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Map 1-1. Future Risks to the Benthic Community
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LIST OF ACRONYMS

Acronym Definition

2,4-D 2,4-dichlorophenoxyacetic acid

2,4-DB 4-(2,4-dichlorophenoxy)butyric acid

2,45-T 2,4,5-trichlorophenoxyacetic acid

ACR acute-to-chronic ratio

AET apparent effects threshold

ANOVA analysis of variance

AOC area of concern

AOPC area of potential concern

aRPD apparent redox potential discontinuity

ASTM American Society for Testing and Materials

AWQC ambient water quality criteria

BAF bioaccumulation factor

BCF bioconcentration factor

BEHP bis(2-ethylhexyl) phthalate

BERA baseline ecological risk assessment

BEST Biomonitoring of Environmental Status and Trends (protocol)

BHHRA baseline human health risk assessment

BMR biomagnification regression

BSAF biota-sediment accumulation factor

BSAR biota-sediment accumulation regression

bw or BW body weight

CERCLA Comprehensive Environmental Response, Compensation, and Liability
Act

CFD cumulative frequency distribution

cfs cubic feet per second

cocC contaminant of concern

COl contaminant of interest

COPC contaminant of potential concern

CRD Columbia River Datum

CSM conceptual site model
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Acronym Definition

DDD dichlorodiphenyldichloroethane

DDE dichlorodiphenyldichloroethylene

DDT dichlorodiphenyltrichloroethane

DL detection limit

dw dry weight

EC50 concentration that causes a non-lethal effect in 50% of an exposed
population

Eco-SSL ecological soil screening level

EE/CA engineering evaluation/cost analysis

EPA US Environmental Protection Agency

EPC exposure point concentration

ERA ecological risk assessment

ERM effects range — median

EROD ethoxyresorufin-O-deethylase

ESA Endangered Species Act

ESB equilibrium partitioning sediment benchmark

FAV final acute value

FCV final chronic value

FPM floating percentile model

FIR food ingestion rate

FN false negative

FP false positive

FS feasibility study

FSP field sampling plan

FWM food web model

GIS geographic information system

GMAV genus mean acute value

GWPA groundwater pathway assessment

HCH hexachlorocyclohexane

HHRA human health risk assessment

HPAH high-molecular-weight polycyclic aromatic hydrocarbon

HQ hazard quotient
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Acronym Definition
ID identification
IwWC integrated water column
J-qualifier estimated concentration
LO Level 0 (non-toxic)
L1 Level 1 (low toxicity)
L2 Level 2 (moderate toxicity)
L3 Level 3 (high toxicity)
LC50 concentration that is lethal to 50% of an exposed population
LC10 concentration that is lethal to 10% of an exposed population
LCV lowest chronic value
LD50 dose that is lethal to 50% of an exposed population
LOAEL lowest-observed-adverse-effect level
LOE line of evidence
LPAH low-molecular-weight polycyclic aromatic hydrocarbon
LRM logistic regression model
LWG Lower Willamette Group
LWR Lower Willamette River
MATC maximum acceptable toxicant concentration
MCPA 2-methyl-4-chlorophenoxyacetic acid
MCPP methylchlorophenoxypropionic acid
MQ mean quotient
N-qualifier presumptive evidence of a compound
NAVD North American Vertical Datum
NMFS National Marine Fisheries Service
NN natural neighbors
NOAA National Oceanic and Atmospheric Administration
NOAEL no-observed-adverse-effect level
O&M operation and maintenance
oC organic carbon
ODEQ Oregon Department of Environmental Quality
ODFW Oregon Department of Fish and Wildlife
PABAK prevalence- and bias-adjusted (Cohen’s) kappa
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PAH polycyclic aromatic hydrocarbon
PCB polychlorinated biphenyl
PEC probable effects concentration
PEL probable effects level
PIT passive integrated transponder
pMax maximum probability of toxicity
PRE preliminary risk evaluation
PRG preliminary remediation goal
QAPP quality assurance project plan
REV reference envelope value
RI remedial investigation
RM river mile
RSET Regional Sediment Evaluation Team
SCRA site characterization and risk assessment
SIR sediment ingestion rate
SL screening level
SL1 screening level 1
SL2 screening level 2
SLERA screening-level ecological risk assessment
SMDP scientific/management decision point
SOW scope of work
SPI sediment profile imaging
SQG sediment quality guideline
SQV sediment quality value
SSD species sensitivity distribution
SUF site use factor
SvVOoC semivolatile organic compound
SWAC spatially weighted average concentration
T-qualifier value calculated or selected from multiple results
TBT tributyltin
TCDD tetrachlorodibenzo-p-dioxin
TEF toxic equivalency factor
DO NOT QUOTE OR CITE -
This document is currently under review by US EPA and its federal, XXl

state, and tribal partners, and is subject to change in whole or in part.



Portland Harbor RI/FS
LWG Draft Final Remedial Investigation Report

Lower Willamette Group Appendix G: BERA

July 1, 2011

Acronym Definition

TEQ toxic equivalent

TOC total organic carbon

total DDx sum of all six DDT isomers (2,4'-DDD; 4,4'-DDD; 2,4'-DDE; 4,4'-DDE;
2,4'-DDT; and 4,4'-DDT)

TPH total petroleum hydrocarbons

TRV toxicity reference value

TSC threshold sediment concentration

TTC threshold tissue concentration

TU toxicity unit

TZW transition zone water

UCL upper confidence limit on the mean

UF uncertainty factor

UPL upper prediction limit

USACE US Army Corps of Engineers

USFWS US Fish and Wildlife Service

USGS US Geological Survey

uv ultraviolet

VOC volatile organic compound

WDFW Washington State Department of Fish and Wildlife

WDG Washington Department of Game

WOE weight of evidence

WQS water quality standards

wWw wet weight

XAD Infiltrex™ 300 system with an XAD-2 resin column

DO NOT QUOTE OR CITE

This document is currently under review by US EPA and its federal, xxiii
state, and tribal partners, and is subject to change in whole or in part.



LWG

Lower Willamette Group

Portland Harbor RI/FS

Draft Final Remedial Investigation Report
Appendix G: BERA

July 1, 2011

GLOSSARY

Term

Definition

acute
acute-to-chronic ratio
ambient water quality
criterion

ammocoete

anadromous

apparent redox
potential discontinuity
depth

assessment endpoint
benthic

benthopelagic

benthos

bioaccumulation

bioconcentration factor

biomagnification

biomagnification
regression

biota-sediment
accumulation factor

occurring within a short period of time, typically an hour to a day in
ecotoxicology

the ratio of the concentration at which acute effects occur to that at
which chronic effects occur

contaminant concentration considered to be protective of aquatic
biota

filter-feeding larval life stage of the lamprey

describes fish species that migrate to saltwater and then return to
freshwater rivers and lakes to breed

an estimation of the depth at which the oxygenated surface sediment
layer transitions to anoxic conditions; used as a measure of
community succession in the sediment profile imaging analysis

the explicit expression of the ecological entity to be evaluated in an
ecological risk assessment

relating to or characteristic of the bottom of an aquatic body or the
organisms and plants that live there

living and feeding (on benthic as well as free-swimming organisms)
on the bottom as well as throughout the water column

organisms that live in or on the sediment or other bottom substrates
in a water body

the accumulation of a substance in an organism

the concentration of a contaminant in the tissues of an organism
divided by the concentration in water

the increase in concentration of a substance in the tissue of an
organism within each successive increase of trophic level

a mathematical equation that attempts to describe the relationship
between the concentration of a chemical in prey tissue and the
concentration of the chemical in predator/consumer tissue using
co-located data pairs

the ratio of the concentration of a contaminant in the tissue of an
organism to the concentration in sediment
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Term

Definition

biota-sediment
accumulation regression

bioturbation

contaminant of concern
(COO)

contaminant of interest

(Col)

contaminant of potential
concern (COPC)

Contaminant posing
potentially unacceptable
risk

chironomid

chronic

community

composite sample

conceptual site model

congener

crustacean

a mathematical equation that attempts to describe the relationship
between the concentration of a contaminant in the tissue of an
organism and the concentration of the contaminant in sediment
using co-located data pairs

the disturbance of sediment by the actions of organisms living on or
in the bottom

the subset of contaminants posing potentially unacceptable risk that
are necessary and sufficient to develop and evaluate remedial
alternatives that are protective of ecological resources

contaminant detected in the Study Area in any exposure medium
(i.e., surface water, transition zone water, sediment, and tissue)

the subset of contaminants of interest with maximum detected
concentrations that are greater than screening-level effect thresholds

The subset of contaminants of potential concern exceeding toxicity
reference values in the final step of the risk characterization

(i.e., considering ecologically relevant diets and exposure area
sizes)

small non-biting midges (in the fly family) with an aquatic larval
stage during which they significantly contribute to the benthic
biomass of an ecosystem

occurring over a longer period of time relative to an organism’s life

a group of interacting organisms (multiple species) that share a
common environment in both space and time

an analytical sample created by mixing together two or more
individual samples; tissue composite samples are composed of two
or more individual organisms, and sediment composite samples are
composed of two or more individual sediment grab samples

a description of the links and relationships between contaminant
sources, routes of release or transport, exposure pathways, and the
ecological receptors at a site

a specific chemical within a group of structurally related chemicals
(e.g., PCB congeners)

an invertebrate with several pairs of jointed legs, a hard protective
outer shell, two pairs of antennae, and eyes at the end of stalks
(e.g., crayfish, beach fleas, and sand hoppers)
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Term Definition

decapod a group of crustaceans with an external skeleton and five pairs of
walking legs (e.g., crayfish and prawns)

detritivore an organism that eats detritus (e.g., Pacific lamprey ammocoetes)

detritus loose, unconsolidated material, primarily composed of tiny organic

ecological risk
assessment

dose

effects assessment

effect threshold

empirical data

epibenthic

equilibrium partitioning
sediment benchmark

equilibrium partitioning
approach

exposure assessment

exposure pathway

exposure point

exposure point
concentration

fragments (e.g., remains of plants and animals, bacteria, fungi)

a process to evaluate the likelihood that adverse ecological effects
might occur or are occurring as a result of exposure to one or more
contaminants

the quantity of an contaminant taken in or absorbed at any one time,
expressed on a body weight-specific basis; units are generally
expressed as mg/kg bw/day

the part of a risk assessment that describes the relationship between
exposure to a contaminant and effects on ecological receptors

a level of contaminant exposure of a receptor above which a
particular effect is expected to occur or below which no effect is
expected to occur

data quantified in a laboratory

bottom-dwelling aquatic organisms that live on the sediment or
other hard surface

sediment concentration derived using the equilibrium partitioning
approach to assess the likelihood of significant adverse effects to
benthic organisms

based on a theory stating that a nonionic chemical in sediment
partitions between sediment organic carbon, porewater, and benthic
organisms; at equilibrium, if the concentration in any one phase is
known, the concentration in the others can be predicted

the part of a risk assessment that characterizes the contaminant
exposure of a receptor

physical route by which an contaminant moves from a source to a
biological receptor

the location or circumstances at which an organism is assumed to
contact a contaminant

the concentration of an contaminant at the exposure point
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Term

Definition

exposure scale

hazard quotient

herbivores

home range

infauna

invertivore

line of evidence

lipid-normalized
concentration

lowest-observed-
adverse-effect level

macroinvertebrate
macropthalmia

measurement endpoint

meiofauna

no-observed-adverse-
effect level

organic carbon-
normalized
concentration

oligochaete

omnivore

pelagic

size of the area throughout which a receptor might come in contact
with an contaminant as determined by home range or foraging
habits

the quotient of the concentration of a contaminant in an
environmental medium divided by the effect threshold

organisms that eat primarily plants

area over which an individual organism conducts activities
throughout its lifespan

bottom-dwelling aquatic organisms that burrow within a soft
substrate

organism that eats primarily insects or other invertebrates

one method for evaluating risks to a particular ecological receptor;
is generally specific to an exposure pathway and/or medium

a chemical concentration in biota tissue adjusted for lipid
concentration

the lowest level of exposure to a contaminant that causes a
measured response that negatively affects an organism

invertebrate large enough to be seen by the naked eye
lamprey juvenile (life-stage following ammocoete)

the exposure and/or effect measure used to evaluate the assessment
endpoint in an ecological risk assessment

very small benthic invertebrates that live among the sand grains
below the sediment surface; typically too small to be seen by the
naked eye

the highest level of exposure to a contaminant that does not cause a
measured negative response of an organism

a chemical concentration in sediment adjusted for organic carbon
content

a type of segmented worm that is widely distributed in both
sediment and soil

an organism that eats both animal and plant matter

pertaining to, living in, or occurring in an open water body
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Term Definition

periphyton algae, bacteria, microorganisms (along with organic material)
attached to hard substrates (e.g., rock, roots, etc.) that occur in a
water body

piscivore an organism that eats primarily fish

population a group of organisms belonging to the same species

porewater water that fills the spaces between grains of sediment

predicted data

reference threshold

regression

remediation goal

riparian

risk

risk characterization

risk threshold

screening level risk

assessment

sediment quality
guideline

data not quantified in a laboratory but estimated using a model

a lower level response (survival or growth) in toxicity tests from a
reference area representing the limit of the normal or expected
responses in the absence of exposure to site-specific sediment
contamination

the statistical relationship between a random variable and one or
more independent variables

contaminant-specific requirements that establish acceptable
exposure levels for each exposure pathway; may be used as cleanup
criteria in a remedial action

situated or living along the bank of a river or stream

the chance that a specific ecological component experiences a
particular adverse effect from exposure to contaminants from a
hazardous waste site; the severity of risk increases if the severity of
the adverse effect increases or if the chance of the adverse effect
occurring increases

a part of the risk assessment process in which exposure and effects
data are integrated in order to evaluate the likelihood of associated
adverse effects

a level of contaminant exposure of a receptor above which a
particular effect is expected to occur or below which no effect is
expected to occur

a part of the risk assessment in which contaminants of potential
concern are identified by comparing maximum contaminant
concentrations to screening level effect thresholds

a published sediment concentration used to evaluate sediment
quality based on effects to aquatic organisms
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Term

Definition

site use factor

special status species

species

species sensitivity
distribution

Study Area

threshold sediment
concentration

threshold tissue
concentration

toxicity threshold

trophic level

toxic equivalency factor

toxicity reference value

transition zone water

upper confidence limit
on the mean

the fraction of time that a receptor spends foraging at the site
relative to the entire home range and based on consideration of
seasonal use

ecological organisms that are protected by federal and/or state
regulations or otherwise deemed culturally significant

related individuals that share common characteristics and are
capable of breeding among themselves and producing fertile
offspring

a mathematical model that attempts to compile effect thresholds for
a related set of species

the portion of the Lower Willamette River that extends from River
Mile 1.9 to River Mile 11.8

a sediment concentration above which a particular effect is expected
to occur or below which no effect is expected to occur

a tissue concentration above which a particular effect is expected to
occur or below which no effect is expected to occur

used to define the onset of specific level of adverse effect

a feeding level within an ecosystem at which energy is transferred
(e.g., herbivores, carnivores)

numerical values developed by the World Health Organization that
quantify the toxicity of dioxin, furan, and dioxin-like PCB
congeners relative to 2,3,7,8-tetrachlorodibenzodioxin

a toxicity threshold that has been used in a risk assessment

porewater associated with the upper layer of the sediment column;
may contain both groundwater and surface water

a conservative high-end statistical measure of central tendency
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EXECUTIVE SUMMARY

A draft final baseline ecological risk assessment (BERA) has been prepared following the
ecological risk assessment (ERA) approach presented in the Portland Harbor Remedial
Investigation/Feasibility Study (RI/FS) Programmatic Work Plan (Integral et al. 2004b)
and direction in the US Environmental Protection Agency (EPA)-prepared February 2008
Problem Formulation document (EPA 2008j) (included in the BERA as Attachment 2).
The approach was prepared by the Lower Willamette Group (LWG) based on the
requirements of the scope of work and Administrative Order on Consent (EPA 2001)
entered into with EPA for conducting the RI/FS. The approach is also consistent with
EPA guidance for conducting ERAs (EPA 1997, 1998).

The overall purpose of the BERA is to determine if deleterious ecological effects from
exposure to uncontrolled releases of hazardous substances to the Lower Willamette River
(LWR) might be occurring in the Study Area under baseline conditions.* If so, then the
BERA provides information to risk managers to support decisions about preliminary
remediation goals (PRGSs), areas of potential concern, and methods to analyze remedial
action alternatives for the protection of ecological receptors in the FS.

Incorporating the results of the BERA and the baseline human health risk assessment,
these PRGs will provide preliminary estimates of the long-term goals to be achieved by
any cleanup actions in Portland Harbor. During the FS process, PRGs will be refined
based on background sediment quality, technical feasibility, and other risk management
decisions. EPA will identify the final sediment remediation goals for the site in the
Record of Decision, following the completion of the FS. Given that the Portland Harbor
Superfund Site is located in an urban and industrialized area, the regional land uses and
physical and chemical baseline conditions will play a role in risk management decisions.
For most ecological receptors, the draft final BERA assumed that the entire Study Area
represents potential habitat; further evaluation of specific habitat areas should be another
key component considered when making future risk management decisions.

The evaluation of potentially unacceptable risks to ecological receptors at the Portland
Harbor Superfund Site has been an ongoing and iterative process involving both the
LWG and EPA, with oversight and direction from EPA. This process has been
documented by numerous reports and technical memoranda over the past several years.
Data from the Study Area were collected by LWG during three sampling rounds
(Rounds 1, 2, and 3) concurrent with the production of documents that refined the
assessment and delineation of risks. Data from all LWG sampling rounds as well as other
relevant and acceptable sources combined with a series of exposure assumptions and
effects thresholds form the basis of the risk estimates in this draft final BERA. The risk
estimates evaluate ecological receptors under worst-case exposure scenarios

! Baseline conditions are the conditions represented by the BERA dataset, which was collected between June 2002
and November 2007. The BERA dataset is found in Attachment 4.
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(e.g., assuming that organisms get 100% of their food from the Study Area and using
organism-level measurement endpoints).

Benthic invertebrates, fish, birds, mammals, amphibians/reptiles, and aquatic plants were
identified as ecological receptors in the conceptual site model (CSM). These receptors
were evaluated in the risk assessment using multiple lines of evidence (LOES). The
assessment endpoints for all receptors are based on the protection and maintenance of
their populations and communities, except that organism health was designated by EPA
as the assessment endpoint for juvenile Chinook salmon, Pacific lamprey ammocoetes,
and bald eagle.

This document identifies contaminants whose measured or predicted concentration
exceeds a defined adverse effects threshold, typically a toxicity reference value (TRV).
These contaminants are termed contaminants of potential concern (COPCs). COPCs are
drawn from a longer list of contaminants of interest (COIs). Risk estimates are stated as
hazard quotients (HQs), which are calculated as the concentration at the point of exposure
divided by the adverse effects threshold. Any COPC with an HQ > 1 in the final step of
the risk characterization (i.e., considering ecologically relevant diets and exposure area
sizes) for at least one LOE, in any location in the Study Area is identified as a
contaminant posing potentially unacceptable risk.? The results of the BERA will be used
in the FS to identify contaminants of concern (COCs), areas of concern (AOCs), and
receptors of concern. Section 12 presents the LWG’s ecological risk management
recommendations regarding COCs, AOCs and receptors of concern for developing and
evaluating remedial alternatives that are protective of ecological resources.

