth and fitness of juvenile Chinook salmon that does not 

result in a level of mortality that can be attributed to depressing the overall number of adult 

salmon available (i.e. we anticipate the reduction among juvenile Chinook salmon across 3 years 

to be equal to or less than 1 adult fish). However, because there could be a slight reduction in 

prey abundance or prey quality in Chinook salmon, critical habitat for forage may be slightly 

degraded. While we cannot predict any mortality or reduction in fecundity associated with this 

reduction, we think it possible that growth or fitness population could be incrementally affected.  

e) Obstructions in Migration Area 

Barriers to fish movement, including shade and the physical presence of equipment, can obstruct 

migration areas. Adults and subadults of PS Chinook salmon, PS steelhead, and adult and 

juvenile PS/GB bocaccio are not expected to be affected by this stressor because they do not 

migrate along the nearshore; however, outmigrating juvenile PS Chinook in the earliest periods 

of their marine residency prefer the protection of shallow nearshore water and are therefore 

vulnerable.  

Migratory obstructions from shade caused by temporary structures would be expected to be 

similar to those effects observed on large overwater permanent structures, and vary depending on 

their duration in water, time of placement, width, and height (i.e., the higher a structure, the less 

the effect of the shadow, with structures directly on the water-surface having the greatest effect). 

Fishes rely on visual cues for spatial orientation, prey capture, schooling, predator avoidance, 

and migration. The sharp light/dark contrast between non-shaded waters and shaded water under 

structures affects the behavior of smaller juvenile salmon in the nearshore in two ways: 1) 

migrating juvenile salmon in the nearshore will avoid shaded areas and may mill along the edge, 

move to deeper waters, or delay migration until the light/dark contrast is reduced, 2) movement 

into deeper waters may increase susceptibility to predation. Therefore, the physical presence of 

the structures may result in juvenile salmonid delaying passage or forcing them into deeper water 

in an attempt to go around the structures, resulting in more vulnerability to predation. 

Fish Response 

We expect one to two barges within the waterway during construction, to take place over two in-

water work windows. The effect of anchored barges on juvenile PS Chinook migration would 

depend on the barge location and tidal elevation. Barges supporting this proposed action will be 

moored inshore within the terminal waterways, contiguous or adjacent to existing structures. 

Typically, this may result in obstruction of the nearshore migration pathway; however, proposed 

action construction is located near the northernmost point of the terminal waterway, and the use 

of the working waterway as a migratory path is highly unlikely. Additionally, barges will not be 

in the same place for extended periods, although they may be present year-round. As we do not 
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expect any interference with migration of early nearshore stages of juvenile PS Chinook salmon, 

shading effects from temporary mooring of barges are unlikely to adversely affect migration.  

SRKW Response 

The temporary presence of barges is extremely unlikely to adversely impact SRKW because 

nearshore overwater structures are not considered to be a significant obstruction to their 

movements. As obstructions are unlikely to affect prey base migration, no impact to SRKW prey 

numbers is expected. 

f) Entrainment 

Entrainment is a pathway of construction effects on fish that is not habitat based. Entrainment 

refers to the uptake of aquatic organisms by dredge equipment in this context. Mechanical 

(clamshell) dredges commonly entrain slow-moving and sessile benthic epifauna along with 

burrowing infauna that are removed with the sediments. They also entrain algae and aquatic 

vegetation. Organisms that become entrained or are unable to escape before contact with the 

substrate are likely to be buried under the sediments. The likelihood of injury or mortality would 

increase with proximity to the center of the discharge field, where depth and weight of the 

sediments would be greatest.  

Carlson et al. (2001) documented the behavioral responses of salmonids to dredging activities in 

the Columbia River using hydroacoustics. During dredging operations, out-migrating salmon 

smolt (Oncorhynchus spp., likely fall Chinook salmon and coho salmon [O. kisutch]) behavioral 

responses ranged from (1) salmon orienting to the channel margin move inshore when 

encountering the dredge, (2) most out-migrating salmon passing inshore moved offshore upon 

encountering the discharge plume, and (3) out-migrating salmon were observed to assume their 

prior distribution trends within a short time after encountering both the dredging activity and 

dredge plume” (Kjelland et al. 2015). 

The probability of fish entrainment depends on the likelihood of fish occurring within the dredge 

prism, dredge depth, fish densities, the entrainment zone (water column of the clamshell impact), 

location of dredging, type of equipment operations, time of year, and species life stage. In order 

to be entrained in a clamshell bucket during dredging/excavation, a fish must be directly under 

the bucket when it drops. Most fish in the vicinity of the dredge at the start of the operation 

would likely swim away to avoid the noise and activity, and the relative size of the dredge bucket 

in respect to organism distribution across available habitat make this situation very unlikely. 

Further, dredge operations move very slowly, with the barge typically staying in one location for 

many minutes to several hours, while the bucket is repeatedly lowered and raised within an area 

limited to the range of the crane arm. As a fish is most likely to move away from the disturbance 

during barge movement or during the first few bucket cycles, the slow progression further 

reduces the risk of entrainment.  

Entrainment can also occur during material placement, when the sand/rock fall through the water 

column, and creates a plume that extends from the bottom of the vessel to the seafloor. Fish that 

are above the point of discharge or are otherwise not directly below a discharge plume are likely 

to detect the plume and attempt to evade the descending material as a perceived threat. Fish that 
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are below a discharge plume are likely to initially dive and then initiate horizontal evasion, or to 

simply move laterally if already on or near the bottom.  

Fish Response 

There is little evidence of mechanical dredge entrainment of highly mobile organisms such as 

fish. If proposed action activities resulted in entrainment, demersal fish (such as sand lance, 

sculpins, and pricklebacks) would be most likely to be entrained as they reside on or in the 

bottom substrates with life-history strategies of burrowing or hiding in the bottom substrate 

(Nightingale and Simenstad 2001). Evidence indicates that the risk of entrainment of any ESA 

listed fish during the proposed action is extremely low.  

SRKW Response 

While SRKW can enter shallow areas, entrainment of SRKW is extremely unlikely based on 

their size, migration preferences for deeper open water, and marine mammal monitoring 

protocols.  

2.4.2. Species Exposure and Response to Operational Effects 

Operational effects include ongoing activities with the potential to impact protected critical 

habitat and/or species that are reasonably likely to occur as a result of operation and maintenance 

of the rehabilitated wharf, and would not occur but-for the proposed action. We determined that 

the proposed action would enable the following operational effects:  

a) stormwater effluent, and 

b) vessel traffic. 

The extent of stormwater effluent effects is limited to the project area described in Section 2.3. 

Outside of the project area, concentrations of contaminants that may be present in effluent are 

expected to be too dispersed to be meaningful. The extent of operational vessel traffic effects 

includes the full Action Area described in Section 2.3 (i.e., the TSS from Terminal 91 to the 

mouth of the Strait of Juan de Fuca).  

Operational effects to listed species are analyzed below.  

a) Stormwater Effluent 

Stormwater effluent will be managed as an operational effect of the rehabilitated wharf. Since 

the proposed action extends the life of impervious surfaces on the wharf, discharge of 

stormwater from those surfaces are effects of the proposed action. The proposed action will 

consolidate eight existing stormwater outfalls into a single 18-inch outfall with basic effluent 

treatment, in accordance with WDOE, City of Seattle, and Port stormwater guidelines. The 

proposed action would not result in any new areas of pollution generating impervious surface 

(PGIS), but would repave the existing impervious surface and route an estimated 101,060 SF 

(2.32 acres) of stormwater runoff through treatment. Stormwater treatment typically reduces the 

amount of contaminant discharged (in the effluent) which is a positive outcome, however, 

effluent continues to be a source of contaminant load despite best treatment. 
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Per design plans, pre-treatment and treatment shall consist of media-filled filter cartridge systems 

to meet basic treatment as defined by the City of Seattle Stormwater Manual (2021). Stormwater 

from storm drains percolates through these media-filled cartridges, which trap particulates and 

may remove pollutants such as dissolved metals, nutrients, hydrocarbons, surface scum, and 

floating oil and grease (DOE 2017). Once filtered through the media, the treated stormwater is 

directed to a collection pipe or discharged to an open channel drainage way. Per the City of 

Seattle Stormwater Manual (2021), project sites discharging directly (or indirectly through a 

drainage system) to all marine waters, including Puget Sound, require basic treatment as defined 

by the City. Per the City: basic treatment BMPs are designed to achieve 80 percent removal of 

TSS for influent concentrations greater than 100 milligrams per liter (mg/L), but less than 200 

mg/L. For influent concentrations greater than 200 mg/L, a higher treatment goal may be 

appropriate. For influent concentrations less than 100 mg/L, the BMPs are designed to achieve 

an effluent goal of 20 mg/L TSS.  

Following basic treatment, the new outfall will discharge to the waterway east of Pier 90. 

Increased treatment is expected to reduce contaminants concentrations in stormwater effluent 

and improve water quality as compared to current baseline conditions. However, because no 

method of treatment other than full infiltration will fully remove all contaminants, stormwater 

effluents will continue to be a chronic source of episodic physical and chemical load into Puget 

Sound. It is reasonable to assume that a small number of PS Chinook salmon, PS steelhead, and 

juvenile PS/GB bocaccio will migrate through the project area over the 40 year period of 

operation, and that individuals will be exposed to treated stormwater containing dispersed 

concentrations of contaminants while in the water column. Although treatment and dilution will 

greatly reduce contaminant volumes, we expect this could contribute to some low-level, chronic 

behavioral or health effects that could reduce the fitness of listed fish.  

The working terminal will be used for frequent industrial transport from large vessels. As a 

result, stormwater runoff is highly likely to contain several contaminants that have proven 

damaging to fish, including PAHs and microplastics such as 6PPD/6PPD-q from vehicles 

regularly operating on the deck. As these contaminants are of particular concern for salmonids, 

their effects are discussed in greater detail below. The adverse responses to toxic contaminants in 

stormwater effluent on PS/GB bocaccio are expected to be similar, although the magnitude and 

mechanism of impact may differ based on the individual contaminants present.  

Fish Response 

PAHs 

A large and growing body of environmental monitoring data (analytical chemistry) has 

established PAHs as a ubiquitous component of stormwater-driven runoff into the Puget Sound. 

Whether originating from oils spills or stormwater, PAH toxicity to fish can be framed as a 

bottom-up approach to understanding the impacts of complex mixtures, where one or more PAH 

compound may share a common mechanism of action, interact with other chemicals in mixtures, 

and/or interact with non-chemical variables such as the thermal stress anticipated with a 

changing regional climate. The historical NOAA research on oils spill and urban stormwater are 

increasingly converging on a risk framework where certain PAHs (Figure 3) cause a well-

described syndrome of involving the abnormal development of the heart, eye and jaw structure, 

and energy reserves of larval fish (Harding et al. 2020). Over the ensuing 30 years, combined 
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research from NOAA’s Alaska Fisheries Science Center (AFSC) and the Northwest Fisheries 

Science Center (NWFSC) clearly established the developing fish heart as the primary biological 

target organ for the toxic impacts of water-soluble chemical mixtures derived from petroleum 

(Incardona 2017; Incardona and Scholz 2016, 2017, 2018; Incardona et al. 2011). At the egg 

(developing embryo, pre-hatch) and larval stages, organ-specific detoxification pathways (e.g., 

cytochrome P450 enzymes in the liver) are not yet in place, and therefore do no offer the same 

intrinsic metabolic protections available to older fish with a fully developed hepatic function. 

