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HQ hazard quotient

IDW inverse distance weighting

IP intraperitoneal

IR ingestion rate

kcal kilocalories

LAET lowest apparent effects threshold

2LAET second lowest apparent effects threshold
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Acronym Definition

LC100 concentration that causes the death of 100% of a group of test animals
LD50 dose that causes the death of 50% of a group of test animals
LDW Lower Duwamish Waterway

LDWG Lower Duwamish Waterway Group

LOAEL lowest-observed-adverse-effect level

LOEC lowest-observed-effect concentration

LPAH low-molecular-weight polycyclic aromatic hydrocarbon
MHHW mean higher high water

ML maximum level of DMMP

MLLW mean lower low water

MTCA Model Toxics Control Act

NMFS National Marine Fisheries Service

NOAEL no-observed-adverse-effect level

NOEC no-observed-effect concentration

NPL National Priorities List

ocC organic carbon

PAH polycyclic aromatic hydrocarbon

PCB polychlorinated biphenyl

ppt parts per thousand

PSAMP Puget Sound Ambient Monitoring Program
PSDDA Puget Sound Dredged Disposal Analysis
PSEP Puget Sound Estuary Program

QAPP quality assurance project plan

QA/QC quality assurance/quality control

QSAR quantitative structure-activity relationship
RCRA Resource Conservation and Recovery Act
RGS reporter gene system

RFI RCRA facility investigation

RI remedial investigation

RI/FS remedial investigation/feasibility study

RL reporting limit

RM river mile

ROC receptor of concern

RPF relative potency factor
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Acronym Definition

RPS relative penis size

SD standard deviation

SL screening level of DMMP

SMS Washington State Sediment Management Standards
SQG sediment quality guideline

SQs sediment quality standards of SMS

SUF site use factor

svocC semivolatile organic compound

SWAC spatially weighted average concentration
T&E threatened and endangered

TBT tributyltin

TEC toxic equivalence concentration

TEF toxic equivalency factor

TCDD tetrachlorodibenzo-p-dioxin

TEQ toxic equivalent

TOC total organic carbon

TRV toxicity reference value

uCL upper confidence limit

USACE US Army Corps of Engineers

USGS US Geological Survey

vOoC volatile organic compound

WAC Washington Administrative Code

WDFW Washington State Department of Fish and Wildlife
WERF Water Environment Research Foundation
WHO World Health Organization

WIR water ingestion rate

WQA water quality assessment

ww wet weight
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Executive Summary

This document presents the Phase 2 (baseline) Ecological Risk Assessment (ERA) for
the Lower Duwamish Waterway (LDW), as outlined in the work plan for the Phase 2
Remedial Investigation (RI) (Windward 2004e). Baseline risk assessments, as defined
in EPA (1988) guidance, “provide an evaluation of the potential threat to human
health and the environment in the absence of any remedial action. They provide the
basis for determining whether or not remedial action is necessary and the justification
for performing remedial actions.” The Phase 2 RI is being conducted by the Lower
Duwamish Waterway Group (LDWG) under the oversight of the US Environmental
Protection Agency (EPA) and the Washington State Department of Ecology (Ecology).
These parties agreed in an Administrative Order on Consent (AOC) to conduct the RI
in accordance with applicable Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) and Model Toxics Control Act (MTCA)
guidance, policies, and procedures. Compliance with MTCA includes compliance with
the Washington State Sediment Management Standards (SMS) (Washington
Administrative Code [WAC] 173-204).

The baseline ERA presents risk estimates for benthic invertebrate, fish, and wildlife
species that may be exposed to chemicals of potential concern (COPCs) found in
sediment, water, and aquatic biota from the LDW. The dataset used in the baseline
ERA consists of historical data and sediment and tissue chemistry data collected from
the LDW during Phase 2 to supplement the historical data that were used in the
Phase 1 ERA (Windward 2003a). The baseline ERA consists of separate sections on
problem formulation, exposure assessment, effects assessment, risk characterization,
and uncertainty analysis, each of which is briefly summarized below.

ES.1 PROBLEM FORMULATION

The problem formulation of the ERA establishes the overall scope of the assessment.
Because it is impractical to evaluate risks to every potentially-exposed species, it is
standard ERA practice and consistent with the SMS to focus on representative receptor
species that typify groups of organisms with specific exposure pathways. One
objective of selecting representative receptors is to choose species for which the risk
conclusions will be protective or representative of other species that were not
explicitly evaluated. For example, an assessment of risks to great blue herons would
be assumed to be protective of all wading birds that eat fish because of the higher
exposure potential of great blue herons than other wading birds. In addition, risks to
some species were analyzed because those species are highly valued by society, such
as endangered or threatened species.

Representative receptors of concern (ROCs) selected for this Phase 2 ERA were the
benthic invertebrate community, crabs, English sole, Pacific staghorn sculpin, great
blue heron, spotted sandpiper, osprey, river otter, and harbor seal. In addition,
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juvenile chinook salmon was selected as an ROC because they are a federally
protected species that use the LDW during outmigration to Puget Sound.

The problem formulation includes a description of the data available for conducting
the ERA, the suitability of the data for risk assessment purposes, and a risk-based
screening process that allows the risk assessment to focus on COPCs and eliminate
chemicals that do not pose risks to ecological receptors.

Data used in the ERA consisted largely of:
# Surface sediment (uppermost 0 to 15 cm) chemistry data
+ Site-specific sediment toxicity test results
# Sediment porewater chemistry data
L 4

Tissue chemistry data for benthic invertebrates (including benthic infauna and
epifauna, crabs, clams, and mussels), English sole, Pacific staghorn sculpin,
shiner surfperch, and juvenile chinook salmon

For each ROC selected, COPCs were identified through a conservative risk-based
screening process. COPCs identified included: 45 chemicals (including tributyltin
[TBT], metals, polychlorinated biphenyls [PCBs] and other organic compounds) for
benthic invertebrate communities; 2 chemicals (total PCBs and zinc) for crabs;

6 chemicals (arsenic, cadmium, copper, total PCBs, TBT, and vanadium) for at least
one fish ROC, and 12 chemicals (arsenic, cadmium, chromium, cobalt, copper, lead,
mercury, nickel, selenium, total PCBs, zinc, and vanadium) for at least one wildlife
ROC. COPCs that were never detected in tissue because reporting limits (RLs) were
above the screening criteria and COPCs without effect-level toxicity information were
evaluated in the uncertainty analysis. In addition, organochlorine pesticides in some
sediment samples and all tissue samples collected in 2004 were qualified as estimates
(JN-qualified) because of probable analytical interference from PCBs, resulting in a
high bias in concentration and a tentative identification (Windward 2005b, c).
Therefore, risks from organochlorine pesticides were also assessed in the uncertainty
analysis.

The problem formulation also presents the conceptual site models for the ROCs.
Conceptual site models identify and describe pathways in which ROCs may be
exposed to COPCs associated with sediment within the LDW. The pathways
evaluated in the ERA included both direct sediment exposure and indirect exposure
through the ingestion of prey or water from the LDW. Exposures associated with
direct contact with water in the LDW were based on water data and risk estimates
from the King County water quality assessment ERA (King County 1999b) and more
recent water sampling for PCBs.

Finally, assessment and measurement endpoints were identified in the problem
formulation. Survival, growth, and reproduction were the key endpoints under review
for most ROCs in this assessment. Biomarker, behavioral, and histological endpoints

N LDW Baseline ERA
[ ower Duwamish [/Jfaterway (Group  cna, July 31, 2007

Page ES-2
Port of Seattle / City of Seattle / King County / The Boeing Company



were not included as assessment endpoints. Typically, ERAs focus on ecological
effects at the individual level or higher (i.e., population level). In this way, the
emphasis is placed on endpoints that integrate an overall response by an organism,
rather than indicators of a biochemical response that may or may not result in an
ecologically relevant effect.

The representative ROCs, COPCs, pathways, and endpoints formed the scope for the
Phase 2 ERA. Uncertainties associated with these analyses are discussed in the
uncertainty analysis.

ES.2 EXPOSURE ASSESSMENT

The exposure assessment estimates the potential exposure of each ROC to the
sediment-associated COPCs identified in the problem formulation. Exposure of
benthic invertebrates to COPCs was assessed primarily by evaluating the distribution,
concentration, and co-occurrence of COPCs in surface sediment, with the exception of
risks to crabs and risks from sediment-associated TBT, which were both assessed
using a critical tissue-residue approach. Risks to gastropods from exposure to TBT
were also evaluated in two field studies of the most sensitive endpoint for these
benthic invertebrates. In addition, risks to benthic invertebrates from exposure to
volatile organic compounds (VOCs) were assessed using sediment porewater data.

Exposure of fish to COPCs was characterized based either on COPC concentrations in
fish tissue or on COPC concentrations in likely fish prey. For wildlife ROCs, the
exposure assessment identified equations and parameters to quantify the ingested
dose of COPCs. Dietary doses for wildlife were estimated using available information
on ROC biology and life histories, including body weight, feeding behavior, site usage,
and diet.

ES.3 EFFECTS ASSESSMENT

Potential adverse effects (i.e., reduced survival, reduced growth, or impaired
reproduction) were identified in the effects assessment. For the benthic invertebrate
community, direct measures of sediment toxicity provided by site-specific sediment
toxicity tests were given primary consideration over comparisons of sediment
chemistry to chemical criteria. For locations without site-specific toxicity information,
chemical criteria provided by the SMS were used to set benthic invertebrate effects
levels for most of the COPCs. For COPCs without chemical-specific sediment criteria,
toxicologically based guidelines from the Dredged Material Management Program
(DMMP) or toxicity information from the literature was used. For gastropods, an
invertebrate group highly sensitive to TBT, a direct, site-specific assessment of effects
was also given primary consideration. For assessment of the effects on benthic
invertebrates of VOCs in porewater, toxicity data from the literature were used.

For crabs, fish, and wildlife, a detailed evaluation was conducted of studies in the
scientific literature documenting effects of COPCs on the ROCs or similar species. This
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literature review identified COPC concentrations in receptor tissue or doses associated
with no effects (i.e., safe concentrations or doses), in addition to concentrations or
doses indicating a threshold of adverse effects. Both sets (i.e., no-observed-adverse-
effect level [NOAEL] and lowest-observed-adverse-effect level [LOAEL]) of toxicity
reference values (TRVs) are summarized in tables, and the rationale for TRV selection
is provided.