Key findings of the BERA include the following:

e In total, 89 contaminants (as individual chemicals, sums, or totals) with HQ > 1
pose potentially unacceptable risk.>

e The primary risk of ecologically significant adverse effects on ecological
receptors in the Study Area is from four groups of chemical
mixtures:polychlorinated biphenyls (PCBs), dioxins and furans, polycyclic
aromatic hydrocarbons (PAHSs), and total DDx (all isomers of
dichlorodiphenyltrichloroethane [DDT] [2,4'-dichlorodiphenyldichloroethane
(DDD), 4,4'-DDD, 2,4'-dichlorodiphenyldichloroethylene (DDE), 4,4'-DDE,
2,4'-DDT, and 4,4'-DDT]).

e The identification of the primary contributors to risk is consistent with EPA risk
assessment guidance (EPA 1997) and is not intended to suggest that other

2 This has the same meaning as the term “potentially posing unacceptable risk” in the draft final Portland Harbor
RI/FS baseline human health risk assessment (Kennedy/Jenks 2011).

® The likelihood and ecological significance of the potentially unacceptable risk varies across COPCs and LOEs
from very low to high. Therefore, the potentially unacceptable risks range from negligible to significant.
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contaminants in those areas, and generally in the Study Area, do not also present
potentially unacceptable risk.

e HQs > 1 occur for PCBs throughout the Study Area for mink (HQs range from 19
to 33) and for river otter (HQs range from 21 to 31), indicating possible
population-level effects expressed as reduced reproductive success.

e Reproductive success in spotted sandpiper, bald eagle, and osprey might also be
reduced because of PCB exposure, as indicated by HQs > 1 throughout the Study
Area for spotted sandpiper (max HQ = 12) and bald eagle (max HQ = 3.9) and,
over a smaller area, for osprey (max HQ =4.4).

e Overall, a greater degree of uncertainty is associated with PCB risk estimates for
birds than for mammals because of uncertainty about both exposure and the
effects data. Uncertainty is higher for otter than for mink because otter-specific
effects data are not available.

e The combined toxicity of dioxins/furans and dioxin-like PCBs, expressed as total
toxic equivalent (TEQ), poses the potential risk of reduced reproductive success
in mink (max HQ = 12), river otter (max HQ = 2.3), sandpiper (max HQ = 20),
bald eagle (max HQ = 53), and osprey (max HQ = 3.8). The PCB TEQ fraction of
total TEQ is responsible for the majority of total TEQ exposure, but the total
dioxin/furan TEQ fraction also exceeds its TRV in some locations of the Study
Area. As for total PCBs, a greater degree of uncertainty is associated with total
TEQ risk estimates for birds and otter than for mink.

e The potential for adverse effects in fish due to exposure to total PCBs is low: HQs
are < 1 for fish and benthic invertebrates via the surface water LOE, tissue-residue
HQs > 1 occur over only a moderate spatial extent (or, for large-home-range fish,
in relatively few samples), and uncertainty in the tissue-residue TRV is more
likely to over- than underpredict risk.

e DDx compounds pose low to negligible risk of reduced reproductive success to
individual bald eagles and Pacific lamprey ammocoetes and only within limited
portions of the Study Area.

e For certain LOEs, DDx HQs are > 1 for sculpin and spotted sandpiper, although
risk to their populations was assessed to be negligible. This conclusion is based on
the weight of evidence (WOE). Surface water HQs are < 1 for fish and benthic
invertebrates. Tissue-residue HQs > 1 for sculpin occur at low magnitude and
over a limited spatial area; HQs > 1 for sculpin in transition zone water (TZW)
(porewater associated with the upper layer of the sediment column) are also
spatially limited and likely overestimate risk. For the spotted sandpiper, dietary
HQs > 1 occur over a limited spatial area, with effects uncertainties likely to
result in overestimated risk.

e Contaminant concentrations in TZW were compared with surface water effects
thresholds to predict risk to benthic invertebrates, fish, amphibians, and aquatic
plants. TZW risks were evaluated in a focused study of only nine locations in the
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Study Area with known or likely pathways for discharge of contaminated upland
groundwater to the Study Area. Fifty-eight COPCs measured in TZW have
baseline HQs > 1 (14 metals, 16 PAHs, 3 semivolatile organic compounds
[SVOCs], the pesticides 4,4’-DDT and total DDx, 16 volatile organic compounds
[VOCs], 5 gasoline-range hydrocarbon fractions, and the conventionals cyanide
and perchlorate).

e TZW exceedances (i.e., HQs > 1) are localized, indicating that none of the TZW
COPCs is likely to pose risk to Study Area benthic invertebrate communities or
fish populations. Risks to amphibians and plants are even lower because the
species in the Study Area are unlikely to use the habitats where contaminated
groundwater discharges.

e Thirty-eight TZW COPCs,* including 6 metals, 16 PAHSs, 2 SVOCs, 2 pesticides,
10 VOCs, cyanide, and perchlorate, pose potentially unacceptable risk to Pacific
lamprey ammocoetes in localized areas. However, compared to other aquatic
species, lamprey ammocoetes have average or lower sensitivity to chemicals that
cause toxicity across several different modes of action (Andersen et al. 2010); the
water TRVs are thus conservative for lamprey ammocoetes. Given their feeding
habits and the low oxygen levels at the depths represented by the TZW samples,
lamprey ammocoetes have relatively low exposure to TZW compared with
surface water in the hyporheic zone; thus, the exposure estimates, too, are
conservative.

e For many COls, the available exposure and effects data preclude a quantitative
risk evaluation. These contaminants have nonetheless been identified as posing
potentially unacceptable risk. Risk to fish could not be evaluated for 17
tissue-residue COls, 11 dietary COls, 5 surface water COls, and 9 TZW COls.
Risk to birds and mammals could not be evaluated for 19 dietary COIls. Risk to
amphibians and aquatic plants could not be evaluated for 19 surface water COls
and 16 TZW COls.

e COPCs occur at concentrations that are projected to pose unacceptable benthic
risks for about 7% of the Study Area. Unlike other ecological receptors, for which
risk was evaluated on a chemical-specific basis, risk to the benthic invertebrate
community was evaluated in large part by considering exposure to the mixture of
chemicals present in the Study Area sediments.

e The benthic community risk evaluation relied primarily on toxicity tests and
multivariate predictive models based on the toxicity test and sediment chemistry
results. Following a point-by-point assessment of potential effects on benthic
organisms, based on measured or predicted toxicity and benthic tissue-residue
data, multiple COPCs were identified: metals, tributyltin (TBT), PAHSs, several

* Though not a CERCLA COPC, gasoline-range aliphatic hydrocarbons (C10-C12) were evaluated as an
uncertainty, have HQ > 10, and also may pose risk to individual lamprey organisms.
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SVOCs, two phenolic compounds, dibutyl phthalate, total PCBs, total DDx, and
other pesticides.

e The COPCs in sediment that are spatially associated with locations of potentially
unacceptable risk to the benthic community or populations are PAHs, PCBs, and
DDx compounds.

These findings can be used in the FS as the framework for analyzing and comparing
alternatives to remediate areas of elevated risk to ecological receptors.

By design, risk assessments are conservative in the face of uncertainty. In this context,
conserverative means efforts made to miniminze the chances of underestimating exposure
or risk. Consistent with the methods of EPA’s Problem Formulation (EPA 2008)),
receptor-contaminant pairs posing potentially unacceptable risk were identified using
conservative methods and assumptions. Examples of conservatism include assumptions
that contaminants are bioavailable and assumptions that yielded such low effect
thresholds (TRVS) that, in the case of essential metals, they had to be adjusted upward
because they were below nutritional requirements for some, but not all, fish species.

Not all uncertainties create a conservative bias. Some can lead to underestimation of risk,
for example unavailability of exposure or effects data, thresholds that do not account for

untested sensitive species, synergistic interactions among the multiple chemicals present

at the site, and metabolic processes that increase the toxicity of accumulated chemicals.

The following sections outline the Problem Formulation that provides a framework for
the draft final BERA, and highlight overall conclusions for risks to individual receptor
groups (benthic invertebrates, fish, birds, mammals, amphibians/reptiles, and aquatic
plants).

PROBLEM FORMULATION

Elements of the Problem Formulation were provided as part of Appendix B of the
Programmatic Work Plan (Integral et al. 2004b), in the draft Portland Harbor RI/FS,
Ecological Preliminary Risk Evaluation (Windward 2005a), and in Appendix G of the
Portland Harbor RI/FS Comprehensive Round 2 Site Characterization Summary and
Data Gaps Analysis Report (Integral et al. 2007). EPA developed and directed the LWG
to use a Problem Formulation document (EPA 2008j), which provides the methods for
completing the BERA and accounts for data and information collected to date. The
Problem Formulation document is included as Attachment 2 to the BERA.

ES.1.1 Identification of COPCs

The BERA follows the steps and procedures laid out in the Problem Formulation
document for defining ecological COPCs. From chemical data for biological tissue,
surface sediment, surface water, and TZW, over 100 contaminants, including metals and
various organic compounds, were identified as COPCs:
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e Surface sediment — Sixty-seven COPCs were identified. Surface sediment
COPCs were evaluated as part of the benthic invertebrate risk assessment.

e Tissue — Seventeen COPCs were identified. Tissue COPCs were evaluated in the
benthic invertebrate and fish risk assessments as part of the tissue-residue LOE.

e Diet - Eight dietary COPCs were identified for fish, and 24 dietary COPCs were
identified for wildlife (birds and mammals). Dietary COPCs, which were
identified from both tissue and sediment data, were evaluated as part of the fish
and wildlife assessments.

e Surface water — Fourteen COPCs were identified. Surface water COPCs were
evaluated as part of the benthic invertebrate, fish, amphibian, and aquatic plant
risk assessments.

e TZW - Fifty-eight COPCs were identified. TZW COPCs were evaluated as part
of the benthic invertebrate, fish, amphibian, and aquatic plant risk assessments.
ES.1.2 Refined Conceptual Site Model

The CSM describes relationships between contaminants and the resources potentially
affected by their release. The following ecological receptors were selected for
assessment:

e Benthic invertebrate community® — benthic macroinvertebrate community as a
whole, bivalves (clams), and decapods (e.g., crayfish)

e Omnivorous fish populations — largescale sucker, carp, and pre-breeding white
sturgeon

. Inverti(\slorous fish populations — sculpin, peamouth, and juvenile Chinook
salmon

e Piscivorous fish populations — smallmouth bass and northern pikeminnow
e Detritivorous fish individuals — Pacific lamprey ammocoetes

e Sediment-probing invertivorous bird populations — spotted sandpiper

e Omnivorous bird populations’ — hooded merganser

e Piscivorous bird populations® — osprey and bald eagle

® Clams and crayfish are members of the benthic macroinvertebrate community, but were also evaluated separately
to satisfy EPA’s request for population-level assessments.

® Juvenile Chinook salmon were evaluated at the organism level; the other invertivorous fish receptor species were
evaluated at the population level.

" Belted kingfisher were evaluated in the uncertainty assessment.

8 Bald eagles were evaluated at the organism level.
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e Agquatic-dependent carnivorous mammal populations — mink and river otter

e Amphibian and reptile populations — amphibians (e.g., frog and salamander
species)

e Aguatic plant community — aquatic plant community (e.g., phytoplankton,
periphyton, macrophyte species)

ES.1.3 Analysis Plan

The major components described in the draft final BERA analysis plan are an assessment
of exposure, an assessment of effects, and a characterization of risk reflecting the
integration of exposure and effects. An analysis of uncertainties is included in the third
component.

Exposure Assessment

As stipulated in the Problem Formulation (EPA 2008j), all COPCs were first evaluated
on a sample-by-sample basis. Because a sample-by-sample scale is not ecologically
relevant for most of the receptors evaluated in the BERA, COPCs were next evaluated at
an exposure scale that is ecologically relevant for each specific receptor. For dietary risks
to fish and wildlife, exposure estimates were also determined for a diet consisting of
multiple prey species, using prey portions reported in the literature. Exposure
concentrations are based both on contaminant concentrations quantified in the analytical
laboratory (empirical concentrations), and, for some LOEs, on predicted values (i.e.,for
the tissue-residue LOE, the dietary LOE for shorebirds, and the bird egg LOE). Exposure
of benthic invertebrates was assessed based on contaminant concentrations in individual
samples of sediment, water, and TZW.

Effects Assessment

The effects assessment involves two general approaches. For most ecological receptors,
the effects of COPCs were assessed by comparing contaminant concentrations in each
environmental medium to chemical- and medium-specific TRVs or site-specific sediment
quality values (SQVs). EPA (2008f) specified the TRVs that were used in the BERA.
However, some TRVs selected by EPA are associated with significant uncertainty; these
TRVs were further evaluated as part of the risk characterization process. Consistent with
the Problem Formulation, for all receptors and receptor groups evaluated at the
community or population level, the lowest-observed-adverse-effect level (LOAEL) was
used. The no-observed-adverse-effect level (NOAEL) was used for receptors evaluated at
the organism level (bald eagle and Pacific lamprey ammocoete).

The second effects assessment approach uses sediment toxicity bioassays as a direct
measure of the effects of sediment contaminant mixtures on the survival and biomass of
benthic invertebrates in the laboratory. As directed by EPA in its Problem Formulation
(EPA 2008j), two models were evaluated for the development of site-specific SQVS;
several published sets of sediment quality guidelines (SQGs) also were evaluated to
predict unacceptable risks to the benthic community. All sets of SQVs and SQGs were
tested to establish their reliability as predictors of benthic toxicity in the Study Area.
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Risk Characterization and Uncertainty Analysis

ES.2

Risk was characterized primarily as an HQ, calculated as the receptor- and
medium-specific exposure concentration divided by the respective effect threshold. The
risk characterization integrates information on contaminant exposure and effects to
identify contaminants posing potentially unacceptable risk.

Potentially unacceptable risks were identified through an iterative process of analyzing
exposure and effects data for the various contaminants and ecological receptors, with
increasing realism at each step in the process. For most receptors, multiple LOEs were
evaluated. For each LOE, risk characterization began with a screening-level ERA (see
Section 3.1 and Attachment 5) and progressed iteratively through the final step in the risk
characterization. Throughout the process receptor-contaminant pairs that showed the
potential for adverse effects were further analyzed and those that did not were screened
out. The final step in the process reflects the most realistic risk estimates. Each
receptor-LOE-COPC combination with HQ > 1 based on the final step in the risk
characterization constitutes evidence of potentially unacceptable risk. In total,

89 ecological contaminants (as individual contaminants, sums, or totals) were identified
in this BERA as posing potentially unacceptable risk.

Additional information was used to characterize the numerical risk estimates relative to
assessment endpoints at the level of the population and community. Uncertainties in the
exposure and effects data, spatial extent of HQs >1, magnitude of HQs, level of effect
represented by the TRV, and WOE (e.g., consistency across multiple LOES) were
considered in formulating risk conclusions.

BENTHIC INVERTEBRATE RISK ASSESSMENT

Fifty-five contaminants (individual chemicals, sums, or totals) were identified as posing
potentially unacceptable risk to benthic invertebrates because they exceeded a
site-specific SQV, tissue TRV, or surface water TRV. These COPCs include eight metals
(arsenic, cadmium, chromium, copper, lead, mercury, silver, and zinc), TBT,
monobutyltin, 20 individual PAHs and PAH sums, bis(2-ethylhexyl) phthalate (BEHP),
dibutyl phthalate, phenol, 4-methylphenol, three SVOCs (dibenzofuran, benzyl alcohol,
and carbazole), total PCBs, two VOCs (trichloroethene and ethylbenzene), and 15
pesticides (various DDx forms, dieldrin, endrin, endrin ketone, endosulfan, chlordane,
and beta- and delta-hexachlorocyclohexane).

TZW COPCs with HQs > 1 include 14 metals (barium, beryllium, cadmium, cobalt,
copper, iron, lead, magnesium, manganese, nickel, potassium, sodium, vanadium, zinc),
16 individual PAHSs (2-methylnaphthalene, acenaphthene, anthracene,
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(g,h,i)perylene,
benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, fluoranthene, fluorene,
indeno(1,2,3-cd)pyrene, naphthalene, phenanthrene, pyrene), three SVOCs
(1,2-dichlorobenzene, 1,4-dichlorobenzene, dibenzofuran), pesticides (4,4’-DDT, total
DDx), 16 VOCs (1,1-dichloroethene, 1,2,4-trimethylbenzene, 1,3,5-trimethylbenzene,
benzene, carbon disulfide, chlorobenzene, chloroethane, chloroform,
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cis-1,2-dichloroethene, ethylbenzene, isopropylbenzene, m,p-xylene, o-xylene, toluene,
total xylenes, trichloroethene), gasoline-range hydrocarbons, cyanide, and perchlorate.

Sediment profile imaging (SP1) data were examined to determine whether locations
associated with sediment toxicity also tended to have a less mature benthic community
structure than would be expected for the physical characteristics of the location. Once
individual locations were reclassified, the evaluation focused on the locations where
community response was worse than expected (potentially due to non-physical factors).
Specifically, the evaluation focused on locations where immature (Stage 1) and transitional
(Stage 2) communities were present in fine-grained depositional environments. An attempt
was made to identify other factors influencing the community, including bottom slopes and
sediment chemistry. The SPI data analysis was used as corroborative evidence in the
BERA. The analysis suggested that the physical environment in the Study Area can
explain the condition of the benthic community throughout this area of the river. In over
90% of the images evaluated, the successional stage matched the expected community
based on the physical regime, when slope was included as a habitat characteristic. Of the
31 cases where the community stage was not as might be predicted by the physical
environment, 19 appear to be related to sediment toxicity. These qualitative results
suggest that the benthic community is typical of a large river system that is
predominantly influenced by physical processes. Impacts from sediment contamination
appear to be primarily associated with depositional areas that have received historical
releases of contamination.

The potential for benthic risk was determined as follows. First, bioassay results were
mapped for four test endpoints (Chironomus dilutus survival, Chironomus dilutus
biomass, and the same for Hyalella azteca). Next, sediment COPC concentrations were
compared with SQVs based on both the floating percentile model and the logistic
regression model to predict several different levels of benthic toxicity in locations
without bioassay data. Next, these sediment chemistry data were used (with
bioaccumulation models®) to predict locations where organisms might accumulate
COPCs to concentrations above tissue TRVs. Locations where estimated sediment
concentrations exceed SQVs or where empirical or predicted tissue concentrations exceed
TRVs were identified as potential benthic risk areas.'® Empirical tissue-residue data were
mapped, allowing a visual assessment of concordance across LOEs. Water (both surface
water and TZW) TRV exceedances were considered along with sediment SQV and tissue
TRV exceedances. Water TRV exceedances were found to co-occur with areas of SQV
exceedances. Based on the spatial analysis, PAHs, PCBs, and DDx were found to pose
potentially unacceptable risks to the benthic invertebrate community. The spatial

® The analysis used the same bioaccumulation models as those created for developing the PRGs to be used in the FS.

1% The qualifier “potential” is used because because EPA has not yet selected benthic areas of concern, and the
measurement endpoints used to delineate the risk are organism-level endpoints but the assessment endpoints are
the benthic community or populations of benthic species.
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evaluation indicates that approximately 7% of the Study Area poses potentially
unacceptable risk to the benthic community.

FISH RISK ASSESSMENT

Four primary quantitative LOES were used to characterize risks to fish: the tissue-residue
LOE, the dietary-dose LOE, the surface water LOE, and the TZW LOE. Benthic fish
exposure to PAHSs in sediment was also evaluated as a qualitative LOE per EPA’s
Problem Formulation (EPA 2008j) and included an assessment of the apparent health of
pre-breeding sturgeon; this LOE was inconclusive.