Absent this protective metabolism in larval fish, petroleum-derived hydrophobic compounds 

such as PAHs bioconcentrate to high tissue levels in fertilized eggs, resulting in more severe 

corresponding toxicity.  

Numerous controlled laboratory exposure-response studies have elucidated a toxicity syndrome 

with a distinctive and characteristic suite of developmental abnormalities. Severe PAH toxicity is 

characterized by complete heart failure, with ensuing extra-cardiac defects (secondary to loss of 

circulation) and mortality at or soon after hatching. More moderate forms of PAH toxicity, such 

as might be expected for untreated/unfiltered roadway runoff, include acute and latent alterations 

in subtle aspects of cardiac structure, reduced cardiorespiratory performance and latent mortality 

in surviving larvae and juveniles. These effects have been studied extensively and characterized 

in over 20 species of fish at the organismal, tissue and cellular levels (Marty et al. 1997; Carls et 

al. 1999; Heintz et al. 1999; Hatlen et al. 2010; Hicken et al. 2011; Incardona et al. 2013; Jung et 

al. 2013; Esbaugh et al. 2016; Morris et al. 2018). Unlike 6PPD-quinone, which varies in hazard 

across closely related salmonids (e.g., high acute toxicity to coho, low toxicity to chum; 

McIntyre et al., 2018, 2021), all fish species studied to date are vulnerable to PAH toxicity, with 

thresholds for severe developmental abnormalities often in the low parts-per-billion (μg/L) range 

(Figure 3). 

 

Figure 3.  Examples of PAH-induced developmental abnormalities in a wide range of fish 

species (freshwater to marine, tropical to temperate). Our current understanding of 

PAH toxicity to fish embryos and larvae is drawn from several NOAA-F studies, 

representing major lessons learned from the Exxon Valdez and Deepwater 

Horizon disasters, and has been widely confirmed by independent research groups 

around the world. The primary form of toxicity is a loss of cardiac function, as 
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exemplified by circulatory failure and accumulation of fluid in the pericardial 

space around the heart (arrows). The pattern of excess fluid (edema) varies 

according to the anatomy of each species. Related abnormalities include small 

eyes, jaw deformities, and a dysregulation of the lipid stores, or yolk, the animal 

needs to survive to first feeding. This suite of defects, while sublethal, will almost 

invariably lead to ecological death. Consequently, “delayed-in-time” toxicity is a 

common risk concern for fish that spawn in PAH-contaminated habitats. 

PAH toxicity in fish is often sublethal and delayed in time. The latent impacts of low-level PAH 

exposures – i.e., representative of the cardiotoxic PAH concentrations and discharge durations 

comparable with conventional Puget Sound roadway runoff – have been particularly well studied 

in salmonids (pink salmon, Oncorhynchus gorbuscha). Large-scale tagging (mark-and-recapture) 

studies dating back to Exxon Valdez were among the first to show that embryonic exposure to 

oil-derived chemical mixtures with total PAH (ΣPAH) levels in the range of 5 to 20 μg/L 

resulted in cohorts of salmon that survived the exposure (and appeared outwardly normal), but 

nevertheless displayed reduced growth and reduced survival to reproductive maturity in the 

marine environment. Follow-up studies at NWFSC have linked this poor survival to reduced 

individual fitness manifested by reduced swimming performance and subtle changes in cardiac 

structure. In essence, embryonic exposure to petroleum mixtures leads to juvenile fish that show 

signs of pathological hypertrophy of the heart (Incardona et al. 2015, 2021; Gardner et al. 2019). 

The latter is well known to be associated with considerable morbidity and mortality across 

vertebrate species in general, as evidenced by the downstream consequences of congestive heart 

failure in humans. 

To illustrate how PAHs in runoff from the Puget Sound transportation grid align with historical 

NOAA research on oil spills, stormwater from the SR520 collection location at the NWFSC in 

Seattle shows considerable overlap with the pattern of PAHs derived from a pure oil spill (Figure 

4). Notably, as an added consequence of the engine internal combustion process, the mixture in 

stormwater is even more complex due to the appearance of larger numbers of 4-ring and ≥ 5-ring 

compounds. Much of this higher molecular weight PAH mass is associated with the fine 

particulate matter from vehicle exhaust. The bioavailability of compounds in waters that receive 

highway runoff is demonstrated by uptake into passive samplers, which have properties very 

similar to fish eggs. Passive samples vary in design, but generally consist of a housing for a 

membrane material that passively accumulates lipophilic compounds such as PAHs, which can 

subsequently be extracted for chemical analyses. They are particularly useful for profiling 

patterns of bioavailable PAHs in fish spawning habitats. 
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Figure 4.  Patterns of PAHs in environmental samples. Top, effluent in seawater flowing 

over gravel coated with Alaskan crude oil (source for Exxon Valdez). Middle, 

runoff from the SR520 highway adjacent to NWFSC. Bottom, PAHs extracted 

from a polyethylene membrane device (PEMD) incubated 1 week in Longfellow 

Creek, West Seattle. X-axis shows proportion of total PAH, and values are 

omitted for simplicity to emphasize overall patterns. Abbreviations: N, 

naphthalenes; BP, biphenyl; AY, acenaphthylene; AE, acenaphthene; F, fluorene; 

D, dibenzothiophene; P, phenanthrene; ANT, anthracene; FL, fluoranthene; PY, 

pyrene; FP, fluoranthenes/pyrenes; BAA, benz[a]anthracene; C, chrysene; BBF, 

benzo[b]fluoranthene; BKF, benzo[j]fluoranthene/ benzo[k]fluoranthene; BEP, 

benzo[e]pyrene; BAP, benzo[a]pyrene; PER, perylene; IDY, indeno[1,2,3-

cd]pyrene; DBA, dibenz[a,h]anthracene/dibenz[a,c]anthracene; BZP, 

benzo[ghi]perylene. Parent compound is indicated by a 0 (e.g., N0), while 

numbers of additional carbons (e.g. methyl groups) for alkylated homologs are 

indicated as N1, N2, etc. 

The pattern of bioavailable PAHs in the Seattle-area urban streams depicted above in Figure 4 

closely resembles a pure oil spill pattern, with the exception of a larger proportion of 

combustion-associated 4-ring compounds such as pyrenes and fluoranthenes. Accordingly, urban 

runoff is a transport pathway for PAHs, and the pattern of bioavailable PAHs closely resembles 

the relative enrichment of cardiotoxic phenanthrenes. Although more work is needed for Pacific 

salmonids (e.g., species beyond pink salmon), collected runoff from SR520 containing ΣPAH of 

7.5 μg/L produced the stereotypical syndrome of heart failure and associated developmental 

defects in Pacific herring (Harding et al. 2020). Measured concentrations of PAH runoff from 

SR520 runoff are often considerably higher than the petroleum toxicity threshold for pink 

salmon.  
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6PPD-Quinone 

After years of forensic investigation, the urban runoff coho mortality syndrome has now been 

directly linked to motor vehicle tires, which deposit the compound 6PPD and its abiotic 

transformation product 6PPD-q onto roads. 6PPD or [(N-(1, 3-dimethylbutyl)-N’-phenyl-p-

phenylenediamine] is used to preserve the elasticity of tires. 6PPD can transform in the presence 

of ozone (O3) to 6PPD-q. 6PPD-q is ubiquitous to roadways (Sutton et al. 2019) and was 

identified by Tian et al. (2020) as the primary cause of urban runoff coho mortality syndrome 

described by Scholz et al. (2011). Laboratory studies have demonstrated that juvenile coho 

salmon (Chow et al. 2019), juvenile steelhead, and juvenile Chinook salmon are also susceptible 

to varying degrees of mortality when exposed to urban stormwater (French et al. 2022). 

Fortunately, recent literature has also shown that mortality can be prevented by infiltrating road 

runoff through soil media containing organic matter, which removes 6PPD-q and other 

contaminants (Fardel et al. 2020; Spromberg et al. 2016; McIntrye et al. 2015). Research and 

corresponding adaptive management surrounding 6PPD is rapidly evolving. Nevertheless, key 

findings to date include:  

• 6PPD/6PPD-q has been killing coho in Puget Sound urban streams for decades, dating 

back to at least the 1980s and likely longer (McCarthy 2008; Scholz 2011). 

• Wild coho populations in Puget Sound are at a very high risk of localized extinction, 

based on field observations of adult spawner mortality in > 50 spawning reach stream 

segments (Spromberg and Scholz 2011). 

• Source-sink metapopulation dynamics (mediated by straying) are likely to place a 

significant drag on the future abundances of wild coho salmon in upland forested 

watersheds (the last best places for coho conservation in Puget Sound). In other words, 

urban mortality syndrome experienced in one part of the watershed could lead to 

abundance reductions in other populations because fewer fish are available to stray 

(Spromberg and Scholz 2011). 

• Coho are extremely sensitive to 6PPD-q, more so than most other known contaminants in 

stormwater (Scholz et al. 2011; Chow 2019; Tian 2020). 

• Coho juveniles appear to be similarly susceptible to the acutely lethal toxicity of 

6PPD/6PPD-q (McIntyre et al 2015; Chow 2019). 

• The onset of mortality is very rapid in coho (i.e., within the duration of a typical runoff 

event) (French et al., 2022).  

• Once coho become symptomatic, they do not recover, even when returned to clean water 

(Chow 2019).  

• It does not appear that dilution will be the solution to 6PPD pollution, as diluting Puget 

Sound roadway runoff in 95% clean water is not sufficient to protect coho from the 

mortality syndrome (French et al. 2022).  

• Preliminary evidence indicates an uneven vulnerability across other species of Puget 

Sound salmon and steelhead, and a need to further investigate sublethal toxicity to 

steelhead and Chinook salmon. For example, McIntyre et al. (2018) indicate that chum do 

not experience the lethal response to stormwater observed in coho salmon.  

• Following exposure, the onset of mortality is more delayed in steelhead and Chinook 

salmon (French et al. 2022).  
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• The mechanisms underlying mortality in salmonids is under investigation, but are likely 

to involve cardiorespiratory disruption, consistent with symptomology. Therefore, special 

consideration should be given to parallel habitat stressors that also affect the salmon gill 

and heart, and nearly always co-occur with 6PPD such as temperature (as a proxy for 

climate change impacts at the salmon population-scale) and PAHs.  

• Simple and inexpensive green infrastructure mitigation methods are promising in terms 

of the protections they afford salmon and stream invertebrates, but much more work is 

needed (McIntyre et al. 2014, 2015, 2016a, b; Spromberg 2016).  

• The long-term viability of salmon and other Puget Sound aquatic species is the foremost 

conservation management concern for NOAA, and thus it will be important to 

incorporate effectiveness monitoring into future mitigation efforts – i.e., evaluating 

proposed stormwater treatments not only on chemical loading reductions, but also the 

environmental health of salmon and other species in receiving waters (Scholz 2011).  

To summarize fish response to long-term stormwater effects, there is a risk that runoff could 

cause lethal and sublethal toxicity, up to and including delayed mortality, in exposed ESA-listed 

fish and the prey available to salmon and higher-trophic species. The magnitude of this effect 

will be somewhat reduced by the installation of basic stormwater treatment proposed for this 

action, which would likely reduce contaminants to levels below lethal toxicity. However, the 

standards of basic treatment do not provide evidence that risks from contaminants would be 

entirely avoided. Thus, adverse sublethal effects from ongoing stormwater effluent discharge are 

expected for PS Chinook salmon, PS steelhead, and PS/GB bocaccio.  