ES4 RISK CHARACTERIZATION AND UNCERTAINTY ANALYSIS

The exposure and effects data were compared in the risk characterization to assess the
potential for sediment-associated COPCs to cause adverse effects to the ROCs. This
analysis identified the following conclusions.

+ Benthic Invertebrate Community — The goal of the SMS is to reduce and
ultimately eliminate adverse effects on biological resources (WAC 173-204-100).
Sediment chemistry and site-specific toxicity test results indicate that no
adverse effects to benthic invertebrates living in intertidal and subtidal
sediments are predicted for 75% of the LDW area (i.e., the area in which
chemical concentrations were less than or equal to chemical sediment quality
standard [SQS] criteria and where sediments were nontoxic according to
biological SQS criteria). There is a higher likelihood for adverse effects in
approximately 7% of the LDW area, which was designated as having chemical
concentrations or biological effects in excess of cleanup screening level (CSL)
criteria. The remaining 18% of the LDW area had chemical concentrations or
biological effects between the SQS and CSL criteria, indicating that risks to
benthic invertebrate communities are less certain in these areas than in areas
with concentrations greater than one or more CSL values. Some uncertainty is
associated with these area estimates because areas were estimated by
interpolating from individual points at which sediments were sampled. The
SQS and CSL criteria were exceeded by 39 chemicals; 2 additional chemicals
exceeded only the SQS criteria.! Risks to the benthic invertebrate community
from all VOCs detected in sediment porewater were very low, except for
cis-1,2-dichloroethene, which had concentrations 21 times the no-effects
concentration in a small area at RM 2.4; all concentrations of
cis-1,2-dichloroethene were less than the concentration associated with adverse
effects. Therefore, there is uncertainty whether exposure to
cis-1,2-dichloroethene within the LDW is sufficiently high to result in adverse
effects in this small area. Risks to benthic invertebrates from TBT were very low
based on NOAEL-based hazard quotients (HQs) less than 1.0 and the absence

1 Total DDTs, nickel, and total chlordane also exceeded their DMMP guidelines or literature-based
TRVs at one or more locations.
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of imposex in all gastropods, except one neogastropod with imposex
characterized as Stage 2, a stage that is not expected to impact reproduction.

¢ Crabs — Exposure concentrations of total PCBs in tissue were equal to
concentrations associated with adverse effects in crabs, indicating the potential
for adverse effects. Exposure concentrations of zinc in tissue were greater than
concentrations associated with no effects but less than those associated with
adverse effects, indicating there is uncertainty whether exposure within the
LDW is sufficiently high to result in adverse effects.

& Fish — Exposure concentrations for three of the six COPCs for fish (PCBs,
cadmium, and vanadium) were greater than concentrations associated with
adverse effects for English sole. LOAEL-based hazard quotients (HQs?) for
cadmium and vanadium were both 1.2, and LOAEL-based HQs for PCBs
ranged from 0.98 to 5.0 based on effects concentrations in the study reporting
the lowest TRVs. Therefore, there is a potential for adverse effects from PCBs,
but risk estimates are uncertain because the exposure concentration was in
between the concentrations selected as LOAELs. Estimated exposures of
English sole to two additional COPCs (arsenic and copper) were greater than
their respective no-effects levels but were lower than the adverse effect levels
associated with survival, growth, or reproduction, indicating that there is
uncertainty whether exposure within the LDW is sufficiently high to result in
adverse effects. Site-specific studies of English sole indicate the potential for
reproductive effects that correlate with exposure to chemical mixtures in the
field. However, the relationship of such effects to specific chemicals has not
been established. Exposure concentrations of PCBs, cadmium, and vanadium
for Pacific staghorn sculpin were equal to or greater than the concentrations
associated with adverse effects in at least one area within the LDW. LOAEL-
based HQs up to 1.0 and 1.2 were estimated for cadmium and vanadium,
respectively, indicating a potential for adverse effects. LOAEL-based HQs for
PCBs ranged from 0.30 to 3.8 based on effects concentrations in the study
reporting the lowest TRVs. Therefore, there is a potential for adverse effects
from PCBs, but risk estimates are uncertain because the exposure
concentrations were in between the concentrations selected as the LOAEL
range. The exposure concentrations of TBT and copper were greater than their
respective no-effects concentrations for Pacific staghorn sculpin in at least one
area within the LDW but less than those associated with adverse effects. Thus,
the potential for adverse effects is uncertain. For juvenile chinook salmon,
exposure concentrations of cadmium were greater than concentrations
associated with adverse effects in any fish species but lower than concentrations

2 The HQ is the ratio of the exposure concentration (or dose) to a concentration (or dose) associated with
adverse effects.
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associated with adverse effects in salmonids. Exposure concentrations of
arsenic, copper, and vanadium in the diet of juvenile chinook salmon were
greater than their respective no-effect concentrations but less than
concentrations associated with adverse effects.

¢ Birds — Estimated exposures of spotted sandpiper to six of the 12 COPCs
(copper, chromium, lead, mercury, PCB toxic equivalent (TEQ),3 and
vanadium) for spotted sandpiper were greater than the dietary doses associated
with adverse effects on survival, growth, or reproduction in at least one area
within the LDW (LOAEL-based HQs of up to 1.1, 1.8, 5.5, 1.0, 1.5, and 1.4,
respectively). Therefore, there is a potential for adverse effects from these
COPCs. Estimated doses to great blue heron of all four COPCs (chromium,
lead, mercury, and total PCBs) were less than no-effects levels, indicating very
low risk. For osprey, estimated doses of PCBs were greater than no-effect levels
for osprey using a TEQ approach but less than those levels using a total PCBs
approach; the latter risk estimate is less uncertain. Therefore, the potential for
adverse effects from PCBs is uncertain for osprey. Estimated doses of the
remaining three COPCs to osprey (chromium, lead, and mercury) were less
than the doses associated with no-effects, indicating very low risk.

¢ Mammals — Estimated dietary doses of total PCBs were greater than doses
associated with adverse effects for river otters, with a LOAEL-based HQ of 2.9.
Estimated exposure of river otters to mercury was greater than a no-effects level
but was less than adverse effects levels associated with survival, growth, or
reproduction, indicating that the potential for effects is uncertain. Exposures of
otter to the remaining three COPCs (arsenic, cobalt, and selenium) and
exposures of harbor seals to both COPCs (mercury and total PCBs) were less
than their respective no-effects levels, indicating very low risk.

Table ES-1 provides a summary of COPCs for crabs, fish, or wildlife for which either
the NOAEL-based HQ was greater than 1.0 or the LOAEL-based HQ was greater than
or equal to 1.0. Table ES-2 lists the COPCs for benthic invertebrates that exceeded SMS
criteria, DMMP guidelines, or TRVs. In summary, risk estimates for PCB exposure
indicated a potential for adverse effects to the benthic invertebrate community, crabs,
English sole, Pacific staghorn sculpin, spotted sandpiper, and river otter. There is also
a potential for adverse effects to osprey from PCB exposure, but risk estimates for this
ROC are more uncertain because exposures were greater than no-effect levels but less
than levels associated with adverse effects. Other COPCs with exposures greater than
levels associated with adverse effects were cadmium, chromium, copper, lead,
mercury, and vanadium. Numerous additional chemicals may pose a risk to the
benthic invertebrate community as shown in Table ES-2.

3 EPA refers to this as the toxic equivalence concentration or TEC.
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Table ES-1.

COPC

ROC

COPCs with LOAEL-Based HQs 2 1.0°

Total PCBs

PCB TEQs
Cadmium
Chromium
Copper
Lead

Mercury

Vanadium

COPCs with NOAEL-Based HQs 2 1.0 and LOAEL-Based HQs < 1.0°

Total PCBs

PCB TEQs

Arsenic

Benzoic acid
Cadmium

Chromium

Copper

Mercury
TBT
Vanadium

Zinc

crab

English sole

Pacific staghorn sculpin

river otter

spotted sandpiper
juvenile chinook salmon
English sole

Pacific staghorn sculpin
spotted sandpiper
spotted sandpiper
spotted sandpiper
spotted sandpiper
English sole

Pacific staghorn sculpin
spotted sandpiper

spotted sandpiper
osprey

river otter

juvenile chinook salmon
English sole

crab

English sole

Pacific staghorn sculpin
Pacific staghorn sculpin
juvenile chinook salmon
English sole

Juvenile chinook salmon
English sole

Pacific staghorn sculpin
river otter

Pacific staghorn sculpin
juvenile chinook salmon

crab

COPCs and ROCs with HQs 2 1.0

NOAEL HQ

10
49 -25

15-19
5.8
1.9-15
5.0
6.1
3.0-5.2
1.3-838
0.62-15
0.58 -19
1.1-53
5.9
3.2-59
20-27

0.51-2.0

1.6
4.5
11
1.2
3.9
15
21

3.0-4.9
21
11
1.9
1.9

09-15
2.8

16-29
4.0
2.5

LOAEL HQ

1.0
0.98-5.0

0.30-3.8

2.9
0.18-15
1.0
1.2
0.60-1.0
0.26-1.8
045-11
0.17-5.5
0.21-1.0
1.2
0.65-1.2
1.0-14

0.18-0.71
0.16
0.59
0.73
0.80
na
na
na
0.60-0.98
na
na
0.93
0.93
0.45-0.77
0.57
0.18 - 0.33
0.79
0.91

Note: HQs for fish are the highest HQs in cases where more than one approach was used.

a

The LOAEL-based HQs for endrin were 1.2 and 3.1 for English sole and Pacific staghorn sculpin, respectively,

based on risk calculations discussed in the uncertainty section. These calculations were presented only in the
uncertainty section because of analytical interferences from PCB Aroclors in the pesticide analyses of LDW
tissue samples, resulting in uncertainties in pesticide identification and a high bias in pesticide concentrations.
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The NOAEL-based HQs were =1 for the following COPC/ROC pairs based on risk calculations discussed in the
uncertainty section: 1) total DDTs and spotted sandpiper (2.6 to 4.3), 2) endrin and juvenile chinook salmon
(3.6), 3) alpha-endosulfan and English sole (6.8) and Pacific staghorn sculpin (2.3), 4) beta-endosulfan and
English sole (29) and Pacific staghorn sculpin (6.6), 5) endrin and juvenile chinook salmon (3.6), and

6) methoxychlor and crab (3.6). These calculations were presented in the uncertainty section because of
analytical interferences from PCB Aroclors in the pesticide analyses, resulting in uncertainties in pesticide
identification and a high bias in pesticide concentrations.