Fifty-nine contaminants were identified as posing potentially unacceptable risk to at least
one fish receptor based on the tissue, dietary, surface water, and TZW LOEs. Of these, 44
COPCs had HQs > 1 only for the TZW LOE. The exposure and effects data are
insufficient to evaluate risk to fish from 17 tissue-residue COls, 11 dietary COls, 5
surface water COls, and 9 TZW COils.

Risk conclusions for each fish receptor were reached by evaluating the risk estimates and
the reliability of each LOE. Total PCBs were found to pose low risk to populations of
piscivorous fish (smallmouth bass and northern pikeminnow) and the small-home-range
invertivorous fish sculpin. The potential for adverse effects on fish assessment endpoints
from total PCBs as established by the tissue-residue LOE was assessed to be low: the
other LOE used to evaluate PCB risks—surface water—results in HQs < 1, tissue-residue
HQs > 1 occur over only a moderate spatial extent (or in relatively few samples for
large-home-range fish), and uncertainty in the tissue-residue TRV is more likely to

over- than underpredict risk.

Thirty eight'* TZW COPCs, including six metals (barium, iron, manganese, sodium,
vanadium, and zinc),*? 16 PAHs (2-methylnaphthalene, acenaphthene, anthracene,
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(g,h,i)perylene,
benzo(k)fluoranthtene, chrysene, dibenzo(a,h)anthracene, fluoranthene, fluorene,
indeno(1,2,3-cd)pyrene, naphthalene, phenanthrene, pyrene), two SVOCs
(1,2-dichlorobenzene, 1,4-dichlorobenzene), the pesticides 4,4’-DDT and total DDX,
10 VOCs (benzene, carbon disulfide, chlorobenzene, chloroform, cis-1,2dichloroethene,
ethylbenzene, o-xylene, toluene, total xylenes, and trichloroethene), cyanide, and
perchlorate, pose potentially unacceptable risk to Pacific lamprey ammocoetes in
localized areas associated with contaminated groundwater discharges to the river.
However, the water TRVs were derived to be protective of highly sensitive species and

1 Because petroleum compounds are not CERCLA contaminants, gasoline-range aliphatic hydrocarbons
(C10 - C12) have been excluded from the count even though they may be contributing to potentially unacceptable
risk. These contaminants were evaluated as an uncertainty, have HQ > 10, and may pose risk to individual
lamprey.

12 There is substantial uncertainty as to whether the source of barium, iron, and manganese in TZW is
anthropogenic.
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probably overpredict potentially unacceptable risk to lamprey ammocoetes, whose
sensitivity to chemical toxicity across several modes of action was average or lower
lower than that of most aquatic species (Andersen et al. 2010) Also, given their feeding
habits and the low oxygen levels at the depths represented by the TZW samples, lamprey
ammocoetes have relatively lower exposure to TZW than to surface water. The exposure
assessment conservatively assumed that lamprey ammocoetes are exposed to undiluted
TZW.

Risks to fish from other COPCs with HQs > 1 in the final step of the risk characterization
were found not likely to result in ecologically significant adverse effects at the population
level. In some cases, the selected TRV probably underestimates the threshold for
ecologically significant adverse effects, and in other cases the great majority of samples
used to estimate exposure results in HQs < 1. Furthermore, TZW exposure assumptions
probably overestimate risk.

WILDLIFE RISK ASSESSMENT

Risks to wildlife receptors were evaluated using two LOEs. Dietary dose was used for all
six wildlife receptors. Ingestion of prey tissue and incidental ingestion of sediment are
reflected in dietary-dose estimates. Tissue residues in bird eggs was used as a second
LOE for bald eagle and osprey.

Twelve contaminants (copper, lead, mercury, benzo[a]pyrene, dibutyl phthalate, total
PCBs, PCB TEQ, total dioxin/furan TEQ, total TEQ, aldrin, 4,4’-DDE, and total DDx)
were identified as posing potentially unacceptable risk for at least one bird receptor. Six
contaminants (aluminum, lead, total PCBs, PCB TEQ, total dioxin/furan TEQ, and total
TEQ) were identified as posing potentially unacceptable risk to mink or river otter.

Of these COPCs, total PCBs pose the primary risk.Calculated risk estimates indicate that
populations of both mink and river otter in the Study Area might be experiencing reduced
reproductive success because of exposure to PCBs. Reproductive success in spotted
sandpiper, bald eagle, and osprey might also be reduced because of PCB exposure. A
greater degree of uncertainty is associated with PCB risk estimates for birds than for
mammals because of greater uncertainties about exposure and the effects data.
Uncertainty is higher for otter than for mink because otter-specific effects data are
lacking.

Total TEQ exposure also poses the potential for reduced reproductive success in mink,
river otter, spotted sandpiper, bald eagle, and osprey. The PCB TEQ is responsible for the
majority of total TEQ exposure, but the total dioxin/furan TEQ also exceeds itsTRVS in
some locations of the Study Area. As is the case for total PCBs and for the same reasons,
a greater degree of uncertainty is associated with risk estimates for birds and otter than
for mink.

Osprey egg data (used as a surrogate for bald eagle) suggest that DDx compounds could
pose low risk of reduced reproductive success to individual bald eagle organisms within
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limited portions of the Study Area. Concentrations of total DDx in egg tissue from two of
five exposure areas exceeded the NOAEL for bald eagle, but not where the highest
sediment DDx concentrations occurred. In all five exposure areas, egg concentrations
were below both the bald eagle-specific LOAEL TRV and the dietary effect threshold.
There is significant uncertainty about the source of DDx in the osprey eggs collected
from the Study Area, given that adults nest and lay eggs shortly after returning to the
LWR from their overwintering grounds in Mexico and Central America.

Risk to wildlife from other COPCs with HQs > 1 in the final step of the risk
characterization were found unlikely to result in ecologically significant adverse effects
in the receptor populations: the HQs are of low magnitude and over a limited spatial
extent, with uncertainties in exposure and effects likely to result in overestimated risk.

AMPHIBIAN/REPTILE AND AQUATIC PLANT RISK ASSESSMENT

Two LOEs were used to characterize risks to amphibians and aquatic plants: surface
water and TZW. The same exposure and effects data were used to assess risk to
amphibians and aquatic plants, although several uncertainties apply to only one of the
receptor groups. Thirty-three contaminants were identified as posing potentially
unacceptable risk to amphibians and aquatic plants. Five of these COPCs have HQs >1 in
both surface water and TZW (zinc, benzo(a)anthracene, benzo(a)pyrene, naphthalene,
and total DDx), one is a COPC based on surface water only (BEHP), and 27 are COPCs
based on TZW only. None of these COPCs is expected to have ecologically significant
adverse effects on amphibian or aquatic plant populations in the Study Area. In general,
surface water concentrations of COPCs are below algae- or amphibian-specific
thresholds, exceed surface water thresholds by a low magnitude and at low frequency, or
both. These conditions indicate low to negligible risk. Furthermore, surface water COPCs
with HQs > 1 occur in samples collected during the less sensitive non-reproductive
periods (when amphibians may not be present in the Study Area), again indicating
negligible risk to amphibian populations. For the TZW LOE, the great majority of
samples result in HQs < 1, indicating a limited spatial extent of exceedance. Although
highly uncertain, risk to amphibians and aquatic plants from TZW is likely negligible
because of a low level of exposure to TZW. There is some uncertainty concerning the
relevance of selected TRVs: aquatic plant-, algae-, or amphibian-specific thresholds for
several COPCs are either limited or not available. Because amphibians had been selected
as the surrogate for reptiles, risk conclusions for amphibians also apply to reptiles.
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ES.6 RISK MANAGEMENT RECOMMENDATIONS

Section 12 of the draft final BERA identifies the COCs, receptors, and AOCs that the
LWG considers necessary and sufficient to develop and evaluate remedial alternatives
that are protective of ecological resources. The FS will also evaluate whether remedial
alternatives for these COCs, receptors, and AOCs address the full list of contaminants
posing potentially unacceptable risk. In summary, the risk management recommendations
are as follows:

For non-benthic receptors, total PCBs and total TEQ are the recommended COCs.
Mink is the recommended receptor of concern. Most of the contaminants posing
potentially unacceptable risk were not recommended as COCs for non-benthic
receptors based on risk characterization considerations (magnitude, spatial extent,
and ecological significance of HQs > 1). This list includes all the metals, butyltin,
phthalate, pesticide, and VOC COPCs.

For aquatic receptors exposed via TZW, 4,4'-DDT, total DDx,*® chlorobenzene,
benzo(a)anthracene, benzo(a)pyrene, naphthalene, carbon disulfide, cyanide,
cis-1,2-dichloroethene, and trichloroethene are the recommended COCs. These
recommendations presume that contaminated groundwater source control
measures will be implemented prior to sediment remedies. The Oregon
Department of Environmental Quality is working with upland property owners to
implement contaminated groundwater source control measures prior to sediment
remedies.

The benthic risk assessment methodologies are designed to address chemical
mixtures and do not conclusively identify contaminants causing toxicity. For
benthic organisms, methodologies for delineating benthic AOCs (rather than
identifying COCs) and for evaluating remedial action alternatives are
recommended. Recommended benthic AOCs were mapped by applying the
comprehensive benthic approach based on EPA’s April 21, 2010, guidelines for
assessing benthic risk in the FS (EPA 2010a). Those maps are preseented in
Section 12 of the BERA.

3 There is uncertainty associated with 4,4'-DDT and total DDx as COCs because HQs based on filtered samples are
less than 100. This suggests that the risk from DDx compounds in TZW may be lower than indicated by the
maximum concentrations in unfiltered samples because of the lower bioavailability of the particulate-bound
fraction of the contaminant.
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1.0 INTRODUCTION

This document presents the baseline ecological risk assessment (BERA) component of
the Portland Harbor Superfund Site Remedial Investigation/Feasibility Study (RI/FS).
The overall purpose of the baseline risk assessment is to determine if deleterious
ecological effects may be occurring at the Study Area under current conditions and in the
absence of any remedial actions. In the event that such unacceptable risks are predicted,
the BERA provides information to risk managers on future approaches for protecting
ecological receptors.

The BERA follows the ecological risk assessment (ERA) approach presented in the
Portland Harbor RI/FS Programmatic Work Plan, Appendix B: Ecological Risk
Assessment (Integral et al. 2004a). The approach was prepared by the Lower Willamette
Group (LWG) based on the requirements of the scope of work (SOW) and
Administrative Order on Consent (EPA 2001) entered into with the US Environmental
Protection Agency (EPA) for conducting the RI/FS and subsequent direction by EPA.
The approach is also consistent with EPA guidance for conducting ERAs (EPA 1997,
1998) and EPA's Problem Formulation for the Baseline Ecological Risk Assessment at
the Portland Harbor Site (hereafter referred to as EPA’s Problem Formulation), dated
February 15, 2008, as subsequently amended and modified to include toxicity reference
values (TRVs) for tissues and the reference envelope approach for evaluating benthic
toxicity tests (EPA 2008j).

The evaluation of potentially unacceptable risks to ecological receptors at the Portland
Harbor Superfund Site has been an ongoing and iterative process involving both the
LWG and EPA, with oversight and direction from EPA. This process has been
documented through numerous reports and technical memoranda over the last several
years. Key documents include those listed above and the following:

e Portland Harbor RI/FS Programmatic Work Plan (Integral et al. 2004b),
hereafter referred to as the Programmatic Work Plan

e Portland Harbor Superfund Site Ecological Risk Assessment: Comprehensive
Synopsis of Approaches and Methods (Draft) (Windward 2004)

e Portland Harbor Superfund Site Ecological Risk Assessment Interpretive Report:
Estimating Risks to Benthic Organisms Using Predictive Models Based on
Sediment Toxicity Tests (Draft) (Windward et al. 2006)

e Portland Harbor Superfund Site Proposed Ecological Risk Assessment Decision
Framework (Draft) (Windward 2006b)

Estimates of risk were made on the basis of preliminary datasets in two documents:

e Portland Harbor RI/FS, Ecological Preliminary Risk Evaluation (Windward
2005a), hereafter referred to as the Ecological Preliminary Risk Evaluation (PRE)
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e Portland Harbor RI/FS Comprehensive Round 2 Site Characterization Summary
and Data Gaps Analysis Report (Integral et al. 2007), hereafter referred to as the
Comprehensive Round 2 Report

Data from the area of study were collected in three sampling rounds (Rounds 1, 2, and 3)
concurrent with the production of documents describing the ERA process and evaluating
ecological receptors. The initial sampling of the Study Area (Round 1 sampling) was
conducted concurrent with the preparation of the Programmatic Work Plan from summer
2002 until spring 2004. The Ecological PRE evaluated preliminary risks to ecological
receptors based on Round 1 data. Round 2 data were collected from summer 2004 until
December 2005 to support the Comprehensive Round 2 Report and fill data gaps from
Round 1 sampling. During the preparation and following the submittal of the
Comprehensive Round 2 Report, EPA and LWG identified additional data gaps that were
filled through a third round of sampling. Round 3 sampling was conducted from

January 2006 until February 2008. Data from all LWG sampling rounds as well as
relevant and acceptable non-LWG-collected data are evaluated in this BERA. The
approach applied in this BERA and the risk results and conclusions supersede prior
approaches and estimates of risk.

The relationship of the BERA to the overall RI/FS process for the Portland Harbor
Superfund site is depicted in Figure 1-1.

The Rl initially focused on the stretch of the Lower Willamette River (LWR) from River
Mile (RM) 3.5 to RM 9.2 and adjacent areas associated with the in-water portion of this
stretch of the river. The Portland Harbor RI/FS Programmatic Work Plan (Integral et al.
2004b) refers to that initial Study Area as the “ISA.” In the Programmatic Work Plan
(Integral et al. 2007), the area of investigation was broadened to include areas of the river
extending from approximately RM 1.9 to RM 11, this expanded area was termed the
“Study Area.” For the BERA, the area of investigation was extended to RM 11.8. The
term “Study Area” was retained for the BERA and includes the 10-mile stretch of the
river between approximately RM 1.9 and RM 11.8.

The BERA has two broad objectives:

e ldentify unacceptable risks posed by contaminants to aquatic and
aquatic-dependent ecological receptors in the Study Area.

e In the event that unacceptable ecological risks are found and require remedial
actions, provide information that risk managers can use to set cleanup levels
protective of ecological receptors.
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Figure 1-1. ERA Process as Part of the Portland Harbor RI/FS

This document identifies contaminants whose measured or predicted concentration
exceeds a defined adverse effects threshold, typically a toxicity reference value (TRV).
These contaminants are termed contaminants of potential concern (COPCs). COPCs are
drawn from a longer list of contaminants of interest (COIls). Risk estimates are stated as
hazard quotients (HQs), which are calculated as the concentration at the point of exposure
divided by the adverse effects threshold. Any COPC with an HQ > 1 in the final step of
the risk characterization (i.e., considering ecologically relevant diets and exposure area
sizes) for at least one LOE, in any location in the Study Area is identified as a
contaminant posing potentially unacceptable risk.'* The results of the BERA will be used

! This has the same meaning as the term “potentially posing unacceptable risk” in the draft final Portland Harbor
RI/FS baseline human health risk assessment (Kennedy/Jenks 2011).

DO NOT QUOTE OR CITE
This document is currently under review by US EPA and its federal, 3
state, and tribal partners, and is subject to change in whole or in part.



LWG Portland Harbor RI/FS

Draft Final Remedial Investigation Report
Lower Willamette Group Appendix G: BERA

July 1, 2011

in the FS to identify contaminants of concern (COCs), areas of concern (AOCs), and
receptors of concern. Section 12 presents the LWG’s ecological risk management
recommendations regarding COCs, AOCs and receptors of concern for developing and
evaluating remedial alternatives that are protective of ecological resources.

The BERA will be used to support the development, in the FS, of contaminant thresholds
defining preliminary remediation goals (PRGs) for sediment. The PRGs will provide
preliminary estimates of the long-term goals to be achieved by sediment cleanup actions
in Portland Harbor. During the FS process, the PRGs will be refined on the basis of
background sediment quality, technical feasibility, and other risk management
considerations. EPA will identify the final remediation goals for the site in the Record of
Decision, following completion of the FS.

Each subsequent section of this document includes an introductory summary of its
contents and organization. Text boxes highlight key elements of the overall ecological
picture of the Study Area and key uncertainties in the analysis.

The remainder of this document is organized as follows:

e Section 2.0 — Site Description — This section presents general information about
the ecological habitats and species present in the LWR.

e Section 3.0 — BERA Problem Formulation — This section summarizes the EPA’s
Problem Formulation (Attachment 2) that was used to conduct the BERA,
including the selected assessment and measurement endpoints.

e Section 4.0 — BERA Data — This section presents a summary of the Study Area
data used in the BERA.

e Section 5.0 — Identification of COPCs — This section summarizes the process used
to identify ecological COPCs and presents the COPCs for each ecological
receptor group.

e Section 6.0 — Benthic Invertebrate Risk Assessment — This section presents the
exposure, effects, and risk characterization evaluation for the benthic invertebrate
community.

e Section 7.0 — Fish Risk Assessment — This section presents the exposure, effects,
and risk characterization evaluation for selected fish receptors.

e Section 8.0 — Wildlife Risk Assessment — This section presents the exposure,
effects, and risk characterization evaluation for selected bird and mammal
receptors.

e Section 9.0 — Amphibian Risk Assessment — This section presents the exposure,
effects, and risk characterization evaluation for amphibians.

e Section 10.0 — Aquatic Plant Risk Assessment — This section presents the
exposure, effects, and risk characterization evaluation for aquatic plants.
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Section 11.0 — Ecological Risk Conclusions — This section presents the overall
risk conclusions of the BERA.

Section 12.0 — Ecological Risk Management Recommendations — This section
presents the LWG’s ecological risk management recommendations for the FS.

Section 13.0 — References — This section lists the references cited throughout the
text.

The following attachments are also included as part of this BERA:

Attachment 1 provides documentation of BERA-related EPA communication and
decisions.

Attachment 2 presents the BERA problem formulation per EPA (2008)).%
Attachment 3 presents the data management and data calculation rules.

Attachment 4 is an electronic attachment that presents summary statistics
characterizing data by medium, raw data tables of all data used for the BERA, and
results of the calculations of 95" upper confidence limit on the mean (UCL)
concentration to represent exposure point concentrations (EPCs).

Attachment 5 presents the screening-level ERA (SLERA) and refined screening
process used to identify ecological COPCs.

Attachment 6 presents the benthic modeling calculations and results.

Attachment 7 presents the reliability of the generic sediment quality guidelines
(SQGs) in predicting benthic toxicity.

Attachment 8 describes the methods for and results of the biota-sediment
accumulation regression (BSAR) analyses.

Attachment 9 presents the revised process by which TRVs were derived for
aquatic biological tissue (2008f) as well as the tissue TRVs selected.

Attachment 10 summarizes the derivation of ecological thresholds for COPCs in
surface water and transition zone water (TZW).

Attachment 11 compares contaminant concentrations in sediment and surface
water from background locations to those of the Study Area.

Attachment 12 presents the sample-by-sample and individual prey component risk
evaluation for fish.

Attachment 13 details the exposure and effects assumptions used in the fish
dietary line of evidence (LOE).