SRKW Response 

As noted above, despite additional treatment, stormwater effluent produced as a result of the 

proposed action will likely contain chemicals that cause sublethal toxicity to individual fall 

Green River PS Chinook salmon which are part of a high-priority prey stock5 for SRKW (NMFS 

and WDFW 2018). Proposed stormwater treatment is expected to decrease contaminant 

concentrations versus the current site conditions, and reduce, but do not eliminate, impacts to 

species.  

Despite expecting only low levels of pollutants, chronic source input over the 40-year design life 

of the PGIS is likely to cause some sublethal effects to juvenile fall-run Green River Chinook 

salmon that slightly but chronically diminish SRKW prey quality. Similar to the above 

contaminant analysis (Section 2.4.c), we cannot predict the biomagnification of contaminants in 

prey tissue from stormwater effluent, but expect that reductions in prey quality are not of a 

magnitude that could meaningfully be detected as a consequence for any individual SRKW or at 

the population level. Moreover, proposed stormwater treatment is expected to reduce 

contaminants source input, and slightly improve pervasive degraded water quality in the project 

area. Given the uncertainty of meaningful exposure, and in consideration of the total quantity of 

prey available to SRKW, it is extremely unlikely stormwater effluent will result in measurable 

effects to the fitness of an individual SRKW through prey. 

                                                 

5 Here, the term “stock” is used rather than DIP for consistency with the source material cited.  



WCRO-2022-03517 -61- 

b) Vessel Traffic  

Here, we analyze effects from operational fishing vessel traffic noise caused by the proposed 

action. 

Vessels used for a variety of purposes (commercial shipping, military, recreation, fishing, whale 

watching and public transportation) occur in inland waters of Puget Sound. Noise impacts from 

the vessel fleet utilizing Terminal 91 are largely analogous to impacts from construction vessel 

noise presented in Section 2.4.1.a; however, noise will continue after construction is complete, 

and will occur year-round within the Action Area. Travel in the Action Area is expected to be 

slow and to adhere to established USCG vessel traffic regulations, which is expected to minimize 

the noise. Vessel traffic is expected to be infrequent, and, as the berth is not expanding to allow a 

greater number of fishing vessels to call at any given time, an increase in the frequency or 

volume of noise from commercial fishing vessels is not anticipated in the project or Action Area. 

Additionally, fishing vessels and listed species within the Action Area will be temporally and 

spatially dispersed to the degree that the perpetuation of noise attributable to this proposed action 

is not measurable.  

Fish Response 

While NMFS cannot specifically identify fish exposure and response to the fishing vessels that 

use Terminal 91 we can provide a generalized presentation of response to ship noise. As 

described in Section 2.4.1.a., fish notice and respond to motorboat noise (Simpson et al. 2016; 

Voellmy et al. 2014; Whitfield and Becker 2014), and PS Chinook salmon, PS steelhead, and 

PS/GB bocaccio that encounter fishing vessel boat noise will likely startle and briefly move 

away from the area. Castellote et al. (2019) found that salmon reaction to a playback of ship 

noise at source level (160-170 RMS dB) was infrequent with no reaction 85 percent of the time, 

and that the most frequent of the responses was a minor directional change away from the source 

of the sound. Moreover, the authors posit that fish are less reactive to structured continuous noise 

than to sudden onset of noise. Because perpetuated vessel noise within the Action Area is 

dispersed, we consider response of  ESA listed fish likely to exposed  to be minor behavior 

changes only.. Based on the previously described research, it can be assumed that juvenile PS 

Chinook salmon are likely to respond to episodes of boat motor noise with a stress and startle 

reaction that can diminish both predator and prey detection for a short period of time with each 

episode. 

SRKW Response 

Fishing vessel use of rehabilitated berths may expose SRKW to noise from large ships that 

extend into frequencies used by killer whales for echolocation (Veirs et al. 2016), and affect 

foraging efficiency, communication, and/or energy expenditure (Ferrara et al. 2017; Holt et al. 

2021). Berth traffic will remain at current operational levels and while orca whales are 

occasionally present in Elliot Bay, sightings have also included the unlisted transient population 

as well as SRKW. Vessels will adhere to speed restrictions that limit speed to below seven knots 

when within one-half of a nautical mile of a SRKW (RCW77.15.740). Reduced speed is 

suggested to limit reduce sound levels received by SRKW (Holt et al. 2017; Houghton et al. 

2015; Veirs et al. 2016; Williams et al. 2021). Additionally, many commercial vessels transiting 

to the Port are adopting “Quiet Sound” guidelines that include increased slowdown and 

installation of quieter motors (Washington Maritime Blue 2022). This protocol may reduce noise 
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from vessels using the berth or contribute to minor reductions of the ambient commercial vessel 

noise level in Elliott Bay, but would likely be a very minor improvement. Overall, noise from 

vessels utilizing Berths 6 & 8 will likely be indistinguishable from baseline underwater noise 

levels in Elliott Bay (approximately 120 dB), including sound pressure frequencies typical of a 

range of vessels.  

In the remainder of the action area, SRKW exposure to vessel noise from the fishing fleet is 

likely. Other data on commercial vessels reveals that In the Haro Strait, which runs between 

Vancouver Island and the San Juan Islands, container ships produce the highest underwater 

source levels at 178 underwater dB. Other ship types with source levels greater than 173 

underwater dB include vehicle carriers, cargo ships, tankers, and bulk carriers (Viers et al. 

2016) The longest fishing vessel that utilizes Terminal 91 measures 376 feet (Port 2023a), while 

the average length of container and cargo ships traveling to inner Puget Sound ports is 

approximately 900 feet (COE 2022), so the noise levels the proposed action perpetuates are 

likely below those measured in this study.  Current U.S. and Canadian SRKW management plans 

include measures to reduce disturbance from anthropogenic noise, such as mandatory minimum 

distances between vessels and killer whales. Scientists have found, however, that vessel speed, 

not distance, is the most important predictor of noise levels received by the whales (Holt et al. 

2017; Houghton et al. 2015;For many ships in the Salish Sea, a 1 knot reduction in speed results 

in a 1 dB reduction in broadband source level (Viers et al. 2016) Williams et al. (2019b) found a 

3 dB noise reduction in Haro Strait could be met by enforcing a speed limit of 11.8 knots on 

container ships, vehicle carriers, passenger (cruise) and cargo ships, tankers, bulk carriers, and 

pleasure crafts. Vessels speeds and lanes are governed by the United States Coast Guard, which 

is not a party to this consultation. We expect that SRKW exposure to vessel noise will be 

infrequent, episodic, and intermittent. We expect that only brief behavioral changes (avoidance) 

could occur among some SRKW if they are exposed to fishing vessel traffic noise from this 

proposed action, which will be indistinguishable from baseline underwater noise levels.  

Finally, operational fishing vessel traffic could potentially result in collisions, known as strikes. 

Fatal fishing vessel interactions are infrequent for all killer whales (see Raverty et al. 2020) and 

while the SRKW Recovery Plan mentions vessel strikes, it does not identify them as a major 

threat (NMFS 2008b). Fishing vessels do not target whales, there is no record of fishing fleet 

vessels strikes in Puget Sound (NMFS 2023), and strikes from any vessel are a relatively rare 

occurrence in Puget Sound (Rockwood et al. 2017). Vessels, including fishing vessels, are 

subject to Washington state regulations protecting SRKWs, which include prohibition of 

approaching or failing to disengage transmission within 300 yards of a SRKW, positioning a 

vessel behind a SRKW within 400 yards, or exceeding a speed of seven knots at any point 

located within one-half of a nautical mile of a SRKW (RCW77.15.740; Cunningham 2023). To 

further reduce the risk of collision and disturbance, the Port and Quiet Sound implemented a 

WhaleReport Alert System that delivers alerts when a commercial vessel is within 10 nautical 

miles of a verified whale sighting and directs captains to slow down or alter course (B.C. 

Cetacean Sightings Network 2023). We consider the risk of strike extremely low and unlikely to 

as a result of the proposed action.  

https://dosits.org/glossary/underwater-db/
https://dosits.org/glossary/anthropogenic/
https://dosits.org/glossary/broadband/
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2.4.3. Species Exposure and Response to Long-term Effects  

Long-term effects, or enduring effects, are a function of exposure and response to physical, 

chemical, or biological changes associated with the proposed action on the environmental 

baseline that are likely to last for months, years or decades.  

The project elements for this proposed action have been evaluated using the Nearshore 

Calculator and are summarized in Table 10. The enduring structures result in both a long-term 

loss of habitat, and a reduction of current impacts that ultimately represents a net improvement in 

habitat quality.  

Replacement of in- and overwater structures will influence habitat functions and processes that 

impact listed species that encounter them for the duration of their presence. Adverse effects from 

replacement structures, despite their reduction in size and number (see Table 10 below), include 

reduced refuge, safe migration, and reduced forage. 

• Refuge –Shoreline armoring disrupts sediment transport processes that create shallow 

water habitat preferred for juvenile migration, removing refuge for safe migration. Shade 

limits growth of SAV, which reduces benthic forage opportunities and forage fish stocks; 

however, no rooted SAV or forage fish spawning is within the project footprint and these 

effects are not expected as a result of this proposed action. 

• Safe migration –Swimming around replaced in-and overwater structures lengthens the 

migration distance and is correlated with increased mortality. There is an increased risk 

of juvenile salmonid predation by other fish or avian predators when they leave the 

relative safety of shallow water (Willette 2001), or hesitate when encountering shaded 

areas.  

• Forage – Forage reductions are expected as a result of overwater structures that produce 

shade and reduce benthic productivity (Carrasquero 2001), and epibenthic prey species 

(Lambert et al. 2021; Munsch et al. 2017; Nightingale and Simenstad 2001). Intertidal 

zone primary productivity is also limited by armoring that obstructs natural upper 

intertidal shoreline processes that encourages invertebrates and development of suitable 

habitat for forage fish spawning. 

Many individuals of listed species that encounter the structures will be exposed to the long-term 

effects of replaced structures any time of year in each year they are present. Accordingly, the 

Port has incorporated beneficial habitat activities into the proposed action to compensate for the 

enduring habitat modifications. Beneficial activities include reduction of in-and overwater 

structures (i.e., pile and wharf), removal of creosote-treated timber, debris removal, fish-rock 

habitat enhancement, and installation of basic stormwater treatment. These beneficial activities 

are expected to improve water quality, safe migration, and forage.  

• Water quality – Removal of creosote treated material and sediment improves water 

quality by removing these chronic sources of contaminants.  

• Safe migration – Debris removal, in-water and overwater structure reduction, and fish 

rock will reduce opportunities for piscine predators. Decreased in-water structures and 

fish rock will also reduce impediments to natural shoreline processes.  

• Forage – Decreased shade, increased available benthic substrate, and removal of benthic 

debris are expected to positively contribute to primary productivity and forage base for 
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nearshore-dependent species. Use of fish-rock will provide finer substrate and support 

forage by encouraging a more abundant and diverse invertebrate assemblage. 

Productivity increases are likely minor because productivity is ultimately limited by 

sunlight, and the majority of habitat improvements are in deeper water.  