COPC - chemical of potential concern PCB - polychlorinated biphenyl
HQ — hazard quotient ROC - receptor of concern
LOAEL - low-observed-adverse-effect level TBT — tributyltin

na — not available TEQ - toxic equivalent

NOAEL — no-observed-adverse-effect level
Bold identifies NOAEL-based HQs greater than 1.0 or LOAEL-based HQs greater than or equal to 1.0.

Table ES-2. Benthic invertebrate community COPCs with detected
concentrations in LDW surface sediments greater than SMS
criteria, DMMP guidelines, or TRVs

NUMBER OF NUMBER OF
DETECTED DETECTED
CONCENTRATIONS CONCENTRATIONS
COPC > SQS AND S CSL > CSL
Total PCBs 301 173
Bis(2-ethylhexyl) phthalate 48 58
Mercury 14 23
Lead 2 19
Zinc 26 16
Total chlordane?® 19 14
Copper 0 12
Cadmium 2 11
Silver 10
Fluoranthene 31 8
Butyl benzyl phthalate 69 8
Indeno(1,2,3-cd)pyrene 15 8
Chromium 8
Arsenic 8
Phenol 18 7
Benzo(g,h,i)perylene 7
Benzoic acid 7
Dibenzo(a,h)anthracene 15 4
Nickel” 4
Total benzofluoranthenes 4
4-Methylphenol 4
Phenanthrene 24 3
Total HPAH 21 3
Acenaphthene 16 3
Fluorene 11 3
. LDW Baseline ERA
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NUMBER OF NUMBER OF
DETECTED DETECTED
CONCENTRATIONS CONCENTRATIONS
COPC > SQS AND S CSL > CSL

Benzo(a)anthracene 9 3
Dibenzofuran
Benzo(a)pyrene

Total LPAH

Pyrene
1,4-Dichlorobenzene
1,2-Dichlorobenzene
2-Methylnaphthalene
Dimethyl phthalate
Naphthalene
n-Nitrosodiphenylamine

Hexachlorobenzene

N|h|lO|lO|O OO Ok, |W|01|N

Benzyl alcohol

N
w

Chrysene

Total DDTs?
1,2,4-Trichlorobenzene
2,4-Dimethylphenol
Anthracene

OO FRP|IPIPIPINNINDNINMNIN W W W W Wl wWw w

R IN|O|O|PFr

Pentachlorophenol

&  SMS criteria do not exist for these chemicals; number of exceedances was based on a comparison of sediment

chemical concentrations to a TRV.

®  SMS criteria do not exist for nickel. The DMMP SL and ML values were used for the comparison.

LPAH — low-molecular-weight polycyclic aromatic
hydrocarbon

PCB — polychlorinated biphenyl

SQS - sediment quality standards

COPC — chemical of potential concern
CSL - cleanup screening level

HPAH — high-molecular-weight polycyclic aromatic
hydrocarbon

Based on the risk estimates, uncertainties discussed in this ERA, natural background
concentrations, and residual risks following early actions in the LDW, chemicals were
identified as risk drivers for ecological receptors in accordance with EPA (1998) and
MTCA (WAC 173-340-703) guidance. The risk drivers from both this ERA and the
human health risk assessment (HHRA) will be the focus of remedial analyses in the
feasibility study (FS).

In consultation with EPA and Ecology, PCBs were identified as a risk driver for river
otter because estimated exposure concentrations for river otter were greater than the
LOAEL by a factor of 2.9, and uncertainties in the risk estimate were relatively low. In
addition, 41 chemicals were selected as risk drivers for the benthic invertebrate
community because concentrations of these 41 chemicals exceeded Washington SMS
in one or more locations.
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Other COCs, chemicals that exceeded risk thresholds (LOAEL-based HQ = 1.0) but
were not selected as risk drivers may be addressed through focused evaluation in the
FS, as part of the 5-year review, or included in the post-remedial monitoring program,
as appropriate.

No quantitative ecological risk estimates were calculated for dioxins and furans and
thus the level of ecological risk from dioxins and furans is unknown. Ecological risks
associated with exposure to dioxins and furans within the LDW were not assessed for
several reasons. Primarily, human health risks from dioxins and furans through
seafood consumption were assumed to be unacceptable, and therefore, neither tissues
from the LDW nor from background areas were analyzed for dioxins and furans.
Dioxins and furans were determined to be a risk driver based on human health risks
from both seafood consumption and direct contact pathways. Risk management
decisions to address dioxin and furan contamination in LDW sediment will be based
on MTCA and CERCLA regulations and guidance. Remedial decisions to address
dioxin and furan contamination in sediment will be made by EPA and Ecology as part
of the FS process and will be documented in the Record of Decision. Additional detail
on dioxins and furans is provided in Section B.5.5.2 of the HHRA.

This ERA is based on the baseline surface sediment dataset, which includes sediment
data collected prior to early actions in the LDW. Since these data were collected, early
actions in the LDW have been conducted at two locations (Duwamish/Diagonal and
the Boeing Developmental Center south storm drain in the Norfolk area). Therefore,
the risks discussed in this ERA may represent an overestimate of current risks for
areas where remediation has already occurred.
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A.1.0 Introduction

This document presents the baseline ecological risk assessment (ERA) as part of the
remedial investigation and feasibility study (RI/FS) for the Lower Duwamish
Waterway (LDW). The LDW was added to the US Environmental Protection Agency’s
(EPA’s) National Priorities List (NPL) under the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA), also known as Superfund, on
September 13, 2001. The LDW was added to Ecology’s Hazardous Sites List on
February 26, 2002.

Under Superfund regulations, EPA requires that an RI/FS be conducted for all listed
sites. An RI evaluates the nature and extent of chemical contamination, estimates
baseline human health and ecological risks, and is used by risk managers to identify
areas that should be remediated because they pose an unacceptable risk to human
health or the environment. An FS proposes a number of alternative approaches to
remediating the areas with unacceptable risk, and analyzes and compares these
alternatives. The study area is shown in Map A.1-1.

The key parties involved in the LDW RI/FS are the City of Seattle, King County, the
Port of Seattle, and The Boeing Company, working together for this project as the
Lower Duwamish Waterway Group (LDWG), under the oversight of EPA and the
Washington State Department of Ecology (Ecology). These parties agreed (in an
Administrative Order on Consent, or AOC) to conduct the RI for the LDW in two
phases. The first phase is complete, including a Phase 1 ERA based on data that
existed at that time (Windward 2003c). The AOC requires that the RI be conducted in
accordance with applicable CERCLA and MTCA guidance, policies, and procedures.
Compliance with MTCA includes compliance with the Washington State Sediment
Management Standards (SMS).

This document presents the Phase 2 (baseline) ERA as outlined in the Phase 2 RI work
plan (Windward 2004e). Baseline risk assessments, as defined by EPA (1988) guidance
for conducting an RI/FS, “provide an evaluation of the potential threat to human
health and the environment in the absence of any remedial action. They provide the
basis for determining whether or not remedial action is necessary and the justification
for performing remedial actions.” This baseline ERA presents risk estimates for
ecological receptors that may come in contact with sediment-associated chemicals of
potential concern (COPCs) through exposure to or ingestion of sediment, water, fish,
and invertebrates (e.g., polychaete worms, clams, crabs) in the LDW.

This baseline ERA is based on data previously summarized in the Phase 1 ERA
(Windward 2003b) and data collected since the Phase 1 RI was completed. It was
developed in accordance with both national and regional EPA guidance (EPA 1992,
1997a, b, 1998). This baseline ERA includes the following sections:

¢ Section A.2.0 - Problem Formulation
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Section A.3.0 - Exposure and Effects Assessment: Benthic Invertebrates
Section A.4.0 - Exposure and Effects Assessment: Fish

Section A.5.0 - Exposure and Effects Assessment: Wildlife

Section A.6.0 - Risk Characterization and Uncertainty Analysis

Section A.7.0 - Selection of Primary Ecological Risk Drivers/Indicator
Hazardous Substances

Section A.8.0 - Conclusions

Section A.9.0 - References

Details on site background, previous investigations, and environmental setting are
provided in the Phase 2 RI and referenced accordingly. Table A.1-1 presents the
sections in which the primary components of the risk assessment process are
discussed for each receptor type.

Table A.1-1. Document organization for primary ERA components

ERA SECTION NUMBER

ERA COMPONENT BENTHIC INVERTEBRATES FisH WILDLIFE
ROC selection A23.1 A.2.3.2 A.2.3.3
COPC selection A251 A.252 A.253
Conceptual site model A.2.6 A.2.6 A.2.6

A.3.1 (benthic invertebrate community)

Exposure assessment A.3.3 (crabs) A4.1 A5.1
A.3.2 (benthic invertebrate community)

Effects assessment A.3.4 (crabs) A.4.2 A.5.2

Risk characterization and A6.1 A6.2 A6.3

uncertainty analysis

a

Available data used in the ERA are discussed in Section A.2.4.1, and exposure concentration calculations are

presented in Attachment 11.
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A.2.0 Problem Formulation

This section presents the problem formulation for this baseline ERA. Through the use
of a risk-based screening approach, the problem formulation establishes which
receptor of concern (ROC) and COPC pairs are further evaluated in the exposure and
effects assessment, the risk characterization, and the uncertainty analysis. This section
includes information regarding the environmental setting, ecological resources that
use the site, selection of ROCs, a summary of relevant available data collected from the
LDW, a COPC screen for ROCs, and the conceptual site model (CSM) for the LDW.
Together, these elements establish the scope for this ERA.

A.2.1 ENVIRONMENTAL SETTING

This section presents an overview of the site’s setting, hydrology, and habitat.
Additional information regarding the setting, history, hydrology, and sediment
regime of the LDW is presented in the Phase 2 RI.