1> Footnotes were added by LWG to the Problem Formulation to indicate actual implementation and/or any changes
related to later agreements between EPA and LWG regarding the Problem Formulation.
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e Attachment 14 summarizes the literature-derived fish dietary and wildlife dietary
and tissue-residue (egg) TRVs.

e Attachment 15 provides the results of the lamprey toxicity tests.

e Attachment 16 details the exposure and effects assumptions used in the wildlife
dietary LOE.

e Attachment 17 presents the sample-by-sample and individual prey component risk
evaluation for wildlife.

e Attachment 18 presents the evaluation of future risks to benthic invertebrates
from sediment.

e Attachment 19 presents maximum hazard quotients (HQs) and the number of
individual samples resulting in HQ > 1 for each receptor-LOE-contaminant
combination posing potentially unacceptable risk.
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2.0 SITE DESCRIPTION

Although the BERA focuses specifically on contaminant stressors (because it is part of
the RI/FS), a physical description of the Study Area is pertinent to understanding the
site’s current ecological condition, and to developing a conceptual site model (CSM) on
which the BERA analysis is based. This section presents a description of what is known
about the physical conditions, aquatic and riparian habitats, and aquatic-dependent
species that occur in the LWR.The Study Area is defined in the RI as the in-water portion
below or equal to + 13 ft North American Vertical Datum (NAVD) from RM 1.9 to

RM 11.8. Accordingly, the BERA is limited to in-water and riparian zone risks, and not
upland ecological risks.

As discussed in the RI, Portland Harbor is a heavily industrialized reach of the LWR
located immediately downstream of downtown Portland, Oregon and extending almost to
the confluence with the Columbia River. Water levels on the Willamette River are
cyclical and vary by season. Annual low water levels occur during the regional dry
season from August to November. Winter (November to March) river stage is relatively
high but variable because of short-term changes in precipitation in the Willamette Basin.
Finally, a distinct and persistent period of relatively high water levels occurs from late
May through June, when Willamette River flow into the Columbia is slowed by
high-water stage flow in the Columbia River during the spring freshet in the Willamette
River Basin and the much larger Columbia River Basin.

Tidal action also compounds the hydrology and interplay of the two rivers, affecting the
Willamette River upstream as far as Portland Harbor and beyond. Tides along the North
American West Coast are mixed semidiurnal (two unequal high tides and two unequal
low tides daily), with spring and neap tides occurring every two weeks. Tides along the
Washington and Oregon coast have an average tidal range of approximately 8 ft (but vary
from about 5 to 12 ft). A high (i.e., flood) spring tide can influence Willamette River
levels by up to 3 ft in Portland Harbor when the river is at a low stage. These tidal
fluctuations can result in short-term flow reversal (i.e., upstream flow) in Portland Harbor
during times of low river stage combined with large flood tides. As river stage rises, the
tidal effect is gradually dampened and disappears at river levels around 10 ft Columbia
River Datum (CRD).

The majority of the Study Area is industrialized, with modified shoreline and nearshore
areas. Wharves and piers extend out toward the channel, and bulkheads and riprap
revetments armor the riverbank. Active dredging has produced a uniform navigation
channel with little habitat diversity. However, some segments of the Study Area are more
complex, with small embayments, shallow water areas, gently sloped beaches, localized
small wood accumulations, and less shoreline development, all of which provide habitat
for a suite of local fauna. Because of the size of the river, the majority of the habitats are
associated with the river bottom or water column (riparian and marsh habitats are mostly
limited to relatively narrow strips along the shoreline, and constitute a much smaller area
than the river itself). The benthic habitat characteristics generally reflect the energy
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regime of the riverbed at a given location, except where anthropogenic features and
activities (e.g., prop wash, dredging) modify the sediment texture. The energy regime is
primarily a function of river width and depth, although shoreline or channel alterations
can modify water flow and sediment transport dynamics. In general, faster currents occur
in the deeper portions of the river channel, and slower currents and eddies occur in the
shallow nearshore areas. Typically, fine-grained sediments (i.e., silt, clay) dominate in
relatively low-energy environments and coarse sediments (i.e., sand, gravel) indicate
higher-energy environments.

The numerous organisms that use the LWR can be divided into the following general
groups: invertebrates, fishes, birds, mammals, amphibians, reptiles, and aquatic plants.
Each group makes an important contribution to the ecological function of the river based
on its trophic level; abundance; and interaction with the physical, chemical, and
biological environment. Riverine invertebrates are predominantly benthic, utilizing
substrates such as fine-grained sediments, gravel and cobble, plant roots, and large
woody debris. The benthic invertebrate community within the LWR is dominated by
small organisms that live on or in the sediment, many of which are feeding on and
processing organic material imported from upstream areas.

The LWR is an important migration corridor for anadromous fishes, such as salmon and
lamprey, and provides habitat for numerous resident fish species (more than 40 species
have been collected) that represent four major feeding guilds: omnivores/herbivores,
benthopelagic/benthic invertivores, piscivores, and detritivores. Numerous aquatic-
dependent bird species (more than 20 species commonly occur based on available
information) use habitats within the LWR. The trophic representation of these birds is
broad and includes herbivores, carnivores and omnivores, sediment-probing invertivores
and omnivores, and piscivores. Six aquatic or semi-aquatic mammals use or may use the
LWR, including opportunistic piscivores.

The LWR provides limited habitat for amphibians and reptiles. Amphibians prefer
undisturbed areas that offer ephemeral wetlands with emergent vegetation and shallow
waters (Sparling et al. 2000). Reptiles prefer shallow, quiescent aquatic areas and wet
vegetated terrestrial habitats. High turbidity, riprap, and other bank modifications prevent
the widespread development of dense submerged and emergent plant communities along
the riverbanks. More detailed information on habitats and organisms using the LWR is
presented in Section 2.1 and Section 2.2.

2.1 HABITAT TYPES IN THE LOWER WILLAMETTE RIVER
This section discusses the general types and quality of aquatic habitat available to species
in the LWR.

2.1.1 Open-Water Habitat

The LWR is characterized by a navigation channel and an extensively developed
shoreline. Most open-water habitat in the Study Area is in the main river channel, but

DO NOT QUOTE OR CITE
This document is currently under review by US EPA and its federal, 8
state, and tribal partners, and is subject to change in whole or in part.



Portland Harbor RI/FS

LWG Draft Final Remedial Investigation Report
Lower Willamette Group Appendix G: BERA
July 1, 2011

there are also several shallower backwater sites (e.g., Willamette Cove, Swan Island
Lagoon, Balch Creek Cove, Cottonwood Cove, individual slips). The deep open water
provides foraging habitat for fish and wildlife that feed mainly in the water column.
“Deep” in this context means a depth greater than 20 ft (6 m), with an average depth of
39 ft (12 m) £ 10 ft (3 m) and a maximum depth of 78 ft (24 m). Shallow-water habitats
provide refuge for juvenile salmonids and other fishes, as well as foraging opportunities
for birds and mammals. Aside from Willamette Cove and Swan Island Lagoon,
shallow-water habitats are largely limited to the narrow strip between the shoreline and
the navigation channel.

Three types of benthic habitats occur in the open-water areas of the LWR:

e Unconsolidated sediments (sands and silts) in the deeper water (greater than
approximately 20 ft [6 m]) CRD) of the navigation channel and lower channel
slopes

e Unconsolidated sediments (sands and silts) in shallow water in gently sloping
nearshore areas (e.g., beaches and benches) and on the upper channel slopes
(Figure 2-1)

o Developed shoreline areas (e.g., rock riprap, sheet pile, bulkheads) (Figure 2-2).

Figure 2-1. Nearshore In-Water Habitat
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Figure 2-2. In-Water Bulkhead Structure

Benthic habitats are typically unvegetated, although benthic diatoms and periphyton are
present on more stable surfaces. The navigation channel habitat is subject to variable
(seasonal and annual) hydrodynamic forces, the effects of navigation, natural sediment
deposition, bed load transport and erosion, and periodic navigational dredging. These
forces vary spatially throughout the system, largely as a function of the channel
cross-sectional area, resulting in both relatively stable and unstable sedimentary
environments and patchy infaunal and epibenthic communities characteristic of the local
physical regime. The physical sedimentary regimes are a function of hydrodynamic
conditions caused by the local riverbank morphologies in nearshore areas, and overall
channel characteristics in more open-water habitats. Areas away from frequent
anthropogenic disturbance support infaunal invertebrate communities that are
characteristic of large river systems. Conversely, exposed nearshore areas, particularly
around active berths, docks, and boat ramps, tend to have more limited benthic
communities because of their greater physical disturbance. The hard surfaces of the
developed shoreline provide habitat for an epibenthic community.

Bank and Riparian Habitat

In 2007-2008, the City of Portland updated its natural resource inventory of the 12-mile
reach of the Willamette River extending from the Broadway Bridge (RM 11.6) to the
Columbia River (City of Portland 2008). The inventory qualitatively ranked riparian
corridors and wildlife habitat areas based on connectivity to patches, connectivity to
water, interior area, and patch size. Riparian corridor function was ranked according to
six classes of attribute defined by the City of Portland: wildlife movement corridor, large
wood/channel dynamics, organic inputs, nutrient cycling and food web,'® stream flow

1% provides food for aquatic and terrestrial species and contributes to the ongoing physical and biological nutrient
cycling system.
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moderation/flood storage, microclimate/shade, and bank function/control of sediment
nutrients and pollutants (City of Portland 2008).

The most common bank types occurring in the Study Area are riprap (Figure 2-3), sandy
and rocky beach (Figures 2-4 and 2-5), unclassified fill, and seawall. In 2008, the City of
Portland (2008) reported that the dominant bank types in the North Reach of the
Willamette River (Broadway Bridge to the Columbia River) were vegetated'’ riprap
(25%), unclassified fill (21%), and beach (23%) (Map 2-1). The classification was based
on physical characteristics and not any specific elevation.

/

Figure 2-3. Riprap Bank

7 \Vegetation on riprap typically consists of Himalayan blackberry and other invasive species.
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Figure 2-4. Intertidal Beach

Figure 2-5. Vegetated Bank

The riprap or rocky bank type is usually fairly steep with no or very little adjacent
shallow-water habitat. These areas are usually exposed to heavy wave action and strong
currents. The sandy bank type with no emergent vegetation is characterized by gently to
steeply sloped beaches. This bank type is often adjacent to steep riprapped shorelines or
developed uplands that are frequently exposed to heavy wave action and faster moving
water. The rocky or vegetated sandy bank types are located in more protected areas in the
Study Area, such as at the end of slips or in Swan Island Lagoon.
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The type of riverbank present at a given location is expected to influence fish use at that
location. Riverbanks with large woody debris that provide cover and create small shallow
pools are more likely to be used by juvenile salmonids and other small fish species
(Bjornn and Reiser 1991; Sedell and Froggatt 1984). Riprap and rocky substrate are the
preferred habitats of sculpin and smallmouth bass (Farr and Ward 1992; SEA et al. 2003;
Wydoski and Whitney 2003). Sculpin are found predominantly in the shallow-water
habitats and smallmouth bass in areas with moderate current. The shallow backwater
pools and slow-moving areas of the river provide habitat for juvenile largescale suckers
(yearling and sub-yearling) and peamouth (Wydoski and Whitney 2003). The peamouth
remain nearshore during winter months, moving to deeper waters in the summer months.
The shallow waters with abundant plants and woody debris for cover are the preferred
habitat of largemouth bass (Figure 2-6).

Figure 2-6. Shallow Nearshore Area

Numerous aquatic and shorebird species such as cormorants and spotted sandpipers use
the habitats in the LWR. The upland environment near the LWR is primarily urban, with
fragmented areas of riparian forest, wetlands, and associated upland forests. Historical
development and filling of channels and wetlands has left only small strips or isolated
pockets of riparian wildlife habitat, except for areas such as Harborton Wetlands, Oaks
Bottom, Forest Park, and Powers Marine Park. Although isolated wildlife habitat areas
exist along the LWR corridor, linkages to the larger landscape are limited to few areas,
such as Forest Park.

In the City of Portland’s earlier version of the Willamette River corridor natural resource
inventory (Adolfson et al. 2000), 15 sites of significant habitat value for fish and wildlife
were identified. These habitat sites are known to be used by numerous aquatic birds,
aquatic mammals, and semi-aquatic mammals. Significant habitat sites in the Study Area
include the South Rivergate corridor at the north end of the Study Area, the Harborton
forest and wetlands, Willamette Cove, the railroad corridor, and the Swan Island beaches
and lagoon on the southern end of the Study Area (Adolfson et al. 2000). The available
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wildlife habitat in the Study Area is shown on Map 2-2. Other important habitat sites
identified in the general area were Kelley Point at the confluence of the Willamette and
the Columbia Rivers, and the Ross Island and Oaks Bottom Complex near RM 16. The
2008 inventory identified 20 special habitat areas within the North Reach (Broadway
Bridge to the Columbia River), including the Willamette River; portions of the Columbia
Slough, Johnson Creek, and Tryon Creek; urban nesting sites such as bridges and
chimney roosts; bluff areas; grasslands at Powell Butte; native oak assemblages;
bottomland hardwood forests; and wetlands (City of Portland 2008).

SPECIES PRESENCE AND HABITAT USE

221

Although the ecological habitats of the LWR have been greatly modified by
development, many invertebrate, fish, bird, mammal, amphibian, reptile, and plant
species, including some protected by the Endangered Species Act (ESA), use habitats
within and along the river. The following subsections present an overview of the various
aquatic or river-dependent biological communities in the LWR.

Benthic Invertebrates

The distribution and composition of invertebrate communities in riverine systems are
functions of physical, chemical, and biological interactions. These interactions affect the
temporal stability of habitats, the amount of sunlight and oxygen available to organisms,
the abundance and quality of food, and breeding opportunities. The diversity and
abundance of invertebrates in rivers tend to be greatest where habitats are varied

(i.e., spatially heterogeneous) with some moderate, predictable disturbances

(e.g., seasonal flooding) (Thorp and Covich 2001).

Invertebrates in large river systems are predominantly benthic; those that burrow within a
soft substrate are typically referred to as infauna, while those that live on the sediment or
other hard surface are called epifauna. Benthic invertebrates may be large enough to be
seen by the naked eye (macroinvertebrates, such as crayfish; Figure 2-7) or small enough
to live among the sand grains below the sediment surface (e.g., meio- or microfauna).
Benthic macroinvertebrate communities in large rivers are represented by a diverse array
of species including arthropods (e.g., insects, mites, amphipods, crayfish), annelid
worms, clams, snails, and nematodes. Many meiofauna (e.g., rotifers, early larval stages
of many invertebrates, and nematodes) and other microorganisms (e.g., protozoans,
bacteria) are also a significant part of the benthic community.
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Figure 2-7. Crayfish in the Study Area

Benthic communities serve various functions in large river ecosystems. Infaunal and
epifaunal invertebrates often make up a significant portion of the heterotrophic biomass
in a river system (Jahn and Anderson 1986) and thus serve as an important food source
for other invertebrates, fish, birds, and mammals. Benthic invertebrates control energy
flow by acting as principal processors of organic matter (Merritt et al. 1984) and are also
involved in nutrient cycling between the sediment and overlying water (particularly
infauna and meiofauna).

Benthic invertebrates represent a spectrum of feeding types, including those that graze on
periphyton and macrophytes (grazers), process large organic material often imported
from terrestrial habitats (shredders), remove suspended particulate organic material from
the water column (filter feeders or collectors), gather organic detritus from the sediment
surface (gatherers), glean organic matter from sediment they consume (deposit feeders),
prey on other invertebrates and small fish (predators such as some oligochaetes,
chironomid midges, and crayfish), and parasitize other organisms (e.g., nematodes).
Lifestyles are also diverse and reflect various strategies to adapt to changes in
environmental conditions. The River Continuum Concept (see text box) predicts that
invertebrate communities in deep rivers are typically dominated by organisms that forage
for organic matter in or on the sediments and organisms that filter organic matter out of
the water column (Cummins and Klug 1979) because suspended or newly settled fine
organic material is the primary food resource available in large rivers. The benthic
community in the LWR is dominated by organisms that filter feed (e.g., clams,
amphipods,® and polychaetes) or deposit feed (e.g., tubificid worms and chironomid
larvae) (Integral et al. 2004a).

As discussed in Section 2.1, the Study Area is characterized by a navigation channel
(which is maintained through active dredging) with a predominantly developed

18 Corophium sp. is the dominant benthic amphipod in the LWR and can feed on both deposited and suspended
organic material.
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shoreline® (e.g., rock riprap, sheet pile, bulkheads). The channel habitat is uniform and
consists of unconsolidated sediments (sands and silts) that are typically subject to
periodic transport. Depending on the local physical regimen in the channel, the sediment
may be seasonally stable or unstable, resulting in heterogeneous benthic communities.
With some exceptions (e.g., parts of Willamette Cove and Balch Creek Cove),
shallow-water habitats in the Study Area are largely limited to the narrow strip between
the shoreline and the navigation channel. The benthic communities in the shallow-water
habitats are controlled by physical characteristics such as slope, grain size, and the
magnitude of disturbance events that may occur, with more well-developed communities
and longer-lived species found in more stable areas, typified by fine-grained sediments.

9 pockets of riparian habitat occur throughout the Study Area in areas that have not been fully developed or where
restoration activities have taken place.
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What is the River Continuum Concept?

Contaminant inputs to the environment (such as those -
evaluated in this risk assessment) are but one of many =

ecological factors that affect benthic communities. VAN D.éi;r-éd&'éﬁ'
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perspective on the condition of benthic communities in the =__ },,f\ B Collectors
Study Area. The River Continuum Concept is one of those " ) \"‘.‘ [ G-
factors. [\ — /

Physical and biological characteristics of a river can ‘\/ [ 2 [l shredders

M Predators
M Collectors
- Grazers

change dramatically from its headwaters to its mouth. As a \ 7_\,\_% \\
river widens and deepens in its course downstream, parts T
of the bottom are removed from the photic zone, reducing

the influence of the riparian zone as a local source of food

(including particulate carbon) and shading effects. As a

result of these changes, benthic communities undergo

marked shifts in composition, abundance, and feeding

strategies. The River Continuum Concept is a holistic view

that assigns sections of a river into one of three general
classifications. The headwaters (upper reaches of the =
watershed) are usually very narrow and lined by dense
riparian vegetation, which limits the penetration of sunlight
and photosynthetic production of organic material in the water. The majority of the organic matter that does
make its way into the system is in the form of plant material that falls or washes into the river. In the
mid-reaches, the river becomes wider, allowing more sunlight to penetrate, and in-river structures such as
large wood debris and rocks become important, either as suppliers of organic material or as substrate for
primary producers such as periphyton. In the lower reaches, production through photosynthesis decreases
because of an increase in water cloudiness and surface film of fine particulate organic matter imported from
middle and upper reaches of the river.

The invertebrate community changes along the course of the river because of differences in the structure
and, to some degree, the location (i.e., water column vs. bottom) of the organic material. In the upper
reaches of a river, shredders (e.g., mayfly and stonefly larvae) and collectors (e.g., midge larvae and
nematodes) make up a large percentage of the invertebrate community because of the large amount of
coarse plant matter that collects on the bottom. Shredders rework coarse organic material, such as small
sections of leaves. In the feeding process, the leaves are broken up into finer particulates, much of which is
transported downstream as suspended material. Collectors utilize this fine suspended particulate organic
matter and catch or filter particles using adapted appendages or behaviors. In the mid-reaches of the river,
there is an increase in the proportion of grazers (e.g., snails, caddis fly larvae) feeding on the periphyton,
which accumulates on larger structures such as stones, wood, and large aquatic plants. Shredders make up
only a small percentage of the invertebrates in lower sections of rivers because of reduced supply of coarse
organic matter. In the lower reaches, collectors that feed on the fine particulate organic matter and surface
films are the most abundant invertebrates.