During construction, offsetting activities will produce the same temporary effects to species in 

the project area as the proposed action described above. Following completion of construction, 

these activities are reasonably certain to lead to some degree of ecological recovery, including 

the establishment or restoration of environmental conditions associated with functional nearshore 

habitat. 
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Table 10. Summary of removed and replaced structures, material types, area and net change, and duration of long-term effects 

Structure 

Removed 

Overwater 

Material 

Replaced 

Overwater 

Material 

Removed 

Overwater 

Area (SF) 

Replaced 

Overwater 

Area (SF) 

Net Change 

Overwater 

Area (SF) 

In-water 

Number and 

Material 

Removed 

In-water 

Number and 

Material 

Replaced 

Removed 

In-water 

Area 

(SF) 

Replaced 

In-water 

Area 

(SF) 

Net 

Change 

In-water 

Area (SF) 

Duration 

of Effects 

(years) 

Gangway Grated Grated 103 250 147 -- -- -- -- -- 40 

Floats Grated Grated 808 25 -783 -- -- -- -- -- 40 

Boathouse1 Solid Solid 1,590 1,590 0 -- -- -- -- -- 40 

Derelict pier Solid Solid 154 0 -154 -- -- -- -- -- 0 

Jut-out/spur Solid Solid 9,640 0 -9,640 -- -- -- -- -- 0 

Wharf Solid Solid 55,042 53,509 -1,534 -- -- -- -- -- 40 

Pile -- -- -- -- -- 

2,489 14” 

creosote treated 

wood 

70 20”, 247 

24”, and 3 

36” steel, 

240 24” 

concrete 

2,661 950 -1,711 40 

Slope  

armoring 
-- -- -- -- -- 

Riprap, sediment, 

debris 

Rip rap, fish 

mix 
67,660 67,660 0 40 

Sheet pile 

wall2 

Steel sheet 

pile, creosote 

treated wood, 

concrete 

fascia 

Steel sheet 

pile 
3,120 4,680 1,560 -- -- -- -- -- 40 

Grand Total -- -- 67,337 55,374 -11,964 -- -- 70,321 68,610 -1,711 -- 
Notes: 

1. The boathouse will be relocated from the waterway east of Pier 90 to the waterway west of Pier 90, between Pier 90 and Pier 91. Thus, this single relocated structure it is 

included both in repair and replaced area counts.  

2. The replacement sheet pile bulkhead will be within the same 742 LF as the existing bulkhead. The additional square footage indicated above is an increase only in 

vertical area and is omitted from totals. 
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Fish Response 

Individuals of listed fish encountering replacement of in- and overwater structures as juveniles 

will experience obstructions to safe migration (PS Chinook salmon) and refuge and forage 

reductions (PS Chinook salmon and PS/GB bocaccio) caused by habitat modification for the 

duration of their presence. It is reasonable to assume that the carrying capacity of these species is 

constrained by limitations to forage and refuge, and incrementally reduced by predation, and 

abundance of these listed species will be depressed by effects of these enduring structures. 

Conversely, we expect ESA listed fish will experience improved water quality, migration, and 

forage values, as a result of habitat improvements. Water quality improvements from permanent 

removal of contaminants will reduce lethal and sublethal toxicity to PS Chinook salmon, PS 

steelhead, and PS/GB bocaccio and exposed prey. Minor improvements in forage are expected 

based on increased primary productivity as a result of increased sunlight and benthic substrate, 

and use of fish-rock. Safe migration for juvenile PS Chinook will be improved through reduction 

of piscivore habitat. Over the course of the 40-year lifetime of the replacement structures, we 

expect minute improvements to survival of individual juvenile PS Chinook salmon and juvenile 

PS/GB bocaccio among some members of each cohort from improvements to the growth and 

fitness of individuals as a result of this proposed action. As PS steelhead are not nearshore 

dependent, minor improvements to this species will be primarily through improvements to water 

quality from contaminant removal and reduction.   

Removal of contaminants, in particular, has the potential to impact listed fish, and has the 

potential to improve population viability by increasing subyearling survival (especially for 

Chinook salmon) and, by extension, adult spawner abundance (Lundin et al. 2021). Lundin et al. 

(2019) found that 54 percent improved juvenile survival—potentially as a result of future 

remediation activities—could increase adult Chinook salmon population abundance by more 

than 20 percent, implicating pollution remediation as a positive driver for species recovery.  

Considering the proposed array of long-term adverse and beneficial activities, we expect minor 

long-term habitat improvements compared to current conditions that will result in populations of 

listed fish largely remaining static.  

SRKW Response 

We do not anticipate SRKW will have a discernable response to long-term project effects, 

positive or negative. Long-term effects to SRKW through their prey are unlikely because we 

expect the population abundance of Chinook salmon to remain static as a result of this action 

(see above).  

2.4.4 Summary of Effects on Species 

Individuals from PS Chinook salmon, PS steelhead, PS/GB bocaccio, and SRKW are each likely 

to experience temporary, operational, or long-term effects of activities of the proposed action 

(shown in Table 11). The temporary effects are all adverse, the operational effects do not 

increase the level of adverse condition but extend their duration, and the long-term effects 

include both negative and positive consequences for PS Chinook salmon, PS steelhead, bocaccio, 

and SRKW. When we add the short term, operational, and long-term effects of the proposed 
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action, we anticipate a very slight 3-year reduction in SRKW prey, but this reduction is likely to 

be equivalent to less than one adult Chinook salmon in each year, so slight that it is difficult to 

discern the response or influence of such a reduction in any single SRKW member. 

Table 11. Summary of effects to species resulting from the proposed action (denoted by X). 
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PS Chinook salmon X X X X   X X X X 

PS steelhead X      X   X 

PS/GB bocaccio X X X X   X  X X 

SRKW    X    X  X 

2.4.5. Effects on Critical Habitat 

In this section, we evaluate the proposed action effects on habitat described above in terms of the 

function of critical habitat PBFs for PS Chinook, PS steelhead, PS/GB bocaccio and SRKW. 

Many of the habitat modifications are well described above in the effects to species section. Here 

we characterize those habitat effects relative to the conservation role the features serve.  

NMFS reviews effects on critical habitat by examining how the PBFs of critical habitat will be 

altered, the duration of such changes, and the influence of these changes on the potential for the 

habitat to serve the conservation values for which it was designated.  

In estuarine and marine areas, the features of designated habitat common to each of these listed 

species are water quality and forage or prey. For PS Chinook salmon and PS steelhead, safe 

migration is an additional PBF. The PBFs relevant for each species are shown in Table 12. Note 

that only noise effects are expected to impact PS steelhead designated critical habitat due to the 

distance from the project area from the extent of critical habitat mapped in the West Waterway.  

Table 12. Physical and biological features of designated critical habitat 

PBF of Critical Habitat Species 

Water quality PS Chinook salmon 

PS steelhead 

PS/GB bocaccio 

SRKW 

Forage or prey PS Chinook salmon 

PS steelhead 

PS/GB bocaccio 

SRKW 

Safe migration/passage PS Chinook salmon 

PS steelhead 

SRKW 
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As discussed in Section 2.4.3, offsetting activities covered by this Opinion improve habitat over 

existing conditions, resulting in improvements to the PBFs of listed species. However, despite 

the full application of the planned conservation measures and BMPs, the proposed action is 

likely to adversely affect some of the  PBFs of designated critical habitat listed in Table 12 for 

PS Chinook salmon, PS steelhead, PS/GB bocaccio rockfish, and SRKW. In sum, the PBFs of 

critical habitat for species shown in Table 12 will experience the following changes as a result of 

the proposed action:  

• Water quality PBFs for PS Chinook salmon, PS/GB bocaccio rockfish, and SRKW will 

be reduced episodically by suspended sediments during construction, temporarily by 

resuspended contaminants for 6 months following construction (Smith et al. 2008) for up 

to 2.5 years, and chronically through low-level contaminants in stormwater effluent 

throughout the lifetime of the structure. Stormwater treatment will reduce but not 

eliminate nonpoint source pollutants. The extent of adverse water quality effects does not 

reach the mapped area of PS steelhead critical habitat. Contaminant removal will 

permanently eliminate sources of toxins from the sediment and water column.  

• Forage/prey PBFs for PS/GB bocaccio, PS Chinook salmon, and by extension SRKW, 

will be diminished by benthic habitat reductions and shade in the nearshore. The spatial 

area of this effect does not extend to PS steelhead critical habitat, and effects are unlikely 

because they are not nearshore dependent. Offsetting activities are likely to improve 

prey/forage in other areas, so that on the whole, the baseline level of forage is retained, 

with only a temporary decline of up to 3 years. Sufficient quantity, quality and 

availability of prey, particularly Chinook salmon, are an essential feature of the critical 

habitat designated for SRKW. Given the total quantity of prey available to SRKWs 

throughout their range, the slight reduction in Chinook salmon juveniles from the short-

term construction effects of the proposed action is likely to be an extremely small 

reduction in adult Chinook, which are the focal prey of SRKW. This reduction is unlikely 

to be large enough, even when aggregated over 3 years to that the reduction will reduce 

the conservation values of the critical habitat (i.e. growth, fitness, survival, reproduction 

of SRKW). However, because prey is a limiting factor for SRKW, any reduction in prey 

abundance or quality is likely to be meaningful to some individuals within the population. 

• Migration/passage PBFs for PS Chinook salmon and PS steelhead will be temporarily 

diminished by noise effects during construction. Long-term passage conditions for PS 

Chinook salmon improve because of the reduction of in-water structures. No effects are 

expected to SRKW passage PBFs.  

While adversely affected, PBFs are not so diminished that we would consider the role of the 

critical habitat to be significantly impaired. We consider the temporary effects to critical habitat 

not of sufficient duration, intensity, or spatial extent to impair the conservation role (survival, 

growth, maturation, fitness) of these species.  

With implementation of the NHVM, we expect no-net-loss of shoreline long-term habitat 

function from the proposed action and offsetting activities covered by this Opinion. As described 

in Section 2.1, elements of the proposed action generate credits from the Nearshore Calculator. 

NMFS has determined that this proposed action would result in positive environmental results to 

long-term nearshore habitat quality, quantity, or function equivalent to 0 credits (Appendix A).  
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2.5. Cumulative Effects 

“Cumulative effects” are those effects of future State or private activities, not involving Federal 

activities, that are reasonably certain to occur within the Action Area of the Federal action 

subject to consultation [50 CFR 402.02 and 402.17(a)]. Future Federal actions that are unrelated 

to the proposed action are not considered in this section because they require separate 

consultation pursuant to section 7 of the ESA. 

NMFS does not expect any new discrete non-Federal activities within the Action Area because 

the area is already highly developed with industrial activities, and work within the water would 

fall under federal authorities such as the Clean Water Act. However, at the action area-scale, 

future upland development activities lacking a federal nexus will continue and are expected to 

lead to increased impervious surface, surface runoff, and non-point discharges. NMFS expects 

these activities to continue in perpetuity. These activities will degrade water quality and exert a 

negative influence on ESA-listed species. Any future federal actions will be subject to section 

7(a)(2) consultation under ESA.  

Some continuing non-Federal activities are reasonably certain to contribute to climate effects 

within the Action Area. Because Elliott Bay and the West Waterway are expected to remain in 

highly industrialized and utilized for several decades, and we do expect climate change 

conditions to become more pronounced over time, we anticipate this may disrupt important 

habitat features and ecosystem functions that are critical in salmon survival and recovery. 

However, it is difficult if not impossible to distinguish between the Action Area’s future 

environmental conditions caused by global climate change that are properly part of the 

environmental baseline vs. cumulative effects. Therefore, all relevant future climate-related 

conditions in the Action Area are described earlier in the discussion of environmental baseline 

(Section 2.4).  

The human population in the Puget Sound region is experiencing a high growth rate. The central 

PS region (Snohomish, King, Pierce and Kitsap counties) has increased from about 1.29 million 

people in 1950 to over 4.2 million in 2020, and projected to reach nearly 6 million by 2050 

(Puget Sound Regional Council 2020). Thus, future private and public development actions are 

very likely to continue in and around PS. As the human population continues to grow, demand 

for agricultural, commercial, and residential development and supporting public infrastructure is 

also likely to grow. We believe the majority of environmental effects related to future growth 

will be linked to these activities, in particular land clearing, associated land-use changes (i.e., 

from forest to impervious, lawn or pasture), increased impervious surface, and related 

contributions of contaminants to area waters. Land use changes and development of the built 

environment that are detrimental to salmonid habitats are likely to continue under existing 

regulations. Though the existing regulations minimize future potential adverse effects on salmon 

habitat, as currently constructed and implemented, they still allow systemic, incremental, 

additive degradation to occur. 