A.2.1.1  Site description

The confluence of the Black and Green Rivers forms the Duwamish River 10.5 miles
upstream from the southern end of Harbor Island. The LDW consists of the
downstream portion of the Duwamish River, excluding the East and West Waterways
around Harbor Island, and extends from river mile (RM) 0.0 near the southern tip of
Harbor Island to upstream of the Upper Turning Basin, which is located near RM 4.8.
The LDW is tidally influenced over its entire length, with the degree of tidal influence
varying depending on stream flow and on tide stage at the mouth of the LDW. The
mean tide range is 7.5 ft, and the mean diurnal range is 11 ft. Recorded tides have
ranged from -4.6 to 14.7 ft mean lower low water (MLLW). Annual river discharge
ranges from 43 to 51 m3/sec (2,300 to 2,350 cfs) (NOAA 1998).

The US Army Corps of Engineers (USACE) maintains the LDW as a navigable
waterway through dredging (Dexter et al. 1981). The typical cross section of the LDW
includes a deeper, maintained navigation channel at the middle of the waterway, with
intermittent shallow benches along the margins of the channel. The navigation channel
is maintained throughout the study area, with typical depths ranging from greater
than -30 ft MLLW downstream of RM 2.0 to less than -15 ft MLLW near the Upper
Turning Basin. Shallower bench areas exist in the nearshore intertidal zones outside of
the navigation channel, with variable dimensions and elevations. The width of the
LDW is relatively uniform, ranging between about 500 and 700 ft. The navigation
channel is approximately 200 ft wide.

The LDW is a highly modified estuary that has been straightened and dredged in the
lower 4.8 miles to facilitate navigation and industrial development. The only remnant
of the river’s natural meanders exists west of Kellogg Island. The banks of the LDW
are dominated by structures, including piers and buildings. Where they are not
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occupied by structures, the banks are typically armored with a combination of riprap,
concrete debris, and other structures for stabilization of banks, especially in mid to
upper tidal elevations of the bank. Industrial land use dominates on the east bank in
the immediate vicinity of the LDW. The west bank includes industrial, commercial,
and mixed residential land uses in the vicinity of the LDW.

Exceptions to the industrialized condition of the LDW include the area around Kellogg
Island, which is partially formed by a remnant meander of the natural Duwamish
River channel, and some areas of mixed commercial, recreational, and residential uses
within both the upstream and downstream areas of the LDW.

The LDW is a stratified saltwater wedge estuary (Stoner 1972). Circulation within a
stratified estuary results from a net upstream movement of water within a bottom-
layer saltwater wedge and a net downstream movement of fresher water in the layer
that overrides the wedge. Recent average annual discharges from the Duwamish River
have ranged between 43 and 51 m3/s (2,300 to 2,350 cfs), as measured at the

US Geological Survey (USGS) Tukwila gaging station, located at USGS-designated
RM 12.4. Flow rates at the Auburn gaging station, located at USGS-designated

RM 32.0, ranged from 4.3 to 329 m3/s (200 to 15,200 cfs, the record high) between 1962
and 1994 (NOAA 1998). The saltwater wedge, which has its source in Elliott Bay,
oscillates upstream and downstream with the tide and stream flow. At freshwater
inflow greater than 1,000 cfs, the saltwater wedge does not extend upstream beyond
the East Marginal Way Bridge (RM 6.3), regardless of the tide height (Stoner 1967).
During periods of low freshwater inflow and high-tide stage, the saltwater wedge has
extended as far upstream as the Foster Bridge at RM 8.7 (Stoner 1967).

Because of their circulation, estuaries naturally act as sediment traps for incoming
sediment. Sediment from freshwater sources is transported into the estuary at the
upstream end while sediment from coastal waters is transported into the estuary via
the saltwater wedge. The presence of the man-made channel increases the cross-
sectional area of the estuary relative to natural conditions, which results in a decrease
in current velocities and an increase in deposition. Additional information related to
LDW sediment stability and erosion potential is presented in the Phase 2 RI.

A2.1.2 Habitat features

Benthic habitats within the LDW include intertidal habitat (exposed by low tides) and
subtidal habitat (never exposed by low tides) (Table A.2-1). A typical cross section of
the LDW includes intertidal habitats, subtidal transition areas (often with steep
slopes), and a deeper navigation channel in the center of the LDW. Sediment
characteristics (i.e., grain size and organic carbon [OC] content) vary throughout the
LDW, depending on several physical parameters such as currents, quiescent areas
(e.g., slips), and sediment sources (i.e., creeks and outfalls).
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Table A.2-1.

Habitat types represented in the LDW

HABITAT INFLUENTIAL PHYSICAL
TYPE DESCRIPTION PARAMETERS EXTENT AND CONDITION IN LDW
_arftlea outsndfe the |r(1qued|at;e h temperature, precipitation, dominated by industrial uses; some
Upland Influence of wetted area of the soil type, groundwater mixed-use residential, commercial, and
LDW (below +14 ft MLLW), many S - ' '
. . . elevation recreational areas
uplands consist of fill material
. . . . limited extent; various marsh habitat
Intertidal areg between -4 and sah_nlt_y gradients, tidal classifications: emergent marsh (e.g.,
+14 ft MLLW; exposed at low variation, freshwater stream Herrina's House. Hamm Creek. and
Intertidal tides; marsh soils generally fine- | flow, wave action, water 9 . C -
. - ] Upper Turning Basin restoration areas),
marshes textured and nutrient-rich, temperature, sediment - . A
. - tidal marsh (5 acres in LDW), high and
supporting grasses, sedges, characteristics and oxygen
; low marsh on Kellogg Island (Blomberg et
rushes, and various other plants | content
al. 1988)
Intertidal area between -4 and :
- . flats and shallows (approximately 30 to 50
teridal | isoated from upland riparian | action water tomperatcre, | 261ES I LDW) (Blomberg et . 1088),
nterticda . p p . S perature, approximately 8.6 miles of exposed
mudflats vegetation, exposed at low tides, |sediment characteristics, sand/mud substrate (Battelle et al
sometimes shaded by overwater |and oxygen content 2001), largest remnant on Kello .Island
structures - 1arg 99
armored shoreline consisting of salinity gradients, wave riprap-covered areas comprise
Intertidal large rocks and rubble (riprap) or nity 9 ’ prap-c | % of i P idal .
riprap vertical wood or metal structures action, water temperature, approximately 17% of intertidal areas in
. oxygen content LDW (USFWS 2000b)
(sheet pile)
area deeper than -4 ft MLLW,
never exposed by low tide, salinity, sediment
Subtidal includes navigation channel and | composition, grain size, and | throughout LDW, including navigation

transition areas, sediment
composition ranges from sand to
mud

LDW — Lower Duwamish Waterway
MLLW — mean lower low water

OC - organic carbon

OC content, water depth,
temperature

channel

The majority of the LDW shoreline consists of riprap, pier aprons, or sheet piling
(Tanner 1991). Shoreline armoring is usually present at the top of the intertidal zone;
but areas of sloping mud, mudflats, and hard surfaces exist in the lower intertidal
zone (Battelle et al. 2001). These hard surfaces support populations of encrusting
organisms, such as barnacles, and burrowing organisms, such as shipworms (Leon
1980). However, because of the shoreline armoring, these intertidal flats are partially
isolated from inputs of sediment, nutrients, and organic matter (i.e., woody debris)
from upland riparian vegetation zones; this isolation degrades the habitat quality of

these flats (Battelle et al. 2001). In addition, overwater structures, which are common
throughout the LDW, often shade shallow and intertidal habitats, alter microclimates,
and inhibit growth of aquatic plant communities, further degrading the value of
nearshore habitats for native fauna (Battelle et al. 2001).

Sections of natural shoreline in the LDW occur only upstream of the Upper Turning
Basin (Tanner 1991). Most (98%) of approximately 510 hectares (ha) (1,270 ac) of tidal
marsh and 590 ha (1,450 ac) of flats and shallows and all of about 500 ha (1,230 ac) of
tidal wetland have been either filled or dredged (Blomberg et al. 1988) or altered by
the hydrologic changes resulting from the channelization of the estuary and
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maintenance of the navigation channel. Remnant tidal marshes account for only 2 ha
(5 ac), and mudflats account for 12 to 22 ha (30 to 54 ac) (Leon 1980).

Remnants of natural intertidal habitat are present in occasional patches throughout the
LDW; the largest remnant of intertidal habitat surrounds Kellogg Island, located south
of Harbor Island. Kellogg Island has been highly altered from its historical shape and
function. In the 1950s and 1960s, it was filled with hydraulic dredge spoils by USACE.
Later, in 1974, an upland component of Kellogg Island was created when the Port of
Seattle deposited 1,700 m3 (2,200 yd?) of dredged materials on the south end of the
island (Sato 1997). A mixture of introduced and native plant and tree species rapidly
colonized the 7-ha island. Current habitat associated with the island includes high and
low marsh, intertidal mudflats, and filled uplands (Canning et al. 1979). The island,
including intertidal area near Kellogg Island, has been designated as a wildlife refuge
(Hotchkiss 2006).

Subtidal habitat is variable throughout the LDW. Subtidal sediment composition
ranges from sand to mud, depending on the sediment source and current speed
(Windward 2003b). The sediments in the upstream portion of the LDW, near the head
of the main channel at the Upper Turning Basin, are predominantly sand; whereas the
sediments in the subtidal habitat further downstream (e.g., near Kellogg Island) are
characterized as brown or brown-gray sandy mud overlying darker, more clayey
mud.

Few surveys have investigated the vascular plant communities present in the LDW
(Tanner 1991; Canning et al. 1979; USFWS 2000a; Cordell et al. 2001). The methods
used to assess plant communities have ranged from analysis of aerial photos to field
surveys. Many of these surveys were conducted to investigate habitat availability in
the LDW and mainly addressed the plant communities of tidal marsh areas.

In estuaries in general, tidal elevation and salinity gradients determine the potential
distribution of estuarine plants. Intertidal elevation gradients between MLLW and
mean higher high water (MHHW) create habitats such as low-, mid-, and high-
elevation tidal marshes. Salinity gradients range from saline to brackish to fresh tidal
waters. The most productive areas for estuarine plant communities are found in tidal
marshes. Marsh soils are generally fine-textured and nutrient-rich and support
grasses, sedges, rushes, and various other types of plants associated with marine and
estuarine habitats. In the LDW, there are 1.75 ha of habitat for vascular plants,
primarily limited to portions of Kellogg Island and other small areas (USFWS 2000a).