M Predators
M Collectors

The infaunal invertebrate community within the Study Area is numerically dominated by
oligochaete worms, many (~ 35) species of chironomid larvae (midges), amphipods
(particularly Corophium spp.), and the introduced Asiatic clam, Corbicula fluminea
(Integral et al. 2004a). Worms (nematodes and polychaetes) are also common infaunal
invertebrates. The epifaunal community is dominated by mayfly (Ephemeroptera) larvae,
caddisfly (Trichoptera) larvae, flatworms, decapods (primarily crayfish), and organisms
similar to those that dominate the infauna, including midge larvae, amphipods,
oligochaetes, and molluscs.
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When Do Chironomids Inhabit the LWR?

These aquatic insects (i.e., midges) are an
important component of the Study Area ecology,
Among the most common and most abundant |
aquatic invertebrates, chironomids tolerate a wide R e
range of environmental conditions, from
swift-moving streams and deep slow-moving rivers
to stagnant ditches, lakes, and ponds rich in
decomposing organic matter. In the lower
Willamette, chironomid species represent up to
50% of the benthic infauna at some locations
(Integral et al. 2004a).

p _l . Adult male

Figure courtesy of the University of Florida
Entomology & Nematology Department

The life cycle of chironomids has four stages. Eggs
are laid on the surface of the water as a gelatinous
mass which, depending on the species, may contain up to 3,000 eggs. The eggs sink to the bottom and
hatch within a week. After leaving the egg mass, the larvae burrow into the mud or construct small tubes in
which they live. The larvae feed on suspended organic matter in the water and in the mud.

Larvae living in low-oxygen environments are commonly called “blood worms” because of their dark red
color, which is caused by blood hemoglobin and allows the larvae to live in areas with low dissolved oxygen.
Depending on water temperature, 2 to 7 weeks after leaving the egg mass, the larvae transform into pupae.
After 3 days, the pupae swim to the surface, where they emerge as adults several hours later.

The timing of midge emergence is species-specific and can occur year-round; however, most adults emerge
during the spring and summer. Adults mate in swarms soon after emerging. Adults live for only 3 to 5 days
and do not feed. Midge larvae are eaten by a large variety of aquatic organisms, such as dragonfly nymphs,
predaceous diving beetles, and a variety of fish species, particularly bottom-feeding fish such as carp.

Table 2-1 provides a full list of taxa collected during invertebrate surveys in the Study
Area.

Table 2-1. Invertebrates Collected in the Study Area During Round 1 and Round 2

Phylum Class or Order Scientific Name Common Name
Bryozoa Moss animals
Cnidaria Hydrozoa (Anthoathecatae) Hydra sp. Hydra
Platyhelminthes  Turbellaria Flatworm
Nemertea Enopla (Hoplonemertea) Prostoma sp. Ribbon worm
Nematoda Roundworm
Annelida Polychaeta Aeolosomatidae Worm

Manayunkia speciosa Sabellid worm
Oligochaeta Lumbriculidae sp. Lumbricid worm
Haplotaxidae sp. Worm
Enchytraeidae sp. Enchytraeid worm
Aulodrilus limnobius Tubificid worm
Aulodrilus pigueti Tubificid worm
Aulodrilus piqueti Tubificid worm

DO NOT QUOTE OR CITE
This document is currently under review by US EPA and its federal, 18
state, and tribal partners, and is subject to change in whole or in part.



LWG

Lower Willamette Group

Portland Harbor RI/FS
Draft Final Remedial Investigation Report
Appendix G: BERA

Table 2-1. Invertebrates Collected in the Study Area During Round 1 and Round 2

July 1, 2011

Phylum Class or Order Scientific Name Common Name
Aulodrilus pluriseta Tubificid worm
Aulodrilus sp. Tubificid worm
Branchiura sowerbyi Tubificid worm
Limnodrilus hoffmeisteri Tubificid worm
Quistradrilus multisetosus Tubificid worm
Chaetogaster sp. Naidid worm
Dero digitata Naidid worm
Dero sp. Naidid worm
Nais barbata Naidid worm
Nais pardalis Naidid worm
Nais variabilis Naidid worm
Pristina aequiseta Naidid worm
Pristina leidyi Naidid worm
Pristina osborni Naidid worm
Pristinella sp. Naidid worm
Slavina appendiculata Naidid worm
Stylaria lacustris Naidid worm
Vejdovskyella sp. Naidid worm
Hirudinea Unknown sp. Leech

Erpobdellidae sp. Leech

Mollusca Gastropoda Ferrissia sp. Limpet
Menetus opercularis Pulmonate snail
Physa sp. Bladder (or patch) snail

Bivalvia (Unionoida) Anodonta nuttalliana Winged floater

Corbicula fluminea Asiatic clam
Margaritifera falcata Western pearlshell mussel
Pisidium sp. Fingernail clam

Arthropoda Arachnida Arrenurus sp. Water mite
Frontipoda sp. Water mite
Hygrobates sp. Water mite
Lebertia sp. Water mite
Limnesia sp. Water mite
Limnesiidae sp. Water mite
Torrenticola sp. Water mite
Unionicola sp. Water mite
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Table 2-1. Invertebrates Collected in the Study Area During Round 1 and Round 2

Phylum Class or Order Scientific Name Common Name
Crustacea (Isopoda) Caecidotea sp. Isopod
Crustacea (Amphipoda) Anisogammarus sp. Amphipod

Corophium sp. Amphipod
Corophium spinicorne Amphipod
Gammaridae sp. Amphipod
Hyalella sp. Amphipod
Ostracoda Unknown sp. Ostracod or seed shrimp
Insecta (Ephemeroptera) Caenis sp. Mayfly
Stenonema terminatum Mayfly
Insecta (Odonata) Gomphidae Dragonfly
Stylurus sp. Dragonfly
Insecta (Trichoptera) Hydroptilidae sp. Caddisfly
Hydroptila sp. Caddisfly
Orthotrichia sp. Caddisfly
Oecetis sp. Caddisfly
Polycentropodidae sp. Caddisfly
Polycentropus sp. Caddisfly
Insecta (Diptera) Ablabesmyia sp. Midge
Brillia sp. Midge
Bryophaenocladius sp. Midge
Chironomini gr. Midge
Chironomus sp. Midge
Cladopelma sp. Midge
Cladotanytarsus sp. Midge
Corynoneura sp. Midge
Cricotopus bicinctus gr. Midge
Cricotopus sp. Midge
Cryptochironomus sp. Midge
Demeijerea sp. Midge
Dicrotendipes sp. Midge
Endochironomus sp. Midge
Eukiefferiella brevicalcar gr.  Midge
Glyptotendipes sp. Midge
Harnischia sp. Midge
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Table 2-1. Invertebrates Collected in the Study Area During Round 1 and Round 2

Phylum

Class or Order

Scientific Name

Common Name

Nanocladius sp.
Orthocladius complex
Parachironomus sp.
Paracladopelma sp.
Parakiefferiella sp.

Paralauterborniella
nigrohalteris

Paraphaenocladius sp.
Paratanytarsus sp.
Phaenopsectra sp.
Polypedilum sp.
Procladius sp.
Psectrocladius sp.
Pseudochironomus sp.
Rheotanytarsus sp.
Stenochironomus sp.
Tanytarsus sp.
Thienemanniella sp.

Xenochironomus xenolabis

Midge
Midge
Midge
Midge
Midge

Midge
Midge
Midge
Midge
Midge
Midge
Midge
Midge
Midge
Midge
Midge
Midge
Midge

Note: Invertebrates were collected using a variety of equipment, including Hester-Dendy multiplate samplers, van Veen

grabs, and ponar grabs. More information is provided in Integral et al. (2004a).

Oligochaete worms feed on bacteria, diatoms, detritus, and other micro-organisms by
ingesting large quantities of sediment and extracting organic material. Some oligochaete
species live within an inch (approximately 1 to 3 cm) of the sediment surface, while
others live in tubes attached to filamentous algae, submerged plants, and terrestrial debris

(Brusca and Brusca 2003). Chironomids have an aquatic larval stage during which they

feed on the sediment surface or from the water column. Depending on the species, the
larvae of this diverse group can forage directly on plant or detrital material on or in the
sediment, collect suspended material from the water column, or prey upon other
invertebrates. Some chironomid species can cling to rocks, aquatic macrophytes, and
other hard substrates; other species burrow into the sediment.

Amphipods have diverse feeding strategies and can consume various kinds of plant and

animal material. The most common amphipod in the Study Area, Corophium spp., is a
tube-building amphipod (McCabe et al. 1997) that often occurs in high densities in
fine-grained sediment and feeds on bound organic material from both the sediment
surface and the water column. The introduced Asiatic clam (Corbicula fluminea), the
most abundant bivalve in the Study Area, feeds from the near-bottom water on
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zooplankton, phytoplankton, and organic detritus. They can live in water up to about 90 ft
(30 m) deep but are predominantly found in water depths from 0 to 6 ft (2 m)
characterized by stable sand and gravel substrates (Pennak 1978). Long-lived freshwater
mussels found in the LWR are also filter feeders, although several species (specifically
unionaceans) have a parasitic larval form that requires a specific fish host. Nematodes are
free-living roundworms that are typically parasitic in natural freshwater habitats. Most
specimens are confined to the top few inches (5 cm) of the substrate (Pennak 1978).
Infaunal nematodes can also be direct deposit feeders (feeding on sediment), while others
are detritivores or microscavengers that feed on the sediment surface (Brusca and Brusca
2003). Freshwater flatworms are primarily represented by turbellarians, which are
typically free-living on hard substrates and actively forage for prey.

Why Were Asiatic Clams Used in the BERA?

The Asiatic clam (Corbicula fluminea), a Southeast Asia native, was
introduced to North America in the early 1900s. These small (1.5 in.
[<4 cm]) clams are taxonomically and functionally related to the native
freshwater mussels and fingernail clams found in the LWR. (Asiatic
clams are placed in the same suborder, Corbiculacea, with fingernail
clams.) These bivalves all share similar feeding strategies (filter and
surface detrital feeding) and physiological mechanisms for exposure
to and uptake of contaminants in sediment.

- Tk
The Asiatic clam is tolerant of a variety of environmental conditions, preferring sand or gravel substrates in
medium to larger rivers. Compared with less resilient native mussels and clams, Asiatic clams are more
successful in drainage systems subject to periodic anthropogenic or natural disturbance. As with most
bivalves, the Asiatic clam is sensitive to environmental stresses such as temperature extremes and
hypoxia. However, other life history traits more than compensate for this sensitivity. The low age to
maturity, high fecundity, and dispersal mechanism of this species allow it to recover quickly from
disturbance (McMahon and Bogen 2001), unlike native bivalve populations.

In the LWR, Asiatic clams were the most numerous bivalve collected and often were among the three most
abundant benthic invertebrates. Asiatic clams are considered an undesirable invasive species in Oregon,
and harvesting them is prohibited by law. Nonetheless, where present, they play a significant role in the
food chain because they are abundant and productive. Asiatic clams may affect the cycling of nutrients or
compete with native mussels for food. The clams are consumed by many species, including shorebirds,
diving ducks, amphibians, reptiles, crayfish, other invertebrate predators, and fish (e.g., carp, bluegill, and
sturgeon) (Thorp and Covich 2001).

The widespread distribution and abundance of the Asiatic clam in the LWR makes it a useful species for
environmental monitoring and investigations of environmental quality.

Mayflies and caddisflies, which can be found in many microhabitats in the LWR

(e.g., burrowing in sediment, clinging to the undersides of rocks), use various feeding
strategies, including grazing on algae and diatoms, filtering particles from the water
column, and preying on other organisms. Crayfish are omnivores with a diet composed
mainly of aquatic vegetation, but they will eat fish, aquatic insects, and detritus when
aquatic vegetation is less available (Pennak 1978). Crayfish forage continuously, but
feeding activities peak from dusk until dawn as a predator avoidance behavior (Thorp and
Covich 2001).

Infaunal community samples were collected by LWG from 22 locations (Map 2-3) within
the Study Area in the fall of 2002 to provide information on community structure,
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including relative abundance of taxa (Integral et al. 2004a). Infaunal community data
were not collected in upstream or reference areas. The samples were primarily collected
with a van Veen (0.1-m?) grab sampler (two samples were subsampled from a 0.3-m?
power grab) and sieved through a 0.5-mm screen, and the infauna were identified and
enumerated in 21 of the 22 samples (a tar-like material in one sample reacted with sample
preservatives, precluding the sorting of infauna).

The total number of taxa ranged from 6 to 21 per 0.1 m?, and densities ranged from 7 to
590 per 0.1 m?. Chironomid larvae, oligochaetes, and the Asiatic clam Coribicula
fluminea were the most abundant taxa. Chironomid larvae were found at densities
ranging from 1 to 326 per 0.1 m? at 18 of the 21 sampling locations, usually with two to
five chironomid taxa at each location. Oligochaetes had a similar distribution with a total
of 12 taxa found in the Study Area, usually with three to six taxa per sample. The
oligochaete Limnodrilus hoffmeisteri was the most common taxon present at 19 of the 21
locations, with densities ranging from 17 to 316 per 0.1 m?. Clams were represented by
two taxa, Corbicula fluminea and Pisidium sp., at 19 of the 21 locations, with densities
that ranged from 1 to 191 per 0.1 m? (Corbicula fluminea, the Asiatic clam, was the more
abundant). Three groups of crustaceans (amphipods, isopods, and ostracods) were found
during the survey, usually in low densities (i.e., fewer than 5 organisms per sample) with
only Corophium spp., a small tube-dwelling amphipod, reported at higher densities

(i.e., 10 to 148 per 0.1 m?). As predicted by the River Continuum Concept, the
composition of functional groups at the 21 sampling locations was dominated by filterers
and gatherers (i.e., collectors) that feed on organic material suspended in the water
column or newly settled on the sediment surface.

During the summers of 2002 and 2005, LWG conducted surveys of the epifaunal
communities present in the Study Area by deploying artificial multiplate samplers in the
water column. In 2002, multiplate samplers were deployed at 10 locations in the Study
Area and at 2 locations between RM 9.0 and RM 13.0, which at that time were regarded
as upstream reference areas. After 6 weeks, the multiplate samplers were retrieved, and
the organisms that had colonized the substrate were identified. Chironomid larvae,
oligochaetes, and Corophium spp. dominated the community collected on the multiplate
samplers. Other common epifaunal invertebrates were sponges and bryozoans.

In 2002, the LWG surveyed the infaunal community structure throughout the Study Area
using a sediment profile camera (SEA 2002) that evaluates physical and biological
characteristics of a cross section of approximately the top 8 in. (20 cm) of the sediment
column. This information is used to describe the benthic community characteristics,
including community successional stage. The successional stage represents the response
of the community to physical (e.g., flood, prop wash), chemical (exposure to
contaminants), or biological (large-scale predation) disturbance events. Stage 1
communities are early colonizers composed of small, opportunistic species with short life
cycles that typically dwell at the sediment-water interface. Stage 3 communities are
usually composed of larger, longer-lived, deeper-dwelling organisms that reflect greater
habitat stability and are most often found in fine-grained sediments. Stage 3 communities
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are considered climax or mature communities that can also indicate a longer time interval
since the last disturbance event. Stage 2 communities are those transitioning from Stage 1
to Stage 3, and are characterized by organisms such as tube-dwelling amphipods or
organisms that burrow or feed within the top few centimeters of the sediment column.
Figure 2-8 depicts a conceptual model of benthic community maturation following a
disturbance. The persistence of Stage 1 communities indicates continual perturbation of
the benthic environment that can include physical (e.g., continual burial, erosion),
chemical (contaminant exposure, high sulfides from decomposition of organic material in

the absence of oxygen), or biological (e.g., predation) factors (SEA 2002).

Stages represent increasing time following physical disturbance

Stage 3

Oxidized
Sediment

Anaerobic -
Sediment

b O ST SR
P i, oy
- "

o L L.»

Source: Rhoads and Germano (1986)

Figure 2-8. Conceptual Model of Benthic Community Response to Perturbation

Overall, the successional stages present in the LWR appeared to be closely associated
with the sediment grain size of the substrate and its physical regime (Table 2-2). Late
successional stage (Stage 3) communities were predominantly found only in fine-grained
sediments (fine sands, silts, and clays), but not all areas of fine-grained sediment
supported Stage 3 communities. Earlier successional stages were present in areas of
fine-grained sediment that appeared likely to have experienced some type of periodic
disturbance (prop wash along pier faces, within the navigation channel, or along channel
slopes). Earlier community stages were also present in areas with very high rates of
sediment deposition, most likely the result of ongoing burial. Stage 1 and 2 communities
were typically found in areas of active transport of primarily coarse-grained sediment

(Map 2-4).

Table 2-2. Distribution of Benthic Community Successional Stages by Physical Regime

Successional Physical Regime
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Stage Highly Erosional/
Depositional Depositional Transport Mixed Unknown? Total
Early 64 48 66 31 10 219
Transitional 4 5 8 5 0 22
Mature 68 87 19 28 3 205
Indeterminate® 6 2 29 4 36 77
Grand Total 142 142 122 68 49 523

& Almost all physical regimes classified as unknown were classified as such because debris was present.

Indeterminate successional stages were associated primarily with coarse-grained sediments or debris fields that the SPI
camera could not penetrate.

SPI — sediment profile imaging

b
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What is Sediment Profile Imaging?

Given the importance of benthic communities to
ecological analysis, all available tools to describe
their condition should be considered. Sediment
profile imaging (SPI) is one such tool. SPI is a
technology to evaluate benthic community
response to perturbations (chemical, physical, or
biological) in soft-bottom habitats. This evaluation
is based on the theory that organisms representing
specific functional types occur in a predictable
succession following a disturbance, from Stage 1
through Stage 3 communities. The profiles
captured by SPI reflect the degree of maturation of
community structure and function.

Stage 1 is characterized by very small, abundant
organisms (typically opportunistic ostracods,
tubificid oligochaetes, and some chironomids in
freshwater systems (Soster and McCall 1990)) that
can capitalize on the short-term availability of a
habitat or a resource. These short-lived, early
colonizers live within millimeters of the
sediment-water interface (SWI), reflecting both
their small size and the limited depth to which
oxygen can enter sediment by molecular diffusion
from the overlying water column alone (a deeper
oxygenated layer depends primarily on biological
activity of larger organisms).

Disturbed communities that have undergone some
type of recovery will have infaunal members (e.qg.,
tubicolous amphipods, small bivalves) that may
burrow within the top few centimeters of the
sediment column. These Stage 2 transitional
communities are the first to rework deeper
sediment and extend the oxygenated sediment
zone to several centimeters or more. The presence
of Stage 2 communities in freshwater environments
is evidenced by dense amphipod tubes and/or the
presence of shallow feeding voids.

Communities in stable environments with adequate
food typically include larger, less abundant,
longer-lived organisms (e.g., deposit-feeding
oligochaetes, larger bivalves) that burrow or feed
up to 20 cm below the sediment surface. These
mature Stage 3 communities are responsible for
the mixing of surface sediment with deeper
underlying sediment in a process known as
bioturbation. Organisms in these mature, relatively
undisturbed communities can occur below the
oxygenated zone by using physical or biological
adaptations that give them access to the
oxygenated water at the sediment surface or retard
the influx of anoxic porewater into their burrows or
tubes.

Image to the left
shows a fine sand
veneer over slightly
sandy, gray silt. The
surface layer of
brown, sorted fine
sand varies from
0.3to2.5cmin
thickness. There are
subsurface methane
pockets 16.8 cm
below the SWI and
extending to the
bottom of the frame.
Small tubes are
present at the SWI.
This sampling
location is highly
depositional and
considered a

Stage 1 community.

Image to the left
shows gray, fine
sandy silt with
abundant amphipod
tubes at the
sediment-water
interface. The dense
assemblage of
amphipod tubes, the
sequestering of
fine-grained
sediment, and
resultant
colonization is a
classic Stage 2
assemblage.