Several not for profit organizations and state agencies are also implementing recovery actions 

identified in the recovery plans for Puget Sound Chinook salmon, PS steelhead, PS/GB bocaccio, 

and SRKW. The state passed House Bill 1579 that addresses habitat protection of shorelines and 
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waterways (Chapter 290, Laws of 2019 [2SHB 1579]), and funding was included for salmon 

habitat restoration programs and to increase technical assistance and enforcement of state water 

quality, water quantity, and habitat protection laws. Other actions included providing funding to 

the Washington State Department of Transportation to complete fish barrier corrections. 

Although these measures won’t improve prey availability immediately, they are designed to 

improve conditions in the long term.  

Notwithstanding the beneficial effects of ongoing habitat restoration actions, the cumulative 

effects associated with continued development are likely to have ongoing adverse effects on the 

listed species addressed in this Opinion, and abundance and productivity that outpace the effects 

of restoration activities. Only improved low-impact development actions together with increased 

numbers of restoration actions, watershed planning, and recovery plan implementation would be 

able to address growth related impacts into the future. To the extent that non-federal recovery 

actions are implemented to negate population growth and non-federal development, adverse 

cumulative effects may be minimized, but will probably not be completely avoided. 

2.6. Integration and Synthesis 

The Integration and Synthesis section is the final step in assessing the risk that the proposed 

action poses to species and critical habitat. In this section, we add the effects of the action 

(Section 2.4) to the environmental baseline (Section 2.3) and the cumulative effects (Section 

2.5), taking into account the status of the species and critical habitat (Section 2.2), to formulate 

the agency’s biological opinion as to whether the proposed action is likely to: (1) reduce 

appreciably the likelihood of both the survival and recovery of a listed species in the wild by 

reducing its numbers, reproduction, or distribution; or (2) appreciably diminish the value of 

designated or proposed critical habitat as a whole for the conservation of the species.  

Bocaccio rockfish and SRKW are endangered. Bocaccio live only in the marine environment, 

and the nearshore habitat of juveniles is degraded by bank armoring and impaired sediment 

processes. Bocaccio rockfish are long lived with late sexual maturity, which makes increasing 

productivity very difficult to enhance by any human endeavor. SRKWs are at risk of extinction 

in the foreseeable future. The SRKW population has relatively high mortality and low 

reproduction, unlike other resident killer whale populations that have generally been increasing 

since the 1970s (Carretta et al. 2021). 

Each of the other species considered in this opinion was listed as threatened with extinction 

because of declines in abundance, poor productivity, reduced spatial structure, and diminished 

diversity. Systemic anthropogenic detriments in fresh and marine habitats are also limiting the 

productivity for PS Chinook salmon and PS steelhead.  

Throughout the Action Area and nearshore Salish Sea, the environmental baseline has been 

degraded by human modifications that disrupt vital physical, biological, and chemical 

interactions. These modifications have reduced water quality, forage and prey availability and 

quality, available estuarine and nearshore habitat, and condition of migration habitat. In the 

project area, the nearshore consists of commercial/industrial infrastructure associated with 

development landward of highest astronomical tide that further degrades habitat conditions for 
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listed species in their nearshore marine life stage. There are sources of noise and shade (vessels), 

water quality impairments (nonpoint sources), and artificial light (marinas and fishing piers).  

To this context of species status and baseline conditions, we add the temporary, operational, and 

long-term effects of the proposed action, together with cumulative effects (which are anticipated 

to be increased population growth, development of the built environment, and stressors 

associated with climate change), in order to determine if the proposed action’s effects will 

appreciably diminish the value of designated critical habitat for the conservation of the listed 

species, and the overall effect of the proposed action on the likelihood of species’ survival and 

recovery.  

2.6.1 ESA Listed Species 

Salmonids 

The temporary effects on PS Chinook salmon and PS steelhead salmonids added to the baseline 

and considered in light of the status of the species, range from behavioral to injury or death. 

Some effects (noise, turbidity) will occur among individuals from two cohorts of salmonids as 

the construction will occur consecutively over 2 years. Prey reductions take longer to ameliorate 

and will expose up to 3 cohorts. However, as presented in the analysis above, the most frequent 

response is behavioral, when the salmonids engage in avoidance behavior, startle behavior, or 

expend more energy to seek more successful forage locations. This may reduce fitness or 

survival in some members of the populations exposed during the work windows in each of 3 

years. 

The long-term effects added to the baseline, and considered in light of the status of the species, 

are largely neutral for salmonids because when all positive and negative activities are complete, 

habitat conditions will be retained or slightly improved, allowing some individuals among many 

cohorts over the life of the structure to have greater growth and fitness.  

The potential reduction in fitness or survival associated with the construction and operational 

impacts, when considered in the context of baseline and status of the species, is likely to result in 

the loss of a small number of PS Chinook and even fewer PS steelhead, but this number is 

insufficient to alter the population dynamics (productivity, diversity, spatial structure). When 

reduction is evaluated with the long-term adverse and beneficial effects,6 and considered in 

respect to the anticipate slight reduction from cumulative effects, we expect that the slight 

reduction and the slight benefits from habitat improvements will result in the population 

abundance of both species remaining largely static.  

                                                 

6 The sum of all adverse and beneficial activities within this proposed action indicate a positive output for habitat 

when entered in the Nearshore Calculator. This proposed action would generate a positive balance of 5,393.77 

conservation credits, or 53.94 DSAYs, were the Nearshore Calculator not programmed to only return a zero balance 

or debit. 
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PS/GB Bocaccio  

The 3 years of construction effects of the proposed action on individuals from three cohorts of 

PS/GB bocaccio, when added to the species status and baseline of poor abundance, productivity, 

and nearshore habitat conditions, are mostly of the same nature and magnitude as described 

above for salmonids. We expect an extremely small number of bocaccio to experience adverse 

effects that may result in reduced fitness or survival as the result of the temporary construction 

and operational effects, in part because their presence in the project area is expected to be very 

low. Long-term project effects are likely neutral to somewhat beneficial due to prey 

improvements anticipated from the reduction of in- and overwater structures, which could 

increase fitness or survival in some members of the population. We do not expect temporary 

reductions in abundance of larvae, juveniles or adults from construction or operational effects 

will alter rockfish abundance or productivity in the long term. Also, habitat benefits accruing to 

individuals over the long term from the project could be counterbalanced by incremental 

negative cumulative effects, suggesting that current levels of productivity are likely to persist.  

SRKW  

SRKW are listed as endangered, based on an extremely low population size, and low 

productivity. Their critical habitat, inclusive of the Action Area, is diminished by water quality 

degradation, chronic sound, and insufficient prey (both abundance and poor quality of the prey 

available, inferred from the high body load of contaminants of SRKW which are an apex 

predator). When we add the short term, operational, and long-term effects of the proposed action, 

we anticipate a very slight 3 year reduction in SRKW prey, but this reduction is likely to be 

equivalent to less than one adult Chinook salmon in each year, so slight that it is difficult to 

discern the response or influence of such a reduction in any single SRKW member.  

When we consider cumulative effects, as described above, these are driven largely by human 

population growth and are likely to have an incrementally negative influence over time. 

However, regulatory protections designed to curtail the influence of vessel interactions with 

SRKW have recently increased which may yield some contemporaneous protective benefit to the 

species. 

The proposed action’s temporary effects will very slightly reduce the availability of SRKW prey 

over 3 years. While the anticipated temporary impacts are considered harm under the ESA, 

NMFS found that, in this case, the harm likely to be caused by the proposed action under the 

ESA did not equate to a form of take under the MMPA. .  

Operationally, the ongoing fishing vessel effects perpetuated by the action are unlikely to 

increase the ambient noises, and collision risk from these vessels among SRKW in the Action 

Area is extremely low. Despite treatment, ongoing stormwater effluent will reduce but not 

eliminate contaminant input and contribute to diminished water quality in developed areas of 

Puget Sound over the lifetime of the PGIS (40 years). Given the uncertainty of effluent chemical 

concentration and bioavailability, and considering the beneficial offsetting activities, we cannot 

reasonably discern that ongoing stormwater impacts are of a sufficient intensity to have a 

meaningful effect on the numbers, reproduction, or distribution of SRKW, or change SRKW’s 

viability parameters in the long term.  
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Long-term effects to SRKW would occur only through their prey base. We expect the population 

abundance of Chinook salmon to remain static in the long term as a result of offsets used to 

ensure sufficient conservation. Because activities occur such that the action as a whole will result 

in slight improvements of habitat function, as described in Section 2.1, we anticipate long-term 

effects to be unlikely. 

Therefore, we anticipate temporary forage reductions may inhibit the growth or fitness of some 

individual SRKWs. While we expect impacts to be extremely minor, they will be nonetheless 

consequential in consideration of the SRKW status. Given the low overall level of impact to 

SRKW and support of prey base over time as a result of offsetting activities, we do not anticipate 

any change in SRKW’s viability parameters, numbers, reproduction, or distribution as a result of 

the proposed action. 

2.6.2 Critical Habitat 

PS Chinook Salmon 

Nearshore PS Chinook salmon critical habitat has high conservation value despite the current 

degraded conditions (NOAA Fisheries 2005). The proposed action would have minor localized 

effects, both positive and negative, to PS Chinook salmon critical habitat. The temporary 

negative water quality, contaminant, forage, and noise effects do not occur at an intensity or 

duration that will further limit critical habitat’s ability to support PS Chinook salmon growth, 

maturation, or movement. When construction is complete, the nearshore migration PBF will be 

improved, and the forage PBF will be maintained or improved following benthic recovery (3 

years). In the long term, long-term contaminant effects will reduce water quality while offsetting 

activities will result in minor water quality improvements, maintaining this PBF of critical 

habitat. When all positive and negative effects are considered, the proposed action will result in 

neutral or slightly improved critical habitat conditions which do not further reduce the 

conservation value of PS Chinook salmon critical habitat. 

PS Steelhead  

Water quality and forage effects are not expected to extend to areas of designated PS steelhead 

critical habitat. We expect the area of PS steelhead critical habitat within West Waterway to be 

temporarily diminished for the migration/passage PBF by noise during construction. Noise 

effects will be temporary, acute, and intermittent, for up to 198 days of each work window. Even 

though aspects of the baseline are degraded, mainly through development of the nearshore and 

upstream migration areas of the Duwamish River, and cumulative effects likely will continue to 

adversely affect PS steelhead critical habitat, the added adverse temporary noise effects of the 

proposed action do not significantly alter the conservation value of critical habitat, and long-term 

effects on PBFs are largely neutral to beneficial, with reductions of in and over water structures 

improving conditions for prey and migration. 

PS/GB Bocaccio  

Although loss of nearshore habitat quality is a threat to bocaccio, the recovery plan for this 

species list the severity of this threat as low (NMFS 2017a), and other factors, such as 

overfishing, are more significant threats to bocaccio rockfish (Drake et al. 2010; Palsson et al. 
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2009). Similar to PS Chinook salmon critical habitat (discussed above), temporary negative 

effects to water quality and prey PBFs are minor and localized, and do not occur at an intensity 

or duration that will further limit critical habitat carrying capacity. Operational and offsetting 

activities will maintain or improve water quality, and prey PBFs and result in maintenance or 

improvement of nearshore rearing habitat. Overall, when added to the degraded baseline and 

cumulative effects, the effects of the action do not significantly alter the conservation value of 

PS/GB bocaccio critical habitat at the designation scale and will result in neutral or slightly 

improved conditions due to the removal of in and overwater structure and an anticipated 

associated increase in prey communities.  