Carex sp. and Scirpus sp. are the predominant type of vegetation between the Upper
Turning Basin and Kellogg Island. Downstream from Kellogg Island are more marine
plants, such as Salicornia sp., Distichli sp., and Atriplex sp. The interior high-marsh
plant community of Kellogg Island, which is flooded only by higher spring tides,
includes Carex lyngbyei, Distichlis spicata, Juncus balticus (Baltic rush), and Phragmites
sp., a non-native species (Battelle et al. 2001). No eelgrass is found in the LDW, and

N LDW Baseline ERA
[ ower Duwamish [/Jfaterway (Group  cna, July 31, 2007

Page 6
Port of Seattle / City of Seattle / King County / The Boeing Company 9



habitats with aquatic vegetation are rare (Battelle et al. 2001) Thus, plants present in
the LDW are seldom present under water.

In recent years, there have been several restoration efforts in the LDW, including the
Terminal 105 (T-105) channel along the western shoreline at RM 0.1, Herring’s House
off-channel marsh along the western shoreline at RM 0.5, Duwamish Diagonal south
along the eastern shoreline at RM 0.65, Terminal 107 (T-107) at RM 0.6, the General
Services Administration marsh along the eastern shoreline at RM 1.2, the Hamm Creek
off-channel marsh on the western shoreline at RM 4.3, and two separate restoration
sites in the Upper Turning Basin at RM 4.7. Restoration activities include removal of
riprap and overwater structures, placement of log booms to decrease debris deposition
and boat wakes, creation of intertidal benches to promote use by juvenile salmon,
creation of new off-channel habitat (including emergent salt marshes), and creation of
freshwater wetlands (including excavation and planting with native species) (Cordell
et al. 2001).

A.2.2 RESOURCES POTENTIALLY AT RISK

This section provides an overview of the ecological resources that use the LDW,
including threatened, endangered, and sensitive species. These resources are
considered in three groups, which include species that could be directly or indirectly
exposed to contaminated sediments: benthic invertebrates, fish, birds, and mammals.
Representative species from these groups were selected as ROCs (Section A.2.3) and
further evaluated to determine whether they may be at risk from contaminated
sediments. Reptiles and amphibians are not likely to be exposed to sediment
contamination in the LDW because habitat for these species is limited, and their
presence has not been reported in any wildlife surveys conducted in the area*
(Canning et al. 1979; Cordell et al. 1996; 1997; 1999). Therefore, they are not evaluated
further in this ERA. In addition, risks to vascular plants and algae will not be
evaluated in the Phase 2 ERA because they were evaluated as part of the Phase 1 ERA
(Windward 2003b), and risk estimates were highly uncertain. No new information is
available to resolve the uncertainties.

A2.2.1 State and federal threatened, endangered, and sensitive species in the LDW

Fifteen species that are reported to occur either as residents or during migration in the
LDW are listed under either the federal Endangered Species Act (ESA) or by the
Washington State Department of Fish and Wildlife (WDFW) as candidate species, or
threatened species (Table A.2-2). No species reported to occur in the LDW are listed
under the ESA or by WDFW as endangered.

4 A large tadpole was observed once in Slip 4.
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Table A.2-2. Threatened and candidate species listed under ESA or by
Washington State Department of Fish and Wildlife

ComMMON NAME SCIENTIFIC NAME STATUS
Chinook salmon Oncorhynchus tshawytscha federal threatened species, state candidate species
Coho salmon Oncorhynchus kisutch federal species of concern
Puget Sound steelhead | Oncorhynchus mykiss federal threatened species
River lamprey Lampetra ayresi federal species of concern, state candidate species
Bull trout Salvelinus confluentes federal threatened species, state candidate species
Pacific herring Clupea herengus pallasi federal species of concern, state candidate species
Pacific cod Gadus macrocephalus federal species of concern, state candidate species
Walleye pollock Theragra chalcogrammus state candidate species
Rockfish species Sebastes spp. state candidate species
Bald eagle Haliaeetus leucocephalus federal threatened species,® state threatened species
Peregrine falcon Falco peregrinus federal species of concern, state sensitive speciesb
Merlin Falco columbarius state candidate species
Common murre Uria aalge state candidate species
Common loon Gavia immer state sensitive species
Western grebe Aechmophorus occidentalis state candidate species

Source: WDFW (2007)
& Listing currently under review for removal.

®  Downlisted from state endangered to state sensitive April 2002 (WDFW 2002)

Nine of these fifteen listed species are fish and six are birds. With the exception of
chinook salmon, coho salmon, Puget Sound steelhead, bald eagle, western grebe,
peregrine falcon, and Pacific herring, use of the LDW by these species is rare or
incidental, and thus they are not likely to have frequent exposure to sediment-
associated chemicals from the LDW. Reports of these rare or incidental species in the
LDW include: loons (Canning et al. 1979, rare), merlin (Cordell et al. 1997, rare),
common murre (believed to be rare), rockfish (Matsuda et al. 1968, rare; Malins et al.
1980, present; Windward 2005c, 2006b), river lamprey (Warner and Fritz 1995, rare;
Matsuda et al. 1968, rare), walleye pollock (Matsuda et al. 1968, rare; Miller et al. 1975,
rare), bull trout (Shannon 2006, rare; Warner and Fritz 1995, rare), and Pacific cod
(Miller et al. 1975; 1977b; Weitkamp and Campbell 1980). Use of the LDW by chinook
salmon, coho salmon, Puget Sound steelhead, bull trout, and herring is described in
Section A.2.2.3. Use of the LDW by bald eagle, western grebe, and peregrine falcon is
described in Section A.2.2.4.

The Puget Sound Southern Resident Orca whale distinct population segment was
added to the federal endangered species list in February 2006 (50 CFR 224) and
Washington State’s endangered species list in 2004 (WDFW 2006). Orca whales do not
use the LDW but are occasionally present in Elliott Bay and the Seattle area in the fall
and early winter when chum salmon are running (Nelson 2006). Records from the
Whale Museum’s sightings database indicate that Orca whales may be seen in Elliott
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Bay two or three times during the chum salmon season, although this may be an
underestimate because it does not account for unreported sightings (Traxler 2006).
Orca whales may be exposed to chemicals from the LDW through the consumption of
prey that spend part of their time in the LDW.

A.2.2.2 Benthic invertebrate community

Benthic invertebrate communities (including species such as polychaetes and
amphipods) are an important component of the LDW ecosystem because they serve as
a major food resource for fish and wildlife, and because they are active in detrital
processing and nutrient cycling.

In general, key physical factors that may influence the distribution and abundance of
benthic invertebrates in the LDW are salinity, water depth (i.e., intertidal and
subtidal), sediment grain size, and OC content. The LDW is a stratified salt-wedge
estuary influenced by river flow and tidal effects (Section A.2.1.1). The daily salinity
fluctuations select for species that are tolerant of such variability. A salinity range of
approximately 5 to 8 parts per thousand (ppt) has been identified as a critical
transition range that corresponds to a pronounced minimum of benthic invertebrate
species richness (Levinton 1982). Benthic species richness, in general, diminishes
steadily in an estuary until it reaches a minimum at the critical salinity (Levinton
1982). In general, a more diverse benthic invertebrate community exists in the
downstream, more saline part of the waterway (RM 0.0 to RM 2.0) (Windward 2005f).
Similarly, the benthic invertebrate community in the subtidal habitat is, in general,
more diverse than the community in the intertidal habitat (Windward 2005f). The
benthic invertebrate communities in the intertidal and subtidal habitats of the LDW
are discussed in more detail in Section A.2.2.2.1, while larger epibenthic invertebrates
are discussed in Section A.2.2.2.2. A table of benthic taxa identified in the LDW is
presented in Attachment 1.

A.2.2.2.1 Epibenthos and infauna

Benthic invertebrates present in the LDW are characterized as either infaunal or
epibenthic. The infaunal community is typified by burrowing polychaetes and
bivalves. This community is dominated by deposit- and filter-feeding organisms.
Many of the polychaetes, such as Hobsonia florida and Capitella capitata complex, are
surface detrital- and deposit-feeding organisms. Bivalves obtain their food either from
the water column (filter feeders) or the sediment surface (surface deposit feeders).
Other infauna, such as oligochaetes, feed on bacteria, diatoms, and other
microorganisms (King County 1999b). Small crustaceans (including copepods) feed on
diatoms, detritus, and larvae. Epibenthic invertebrate communities include larger
crustaceans, mussels, anemones, and echinoderms. Many of these invertebrates, such
as echinoderms and anemones, are surface detrital- or filter-feeding organisms. The
larger crustaceans are both carnivores and scavengers.
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LDWG conducted a survey of the benthic communities (including infauna and smaller
epibenthic species) at 12 intertidal locations throughout the LDW in 2004 (Map A.2-1)
(Windward 2005f). Descriptions of the benthic communities were based primarily on
samples collected with a 0.0024-m? core sampler to a depth of 10 cm. Five replicate
core samples from each location were composited into one sample for community
analysis. To augment the core data by enumerating larger benthic invertebrates from a
larger area, samples were also collected within a 0.1-m? transect frame and sieved on a
2-mm sieve. Five replicate frame samples from each location were composited into one
sample for these additional community analyses.

The numerical abundance of organisms in core samples ranged from 500 to
16,233/0.1-m? (Table A.2-3). A total of 61 invertebrate taxa were identified in the core
and transect frame samples. The most abundant organisms at the 12 intertidal
locations were annelids and crustaceans. The most abundant annelids were Capitella
capitata complex, Hobsonia florida, Manayunkia aestuarina, and Pygospio elegans. The
crustaceans were dominated by two amphipod species of the genus Americorophium.
Entognathous hexapods (a subphylum of insects that includes springtails, Collembola)
and mollusks, including Macoma baltica, were also identified at some locations.
Echinoderms were not observed at any of the locations (Windward 2005f).