Image to the left
shows soft, gray,
slightly fine sandy
silt with well-formed
feeding voids from
Stage 3 infauna,
indicating that the
subsurface sediment
is being extensively
reworked by the
resident infauna.

The infaunal community structure in the upper segment of the Study Area (RM 7.0 to
RM 10.0) was characterized by the widespread presence of Stage 3 infauna, both in
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nearshore areas (including Swan Island Lagoon) and main channel sediments (SEA
2002). In the middle segment of the Study Area, the sediments were coarse, indicative of
higher current velocity. As might be expected, the infaunal community structure in the
middle segment of the Study Area (RM 5.0 to RM 7.0) was dominated by Stage 1 infauna
(SEA 2002). The fines that had been carried through the middle segment appeared to
have been deposited in the lower reaches of the Study Area (RM 2.0 to RM 5.0),
resulting in a fine-grained region. Again, as might be expected, the infaunal community
structure in the lower segment of the Study Area was dominated by Stage 3 infauna,
either by themselves or in association with Stage 1 infauna (SEA 2002). The presence of
both Stage 1 and Stage 3 infauna likely indicates seasonal recruitment to an area with
more mature communities.

Areas that were composed solely of Stage 1 infauna include the slips, the upstream
portion of the segment from RM 2.0 to RM 5.0, and at the confluence of Multnomah
Channel and the Study Area. The only areas that exhibited solely Stage 1 infauna
coincided with regions of rapid deposition (the western main channel between RM 8.4
and RM 9.3, isolated nearshore locations that may be subject to physical or chemical
perturbation, the northeast corner of Swan Island Lagoon, and the main channel of the
river to the western shore between RM 7.1 and RM 7.5), suggesting that the habitat was
too unstable or the depositional rate exceeded the ability of any longer-living Stage 3
infauna to colonize successfully and survive.

During the summer of 2002, LWG collected crayfish for contaminant analysis at

23 locations throughout the Study Area (SEA et al. 2003). The crayfish were not
identified to species as part of the studies; however, only one crayfish species, the native
western freshwater crayfish (Pacifastacus leniusculus), has been identified in the LWR
(Boersma et al. 2006; Friesen 2005).

Two benthic invertebrate tissue sampling events were conducted by LWG in the Study
Area in 2005 (Windward and Integral 20054, b). A reconnaissance survey was conducted
at 13 locations in the Study Area to assess the feasibility of collecting sufficient benthic
invertebrates for tissue chemistry analyses. Based on the results of the reconnaissance
survey, the second field effort collected clams (Corbicula fluminea) at 33 locations in the
Study Area. The benthic invertebrates observed in the two field efforts were similar to the
organisms collected in 2002 and included chironomids, oligochaetes, clams, flatworms,
and dragonfly larvae. Corbicula fluminea was the most common larger benthic
invertebrate; it was collected at all 33 locations. Two other larger molluscs, tentatively
identified in the field as western pearlshell mussel (Margaritifera falcata) and winged
floater (Anodonta nuttalliana), were collected at 17 and 2 locations, respectively.
Gastropod snails (Pleuroceridae) were abundant at the confluence of Multnomah Channel
and the main stem of the river.
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2.2.2 Fish

The diverse fish species that use habitats within the LWR include anadromous fish such
as salmon and lamprey as well as numerous resident fish, including recreational species
such as bass and sturgeon.

Piscivorous birds, aquatic mammals, and certain fish species rely on fish for food. Fish of
all feeding guilds maintain the nutrient and energy cycles between aquatic primary
producers and higher levels in both the aquatic and terrestrial food chains. Contaminants
within the system can directly affect individual fish organisms, fish populations, and
higher-trophic-level aquatic-dependant fauna that consume prey whose tissues contain
contaminant residues.

Fish species identified as using habitat within the Study Area were grouped into the
following feeding guilds:

e Herbivores/omnivores — fish that feed on vegetation, invertebrates, or both

e Benthopelagic/benthic invertivores — fish that feed primarily on invertebrates
living either in the water column or on bottom substrates

e Piscivores — fish that feed primarily on fish

e Detritivores — fish that feed primarily on organic detritus

The following subsections provide detailed information on prey preferences, habitat
preferences, and site use by fish species within these feeding guilds. The information is
based on numerous studies, including Farr and Ward (1993), Fishman (1999), Beak
(2000), and North et al. (2002), and a comprehensive compilation of published and
unpublished literature on fish use of Portland Harbor (Ellis Ecological 2000). Fish
species known to be present or to have been present in the LWR are listed in Table 2-3. It
is likely that other species are present in the LWR but, not having been reported as such,
are not included in Table 2-3. The species observed during the LWG sampling activities
are indicated.

Table 2-3. Fish Known to be Present in the LWR

Resident or

Species Scientific Name Migratory?
Herbivore/Omnivore
Chiselmouth Acrocheilus alutaceus Resident
Mountain sucker Catostomus platyrhynchus Resident
Eulachon Thaleichthys pacificus Migratory
Bluegill® Lepomis macrochirus Resident
Common carp® Cyprinus carpio Resident
Pumpkinseed® Lepomis gibbosus Resident
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Table 2-3. Fish Known to be Present in the LWR
Resident or
Species Scientific Name Migratory?
Largescale sucker” Catostomus macrocheilus Resident
Brown bullhead® Ameiurus nebulosus Resident
Goldfish® Carassius auratus Resident
Green sturgeon® Acipenser medirostris Migratory
White sturgeon® Acipenser transmontanus Migratory
Yellow bullhead” Ameiurus natalis Resident
Invertivore
American shad® Alosa sapidissima Migratory
Banded killifish® Fundulus diaphanus Resident
Chinook salmon®* Oncorhynchus tshawytscha Migratory
Coastal cutthroat trout® Oncorhynchus clarki clarki Migratory
Coho salmon’ Oncorhynchus kisutch Migratory
Mountain whitefish Prosopium williamsoni Resident
Peamouth® Mylocheilus caurinus Resident
Rainbow trout Oncorhynchus mykiss Resident
Redear sunfish® Lepomis microlophus Resident
Sockeye salmon Oncorhynchus nerka nerka Migratory
Steelhead™ ¢ Oncorhynchus mykiss gairdneri Migratory
Prickly sculpin® Cottus asper Resident
Threespine stickleback® Gasterosteus aculeatus Both
Reticulate sculpin® Cottus perplexus Resident
Mottled sculpin Cottus bairdi Resident
Paiute sculpin Cottus beldingi Resident
Riffle sculpin Cottus gulosus Resident
Shorthead sculpin Cottus confuscus Resident
Starry flounder” Platichthys stellatus Migratory
Torrent sculpin Cottus rhotheus Resident
Warmouth® Lepomis gulosus Resident
Piscivore
Black crappie® Pomoxis nigromaculatus Resident
Largemouth bass® Micropterus salmoides Resident
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Table 2-3. Fish Known to be Present in the LWR

Resident or

Species Scientific Name Migratory?
Northern pikeminnow” Ptychocheilus oregonensis Resident
Smallmouth bass” Micropterus dolomieui Resident
Walleye® Stizostedion vitreum Resident
White crappie Pomoxis annularis Resident
Yellow perch® Perca flavescens Resident
Detritivore
Pacific brook lamprey Lampetra pacifica Resident
Pacific lamprey”" Entosphenus tridentatus (formerly Migratory

known as Lampetra tridentata)

River lamprey' Lampetra ayresi Migratory
Western brook lamprey? Lampetra richardsoni Resident

a
b
c

d

h
i

i

Wydoski and Whitney (2003).
Species observed during LWG sampling activities.
Known to be present in the Columbia River; federally listed as threatened.

Federally listed as threatened in Lower Columbia River and Upper Willamette River; state-listed as a critical
species on ODFW sensitive species list.

Federally listed as species of concern; state-listed as a vulnerable species on ODFW sensitive species list.

Federally listed as threatened in Lower Columbia River; state-listed as endangered on the ODFW endangered
species list.

Federally listed as threatened in Lower Columbia River and Upper Willamette River; state-listed as a critical
species on ODFW sensitive species list.

Federally listed as species of concern; state-listed as a vulnerable species on ODFW sensitive species list.
Federally listed as species of concern.
State-listed as a vulnerable species on ODFW sensitive species list in the Columbia River systems.

LWR - Lower Willamette River
ODFW - Oregon Department of Fish and Wildlife

2221

Herbivorous/Omnivorous Fish

Omnivorous and herbivorous fish in the LWR are exposed to contaminants primarily
through their diet and incidental ingestion of sediment and water.

2.2.2.1.1 Herbivorous Fish

Only two herbivorous fish species are known to be common in the LWR: the chiselmouth
(Arocheilus alutaceus) and the mountain sucker (Catostomus platyrhynchus) (Table 2-3).
The chiselmouth and mountain sucker are benthic feeders and consume diatoms, algae,
insects, and plants (Wydoski and Whitney 2003). Both species are resident and native to
the region and have been captured in the LWR (Farr and Ward 1992; Beak 2000; Hughes
and Gammon 1987; Tetra Tech 1995). Chiselmouth inhabit moderate-to-fast-moving
pools, creeks, rivers, and lake margins over sandy or gravel substrate (Wydoski and
Whitney 2003; Page and Burr 1991). Mountain sucker inhabit shallow waters of
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mountain streams over sandy to rocky substrate (Wydoski and Whitney 2003; Scott and
Crossman 1973).

2.2.2.1.2 Omnivorous Fish

Ten omnivorous fish occur in the LWR (Table 2-3). Omnivores are predominantly
bottom feeders that ingest sediment along with a variety of animal, plant, and detrital
material. The largescale sucker (Catostomus macrocheilus) is a common native resident
of the LWR (Beak 2000; Hughes and Gammon 1987; Tetra Tech 1995; Farr and Ward
1992). It consumes insect larvae as a juvenile; diatoms, detritus, crustaceans, and snails
as an adult; and large amounts of sediment during feeding (CBFWA 1996). The species
has a long life span (up to 15 years) and reaches reproductive maturity in 3 to 5 years for
males and in 4 to 6 years for females (Wydoski and Whitney 2003). Largescale sucker
generally inhabit shallow bottom areas of large riverine and estuarine waters.

Two omnivorous sturgeon species, white sturgeon (Acipenser transmontana) and green
sturgeon (Acipenser medirostris), are found in the LWR, including Portland Harbor.
Sturgeon rely on large, complex river systems for many of their life stages and can feed
opportunistically on prey ranging from benthic invertebrates to large fish (Beamesderfer
and Farr 1997). In addition, white sturgeon is a native species with a very long life span
(e.g., some living more than 100 years) (Dees 1961). White sturgeon are highly valued by
the Tribes, and they are also a popular sports fish. The annual commercial and sport
harvest of sturgeon from the LWR has been estimated at 1,000 to 2,000 fish.
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How Much of Their Lives Do White Sturgeon
Spend in the LWR?

A long-lived, wide-ranging, omnivorous native fish
of cultural importance to Tribes and sport anglers,
white sturgeon (Acipenser transmontanus) is a
receptor of great value.

Sturgeon identify prey on the bottom surface
using their long barbels and then extend their
mouths and suck up the prey item (USFWS
1961). Sturgeon may live up to 100 years of age. i
White sturgeon are known to be present in the Willamette River during their juvenile (pre-breeding) life
stage. The average age of sturgeon collected from the Study Area of the LWR during 2007 sampling was
13 years old (ages ranged from 7 to 26 years). (Age analysis of juvenile sturgeon was determined by Ruth
Farr and Michele Weaver at the Oregon Department of Fish and Wildlife (ODFW) using pectoral fin ray
samples following ODFW protocols (Beamesderfer et al. 1998)).Wydoski and Whitney (2003) report that
male sturgeon reach sexual maturity at 9 years of age and that females mature at 13 to 16 years. The
median age at sexual maturity for white sturgeon in the lower Columbia River was reported as 24 years
(DeVore et al. 1995).

Some studies suggest that sturgeon can show strong site fidelity (Veinott et al. 1999), while other studies
indicate that individual sturgeon can have large ranges (DeVore and Grimes 1993). The home ranges of
sturgeon are studied through the use of passive integrated transponder (PIT) tags or spaghetti wires, which
are attached to sturgeon captured and released to track their movements. One juvenile white sturgeon
collected from the Study Area during sampling in March 2007 was tagged with a spaghetti wire that had
been placed by the Washington State Department of Fish and Wildlife (WDFW). The age of this tagged
sturgeon based on a pectoral fin ray sample was 7 years old. Per WDFW (2007), the sturgeon was originally
tagged in June 2006 at Rocky Point, which is located along the west shore of Grays Bay near the
Pacific/Wahkiakum counties border on the Washington side of the Columbia River. The initial tagging
location was approximately 72 miles from the location where the sturgeon was collected. The movement of
this fish indicates a large home range for sturgeon, even during their pre-breeding life stage.

The common carp (Cyprinus carpio) is a long-lived (more than 20 years) exotic species
resident to the LWR (Hughes and Gammon 1987). Adult fish are largely benthic feeders
and consume copepods along with algae and plant fragments (Wydoski and Whitney
2003). The common carp has been found to be evenly distributed throughout the LWR,
with population numbers increasing as the water temperature increases through the
sampling season (Farr and Ward 1992; Tetra Tech 1995).

Brown bullhead (Ameiurus nebulosus) and yellow bullhead (Ameiurus natalis)—two
introduced members of the Ictaluridae family—are resident in the LWR. These species
are bottom feeders with similar life spans (i.e., approximately 5 years) and habitat
preferences, although the preferred water depth for yellow bullhead (0 to 10 m) is
shallower than that of brown bullhead (0 to 40 m) (Scott and Crossman 1973). In
addition, brown bullhead tolerate low dissolved oxygen levels and high temperatures,
whereas yellow bullhead prefer clear stream or pond water with aquatic vegetation
(Wydoski and Whitney 2003). Yellow bullhead were captured frequently in several
studies (Farr and Ward 1992; Beak 2000; Hughes and Gammon 1987) but infrequently in
others (e.g., four fish in Beak (2000), one fish in Hughes and Gammon (1987)). Only a
few brown bullhead were caught by Farr and Ward (1992).
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Other omnivores possibly present in the LWR include several introduced species: the
pumpkinseed sunfish (Lepomis gibbosus), bluegill (Lepomis macrochirus), and goldfish
(Carassius auratus). Pumpkinseed prefer quiet vegetated pools in low-velocity areas of
rivers (Wydoski and Whitney 2003). Habitat preferences of the bluegill are similar:
low-gradient, low-velocity areas with abundant pools and aquatic vegetation (Stuber et al.
1982). Pumpkinseed and bluegill are benthopelagic species that have been caught in the
LWR (Farr and Ward 1992; Beak 2000; Tetra Tech 1995). Goldfish are benthic feeders
that prefer low-velocity, stagnant water of ponds, lakes, and slow-moving rivers
(Wydoski and Whitney 2003).

2222 Invertivorous Fish (Benthopelagic)

Three species of non-salmonid benthopelagic invertivorous fish (primarily feeding on
invertebrates) may occur in the LWR: peamouth (Mylocheilus caurinus), American shad
(Alosa sapidissima), and eulachon (Thaleichthys pacificus). The peamouth and eulachon
are natives to the LWR; the American shad, a native to the East Coast, was introduced to
the West Coast in the late 1800s.

The American shad is anadromous and a repeat spawner, migrating to fresh water after
spending 2 to 6 years in the ocean (Stier and Crance 1985). Shad can live up to 11 years
and reach reproductive maturity within 4 to 5 years (Stier and Crance 1985). Juvenile
shad remain in fresh water for their first summer, moving to marine waters in the fall.
Adult American shad prefer to spawn in broad flats or shallow water of large rivers (Stier
and Crance 1985). While in fresh water, juvenile shad consume insects, crustaceans,
zooplankton, and benthic invertebrates (Wydoski and Whitney 2003).

As adults, peamouth feed on benthic invertebrates, crustaceans, insects, and small fish
and can live up to 13 years (Wydoski and Whitney 2003). Peamouth prefer shallow areas
of lakes and slow-moving rivers, remaining nearshore during winter months and moving
to deeper waters in the summer months (Wydoski and Whitney 2003).

The eulachon (Thaleichthys pacificus) is a native pelagic species that may be seasonally
present in LWR. Eulachon inhabit predominantly marine waters, migrating to estuaries

and coastal rivers to spawn. It is estimated that eulachon spend less than 6 weeks a year
in fresh water.

2.2.2.3 Invertivorous Fish (Benthic)

Several non-salmonid benthic invertivores reside in the LWR, including seven sculpin
species (Cottus spp.), starry flounder (Platichthys stellatus), warmouth (Lepomis
gulosus), and threespine stickleback (Gasterosteus aculeatus) (Table 2-3). These species
are native residents, except for warmouth, which is an introduced resident.

The prickly sculpin (Cottus asper) is one of seven members of the Cottidae family
present in the LWR. The prickly sculpin lives approximately 4 to 5 years and reaches
maturity within 2 to 4 years (Wydoski and Whitney 2003). The prickly sculpin is a
benthic feeder as an adult and consumes crustaceans, aquatic insect larvae, fish, and
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molluscs (Wydoski and Whitney 2003). It prefers shallow water with sand, gravel, or
rubble bottoms and abundant aquatic vegetation (Wydoski and Whitney 2003). It is also
tolerant of salinity. Several studies suggested that the prickly sculpin is the most common
sculpin in the LWR (Farr and Ward 1992; Hughes and Gammon 1987; Tetra Tech 1995).
Other sculpin species reported to occur in the Willamette River are the reticulate sculpin
(Cottus perplexus), mottled sculpin (C. bairdi), Paiute sculpin (C. beldingi), shorthead
sculpin (C. confuscus), riffle sculpin (C. gulosus), and torrent sculpin (C. rhotheus) (Farr
and Ward 1992; Hughes and Gammon 1987; Tetra Tech 1995). These species have
similar life spans, and their adult diets consist of aquatic insects, crustaceans, snails, and
fish eggs (Wydoski and Whitney 2003).

What Type of Habitat Do Sculpin Prefer?

Because sculpin (Cottus spp.) are abundant in the Study Area, dwell in

and near the riverbed, forage over very small home ranges, and are ; =
likely to contact sediment-associated contaminants, they represent a - 7
key species for examination.

Seven sculpin species have been reported in the LWR: prickly,

reticulate, riffle, mottled, Paiute, shorthead, and torrent sculpin. These

sculpin species have a similar benthic habitat preference unique among

fish living in the LWR. Sculpin generally prefer shallow water and tend to forage within a very small home
range. Although some species may be found in sandy areas (i.e., prickly, reticulate, and riffle sculpin),
sculpin are more commonly found in habitats with bottom substrates such as rubble, gravel, boulders, or
rocks (Wydoski and Whitney 2003). Their small home ranges and benthic habitat use may result in higher
exposures to sediment-associated contaminants.

In the Study Area, sculpin were most commonly collected from three general nearshore areas with coarse
bottom substrates: riprapped areas, areas with unclassified fill (e.g., rocks, debris, concrete), and areas with
man-made structures. Sculpin in the Study Area also were frequently observed in and collected from within
locations with moderate cover. The length of sculpin collected from the Study Area ranged from
approximately 3.5 to 7 in.

The threespine stickleback, a native to the LWR, can live in both freshwater and marine
systems but spawn in freshwater habitats. It is a benthic feeder in fresh water, consuming
small crustaceans, insects, and fish eggs (Wydoski and Whitney 2003). Threespine
stickleback typically live up to 3 years and are found close to the bottom of streams and
lakes near aquatic vegetation (Wydoski and Whitney 2003).