SRKW 

The proposed action will have some temporary negative effects on the prey/forage PBF of 

SRKW critical habitat through impacts to juvenile PS Chinook salmon fitness and survival for a 

maximum of 3 years as a result of benthic reductions. We recognize that the permanent removal 

of contaminated material that causes temporary depression of the water quality PBF is ultimately 

beneficial to species. The array of impacts to juvenile salmon correlate to a small, but likely, 

reduction in adult PS Chinook salmon quantity and quality; however, these effects among 

Chinook salmon as a feature of SRKW critical habitat are difficult to discern at the population 

level.  

Ongoing contaminants in stormwater effluent will continue to degrade the water quality PBF (for 

salmonids and SRKW). We recognize here that the addition of stormwater treatment with the 

proposed action will reduce but not eliminate the adverse effects of degraded stormwater.  

In the long term, the proposed action will result in slight improvements to PBFs of PS Chinook 

salmon critical habitat which may support the carrying capacity and represent slight 

improvements to the SRKW prey PBF. However, in light of the current SRKW status and time 

elapsed before positive impacts are expected for the adult PS Chinook salmon population 

(maximum 3 years), improvements to SRKW critical habitat prey PBF are likely neutral. 

Therefore, when considering the proposed action’s effects in light off SRKW population 

declines, and added to the degraded baseline and cumulative effects, the effects of the action on 

SRKW critical habitat do not diminish the conservation value of critical habitat at the 

designation scale.  

2.7. Conclusion 

After reviewing and analyzing the current status of the listed species and critical habitat, the 

environmental baseline within the Action Area, the effects of the proposed action, the effects of 

other activities caused by the proposed action, habitat conservation offsets, and the cumulative 

effects, it is NMFS’ biological opinion that the proposed action is not likely to jeopardize the 

continued existence of PS Chinook salmon, PS steelhead, PS/GB bocaccio, or SRKW, or destroy 

or adversely modify their designated critical habitat. 

2.8. Incidental Take Statement 

Section 9 of the ESA and Federal regulations pursuant to section 4(d) of the ESA prohibit the 

take of endangered and threatened species, respectively, without a special exemption. “Take” is 
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defined as to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or to attempt 

to engage in any such conduct. “Harm” is further defined by regulation to include significant 

habitat modification or degradation that actually kills or injures fish or wildlife by significantly 

impairing essential behavioral patterns, including breeding, spawning, rearing, migrating, 

feeding, or sheltering (50 CFR 222.102). “Harass” is further defined by interim guidance as to 

“create the likelihood of injury to wildlife by annoying it to such an extent as to significantly 

disrupt normal behavioral patterns which include, but are not limited to, breeding, feeding, or 

sheltering.” “Incidental take” is defined by regulation as takings that result from, but are not the 

purpose of, carrying out an otherwise lawful activity conducted by the Federal agency or 

applicant (50 CFR 402.02). Section 7(b)(4) and section 7(o)(2) provide that taking that is 

incidental to an otherwise lawful agency action is not considered to be prohibited taking under 

the ESA if that action is performed in compliance with the terms and conditions of this ITS. 

2.8.1. Amount or Extent of Take  

The proposed action will take place beside and within aquatic habitats that are reasonably certain 

to be occupied by individuals of the ESA-listed species considered in this opinion. The take 

described below cannot be accurately quantified as a number because NMFS cannot predict, 

using the best available science, the number of individuals of listed fish that will be exposed to 

these stressors. Reliable, up-to-date density information is not available and therefore it is not 

possible to reliably enumerate or monitor the number of individuals exposed to the action’s 

stressors. The distribution and abundance of fish that occur within an Action Area are affected by 

seasonal use, life stage, habitat quality, competition, predation, and the interaction of processes 

that influence genetic, population, and environmental characteristics. These biotic and 

environmental processes interact in ways that operate across far broader temporal and spatial 

scales than are affected by individual activities within the proposed action.  

When NMFS cannot precisely predict the number of a species that are reasonably certain to be 

harmed, captured, or killed, we rely on surrogate measures for take, called an extent of take. The 

most appropriate surrogates for take are action-related parameters that directly relate to the 

magnitude and duration of the expected take. In such circumstances, NMFS uses the causal link 

established between the activity and the likely extent and duration of changes in habitat 

conditions to describe the extent of take as a numerical level of habitat disturbance. The extent is 

readily observable, and therefore suffices to trigger reinitiation of consultation if take is 

exceeded. These surrogate measures provided here are valid reinitiation triggers because there 

will be ongoing monitoring to evaluate if the incidental take thresholds are exceeded and the 

action agency can take remedial action if the incidental take thresholds are exceeded based on 

monitoring and reporting results. 

In this Opinion, NMFS has determined that incidental take is reasonably certain to occur as 

follows: 

1. Harm and harassment of PS Chinook salmon, PS steelhead, and PS/GB bocaccio from 

underwater noise – The extent of take is installation of 320 piles no larger than 36 inches 

in diameter (harm), and removal of 2,500 piles (harassment). The number of piles driven 

or removed is proportional to the amount of take because the installation or removal of 

each pile creates sound that could harass, injure, or kill fish. The extent of take from 
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underwater noise produced by construction vessels is the presence of four vessels (two 

barges and two tugs) at any time during construction. 

2. Harm of juvenile PS Chinook salmon and PS/GB bocaccio from water quality reductions 

caused by turbidity, reduced DO, and contaminants during construction –The extent of 

take is turbidity more than 5 NTU above background if natural turbidity is lower than 50 

NTU, or 10 percent above background if background turbidity is higher than 50 NTU, at 

150 feet from the point of disturbance. This measure is causally related to harm because 

the area of increased suspended sediment around sediment-disturbing activities is 

equivalent to the area where TSS and resuspended contaminants that can harm fish and 

benthic productivity are most likely to occur.  

3. Harm of PS Chinook salmon, PS steelhead, and PS/GB bocaccio from water quality 

reductions caused by stormwater effluent – The extent of take for stormwater effluent is 

the area of PGIS to be repaved and diverted to the new stormwater treatment system. The 

fully disturbed upland area used to calculate the treatment design equals 102,000 SF 

(2.32 acres) of PGIS. This surrogate, a maximum of 102,000 SF, is related to the amount 

of take because larger areas of PGIS would contribute a greater load of contaminants, and 

is a valid reinitiation trigger because the spatial area of PGIS is readily observable. 

4. Harm of juvenile PS Chinook salmon and PS/GB bocaccio from long-term presence of 

in- and overwater structures in nearshore habitat – The extent of these habitat 

modification impacts is directly related to the total area (SF) of pile, shoreline armor, and 

overwater structures installed. Thus, the extent of incidental take from exposure to in- 

and overwater structures is a maximum of 1,000 SF of pile, 68,000 SF of shoreline 

armoring, 750 LF of vertical armoring along the bulkhead, and 56,000 SF of overwater 

coverage for the design lifespan of each structure (40 years).  

Exceeding any of these extents of take could trigger re-initiation of this consultation. 

2.8.2. Effect of the Take 

In this Opinion, NMFS has determined that the amount or extent of anticipated take, coupled 

with other effects of the proposed action, is not likely to result in jeopardy to the species or 

destruction or adverse modification of critical habitat. 

2.8.3. Reasonable and Prudent Measures  

“Reasonable and prudent measures” are measures that are necessary or appropriate to minimize 

the impact of the amount or extent of incidental take (50 CFR 402.02). The COE, the applicant, 

or its contractor shall:  

1. Minimize incidental take from underwater noise. 

2. Minimize incidental take from water quality reductions.  

3. Minimize incidental take associated with in- and overwater habitat modification.  

4. Monitor to ensure the amount or extent of incidental take is not exceeded. 
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2.8.4. Terms and Conditions  

In order to be exempt from the prohibitions of section 9 of the ESA, the Federal action agency 

must comply (or must ensure that any applicant complies) with the following terms and 

conditions. The COE or any applicant has a continuing duty to monitor the impacts of incidental 

take and must report the progress of the action and its impact on the species as specified in this 

ITS (50 CFR 402.14). If the entity to whom a term and condition is directed does not comply 

with the following terms and conditions, protective coverage for the proposed action would 

likely lapse.  

1. The following terms and conditions implement reasonable and prudent measure 1 (noise):  

a. Use an enclosed bubble curtain or other noise attenuation device during steel pile 

impact proofing unless piles are driven in the dry (not in contact with water). 

b. Perform shoreline armor removal and replacement during low-tide in the dry to the 

extent practicable.  

c. Ensure soft start and stop work protocols of the 2012 pile systems repair and 

maintenance marine mammal monitoring and minimum observer qualification 

specifications (Port 2012) are strictly adhered to. 

 

2. The following terms and conditions implement reasonable and prudent measure 2 (water 

quality reductions):  

a. Utilize existing infrastructure to the greatest degree practicable to position and moor 

construction and support vessels, and limit derrick spuds or anchors for minor 

repositioning of equipment.  

b. Prevent grounding of all vessels, including temporary grounding of small support 

vessels. Grounding of vessels causes suspended sediment that reduces water quality.   

c. Direct contractors to limit engine idle time for equipment and vessels used during 

construction.  

d. Regularly maintain components of the new stormwater treatment system to ensure 

maximum efficiency.  

e. To reduce behaviors and practices that contribute to adverse stormwater impacts, 

distribute stormwater BMPs information to Terminal 91 tenants, such as through 

pamphlets or permanent signage.  

 

3. The following terms and conditions implement reasonable and prudent measure 1-4 

(monitoring): 

a. Monitor and report at the end of each work window used for construction information 

related to in-water pile installation and removal, including:  

i. Dates and start and end time. 

ii. Number, size, and material of pile installed or removed categorized by method 

(vibratory, impact, or vibratory with impact proofing). 

iii. Total impact hammer operation time and number of impact hammer strikes. 

iv. Total vibratory hammer operation time.  

v. Observed indicia of fish injury or death (e.g. unusual amount piscivorous bird 

activity). 

vi. Provide documentation of marine mammal exclusion enforcement, to include: 
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A. Monitoring dates and times, monitoring station locations, and construction 

activity at time of monitoring.   

B. Species and counts of any marine mammals identified during monitoring. 

C. Instances of stop work/exclusion protocols enforced and duration of time in 

place.  

 

b. Monitor suspended sediment consistent with the WDOE water quality certification 

protocols.  

i. If exceedances occur, stop work to allow the exceedance to resolve (via settling of 

suspended sediment) and identify any additional measures to be employed to 

reduce the likelihood of re-exceedance. 

ii. Provide NMFS at the completion of each work window documentation of any 

exceedances of suspended sediment criteria consistent with the requirements of 

the WDOE water quality certification, including conditions contemporaneous 

with any exceedance (e.g., the specific activity occurring, the weather, tides, and 

measures taken to reduce sediment, and efficacy of those measures). 

 

c. Document and report within 6 months of project completion the extent of long-term 

habitat modifications, including the following:  

i. Total area of all pile installed.  

ii. Total area of shoreline armor placement. 

iii. Total length of bulkhead replacement.  

iv. Total area of wharf and small boat/float system components installed.  

v. Submit dump receipts verifying the total creosote tonnage removed  

vi. Following the submission of creosote tonnage documentation, a final balance, not 

to exceed +0 conservation offsets, will be confirmed by NMFS.  