Swartz’s dominance index was calculated for each intertidal location. Because
replicate samples were not analyzed at each location, these indices should be viewed
as qualitative indicators of community structure. Swartz’s dominance index is defined
as the minimum number of taxa that comprises 75% of the total abundance (Swartz et
al. 1985; as cited in PTI 1993). As indicated by the index (Table A.2-3), the intertidal
benthic invertebrate community consisted of relatively few species. The index ranged
from 2 at location BCA-3 to 8 at location B2a. Numerous physical factors such as
salinity, temperature fluctuations, desiccation, and wave action present physiological
challenges to benthic invertebrates (Levinton 1982), and are therefore contributing
factors to the relatively low number of dominant species in the intertidal areas. For
example, salinity in the intertidal areas frequently reaches the critical range of 5 to 8
ppt from approximately Slip 1 (RM 1.0) to upstream sections of the LDW (King
County 1999b). In these areas, the salinity is below 5 ppt more than 30% of the time
(King County 1999a). Prior to the Phase 2 survey, Cordell et al. (2001) conducted
epibenthic and infaunal surveys at seven restoration and reference sites throughout
the LDW from 1993 through 1999. They found diversity and abundance of intertidal
organisms varied seasonally and among locations in the LDW. The greatest diversity
of organisms (i.e., species richness) occurred in the lower (higher salinity) LDW;
diversity was comparatively lower in the Upper Turning Basin. Seasonally, species
diversity and abundance increased from winter through summer as primary
productivity increased. In spring, community composition was generally dominated
by two to three species. By summer, the species composition was generally more
evenly distributed among a greater number of species. At all sites sampled, the
macrofauna were generally numerically dominated by oligochaetes, polychaete
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Table A.2-3. Phase 2 intertidal benthic invertebrate community survey results

RIVER LOCATION

MILE ID*
0.2 Bla
0.6 BCA-1
0.8 B3a
0.9 B2a
14 B4a
2.1 B6a
2.3 B5a-2
2.9 BCA-3
3.1 B7a
3.5 B8a
4.5 B9a
4.8 B10a

ID -

TOTAL
ABUNDANCE"

4,842
11,667
11,958
16,233
8,858
1,475
500
9,050
8,600
14,100
5,875
6,600

TAXA
RICHNESS®

13
22
25
30
23
19
10
16
20
21
24
20

SWARTZ'S
DOMINANCE
INDEX

3

ol | MM WO || MO

Sampling locations are shown on Map A.2-1.

Total number of individual organisms in a standard 0.1-m” area determined by extrapolating the number in the composite sample representing a total area of

TAXA RICHNESS BY MAJOR TAXONOMIC GROUP®

ANNELIDA
4

N O N| OO0 OO0 O |00 © |

CRUSTACEA
6

9
13
12
13

5

2

6
11
11
13
10

Misc.

INSECTA | MOLLUSCA | TAxA®

1

O/rRr|O|lRrP|O OCjlO NN O|N

0.012 m*to the number expected in the larger area (0.1 m2) by multiplying by 8.33.

0

O/ 0Ol 0Oo|lO0O O|NMN|O|W | N |k

2

WIN WM DNDN AN OGO W

ABUNDANCE BY MAJOR TAXONOMIC GROUP'

ANNELIDA
3,950
6,083
9,175
7,725
6,933
1,217

475
7,658
5,983
7,383
3,992
3,292

Total number of taxa in a composite of five core samples, representing a total area of 0.012 m?, at each location.

Total number of taxa in each major taxonomic group in a composite of five core samples, representing a total area of 0.012 m?, at each location.
Miscellaneous taxa include Nemertea, Nematoda, Cnidaria, and Platyhelminthes.

CRUSTACEA
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258
67
142

125
17

133

542

Number of individual organisms in each major taxonomic group at each location in a standard 0.1-m? area determined by extrapolating what was enumerated in
the composite sample representing a total area of 0.012 m? to the larger area (0.1 m2) by multiplying by 8.33.
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worms of the genus Manayunkia, and gammarid amphipods of the genus Corophium.
The meiofauna, defined as organisms passing through a 0.5-mm sieve but retained on
a 0.153-mm sieve, at all sites sampled were generally dominated by nematodes and
harpacticoid copepods.

Williams (1990) and Leon (1980) also conducted benthic invertebrate surveys in the
LDW (Map A.2-1). Williams (1990) identified 80 invertebrate taxa inhabiting intertidal
habitats at Kellogg Island. Nematodes, oligochaetes, small harpacticoid copepods,
ostracods, and sabellid polychaetes were the dominant invertebrates. Leon (1980)
found 43 different benthic taxa in sediment cores from the intertidal mudflats at
Kellogg Island. Most organisms occurred infrequently; nine taxa accounted for 97 % of
all individuals. Small marine worms of the genus Manayunkia, oligochaetes, and
harpacticoid copepods made up nearly 80% of all individuals (Leon 1980). In
comparison, there were very few organisms at a mudflat site with anoxic sediments
near the Duwamish Shipyards, and there was a greater degree of seasonal variability

in the benthic invertebrate community at a mudflat site in the marina near Kellogg
Island (Leon 1980).

In 2003, LDWG conducted a clam survey at 11 intertidal locations between RM 0.0 and
RM 4.0 (Map A.2-1) (Windward 2004b). A random sampling design, based on WDFW
guidance (Campbell 1996), was employed to survey each of the 11 locations for clam
abundance. The sediment was excavated to a depth of 30 cm and all clams were sorted
from the substrate. The mean number of clams per 1 ft> ranged from 0.18 to 1.0

(Table A.2-4). The majority of clams collected were identified as Macoma baltica (60%),
followed by Mya arenaria (20%) and Macoma nasuta (18%). Other less common Macoma
species included Macoma inquinata and Macoma secta (both < 1%). The potential catch
rates were also assessed at four areas with the highest abundances of clams found
during the intertidal survey. Mya arenaria was the most common clam collected during
the assessment of potential catch rates comprising more than 98% of the total biomass.

Table A.2-4. 2003 intertidal clam survey results

MEAN ToTAL NUMBER OF INDIVIDUALS PER SPECIES
NUMBER OF
CLAMS PER
1-F7 MAcomA MAcomA MAcomA MAcomA MAcomA MyA
BEACH RIVER MILE SAMPLE BALTICA INQUINATA NASUTA SECTA SPP. ARENARIA
la 0.1 0.28 6 0 0 0 1 4
2a-island 0.5 1.0 75 0 12 1 1 14
2a-mainland 0.5 0.67 17 1 32 0 1 12
2b-mainland 0.5 0.70 2 0 4 0 0 1
2c-mainland 0.5 0.17 0 0 0 0 1
7 1.8 0.46 4 0 0 0 0 9
8 2.1 0.94 39 0 0 1 0 6
11 2.6 0.30 2 0 0 0 0 1
. LDW Baseline ERA
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MEAN TOTAL NUMBER OF INDIVIDUALS PER SPECIES

NUMBER OF
CLAMS PER
1-F72 MAcCoMA MAcCoMA MAcCoMA MAcCoMA MAcCoMA Mya
BEACH RIVER MILE SAMPLE BALTICA INQUINATA NASUTA SECTA SPP. ARENARIA

la 0.1 0.28 6 0 0 0 1 4
12 2.8 0.71 6 0 0 0 0 4
13a 2.9 0.47 2 0 3 0 0 3
16 35 0.18 19 0 0 0 1 2
All beaches na 0.53 173 1 51 2 4 57

na — not applicable

In 2004, LDWG collected clams for chemical analysis at 10 intertidal locations
throughout the LDW (Windward 2005b) (Map A.2-2). Two composite clam tissue
samples were collected at 4 of these 10 locations. The collection method involved three
field crew members actively searching and collecting clams from locations within the
intertidal area with the highest clam abundance, as determined by evidence of siphon
holes. The majority of clams collected for chemical analysis were Mya arenaria, with
only a few Macoma nasuta collected at two of the locations (Table A.2-5).

Table A.2-5. Numbers of clams collected for chemical analysis in 2004

ToTAL NUMBER OF INDIVIDUALS PER SPECIES

BEACH® MYA ARENARIA MACOMA NASUTA
C1-T 25 0
C2-T1 32 0
C2-12 52 0
C3-T1 26 0
C3-T2 22 0
C4-T 22 0
C5-T 28 0
C6-T 22 0
C7-T1 17 3
C7-T2 22 0
Cc8-T 23 0
Co-T 22 0
C10-T1 19 2
C10-T2 17 1

% Replicate samples were collected at three beaches along two separate transects (T1 and T2).

C — clam sampling location
T — sampling transect

LDWG conducted a qualitative survey of the benthic communities (including infauna
and smaller epibenthic species) at 14 subtidal locations throughout the LDW in 2004
(Map A.2-1) (Windward 2005f). Subtidal samples were collected with a 0.1-m? van
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Veen grab sampler and organisms were retained using a 1.0-mm mesh sieve. Three
replicate samples were composited into one sample at each location. The total number
of organisms ranged from 72 to 2,300 per 0.1 m2. A total of 246 invertebrate taxa were
identified in the van Veen grab samples. In general, annelids, crustaceans, and
mollusks were the most abundant organisms at the subtidal locations. The most
abundant annelids were Aphelochaeta cf glandaria, Capitella capitata complex, Hobsonia
florida, Polydora cornuta, and Scoletoma luti. The crustaceans were dominated by two
amphipods of the genus Americorophium, especially at locations between RM 3.9 and
RM 5.0. Eogammarus confervicolus and Grandidierella japonica were also common
crustaceans. The most abundant mollusks were the bivalves Axinopsida serricata,
Parvilucina tenuisculpta, and Macoma sp., and the most common gastropod was Alvania
compacta. Echinoderms were also present at six locations with abundances ranging
from 0.1 to 1.3% of all identified organisms.

As a way to summarize the subtidal benthic invertebrate community data, Swartz’s
dominance index was calculated for each subtidal location. Because replicate samples
were not collected at each location, these indices should be viewed as qualitative
indicators of community structure. The highest values of Swartz’s dominance index
were, in general, calculated for the more saline locations in the lower part of the
waterway (RM 0 to RM 1.5), and the lowest value was calculated for a mostly brackish
location in the Upper Turning Basin at RM 4.3. In the Upper Turning Basin, the
salinity is less than 5 ppt 70 to 84% of the time (King County 1999a). This pattern is in
accordance with general descriptions of benthic communities in estuaries, in which
diversity diminishes steadily up an estuary along a salinity gradient (Levinton 1982).
Table A.2-6 summarizes the results of the subtidal benthic invertebrate community
survey.

Prior to the Phase 2 survey, Ecology (2000) evaluated the benthic invertebrate
community at three subtidal locations in the LDW as part of the sediment quality
reconnaissance study for central Puget Sound. The benthic invertebrate community at
the three locations was dominated by annelids. Mollusks were also common, whereas
crustaceans and echinoderms were present in low abundances.