Starry flounder inhabit shallow to deep estuarine waters, although they can travel far
upstream in rivers to forage. Starry flounder are benthic feeders, consuming crabs,
molluscs, and small fish (Orcutt 1950).

The warmouth is exotic to the region. This species prefers backwater habitats with
slow-moving water and dense vegetation and is known to be adversely affected by
channelization (McMahon et al. 1984a). Juvenile warmouth feed on protozoa, bacteria,
and zooplankton; adults feed on aquatic insect larvae, crayfish, and small fish (Wydoski
and Whitney 2003).
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2224 Invertivorous Fish (Salmonids)

Seven species of salmonids are known to occur in this region: Chinook salmon
(Oncorhynchus tshawytscha), steelhead trout (O. mykiss gairdneri), rainbow trout

(O. mykiss), coho salmon (O. kisutch), sockeye salmon (O. nerka nerka), coastal cutthroat
trout (O. clarki clarki), and mountain whitefish (Prosopium williamsoni) (Table 2-3).
Many of these species are anadromous, hatching in fresh water, migrating to salt water,
and returning to fresh water to spawn. Rainbow trout and mountain whitefish are resident
species and are not anadromous. The larger salmon species are piscivorous as adults in
the ocean, but are grouped with invertivores because juveniles prey primarily on
invertebrates during their residence in rivers. Piscivorous adult salmon feed relatively
little when returning upriver during their spring migrations.

Chinook salmon follow two life history patterns in the Willamette River, a stream type
and an ocean type. Spring runs generally follow the stream-type pattern, spending 1 year
or more in fresh water before migrating to the ocean. Summer and fall runs generally
follow the ocean-type pattern, migrating to the ocean about 3 months after emergence
(Healey 1991). Chinook salmon are semelparous, spawning only once then dying.
Chinook spawn in gravel runs, and their eggs require high oxygen concentrations.
Juveniles reside in marginal areas of rivers and find cover near woody debris and tree
roots (Healey 1991). While in fresh water, juvenile Chinook salmon feed on aquatic
insect larvae and terrestrial insects (Wydoski and Whitney 2003; Healey 1991).

Steelhead trout winter runs enter fresh water in March or April and spawn in May and
June (NMFS 1996). The majority of steelhead in Washington and Oregon smolt after 2
years in fresh water; however, some juveniles can spend up to 7 years in fresh water
before migrating to the ocean (NMFS 1996). Steelhead are iteroparous, being able to
spawn multiple times, although most steelhead in this region spawn only once (NMFS
1996). Juvenile steelhead feed on aquatic insects and insect larvae while in fresh water
(Wydoski and Whitney 2003).

Rainbow trout, the freshwater resident form of steelhead trout, have a lifespan ranging
from 3 to 8 years. They consume aquatic insects, insect larvae, worms, and fish eggs as
juveniles and aquatic insects and fish as adults (Wydoski and Whitney 2003; Raleigh et
al. 1984). Rainbow trout inhabit the clear, cold water of stream riffles and pools with
abundant vegetation present (Raleigh et al. 1984).

Coho salmon are also semelparous and anadromous (Sandercock 1991). Coho prefer to
spawn in gravel located at the head of stream riffles (Wydoski and Whitney 2003;
Sandercock 1991). After emergence, fry remain in freshwater habitat for 1 to 2 years
before migrating to marine waters. Juvenile coho inhabit shallow waters, less than 20 ft
deep, in backwater areas, side channels, and small creeks with overhanging vegetation
(Sandercock 1991). Like other salmonid species, juvenile coho are insectivores and
consume mostly insects, insect larvae, worms, and fish eggs (Wydoski and Whitney
2003).
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What Salmonid Species Are Common in the LWR?

Salmon are iconic species of the Pacific Northwest. The LWR is
considered critical habitat for several salmonid species including
Chinook salmon, steelhead, and coho salmon. Chinook were the
most prevalent species caught using both electrofishing and
beach seine gear in a 2001 ODFW study. In the beach seine
catch, sub-yearling Chinook were the highest catch overall
(94.7%), followed by coho (0.6%), and unidentified salmonids
(4.7%). Electrofishing catch was comprised of Chinook (47.1%),
coho (11.5%), steelhead (3.0%), and unidentified salmonids
(38.4%) (North et al. 2002). It appears that some seasonal
variation in relative abundance occurs among these species. The
relative abundance from most to least fish caught per unit effort ’
by beach seine in the LWR was coho, Chinook, and steelhead in spring; Chinook, coho, and steelhead in
summer; and Chinook, steelhead, and coho in fall (North et al. 2002). This information contrasts with the
results from Portland General Electric out-migrant counts at Willamette Falls and at the Clackamas
hydroelectric dam, which found these salmonid species to be abundant shorter periods of time (Domina
1997). This discrepancy is probably due to the different locations sampled and different observation
methods.

Salmonids, both adult and juvenile, are common in the LWR during various times of the year. Timing of
downstream migration of juvenile salmonids has been documented by monitoring yearling Chinook
movement patterns downstream to Willamette Falls (Schreck et al. 1994b), seasonal fish trapping at
Willamette Falls (Domina 1997; Massey 1967), and sequential seasonal sampling within the harbor (Beak
2000; Farr and Ward 1993; Fishman 1999; Ward and Farr 1989, 1990; Ward and Knutsen 1991; Ward et al.
1988; 1994). Juvenile salmon can be found in the LWR year-round (various life stages), but peak periods of
downstream migration appear to be March through mid-June and November.

Based on telemetry data, juvenile Chinook salmon appear to have a longer residence time in Portland
Harbor than steelhead or coho salmon (Ward et al. 1992; North et al. 2002). Average migration rates were
15.5 km/day for steelhead, 13.8 km/day for coho, 11.0 km/day for yearling Chinook, and 7.2 km/day for
sub-yearling Chinook (North et al. 2002). Migration duration for juvenile Chinook salmon through the LWR
from Willamette Falls to the mouth of the Columbia River ranged from 2 days to 2 months, based on
calendar year 2001 ODFW studies (North et al. 2002). Beach seining data collected in 2001 showed that the
migration duration of sub-yearling fall Chinook salmon is shorter than that of yearling spring Chinook
salmon. Preliminary radio telemetry studies found that the range of residence times for sub-yearling fall
Chinook was 1.2 to 6.8 days from RM 9.5 to RM 3.5 and 1.6 to 26.8 days from RM 18.5 to RM 3.5 (Ellis
Ecological 2001). Residence time of smaller juvenile salmon (less than 108 mm) has not been measured
and may vary from that reported here. Periods of adult salmonid migration through Portland Harbor are not
as well documented as downstream movements (Ellis Ecological 2001).

Sockeye salmon spawn in gravel riffles of streams and tributaries to lakes. Upon
emergence, juvenile sockeye spend 1 to 2 years in freshwater habitats, usually the pelagic
zone of lakes (Wydoski and Whitney 2003). Juvenile sockeye consume zooplankton
while in fresh water.

Coastal cutthroat trout have variable life history patterns. Some are anadromous,
migrating to marine waters and returning to fresh water to spawn; some are
potamodromous, spending most of their lives in streams and lakes and migrating to
tributaries to spawn; and some are non-migratory, remaining in small streams and
headwater tributaries (Trotter 1997). Coastal cutthroat trout are known to spawn in the
smallest headwater streams (Wydoski and Whitney 2003). Upon emergence, juveniles
prefer low-velocity backwater areas until large enough to move into riffles and
overwinter in pools with logs and vegetation for cover (Trotter 1997). Anadromous
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juveniles remain in freshwater habitats for 2 to 4 years before migrating to marine waters.
While in fresh water, juveniles are pelagic feeders and consume fish, insect larvae, and
sand shrimp (Trotter 1997).

The mountain whitefish is a native salmonid and prefers riffle areas and large pools of
cold streams (Wydoski and Whitney 2003). This species feeds on crustaceans, larval
insects, and some fish (Wydoski and Whitney 2003).

2.2.25 Piscivorous Fish

Northern pikeminnow (Ptychocheilus oregonensis), smallmouth bass (Micropterus
dolomieui), largemouth bass (Micropterus salmoides), black crappie (Pomoxis
nigromaculatus), white crappie (Pomoxis annularis), walleye (Stizostedion vitrem), and
yellow perch (Perca flavescens) are piscivorous fish species known to inhabit the region
(Table 2-3). As high-trophic-level predators, all of these species play a key role in the
dynamics of the aquatic community. Because of their high trophic status, these fish have
a greater potential than many other species for biomagnifying contaminants such as
polychlorinated biphenyls (PCBs), dichlorodiphenyltrichloroethanes (DDTSs), and
mercury. The diets of piscivorous fish in the LWR have been shown to be similar
(Fishman 1999). Of the piscivores listed in Table 2-3, northern pikeminnow is the only
native species.

The northern pikeminnow has a long life span, up to 19 years and reaches reproductive
maturity at 3 years for males and 4 years for females (Wydoski and Whitney 2003).
Northern pikeminnow are benthopelagic and inhabit large riverine systems, remaining
nearshore in summer and occupying deeper waters in the winter (Wydoski and Whitney
2003). Of six common species in the LWR, northern pikeminnow was the most
commonly caught fish (Ward and Nigro 1992).

Smallmouth bass, largemouth bass, black crappie, and white crappie are members of the
Centrarchidae family and are piscivorous or semi-piscivorous. All four species are
benthopelagic, consuming fish, crayfish, other crustaceans, molluscs, and worms as
adults and insect larvae and zooplankton as juveniles (Wydoski and Whitney 2003;
Turner 1966; George and Hadley 1979). None of the species is native. The largemouth
bass has a longer life span (i.e., 12 to 16 years) than smallmouth bass (approximately 10
years) (Wydoski and Whitney 2003). Largemouth bass inhabit warm shallow waters with
abundant plants and woody debris available for cover (Wydoski and Whitney 2003).
Smallmouth bass prefer riverine systems with a moderate current and rocky substrate
(Wydoski and Whitney 2003) and use riprap for cover (Farr and Ward 1992).
Largemouth and smallmouth bass are reported to be common throughout the LWR (Farr
and Ward 1992; Tetra Tech 1995; Ward and Nigro 1992; Beak 2000).

Both black and white crappie were introduced to the LWR. The black crappie has a
relatively long life span (approximately 13 years); the white crappie lives 7 to 9 years
(Wydoski and Whitney 2003). Black crappie prefer areas of low velocity and turbidity
with abundant vegetative cover and nest in soft mud (Edwards et al. 1982a). White
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crappie inhabit low-gradient, low-turbidity, slow-moving riverine systems with abundant
vegetative cover and shallow areas for nesting (Edwards et al. 1982b). Several studies
have shown black and white crappie to be abundant centrarchid species in the LWR (Farr
and Ward 1992; Beak 2000; Ward and Nigro 1992).

The walleye is another introduced resident to the LWR with a long life span

(i.e., 17 years) (McMahon et al. 1984b). Walleye consume fish and crustaceans as adults.
The species requires moderate-to-large riverine systems with abundant shallow vegetated
areas for all life stages, and prefers to spawn in rocky areas in rivers or below falls (Scott
and Crossman 1973; McMahon et al. 1984b; Wydoski and Whitney 2003). Walleye have
been captured in the LWR as part of several studies (Beak 2000; Hughes and Gammon
1987; Tetra Tech 1995), and Farr and Ward (1992) suggested that walleye prefer less
developed areas of the LWR.

The yellow perch is exotic to the Study Area but appears to be common throughout the
LWR (Beak 2000; Hughes and Gammon 1987; Tetra Tech 1995). Yellow perch can live
up to 10 years, but most live for 7 years (Krieger et al. 1983). The yellow perch prefer
shoreline habitat with pools and vegetation in freshwater systems, although they can
tolerate brackish water (Krieger et al. 1983). On the basis of tagging studies and reports
from large lakes, yellow perch are reported to have small home ranges (Wydoski and
Whitney 2003).

2.2.2.6 Detritivorous Fish

Four species of detritivorous lamprey are native to the Willamette River: the Pacific
lamprey (Entosphenus tridentatus, formerly known as Lampetra tridentata), the river
lamprey (Lampetra ayresi), the western brook lamprey (Lampetra richardsoni), and the
Pacific brook lamprey (Lampetra pacfica) (Table 2-3). Juvenile lamprey (ammocoetes)
are unique to the fish community in the Study Area because they live burrowed in the
sediment where they filter algae, detritus, and other organic material from the
near-bottom water column (Figure 2-9). Lamprey ammocoetes are the only detritivorous
fish present in the LWR. This species resides in fresh water for up to 6 years (Figure 2-9).
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Figure 2-9. Typical Lifecycle of a Pacific Lamprey

The Pacific lamprey and river lamprey share many similar life history traits. Both are
filter feeders as juveniles, consuming phytoplankton and detritus while burrowed in
freshwater sediment (Kostow 20023, b; Moore and Mallatt 1980). Pacific lamprey have a
longer life span (up to 12 years) than do river lamprey (up to 8 years) and take longer to
mature (4 to 7 years versus 4 to 6 years, respectively) (Kostow 20023, b). Pacific lamprey
is a species of concern under the ESA and an Oregon state sensitive species. Adult
lamprey travel through the LWR while migrating to upstream spawning areas in the
upper river; the amount of time spent in the Study Area is unknown. Growth in adult
lamprey, which do not feed in fresh water, results primarily from parasitic feeding on
other fish in the ocean or estuary. Farr and Ward (1992) and Beak (2000) reported
collecting a few Pacific lamprey in the LWR. However, approximately 10,000 adult
lamprey are harvested annually upstream at Willamette Falls (Kostow 2002a, b), and
these fish must pass through the Study Area on their upstream migration. Because of
declines in the number of returning lamprey, the current harvest is a dramatic reduction
from the 1940s’ and 1950s’ annual harvests of 300,000 to 500,000 lamprey.

The two resident lamprey, western brook and Pacific brook, are similar to the
anadromous species in that juveniles remain burrowed in mud until maturity, feeding on
diatoms and detritus (Kostow 2002a, b). Both the western brook and Pacific brook
lamprey live less than 6 years and reach maturity within 4 to 6 years. As adults, these two
species remain in fresh water, migrating downstream from the spawning grounds.
However, unlike the anadromous species, whose adults become ectoparasitic, the two
resident species do not feed as adults (Kostow 2002a, b). As soon as they become adults,
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they spawn and die. Friesen and Ward (1996) reported collecting western brook lamprey
in streams of the Tualatin Basin in the Willamette River basin.

When Do Pacific Lamprey Use the LWR?

As the only detritus-eating fish in the LWR, the Pacific
lamprey (Entosphenus tridentatus) fills an ecological
niche not otherwise represented in this risk assessment.
An anadromous species, Pacific lamprey spend their
early life stages in fresh water, migrate to the ocean,
and return as adults to spawn in fresh water. Adults are
briefly present in the LWR from April to July during their
upstream spawning migration. Their migration to
headwater streams involves alternating periods of
upstream swimming and resting while sucking rocks.
When water temperatures in headwater streams reach
10 to 15°C the following spring, the lamprey deposit 10,000 to 100,000 very small eggs in gravel and sandy
bottoms. The adults die within 4 days of spawning.

Photo courtesy of the US Fish and Wildlife

Service, Armon Barrows, illustrator

The young hatch in 2 to 3 weeks and swim to areas of low flow where they burrow into the sediment. During
this stage, the larvae (ammocoetes) are blind and sedentary. They survive by filtering food particles such as
detritus, diatoms, and algae. The juvenile lamprey remain burrowed in the mud for about 4 to 6 years, rarely
moving to new areas (see Figure 2-9). Lamprey at this life stage are present in the LWR, but the duration of
their residence in the LWR is unknown. Based on an extensive sampling effort, juvenile lamprey appear to
be scarce in the Study Area (Windward 2006a). Transformation from the larval to juvenile life stages
(metamorphosis) generally occurs during July through October. During metamorphosis the lamprey develop
eyes, a mouth with teeth, and other physiological characteristics preparing them for a parasitic lifestyle in
salt water. Metamorphosing lamprey are also present in the LWR. After a 2-month metamorphosis they
emerge as adults about 10 to 13 cm long. In late winter or early spring, the new adults migrate to the ocean.
While living in the ocean, lamprey are scavengers, predators, or parasites on larger prey such as salmon
and marine mammals. After 2 to 3 years in the ocean they return to fresh water to spawn.

2.2.3

2231

Wildlife

A diverse group of birds and a small number of aquatic or aquatic-dependent mammals
are known to occupy habitat areas in the LWR. Birds that use the LWR represent various
feeding guilds, each filling a distinct role in the ecosystem. Many of the bird species
using LWR habitats migrate beyond the United States, and are protected under the
Migratory Bird Treaty Act (16 USC 703-712). Mammals that use the LWR are
predominantly piscivorous, although their diet may also include amphibians and aquatic
invertebrates. Birds and mammals provide a pathway for the transfer of energy and
nutrients from the aquatic to the terrestrial ecosystem; they also may serve as prey for
other predators. Piscivorous birds and mammals are relatively high on the food chain and
may be exposed to greater concentrations of contaminants that biomagnify at successive
levels of the food chain. The presence of and habitat use by wildlife species in the Study
Area is summarized in the following subsections.

Birds

Numerous aquatic-dependent bird species use habitats associated with the LWR. Of the
sites along the LWR with significant habitat, as identified by Adolfson et al. (2000), the
Oaks Bottom Complex supports the greatest abundance and diversity of birds. Within this

DO NOT QUOTE OR CITE
This document is currently under review by US EPA and its federal, 40
state, and tribal partners, and is subject to change in whole or in part.




Portland Harbor RI/FS
LWG Draft Final Remedial Investigation Report
Lower Willamette Group Appendix G: BERA

July 1, 2011

area is the Oaks Bottom Wildlife Refuge, a facility offering diverse habitat closely
associated with Ross Island, upstream of the Study Area (see Map 2-2). More than 200
bird species have been reported in this area, including nesting raptors and river birds such
as green-backed heron, northern shoveler, pintail, mallard, wood duck, coot, wigeon,
gulls, and cormorant (Adolfson et al. 2000).

Bird species identified as using habitat within the Study Area were grouped into the
following feeding guilds and are discussed in the following subsections:
e Herbivores - birds that feed predominantly on plant material

e Diving carnivores and omnivores — birds that usually swim on the surface or
dive to feed on invertebrates or a mix of invertebrates, fish, and occasionally
plants from the sediment surface

e Sediment-probing invertivores and omnivores — birds that probe in sediments
for invertebrates in shallow water along the shoreline

e Piscivores — birds that feed exclusively on fish

Table 2-4 lists the aquatic and semi-aquatic bird species that may breed along the LWR.
Table 2-5 lists species that may occur seasonally or for which the LWR represents only
part of their habitat.

Table 2-4. Resident Bird Species Potentially Breeding in the Study Area

Species Scientific Name Residency Status®
Herbivores
Canada goose Branta canadensis Some residents; some winter guests
Mallard Anas platyrhynchos Year-round
Diving Carnivores and Omnivores
American dipper Cinclus mexicanus Mostly year-round
Common merganser Mergus merganser Mostly year-round
Hooded merganser Lophodytes cucullatus Some year-round; some winter guests
Pied-billed grebe Podilyumbus podiceps Summer; many winter guests
American coot Fulica americana Year-round
Cinnamon teal Anas cyanoptera Summer
Wood duck Aix sponsa Some year-round

Sediment-Probing Invertivores and Omnivores

Common snipe Gallinago gallinago Mostly year-round

Killdeer Charadrium vociferous Year-round; some winter guests
Spotted sandpiper Actitis macularia Some year-round

Sora Porzana carolina Mostly summer; some winter guests
Virginia rail Rallus limicola Some year-round
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Species

Scientific Name

Residency Status®

Piscivores

American bittern

Bald eagle”

Belted kingfisher
Double-crested cormorant
Great blue heron

Green heron

Osprey

Botaurus lentiginosus
Haliaeetus leucocephalus
Ceryle alcyon
Phalacrocorax auritus
Ardea herodias

Butorides virescens
Pandion halieatus

Year-round
Mostly year-round
Year-round

Some year-round
Summer

Mostly year-round; some winter guests

Some summer; many winter guests

& Puchy and Marshall (1993).
b

Oregon state-listed as threatened species.