A. Tonnage in excess of the estimated 3,334 tons will not result in a 

recalculation. 

B. Tonnage less than the estimated 3,334-tons shall result in a re-calculation of 

conservation offsets in a NMFS-approved Calculator7.  

I. Offset of any remaining debits must be achieved within 3 years. 

II. Offsets may be achieved by off-site conservation actions within the South-

Central Puget Sound Basin. Prior to proceeding with this option, the 

proposed habitat improvements must be evaluated by NMFS using a 

NMFS-approved Calculator to determine if all necessary credits will be 

obtained. 

III. Alternatively, offsets may be purchased through Puget Sound Partnership 

or a conservation bank. 

 

                                                 

7 The Port of Seattle has agreed to use the Nearshore Calculator for the Terminal 91 Berths 6 & 8 project because an 

alternative calculator for the estuarine environment has not yet been developed/approved by NMFS. 
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The report(s) shall be include in the regarding line the NMFS tracking number (WCRO-2022-

03517) and shall be sent by electronic copy to NOAA’ s reporting system email address at: 

projectreports.wcr@noaa.gov  and sara.potter@noaa.gov.  

2.9. Conservation Recommendations  

Section 7(a)(1) of the ESA directs Federal agencies to use their authorities to further the 

purposes of the ESA by carrying out conservation programs for the benefit of the threatened and 

endangered species. Specifically, “conservation recommendations” are suggestions regarding 

discretionary measures to minimize or avoid adverse effects of a proposed action on listed 

species or critical habitat or regarding the development of information (50 CFR 402.02). 

The COE should encourage Port engagement in beneficial habitat and salmonid recovery 

activities, to potentially include: 

1. Leverage the Port’s authority over tenants to require BMPs with maximum protectiveness 

of aquatic habitat on Port properties, and provide educational outreach to tenants and 

staff.  

2. Establish dedicated funding for salmon enhancement habitat development as a maritime 

environmental initiative, capitalizing on the Port’s financial resources, public visibility, 

and responsibility to citizens as a special-purpose government.  

3. Utilize Port facilities to perform pilot projects benefitting habitat restoration, including 

exploration of eco-engineering and green technologies.  

4. Evaluate green and emerging technologies for contaminant removal in surface and 

stormwater effluent. 

5. Foster a coordinated effort among Puget Sound ports in support of Washington State’s 

pursuit of a healthier Puget Sound. 

6. Continue to reduce vessel noise by investing in quiet propeller designs and incentivizing 

retrofitting of ships. 

7. Improve the quality of riparian habitat and submerged aquatic vegetation to increase 

cover and forage for juvenile migration and rearing. 

8. Remove existing in-water structures such as docks, floats, piles, bulkheads, or armoring 

that are no longer in use. To reduce contaminant loads to ESA-listed species, prioritize 

permanent removal of remaining creosote timber. 

9. Evaluate and prioritize areas for soft shore armoring where existing bulkheads occur. 

Please notify NMFS if the COE or Port carries out these recommendations so that we will be 

kept informed of actions that are intended to improve the conservation of listed species or their 

designated critical habitats. 

2.10. “Not Likely to Adversely Affect” Determinations 

This assessment was prepared pursuant to section 7(a)(2) of the ESA, implementing regulations 

at 50 CFR 402 and agency guidance for preparation of letters of concurrence. 

When evaluating whether the proposed action is not likely to adversely affect listed species or 

critical habitat, NMFS considers whether the effects are expected to be completely beneficial, 

insignificant, or discountable. Completely beneficial effects are contemporaneous positive 

mailto:projectreports.wcr@noaa.gov
file://///WCRFPDX/pdxdata$/OWCAO/OWCO/ALL%20STAFF/BRANCHES/CPS/Potter/PoS/WCRO-2022-03517-INQ-2022-00122_PoS%20Terminal%2091%20Redevelopment_NWS-2022-842-WRD/sara.potter@noaa.gov
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effects without any adverse effects to the species or critical habitat. Insignificant effects relate to 

the size of the impact and should never reach the scale where take occurs. Effects are considered 

discountable if they are extremely unlikely to occur. The effects analysis in this section relies 

heavily on the descriptions of the proposed action discussed in Sections 1.3 and on the effect 

analyses presented in Section 2.4. 

2.11.1. PS/GB Yelloweye Rockfish and Designated Critical Habitat 

Juvenile yelloweye rockfish are not known to typically occupy intertidal or shallow water 

habitats (Love et al. 1991). Juvenile yelloweye rockfish between 2.5 centimeters and 10 

centimeters (approximately 1 and 10 inches, respectively) have been observed in areas of high 

relief at depths greater than 15 meters (49.5 feet) (Love et al. 2002). Accordingly, as depths in 

the project area are insufficient for juvenile yelloweye rockfish, exposure to construction effects 

other than sound are not expected for this lifestage.  

Larval rock fish presence typically peaks twice, once in spring and once in late summer. Unlike 

PS/GB bocaccio, larval PS/GB yelloweye rockfish do not typically utilize the nearshore 

environment and are more likely to be found in areas with greater depth. We find the likelihood 

of larval or juvenile PS/GB yelloweye rockfish to be occupying the project area to be low. As 

yelloweye rockfish are uncommon in the Action Area, having been found to be most common in 

Hood Canal and less frequent in North and Central Puget Sound (Palsson et al. 2009), and larval 

rockfish remain in their basin of birth (Drake et al. 2010), by extension it is unlikely that larval 

yelloweye rockfish will be exposed to construction effects.  

Only noise from construction or ongoing vessel traffic effects would potentially occur to adult 

yelloweye rockfish within the Action Area. Preferred habitat for the adult lifestage is very 

limited because the rugosity favored by this species is either not present, or, if present, is at 

depths habitat depths that will attenuate habitat effects (noise) to occur at a very low intensity. 

We consider the effects at all lifestages to be either discountable (larvae, juveniles) or 

insignificant (adults). 

Critical habitat was designated for all species of listed rockfish in 2014 (79 Fed. Reg. 68041, 

November 13, 2014). Critical habitat for yelloweye rockfish includes 414.1 square miles of 

deepwater marine habitat in Puget Sound, all of which overlaps with areas designated for 

bocaccio. No nearshore component was included in the critical habitat listing for juvenile 

yelloweye rockfish as they, different from bocaccio, typically are not found in intertidal waters 

(Love et al. 1991). NMFS identified one physical or biological features, essential for their 

conservation:  

1. Deepwater sites (>30 meters) that support growth, survival, reproduction, and feeding 

opportunities. 

Habitat threats include degradation of rocky habitat, loss of eelgrass and kelp, introduction of 

non-native species that modify habitat, and degradation of water quality as specific threats to 

rockfish habitat in the Georgia Basin (NMFS 2017b). 

The only effects of the action that may extend into these deepwater habitats are temporary noise 

from construction activities and water quality impacts. Temporary noise, primarily continuous 
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noise from vibratory pile driving, that extends into deepwater habitat will be attenuated, and not 

measurably alter PBFs of this habitat, including prey species, water quality, and structure. The 

contribution of contaminants will continue at a lesser degree as a result of the proposed action, 

and the area of critical habitat will experience very diffuse and attenuated exposure, insufficient 

to degrade the role of the critical habitat. Therefore, we consider the effects insufficient to alter 

the function of any features of critical habitat, and the effects of the Action on designated critical 

habitat for PS/GB yelloweye rockfish are considered insignificant. 

2.11.2. Central America and Mexico DPSs Humpback Whale  

The two separate ESA-listed DPSs of humpback whales that may occur in the Action Area are 

the endangered Central American (CAM) DPS and threatened Mexico DPS. For our analysis, we 

consider humpback whales migrating or foraging in inland waters of Washington to primarily 

originate from the listed Mexico or non-listed Hawaii DPSs, with a smaller proportion being 

CAM humpback whales, following Wade (2017 and 2021). 

Humpbacks may be entering the Salish Sea as a foraging or rearing opportunity along their 

migration from summer feeding grounds to winter breeding grounds Numbers of humpback 

whales have been growing annually at a rate of 6 to 7.5 percent off the U.S. West Coast 

(Calambokidis and Barlow 2020; Carretta et al. 2021). Humpback whale sightings in the Salish 

Sea have also been increasing since the early 2000s (Calambokidis et al. 2018). Sightings in 

recent years have most mostly occurred from May through October but occur year-round.  

It is considered possible but highly unlikely that humpback whales may be in the area of noise 

impacts during construction. If they were to enter the zone of noise impacts during construction, 

the marine mammal stop-work protocols would prevent exposure, so we consider the exposure of 

this species to the temporary effects of the proposed action discountable.  

As with SRKW (above), operational effects over the berth design life include fishing vessels that 

may expose humpback whales to episodic noise and/or strike risk. As analyzed above, potential 

exposure to vessel effects will remain episodic and transitory. Noise from vessels utilizing Berths 

6 & 8 will be limited by enforced or voluntary slow-down protocols to levels indistinguishable 

from ambient noise, and are therefore considered insignificant to humpbacks. There are no 

recorded cases of a collision between a fishing vessel and humpback whales in Puget Sound, 

although there are 11 reports of humpback/vessel strikes within Washington waters between 

2004 and 2022 (NMFS Stranding Database 2022). As detailed above, fishing vessels do not 

target marine mammals, operate at relatively slow speeds, remain in idle, or the engine is off 

when actively fishing. Required and/or recommended approach restrictions and speed reductions 

decrease the chance of a vessel strike occurring and the chance of a potential strike leading to a 

serious injury or mortality for a humpback whale (NMFS 2023). Therefore, we consider a 

humpback strike from a fishing vessel to be unlikely and vessel strikes effects are expected to be 

discountable. 

Exposure of any individual humpbacks to stormwater is expected to be infrequent, brief, and at 

low concentration and if it were to occur, most likely to a member of the unlisted DPS. Although 

there has been substantial research on contaminants on individual whales, including humpbacks, 

no detectable or sub-lethal impact has been identified in baleen whales (NMFS 2022b). 
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Contaminants were not considered an important threat to the CAM or Mexico DPS in the 2015 

NMFS status review of humpback whales (Bettridge et al. 2015). We consider the response to 

the proposed action insignificant to humpback whales.  

2.11. Reinitiation of Consultation  

This concludes ESA consultation for Port of Seattle Terminal 91 Berths 6 & 8 Redevelopment.  

Under 50 CFR 402.16(a): “Reinitiation of consultation is required and shall be requested by the 

Federal agency or by the Service where discretionary Federal agency involvement or control 

over the action has been retained or is authorized by law and: (1) If the amount or extent of 

taking specified in the incidental take statement is exceeded; (2) If new information reveals 

effects of the agency action that may affect listed species or critical habitat in a manner or to an 

extent not previously considered; (3) If the identified action is subsequently modified in a 

manner that causes an effect to the listed species or critical habitat that was not considered in the 

biological opinion or written concurrence; or (4) If a new species is listed or critical habitat 

designated that may be affected by the identified action.” 