King County (1999b) evaluated risks to benthic infauna and epibenthos as a
component of their water quality assessment (WQA) of combined sewer overflow
(CSO) discharges to the Duwamish River and Elliott Bay. Subtidal samples were
collected with a 0.1-m? van Veen grab sampler and organisms were retained using a
1.0-mm mesh sieve. Sampling sites included transects located at Kellogg Island and
downgradient from the Duwamish/Diagonal CSO (Map A.2-1). Polychaetes were
abundant and were the dominant organisms at all subtidal locations, except at two
stations downstream of the Duwamish/Diagonal CSO, where oligochaetes and
mollusks were dominant. A Kellogg Island station also had relatively high abundance
of mollusks. Arthropods were more abundant in deeper waters.

N LDW Baseline ERA
[ ower Duwamish [/Jfaterway (Group  cna, July 31, 2007
Page 14

Port of Seattle / City of Seattle / King County / The Boeing Company



Table A.2-6. Phase 2 subtidal benthic invertebrate community survey results

SWARTZ'S TAXA RICHNESS BY MAJOR TAXONOMIC GROUP' MAJOR TAXONOMIC GROUP ABUNDANCE'
RIVER | LOCATION TOTAL TAXA DOMINANCE ECHINO- Misc. ECHINO-
MILE ID* ABUNDANCE’ | RICHNESS' INDEX ANNELIDA | CRUSTACEA | DERMATA | MOLLUSCA | TAXA®  ANNELIDA | CRUSTACEA | DERMATA | MOLLUSCA
0.1 Blb 326 107 15 43 22 4 28 10 176 i 3 66
0.6 BCA-4 937 107 13 62 12 2 25 6 499 60 <1l 367
0.9 B2b 537 92 7 43 17 1 23 8 124 85 <1l 323
1.0 B3b 559 93 12 54 14 2 22 1 397 42 <1 85
14 B4b 521 78 8 39 11 3 19 6 208 28 7 276
15 B5b 643 60 8 34 11 0 11 4 468 105 0 44
15 BCA-5 72 50 15 27 7 (1)° 0 12 3 52 6 0 13
1.7 BCA-2 328 54 6 29 12 1 11 1 282 17 <1 27
2.2 B6b 1,137 83 3 41 17 0 21 4 1,041 17 0 i
2.7 B7b 497 75 5 38 16 1 18 2 391 11 <1l 94
3.9 B9b 935 36 6 17 12 0 6 1 435 493 0 8
4.2 B8b 2,300 27 4 14 12 0 1 0 502 1,793 0 5
4.3 B10b 1,541 16 2 9 7 0 0 0 195 1,347 0 0
4.6 BCA-6 1,689 14 3 7 0 0 0 405 1,284 0 0

Sampling locations are shown on Map A.2-1.

Total number of individual organisms retained on a 1-mm sieve in a standard 0.1-m? area determined by extrapolating what was enumerated in three
composite van Veen grab samples representing a total area of 0.3 m? to the smaller area (0.1 m2) by dividing by 3.

Total number of taxa in a composite of three van Veen grab samples, representing a total area of 0.3 m?, at each location.

Total number of taxa in each major taxonomic group in a composite of three van Veen grab samples, representing a total area of 0.3 m?, at each location.
Miscellaneous taxa include Nemertea, Nematoda, Cnidaria, and Platyhelminthes.

Number of individual organisms in each major taxonomic group retained on a 1-mm sieve in a standard 0.1-m? area determined by extrapolating what was
enumerated in three composite van Veen grab samples representing a total area of 0.3 m? to the smaller area (01 m2) by dividing by 3.

9 One insect specimen was collected at this location.
BCA — benthic community analysis (BCA locations were sampled only for the benthic invertebrate community analysis)
ID - identification
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Williams (1990) sampled epibenthic sediment biota near Kellogg Island and found that
nematodes, oligochaetes, small harpacticoids, and cumaceans dominated the subtidal
epibenthos. As with the intertidal benthos, stations with finer sediments generally had
a greater abundance of epibenthic biota.

Leon (1980) used van Veen grab samplers to characterize the epibenthic and infaunal
sediment biota from subtidal locations near Kellogg Island. More than 60 different
taxa were identified, which was greater than the number found in the intertidal
habitat from the same survey. The most abundant taxon was deposit-feeding cirratulid
polychaete worms. While some of these invertebrates were also found in intertidal
habitats (oligochaetes, Capitella sp., Pygospio sp., ostracods), most subtidal species were
deposit-feeding polychaete worms that are characteristic of the deeper, turbid waters
of the LDW. Small deposit-feeding clams (Macoma sp., Axinopsida sp., and Psephidia
sp.) and the amphipod Anisogammarus sp., which feeds on diatoms and green algae,
were also present.

A.2.2.2.2 Larger epibenthic invertebrates

Larger epibenthic invertebrates identified in the LDW include crabs, shrimp, sea stars,
anemones, and mussels. Mussels, anemones, and echinoderms are surface detrital- or
filter-feeding organisms, whereas crabs and shrimps couple predaceous feeding with
scavenging. Numerous larger epibenthic invertebrate species were caught during two
fish and crab surveys conducted in late summer (August and September 2004 and
2005) throughout the LDW by LDWG (Windward 2005c, 2006b) (Maps A.2-1 and
A.2-2; Table A.2-7). The invertebrates were collected in high-rise otter trawls, beach
seines, crab traps, and shrimp traps. The most abundant epibenthic invertebrates were
slender crabs, crangon shrimps, and coonstripe shrimps. Dungeness crabs were also
caught in both surveys. The distribution of Dungeness crabs and other crabs was
generally limited to the downstream portion of the LDW where the salinity is greater;
however, a few adult Dungeness and slender crabs were caught between RM 4.2 and
4.5. A pilot survey and three quarterly surveys were performed in 2003 and 2004 to
estimate the abundance of crabs and shrimps in the LDW (Windward 2004a). Three
crab species and one shrimp species were caught in the surveys. Slender crabs and
Dungeness crabs were the most abundant species. The majority of these crabs were
caught in the downstream, more saline part of the LDW, with a few adults caught
between RM 4.2 and 4.6. Red rock crabs and dock shrimps were less abundant and
they were also primarily caught in the downstream portion of the LDW, with a few
adults caught between RM 1.6 and 2.2. In October 1998, adult Dungeness and red rock
crabs were collected at multiple locations near Kellogg Island but were not caught
farther upstream (ESG 1999).
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Table A.2-7. Numbers of individual invertebrate species caught using trawls

and traps in the LDW during the 2004 and 2005 surveys

NUMBER OF SPECIMENS CAUGHT

ComMMoN NAME SCIENTIFIC NAME 2004 2005
Anemone, plumose Metridium senile nc 49
Anemone unknown 81 nc
Ascidian® unknown 1 nc
Crab, black-clawed Lophopanopeus bellus 4 nc
Crab, decorator Loxorhynchus crispatus 32 19
Crab, Dungeness Cancer magister 62 33
Crab, hermit Pagurus sp. 11 3
Crab, kelp Pugettia producta 8 11
Crab, red rock Cancer productus 16 19
Crab, slender Cancer gracilis 942 483
Frilled dogwinkle Nucella lamellosa nc 2
Mussel, blue Mytilus edulis 6 nc
Moon snail Polinices lewisii nc 5
Nudibranch, striped Armina californica 39 118
Nudibranch unknown 41 nc
Sea star, mottled Evasterias troschelii 11 7
Sea star, sunflower Pycnopodia helianthoides 23 18
Sea star, sand Luidia nc 2
Sea star Pisaster sp. 50 27
Sea star unknown 11 nc
Sea pen unknown 38 8
Shrimp, coonstripe Pandalus danae 314 231
Shrimp, crangon Crangon sp. 538 172
Shrimp unknown 8 nc
Solaster Solaster stimpsoni nc
Tunicate® unknown nc
Urchin unknown 4 12

®  Ascidian is a class of tunicates, and tunicate (or Urochordata) is the subphylum. However, because the two
other classes of tunicates are pelagic, the two common names refer to the same group of invertebrates.

nc — not collected

During the 1989-1999 Puget Sound Ambient Monitoring Program (PSAMP),
invertebrates were collected throughout the Puget Sound, including locations in the
LDW (West et al. 2001). Epibenthic invertebrate species, similar to those caught in the
LDWG surveys, were collected with otter trawls. The most common invertebrates
were slender crabs and crangon shrimps. Other species caught during the PSAMP
survey, but not in the LDWG surveys, included porcelain crabs (family Porcellanidae),
chitons (class Polyplacophora), and several sea stars.
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Commonly observed mollusks include epibenthic mussels which have been observed
in large numbers on pilings and other structures in the downstream, more saline
portion of the LDW with fewer mussels reported up to and slightly above the Upper
Turning Basin (Windward 2000).

A.2.2.2.3 Summary

In summary, benthic invertebrates in the LDW consist of infauna and epibenthic
organisms in both intertidal and subtidal habitats. Invertebrates surveyed in the LDW
include more than 670 taxa, representing 178 families in 13 phyla (Attachment 1).
Typical of most estuaries, the invertebrate community is dominated by annelids,
mollusks, and crustaceans. Crustaceans are the most diverse of these three groups in
the LDW, representing more than 250 taxa. These taxa included numerous macrofauna
species from the orders Amphipoda, Isopoda, Cumacea, Tanaidacea, and Decapoda
and numerous meiofauna species from the orders of Harpacticoida and Calanoida.
The mollusks are represented by various bivalves and to a lesser extent by gastropods.
The most abundant large epibenthic invertebrates include slender crabs, crangon, and
coonstripe shrimps.

The taxonomic survey performed by LDWG, which was designed as a qualitative
study of the benthic invertebrate community throughout the LDW, did not evaluate
the distribution of benthic invertebrates in the LDW or their use of the LDW. Because
of the qualitative nature of the study, no conclusions can be drawn about potential
adverse effects of sediment chemicals on the benthic invertebrate community or about
benthic invertebrate distribution among habitat types.

A.2.2.3 Fish

Diverse fish communities inhabit the LDW. Data are available from 14 studies
conducted in the LDW investigating site usage by fish (Table A.2-8). Fifty-three
resident and non-resident fish species were captured in the LDW during Phase 2
sampling (Windward 2004c, 2005¢, 2006b). During historical sampling, Warner and
Fritz (1995) recorded 33 resident and seasonal fish species, Miller et al. (1975; 1977b)
observed a total of 29 species, and Matsuda et al. (1968) recorded a total of 28 species.
In these studies, shiner surfperch, snake prickleback, Pacific sandlance, Pacific
staghorn sculpin, longfin smelt, English sole, and starry flounder were particularly
abundant, as were juvenile chinook, chum, and coho salmon. Fish numerical
abundance reaches its maximum in late summer to early fall and is generally lowest in
winter (Miller et al. 1977b; Dexter et al. 1981). Based on otter trawl data, species
richness was shown to follow a similar trend but did not vary greatly with season
(Miller et al. 1977b). Fish species reported to occur in LDW studies are listed in
Attachment 2 with habitat, diet, and abundance information for each.

This section presents a summary of studies of LDW fish as well as a brief summary of
the life history characteristics and dietary preferences of some fish species found in the
LDW.
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Table A.2-8. Summary of studies assessing the fish community in the LDW

STUDY

Phase 2 fish and crab tissue collection
and chemical analyses (Windward 2005c,
2006b)

Habitat utilization, migration timing, growth,
and diet of juvenile chinook salmon in the
Duwamish River and Estuary (Ruggerone
et al. 2006)

Fish assemblages and patterns of juvenile
chinook salmon abundance, diet, and
growth at restored sites in the Duwamish
River (Cordell J et al. 2006)

Phase 2 juvenile chinook salmon
collection and chemical analyses
(Windward 2004c)

East Waterway channel deepening
project, juvenile salmonid and epibenthic
prey assessment (Shannon 2006)

East Waterway juvenile chinook salmon
(Windward 2002)

Waterway sediment operable unit, Harbor
Island Superfund site. Assessing human
health risks from ingestion of seafood
(Robertson 2004)

PSAMP (West 2001)

Distribution and growth of Green River
chinook salmon and chum salmon
outmigrants in the Duwamish estuary
(Warner and Fritz 1995)

Distribution and food habits of juvenile
salmonids in the Duwamish Estuary
(Meyer et al. 1981)

Lower Djwamish I/M';lterway Group

YEAR
COMPLETED

2005

2005

2005

2003

2003

2002

1998

1997

1994

1980

LOCATION

four areas throughout the
LDW

throughout LDW

restoration and reference
sites throughout LDW

lower waterway (RM 0.1 to
RM 0.9), and mid waterway
(RM 1.4 to RM 2.9)

Kellogg Island and Harbor
Island area

Kellogg Island

Harbor Island to south side
of 1% Ave S. Bridge

Kellogg Island

Kellogg Island to above
rapids

Kellogg Island and at S
Kenyon Street (RM 3.0)

FINAL

Port of Seattle / City of Seattle / King County / The Boeing Company

SAMPLING PERIOD

August and September, 2004
August and September, 2005

February to July, 2005

February to July 2005

May (2 days) and June (3 days)

2003

biweekly April — August 1998,

2000, 2003

June 2002

single visit to each site

May 1992 — 1997

February — April (biweekly);
April — May (weekly); May —
September (biweekly) 1994

April to June (weekly); July
(biweekly) 1980

LDW Baseline ERA
July 31, 2007
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EQUIPMENT
TYPE

otter trawl, beach
seine, shrimp
traps, crab traps

beach seine

enclosure net

beach seine

beach seine

beach seine

SCUBA

otter trawl

beach seine

purse seine

beach seine

No. oF
LOCATIONS
SAMPLED

24

14

7(2in
LDW)

8 (6in
LDW)



YEAR
STUDY COMPLETED
Port of Seattle Terminal 107 fisheries 1978
study (Weitkamp and Campbell 1980)
Chemical contaminants and biological
abnormalities in central and southern 1979
Puget Sound (Malins et al. 1980)
Ecological survey of demersal fishes in 1974
the Duwamish River and at West Point or ’
1975, and
near Metro sewage treatment plants 1976
(Miller et al. 1975; 1977a; 1977b)
Fishes of the Green-Duwamish River 1966

(Matsuda et al. 1968)

LOCATION

Kellogg Island and adjacent
channel

South end of Kellogg Island

South end of Harbor Island

West Waterway to the
Upper Turning Basin

upper and lower LDW
(exact locations unknown)

SAMPLING PERIOD

monthly October 1977 to
February, July, and August
1978; more frequently from
March to June 1978

October 1977 — August 1978
(quarterly)

quarterly

1974 and 1975 (monthly) and
January 1976

1964 — 1966 (weekly)

EQUIPMENT
TYPE

purse seine
beach seine

gill net (surface
and bottom)

7.5-m otter trawl

5-m otter trawl

beach seine

No. oF
LOCATIONS
SAMPLED

5

5

1in LDW

8 (7 in
LDW)

2

Note: The majority of these studies used active capture techniques such as beach seining and otter trawls. These techniques preferentially capture less mobile
species and are not effective for rough substrates or near structures. However, passive techniques employed in LDW sampling that included gill nets
(Weitkamp and Campbell 1980), shrimp traps, and crab traps (Windward 2005c, 2006b) yielded no additional fish species beyond those observed using
beach seines or otter trawls, indicating that the trawl data are generally reflective of the LDW fish community. Five of the 11 studies were conducted prior to
1986 when the Renton Wastewater Treatment Plant outfall was diverted from the Green River to Central Puget Sound. Because the diversion of the
wastewater treatment plant effluent decreased summer flows by as much as 25% (~1.6 m3/s [56 cfs]), the diversity and abundance of fish in the LDW may

have changed since these studies were conducted.
LDW — Lower Duwamish Waterway
PSAMP — Puget Sound Ambient Monitoring Program
RM — river mile
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A.2.2.3.1 Pacific salmon

Five species of Pacific salmon (coho, chinook, chum, sockeye, and pink) occur in the
LDW (Kerwin and Nelson 2000). These anadromous fish use the estuary for rearing
and as a migration corridor for adults and juveniles. Among numerous beneficial uses
identified for the LDW, habitat for outmigrating juvenile salmonids is one of the most
important (Harper-Owes 1983).

The time spent by salmonids in the LDW is limited for all species. The amount of time
spent each year depends on the specific life history of the species. Salmon found in the
LDW spawn mainly in the middle reaches of the Green River and its tributaries
(Grette and Salo 1986).

Adult salmon generally do not feed to any significant extent once they enter the
estuary on their upstream spawning migrations. The peak timing of outmigration for
juveniles of all species generally corresponds with March-to-June high flows.
Outmigration usually lasts through mid-July to early August for most species (Warner
and Fritz 1995; Nelson et al. 2004). During this time, juveniles use the estuary to feed
and begin their physiological adaptation to higher salinity.

Chinook Salmon

Historically, the Green/Duwamish River supported spring and fall runs of chinook
salmon. Fall-run chinook, a sub-population of the Puget Sound chinook population,
are the only naturally sustaining run that still uses the Green/ Duwamish River
corridor. This run was among those listed as threatened under ESA in March 1999.
These fish use the LDW for migration to and from spawning grounds in the mainstem
Green River and larger tributary streams. Production is from hatcheries, naturally

spawning hatchery-reared fish, and naturally spawning native fish (Grette and Salo
1986; WDFW 1993).

Returning fall chinook salmon enter the LDW from late June through mid November,
with peak upstream migration in mid August (Grette and Salo 1986). In the mid-1970s,
WDEFW established an escapement goal of 5,800 naturally produced fall chinook using
average escapement of natural origin fish and hatchery strays from 1965-1976 (Ames
and Phinney 1977; as cited in Weitkamp and Ruggerone 2000). For the period from
1989-99, spawning escapements have been relatively high, averaging 8,578 fish,
exceeding the WDFW goal for eight of the 10 years (WDFW unpublished data, as cited
in King County 1999c). The contribution of Green River chinook salmon to the total
chinook run entering Puget Sound and the Strait of Juan de Fuca ranged from 1.9 to
7.0% for the period 1979 to 1984 (Grette and Salo 1986).

In a 2003 tagging study of natural origin fry released approximately 30 miles upstream
in February and March, fry were recovered at RM 5.0 to 6.0 of the LDW within one to
31 days after release (53% of the fry were found within 1 to 4 days) (Nelson et al. 2004).
In 2002 and 2003, several year classes of outmigrant chinook (fry, yearlings, and
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possibly 2-year-old fish) were found in the LDW between January and September
(Warner and Fritz 1995; Nelson et al. 2004). Two peaks in abundance occurred: the first
peak (of fry) was observed from late February to early March, and the second peak (of
fingerlings) occurred between mid-May and mid-June. Peak catch data in 2002 and
2003 suggest that most naturally spawned fingerlings arrive in the estuary in May and
reside in the LDW for approximately 2 weeks before departing to marine waters
(Nelson et al. 2004). However, some fry may stay in the LDW from January until
outmigration in June. Subyearlings have been consistently captured at RM 5.0 and
6.0,> suggesting that this is an important zone where juvenile chinook salmon
transition between fresh and salt water (Ecology 2000; Nelson et al. 2004; Warner and
Fritz 1995).

Ruggerone and Volk (2004) estimated residence time in the LDW prior to capture
using incremental uptake of strontium in otoliths. Residence time of naturally
spawned® chinook salmon collected from throughout the LDW averaged from a low of
16 + 4 days in early July to a high of 58 + 13 days in early September. The average
residence time of individual hatchery chinook salmon increased from 16.6 days during
late May through June (ranging from 6 to 25 days) to 45.6 days in mid-September.

Gut content analyses have shown that juvenile chinook in the LDW prey on a wide
variety of benthic organisms such as Corophium spp. (amphipods) and Cumella vulgaris,
drifting organisms such as adult dipterans, and zooplankton such as barnacle nauplius
larvae (Cordell et al. 1997; 1999). Seasonal sampling suggests juvenile chinook shift
their diet as different prey become available (Cordell et al. 1997; 1999).

Coho Salmon

Green River coho constituted from 0.9 to 1.4% of the total coho run entering Puget
Sound and the Strait of Juan de Fuca for the period 1979-1984 (Grette and Salo 1986).
Production was from hatcheries, naturally spawning hatchery-reared fish, and
naturally spawning native fish (Grette and Salo 1986; WDFW 1993).

Adult coho return to the LDW between August and January, move through the LDW
in a few days, and spawn and rear in all accessible reaches of the Green River drainage
(Williams et al. 1975; as cited 