 

3. MAGNUSON–STEVENS FISHERY CONSERVATION AND MANAGEMENT ACT 

ESSENTIAL FISH HABITAT RESPONSE 

Section 305(b) of the MSA directs Federal agencies to consult with NMFS on all actions or 

proposed actions that may adversely affect EFH. Under the MSA, this consultation is intended to 

promote the conservation of EFH as necessary to support sustainable fisheries and the managed 

species’ contribution to a healthy ecosystem. For the purposes of the MSA, EFH means “those 

waters and substrate necessary to fish for spawning, breeding, feeding, or growth to maturity”, 

and includes the physical, biological, and chemical properties that are used by fish (50 CFR 

600.10). Adverse effect means any impact that reduces quality or quantity of EFH, and may 

include direct or indirect physical, chemical, or biological alteration of the waters or substrate 

and loss of (or injury to) benthic organisms, prey species and their habitat, and other ecosystem 

components, if such modifications reduce the quality or quantity of EFH. Adverse effects on 

EFH may result from actions occurring within EFH or outside of it and may include site-specific 

or EFH-wide impacts, including individual, cumulative, or synergistic consequences of actions 

(50 CFR 600.810). Section 305(b) of the MSA also requires NMFS to recommend measures that 

can be taken by the action agency to conserve EFH. Such recommendations may include 

measures to avoid, minimize, mitigate, or otherwise offset the adverse effects of the action on 

EFH [CFR 600.905(b)]. 

This analysis is based, in part, on the EFH assessment provided by the COE and descriptions of 

EFH contained in the fishery management plans developed by the Pacific Fishery Management 

Council (PFMC) and approved by the Secretary of Commerce for Pacific Coast salmon (PFMC 

2022a), Pacific Coast groundfish (PFMC 2022b), and coastal pelagic species (PFMC 2023). 
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3.1. Essential Fish Habitat Affected by the Project 

The Action Area overlaps with identified EFH for Pacific Coast salmon, Pacific coast 

groundfish, and coastal pelagic species. Additionally, Puget Sound is a Habitat Area of Particular 

Concern (HAPC), based on importance of the ecological function provided by the habitat.  

Salmonid, groundfish, and coastal pelagic species that may be within EFH in the Action Area are 

listed in Table 13, Table 14, and Table 15. 

Pacific salmon EFH is primarily affected by the loss of suitable spawning habitat, barriers to fish 

migration (habitat access), reduction in water quality and sediment quality, changes in estuarine 

hydrology, and decreases in prey food source. Pacific coast groundfish species are considered 

sensitive to overfishing, the loss of habitat, and reduction in water and sediment quality. Coastal 

pelagic species are considered sensitive to overfishing, loss of habitat, reduction in water and 

sediment quality, and changes in marine hydrology.  

Table 13.  Pacific salmon EFH species potentially in the Action Area 

Common Name Scientific Name 

Chinook salmon Oncorhynchus tshawytscha 

Coho salmon Oncorhynchus kisutch 

Pink salmon Oncorhynchus gorbuscha 

Table 14.  Pacific coast groundfish EFH species potentially in the Action Area 

Common Name Scientific Name Common Name Scientific Name 

Arrowtooth flounder  Atheresthes stomias  Pacific Ocean perch  Sebastes alutus  

Big skate  Raja binoculata  Pacific sanddab  Ctlharichthys sordidus  

Black rockfish  Sebastes melanops  Petrale sole  Eopsetta jordani  

Bocaccio  Sebastes Paucispinis  Quillback rockfish  Sebastes maliger  

Brown rockfish  Sebastes auriculatus  Ratfish  Hydrolagus colliei  

Butter sole  Isopsetta isolepis  Redbanded rockfish  Sebastes proriger  

Cabezon  Scorpaenichthys marmoratus  Rex sole  Glyptocephalus zachirus  

California skate  Raja inomata  Rock sole  Lepidopsetta bilineata  

Canary rockfish  Sebastes pinniger  Rosethorn rockfish  Sebastes helvomaculatus  

China rockfish  Sebastes nebulosus  Rosy rockfish  Sebastes rosaceus  

Copper rockfish  Sebastes caurinus  Rougheye rockfish  Sebastes aleutianus  

Curlfin sole  Pleuronichthys decurrens  Sablefish  Anoplopoma fimbria  

Darkblotch rockfish  Sebastes crameri  Sand sole  Psettichthys melanistictus  

Dover sole  Microstomus pacificus  Sharpchin rockfish  Sebastes zacentrus  

English sole  Parophrys vetulus  Shorts pine thornyhead  Sebastolobus alascanus  

Flathead sole  Hippoglossoides elassodon  Spiny dogfish  Squalus acanthias  

Greenstriped rockfish  Sebastes elongatus  Splitnose rockfish  Sebastes diploproa  

Hake  Merluccuys productus  Starry flounder  Platichthys stellatus  

Kelp greenling  Hexagrammos decagrammus  Tiger rockfish  Sebastes nigrocinctus  

Lingcod  Ophiodon elongatus  Vermilion rockfish  Sebastes miniatus  

Longnose skate  Raja rhina  Yelloweye rockfish  Sebastes ruberrimus  

Pacific cod  Gadus macrocephalus  Yellowtail rockfish  Sebastes llavidus  
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Table 15. Coastal pelagic species potentially in the Action Area 

Common Name Scientific Name 

Market squid  Latigo opalescens  

Northern anchovy  Engraulis mordax  

Pacific mackerel  Scomber japonicas  

3.2. Effects on Essential Fish Habitat 

The effects of the proposed project on ESA-listed species are described in the effects analysis 

above (Section 2.4). The same mechanisms of effect are likely to affect Pacific coast salmon, 

Pacific coast groundfish, and coastal pelagic species to varying degrees. These effects include: 

1. Noise – temporarily elevated underwater noise during construction. 

2. Water quality – temporarily degraded water quality as a result of sound, turbidity, re-

suspended contaminants, decreased dissolved oxygen, and other pollutants. 

3. Migratory disruption – continued alteration of outmigration routes of juvenile salmonids, 

causing them to navigate around the proposed structures and move into deeper water. 

Juveniles encountering the structure will leave the shallow nearshore, increasing the 

migration route and increasing the risk of predation. Although the total overwater cover 

will decrease slightly, we expect this action to continue to impair the quality of the 

migratory corridor and hinder safe passage. 

4. Forage reduction – Designated EFH will experience temporary, episodic, and long-term 

declines in forage or prey communities as a result of reduced primary production. 

Contributing project actions include temporary disturbance of benthic communities and 

long-term perpetuation of shading that prevents growth of submerged aquatic vegetation.  

5. Offsetting/Beneficial activities – The proposed action incorporates minimization measures 

to avoid, reduce, and minimize adverse effects of the action on EFH. Overall, the proposed 

action results in slight improvements to habitat within the Action Area from reduction of 

structures, removal of contamination, and habitat enhancement through debris removal and 

use of fish rock. The Nearshore Calculator indicates a generation of conservation credits 

that fully offset the negative habitat effects of the proposed action. 

The diminishments of EFH water quality, migration areas, shallow water habitat, forage base, 

and SAV will continue to incrementally degrade the function of EFH. The effects further 

constrain the carrying capacity for life stages (larval and juvenile) of multiple EFH species 

within the Action Area. 

3.3. Essential Fish Habitat Conservation Recommendations 

NMFS determined that the following conservation recommendations are necessary to avoid, 

minimize, mitigate, or otherwise offset the impact of the proposed action on EFH. Therefore, 

NMFS recommends the following to ensure the conservation of EFH and associated marine 

fishery resources: 

1. Preserve and enhance EFH by providing new gravel for spawning areas (i.e., 

incorporating fish mix and/or beach nourishment). 
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2. Comply with Washington state water quality standards by conducting water quality 

monitoring during pile activities. At point of compliance (per state permit), turbidity 

levels shall not exceed 5 NTU more than background turbidity when the background 

turbidity is 50 NTU or less, or there shall not be more than a 10 percent increase in 

turbidity when the background turbidity is more than 50 NTU.  

3. To minimize suspended sediment during structure removal and construction, implement 

the best management practices and conservation measures and employ a turbidity 

monitoring plan. Some conservation measures include:  

a. Remove piles slowly to allow sediment to slough off at, or near, the mudline.  

b. Shake or vibrate the pile to break the bond between the sediment and pile. Doing 

so causes much of the sediment to slough off the pile at the mudline, thereby 

minimizing the amount of suspended sediment.  

3.4. Statutory Response Requirement  

As required by section 305(b)(4)(B) of the MSA, COE must provide a detailed response in 

writing to NMFS within 30 days after receiving an EFH Conservation Recommendation. Such a 

response must be provided at least 10 days prior to final approval of the action if the response is 

inconsistent with any of NMFS’ EFH Conservation Recommendations unless NMFS and the 

Federal agency have agreed to use alternative time frames for the Federal agency response. The 

response must include a description of the measures proposed by the agency for avoiding, 

minimizing, mitigating, or otherwise offsetting the impact of the activity on EFH. In the case of a 

response that is inconsistent with the Conservation Recommendations, the Federal agency must 

explain its reasons for not following the recommendations, including the scientific justification 

for any disagreements with NMFS over the anticipated effects of the action and the measures 

needed to avoid, minimize, mitigate, or offset such effects [50 CFR 600.920(k)(1)]. 

In response to increased oversight of overall EFH program effectiveness by the Office of 

Management and Budget, NMFS established a quarterly reporting requirement to determine how 

many conservation recommendations are provided as part of each EFH consultation and how 

many are adopted by the action agency. Therefore, we ask that in your statutory reply to the EFH 

portion of this consultation, you clearly identify the number of conservation recommendations 

accepted. 

3.5. Supplemental Consultation 

The COE must reinitiate EFH consultation with NMFS if the proposed action is substantially 

revised in a way that may adversely affect EFH, or if new information becomes available that 

affects the basis for NMFS’ EFH Conservation Recommendations [50 CFR 600.920(l)]. 

 

4. DATA QUALITY ACT DOCUMENTATION AND PRE-DISSEMINATION REVIEW 

The Data Quality Act (DQA) specifies three components contributing to the quality of a 

document. They are utility, integrity, and objectivity. This section of the opinion addresses these 

DQA components, documents compliance with the DQA, and certifies that this opinion has 

undergone pre-dissemination review. 
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4.1 Utility 

Utility principally refers to ensuring that the information contained in this consultation is helpful, 

serviceable, and beneficial to the intended users. The intended users of this opinion are COE. 

Other interested users could include Port of Seattle, the Northwest Seaport Alliance, citizens of 

affected areas, or others interested in the conservation of the affected species. Individual copies 

of this opinion were provided to the COE. The document will be available at the NOAA Library 

Institutional Repository [https://repository.library.noaa.gov/welcome]. The format and naming 

adhere to conventional standards for style. 

4.2 Integrity 

This consultation was completed on a computer system managed by NMFS in accordance with 

relevant information technology security policies and standards set out in Appendix III, ‘Security 

of Automated Information Resources,’ Office of Management and Budget Circular A-130; the 

Computer Security Act; and the Government Information Security Reform Act. 

4.3 Objectivity 

Information Product Category: Natural Resource Plan 

Standards: This consultation and supporting documents are clear, concise, complete, and 

unbiased; and were developed using commonly accepted scientific research methods. They 

adhere to published standards including the NMFS ESA Consultation Handbook, ESA 

regulations, 50 CFR 402.01 et seq., and the MSA implementing regulations regarding EFH, 50 

CFR part 600. 

Best Available Information: This consultation and supporting documents use the best available 

information, as referenced in the References section. The analyses in this opinion [and EFH 

consultation, if applicable] contain more background on information sources and quality. 

Referencing: All supporting materials, information, data and analyses are properly referenced, 

consistent with standard scientific referencing style. 

Review Process: This consultation was drafted by NMFS staff with training in ESA [and MSA 

implementation, if applicable], and reviewed in accordance with West Coast Region ESA quality 

control and assurance processes. 

  

https://repository.library.noaa.gov/welcome
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