Table 2-5. Bird Species Seasonally or Minimally Associated with

Agquatic Habitat in the Study Area

Species

Scientific Name

Herbivores
Aleutian Canada goose
American wigeon
Canvasback
Gadwall
Northern pintail
Northern shoveler
Ring-necked duck
Tundra swan

Diving Carnivore and Omnivores
American peregrine falcon®
Barrow's goldeneye
Bonaparte's gull
Bufflehead
Common goldeneye
Common teal (green-winged teal)
Eared grebe
Greater scaup
Harlequin duck®
Horned grebe
Lesser scaup
Red-necked grebe®
Ruddy duck

Branta canadensis leucopareia
Anas americana

Aythya valisineria

Anas strepera

Anas acuta

Anas clypeata

Aythya collaris

Cygnus columbianus

Falco peregrinus
Bucephala islandica
Larus philadelphia
Bucephala albeola
Bucephala clangula
Anas carolinensis
Podiceps nigricollis
Aythya marila
Histrionicus histrionicus
Podiceps auritus
Aythya affinis
Podiceps grisegena
Oxyura jamaicensis
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Species

Scientific Name

Wilson's phalarope
Ring-billed gull
Sandhill crane
Tri-colored blackbird®

Phalaropus tricolor
Larus delawarensis
Grus canadensis
Agelaius tricolor

Sediment-Probing Invertivores and Omnivores

California gull
Dunlin
Greater yellowlegs
Least sandpiper
Lesser yellowlegs
Long-billed curlew
Long-billed dowitcher
Marbled godwit
Mew gull
Semipalmated plover
Short-billed dowitcher
Solitary sandpiper
Western sandpiper
Willet

Piscivores
American white pelican
Black-crowned night heron
Caspian tern
Forster's tern
Great egret
Greater yellowlegs
Western gull
Common loon
Pelagic cormorant
Western grebe

Larus californicus
Calidris alpine

Tringa melanoleuca
Calidris minutilla

Tringa flavipes

Numenius americanus
Limnodromus scolopaceus
Limosa fedoa

Larus canus

Charadrius semipalmatus
Limnodromus griseus
Tringa solitaria

Calidris mauri
Catoptrophorus semipalmatus

Pelecanus erythrorhynchos
Nycticorax nycticorax
Sterna caspia

Sterna forsteri

Ardea alba

Tringa melanoleuca

Larus occidentalis

Gavia immer
Phalacrocorax pelagicus
Aechmophorus occidentalis

Source: Csuti et al. (2001)

& Oregon state-listed as vulnerable.
Federally listed as a species of concern.

b

¢ Listed as a critical species on the ODFW sensitive species list (Oregon Natural Heritage Information Center

2004).

ODFW - Oregon Department of Fish and Wildlife
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2.2.3.1.1 Herbivorous Birds

Two common herbivores using the Study Area are Canada goose (Branta canadensis)
and mallard (Anas platyrhynchos). Canada geese are common in the vicinity of the Study
Area throughout the year (Puchy and Marshall 1993), some as year-round residents and
others as overwintering visitors. Canada geese typically nest on the ground near open
water, often in vegetated marshes (Csuti et al. 2001). These geese preferentially feed on
the shoots of terrestrial and aquatic plants but will also eat aquatic invertebrates (Ehrlich
et al. 1988). Mallards are also very common. Some mallards are present in the summer
during breeding season, while others overwinter along the Willamette River (Puchy and
Marshall 1993). Mallards are dabbling ducks that forage in open-water areas on aquatic
plants and invertebrates (Csuti et al. 2001; Drilling et al. 2002) and nest on the ground
near water (Ehrlich et al. 1988). During breeding season, mallards also consume
invertebrates to meet metabolic requirements.

2.2.3.1.2 Carnivorous and Omnivorous Birds

Seven diving omnivorous and carnivorous bird species may be resident in the LWR
(Table 2-4). The resident omnivores are cinnamon teal (Anas cyanoptera), wood duck
(Aix sponsa), and American coot (Fulica americana). A fairly common breeding duck,
the cinnamon teal is found throughout Oregon (Puchy and Marshall 1993); they typically
overwinter south of Oregon, but some remain in western Oregon throughout the year
(Csuti et al. 2001). As a dabbling duck, cinnamon teal forages in vegetated shoreline
areas on a mix of aquatic plants and aquatic invertebrates, such as molluscs, midges, and
larvae (Ehrlich et al. 1988). They typically nest on the ground in marshes, meadows, or
other low-vegetation habitats near open water (Puchy and Marshall 1993).

The wood duck is relatively uncommon in the Willamette Valley, but some are
year-round residents (Puchy and Marshall 1993). A perching duck, the wood duck prefers
to nest in woodland habitats, often in trees and snags near water (Ehrlich et al. 1988).
They feed in shallow water, mainly on seeds and aquatic plants, but are also known to eat
aquatic insects (Csuti et al. 2001).

The American coot is locally abundant in the Willamette Valley, usually as a year-round
resident (Puchy and Marshall 1993). Their floating nests are usually built under
vegetative cover; marshes are a common nesting location (Ehrlich et al. 1988). The
American coot is a diving duck and feeds mostly on aquatic plants, occasionally
(especially when young) consuming aquatic insects, crustaceans, worms, and other
invertebrates (Csuti et al. 2001).

Four species of diving carnivores may use the Study Area: the American dipper (Cinclus
mexicanus), common merganser (Mergus merganser), hooded merganser (Lophodytes
cucullatus), and pied-billed grebe (Podilymbus podiceps). Both merganser species are
locally common breeders in the Willamette Valley, with some being year-round residents
(Csuti et al. 2001). Mergansers prefer to nest in tree cavities near open water (Ehrlich et
al. 1988; Kitchen and Hunt 1969). Common mergansers feed primarily by diving for
whatever small fish are abundant, but they will also eat aquatic invertebrates, especially
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as hatchlings (Csuti et al. 2001). Hooded mergansers are smaller and eat more aquatic
invertebrates (e.g., crustaceans, aquatic insects) than do common mergansers (Csuti et al.
2001); they are also known to feed on small fish (Bendell and McNicol 1995).

American dippers are mostly year-round residents (Puchy and Marshall 1993), prefering
smaller, fast-flowing streams but occasionally found along larger rivers, ponds, and lakes
(Csuti et al. 2001). They usually nest in stream banks or cliffs along flowing water, and
feed mostly on aquatic insects and larvae (Ehrlich et al. 1988).

Pied-billed grebes range from uncommon to common breeders in the Willamette Valley,
but many individuals overwinter in the area (Csuti et al. 2001; Puchy and Marshall 1993).
They forage in open water for aquatic insects, crayfish, small fish, and other aquatic
invertebrates and typically build floating nests in quiet waters, usually under the cover of
emergent vegetation (Csuti et al. 2001; Ehrlich et al. 1988).

2.2.3.1.3 Sediment-Probing Invertivorous and Omnivorous Birds

Sediment-probing birds consume mostly infaunal and epifaunal invertebrates and may
incidentally ingest more sediment than birds in other feeding guilds. Accordingly,
exposure of sediment-probing birds to sediment contamination is higher than exposure of
other groups, such as herbivorous birds and dabbling ducks. Sediment-probing species
that breed in the vicinity of the Study Area include spotted sandpiper (Actitis macularia),
sora (Porzana carolina), killdeer (Charadrius vociferus), Virginia rail (Rallus limicola),
and common snipe (Gallinago gallinago). Twenty-eight shorebird beaches have been
identified in the LWR (Saban and Andersen 2004).

Spotted sandpipers are locally common breeders in the Willamette Valley, and some are
present year-round (Puchy and Marshall 1993). They build ground nests amid herbaceous
vegetation and usually feed nearby along shallow gravel shorelines and beaches (Ehrlich
et al. 1988). Typically eating insects and benthic invertebrates such as crustaceans,
molluscs, and worms (Csulti et al. 2001), some sandpipers are known to ingest relatively
large amounts of sediment while feeding (Beyer et al. 1994).

Soras are common breeders along the Willamette but typically do not overwinter (Puchy
and Marshall 1993). They build floating nests in emergent vegetation along lakes and
streams and are more omnivorous than the other species in this guild (Csuti et al. 2001).
They feed on seeds, insects, and aquatic invertebrates (Ehrlich et al. 1988).

Killdeer are locally abundant in the Willamette Valley and most are year-round residents
(Puchy and Marshall 1993). They feed mostly on flying insects, such as beetles,
dragonflies, and grasshoppers, but may also eat crayfish and other benthic invertebrates
(Csuti et al. 2001). Killdeer nest on the ground in a variety of habitats near open water
(Ehrlich et al. 1988).
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The Virginia rail and the common snipe are also common breeders in the Willamette
Valley, and some are year-round residents (Puchy and Marshall 1993). Both species nest
on the ground. Virginia rails usually nest in marshes with cover from emergent
vegetation, and common snipe make their nests in grassy areas near water (Ehrlich et al.
1988). The diet of Virginia rails consists of insects, aquatic invertebrates, and some seeds
(Csuti et al. 2001). Common snipe feed by probing into saturated soils in wetlands and
very shallow water, feeding largely on insect larvae and worms.

What Type of Habitat Do Spotted Sandpipers Use?

Because they eat invertebrates that live in the sediment,
spotted sandpiper could be more exposed than other types of
birds to sediment contaminants. They occupy habitat along
intertidal beach areas. Using their specialized beaks,
sandpipers probe in beach sediments for invertebrate prey
(including epibenthic and infaunal invertebrates). Herbaceous
vegetation is required for their ground nests (Ehrlich et al.
1988). Sandpipers incidentally ingest sediment as they
probe. No published data are available on the home ranges
of spotted sandpipers; however, data for other sandpiper
species (i.e., buff breasted, upland, stilt, purple, and western
sandpipers) indicate a relatively small home range of
approximately 0.5 to 5 mile (Butler et al. 2002; Houston and
Bowen 2001; Jehl 1973; Klima and Jehl 1998; Lanctot and Laredo 1994; Pierce 1993; Warnock and
Takekawa 1995).

Spotted sandpipers are locally common breeders in the Willamette Valley, and some are present year-round
(Puchy and Marshall 1993). Spotted sandpipers have been observed in the Study Area. In a June 2004
shorebird reconnaissance survey, 28 shorebird beaches, representing potential sandpiper habitat, were
identified (Saban and Andersen 2004). These beaches were characterized by sandy stretches of intertidal
sediment. At some, upland vegetation was present. The longest continuous beaches characterized by gentle
slopes were located in the downstream portion of the Study Area (including the Willamette River portion off
Sauvie Island and at the mouth of Multnomah Channel). Spotted sandpipers were observed foraging at this
downstream portion during the reconnaissance survey. Smaller beaches were observed at interspersed
locations throughout the Study Area.

2.2.3.1.4 Piscivorous Birds

Piscivorous birds that either reside year-round, or migrate but breed and rear their young
in the vicinity of the Study Area include osprey (Pandion haliaetus), double-crested
cormorant (Phalacrocorax auritus), herons (both the green heron [Butorides virescens]
and great blue heron [Ardea herodias]), American bittern (Botaurus lentiginosus), bald
eagle (Haliaeetus leucocephalus), and belted kingfisher (Ceryle alcyon). Consumption of
secondary aquatic consumers, such as invertivorous fish, gives piscivorous birds the
highest potential exposure to biomagnifying contaminants. Although few species from
this guild feed solely on fish, fish make up the majority of the diet for all eight
piscivorous species discussed below.

Osprey tend to feed solely on fish. Osprey nests have been observed in or close to the
Study Area, indicating that sensitive developmental life stages of this species are
potentially exposed to contaminants in the Study Area. They generally feed on
slow-moving prey that swim near the water surface (Csuti et al. 2001). Ospreys are
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present from March until September, with several breeding pairs nesting in or near the
Study Area (Henny et al. 2003). Each fall, osprey migrate to western Mexico and Central
America (Martell et al. 2001). Nesting success and population growth throughout the
Willamette River system, including the Study Area, increased from 1993 to 2001(Henny
et al. 2009). In 1993, one osprey nest was observed between RM 0 and RM 26; in 2001,
10 nests were observed, including several within the Study Area boundaries (Henny et al.
2009).

What is the Status of LWR Osprey Populations?

The osprey is of interest because it is a predatory species
whose population is rebounding after years of decline. Osprey
occupy a unique ecological niche and have been observed
nesting and foraging throughout the Willamette River and its
tributaries. Osprey feed almost exclusively on fish and have
relatively small home ranges. The nesting success and
population growth have been monitored in recent years. Osprey
populations in the Willamette River and lower Santiam River (a
major tributary entering south of Salem) increased at an
average annual rate of 13.7% from 1993 until 2001 (Henny et
al. 2009).

Similar trends apply in the LWR. Between RM 0 and RM 26, the

number of osprey nests increased from one in 1993 to 10 in 2001. The productivity of osprey in this section
of the Willamette River in 2001 (1.75 young per all types of nests [occupied, active, and successful]) is
similar to the productivity of osprey that Henny et al. (2009) reported for upstream sections of the Willamette
River (average of 1.77 young per active nest in the Upper River and Santiam River sections combined), and
well above the 0.7 and 0.8 young per nest reported as the minimum required to maintain stable bald eagle
and osprey populations (Henny et al. 2009; Wiemeyer et al. 1984).

These data indicate that the osprey nesting population in the LWR (including the Study Area) has increased
in recent years and that the productivity is above that necessary to maintain a stable population.

Belted kingfishers also tend to feed solely on fish. They are common, permanent
residents throughout most of Oregon, except where open water is generally absent
(Marshall et al. 2003). They usually nest in horizontal burrows dug into sandy stream and
river banks (Ehrlich et al. 1988). Kingfishers feed wherever they can find small fish

(7.5 to 10 cm); they may also eat crayfish, amphibians, and insects (Csuti et al. 2001).

American bittern are uncommon in the Willamette Valley (Marshall et al. 2003). They
have a more varied diet than most other species in this guild, feeding on fish, amphibians,
crayfish, and insects (Csuti et al. 2001). American bitterns build ground nests amid
emergent vegetation, usually in marshes (Ehrlich et al. 1988).

Double-crested cormorants are common breeding birds along the coast and the lower
Columbia River, and it is possible that some breed in the vicinity of the LWR (Csulti et al.
2001; Puchy and Marshall 1993). They are present year-round, and many overwinter in
the area (Puchy and Marshall 1993). Double-crested cormorants nest in cliffs, trees, and
marshes near open water (Csuti et al. 2001). They feed mostly on fish by diving in
relatively deep water; they also occasionally feed on aquatic invertebrates, such as
crayfish and molluscs (Ehrlich et al. 1988).
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The green heron (also called the green-backed heron) is an uncommon year-round
resident in the LWR (Puchy and Marshall 1993). They usually nest in trees in riparian
woodlands, often in willows (Csuti et al. 2001). Green herons also have a varied diet
consisting mainly of small fish and aquatic invertebrates such as crustaceans and snails.
They also consume frogs and terrestrial invertebrates (Ehrlich et al. 1988).

The great blue heron is more common and widespread than the green heron and is a
year-round resident in the LWR (Puchy and Marshall 1993). Ross Island is the site of an
active rookery containing up to 30 nests. They are colonial nesters and usually build their
nests in trees or other structures near water. They can use many different habitats and
often travel great distances to forage for food (Csuti et al. 2001). Great blue heron feed
mainly on fish, but can also consume crustaceans, amphibians, and some upland
vertebrates (Ehrlich et al. 1988).

Bald eagles are known to nest throughout the Willamette River (Isaacs and Anthony
2001). The closest known nest to the Study Area is on Ross Island at RM 15. Two old
nests are located on Sauvie Island at RM 0 to RM 3 (Isaacs and Anthony 2001). Eagles
are year-round residents in western Oregon. In addition, some eagles from farther north
overwinter in the area (Puchy and Marshall 1993). Bald eagles nest in treetops or cliffs
near large bodies of water (Csuti et al. 2001). Bald eagles feed mainly on fish but, as
opportunists, will scavenge on mammals and birds (Ehrlich et al. 1988). The bald eagle is
listed as threatened by the State of Oregon and is protected by the federal Bald and
Golden Eagle Protection Act (16 USC 668). The bald eagle is also protected under the
Migratory Bird Treaty Act (16 USC 703-712).

2.2.3.2 Mammals

Aguatic and semi-aquatic mammals that potentially use the LWR are listed in Table 2-6.
These species include beaver (Castor canadensis), muskrat (Ondatra zibethicus), raccoon
(Procyon lotor), river otter (Lutra canadensis), mink (Mustela vison), nutria (Myocastor
coypus), and California sea lion (Zalophus californianus). Nutria were introduced to the
area and are considered a nuisance species.

Table 2-6. Mammals Potentially Using the Lower Willamette River

Species Scientific Name
Beaver Castor canadensis
California sea lion Zalophus californianus
Mink Mustela vision
Muskrat Ondatra zibethicus
Nutria Myocastor coypus
Raccoon Procyon lotor
River otter Lutra canadensis

Source: Csuti et al. (2001)
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Potential foraging areas for beaver, muskrat, raccoon, river otter, mink, and nutria are
present at many of the habitat sites identified as part of the Adolfson et al. (2000) natural
resource inventory. Beaver and nutria are herbivores, although nutria may occasionally
eat molluscs. Muskrats are aquatic mammals that dig burrows in banks and feed on
vegetation, but may also consume crayfish, fish, turtles, snails, and salamanders (Csuti et
al. 2001). Mink and river otter feed on fish, frogs, crayfish, molluscs, small mammals,
and small birds (Csuti et al. 2001). Raccoons are omnivores that ingest significant
amounts of vegetation (fruits, berries, nuts, and seeds) along with a broad range of other
food items (small mammals, fish, amphibians, birds, aquatic invertebrates) and may
obtain a significant portion of their food from sources other than the LWR (Csuti et al.
2001).

California sea lions may use the Study Area, primarily from March to mid-May, to forage
on runs of spring Chinook and summer and winter steelhead (Foster and Boatner 2002).
California sea lions are protected under the Marine Mammals Act; however, they are
considered a nuisance in the LWR because they prey on salmonids. They are known to
congregate at the Willamette Falls fish ladder and may migrate through Portland Harbor
en route to their preferred feeding areas upstream.

Amphibians and Reptiles

There is a paucity of scientific information on the occurrence of amphibians and reptiles
in the LWR. However, conditions within the LWR provide limited suitable habitat for
these species. Table 2-7 lists the amphibians and reptiles that could be present in or near
the Study Area. Of the species listed in Table 2-7, one amphibian species (northern
red-legged frog) and two reptile species (painted turtle and western pond turtle) have
special status.?’ The species observed during the LWG sampling activities are indicated.

Table 2-7. Amphibians and Reptiles Potentially Present Within the Study Area

Common Name Scientific Name
Bullfrog Rana catesbeiana
Common garter snake Thamnophis sirtalis
Long-toed salamander Ambystoma macrodactylum
Northern red-legged frog™® Rana aurora
Northwestern garter snake Thamnophis ordinoides
Pacific tree frog” Pseudacris regilla
Painted turtle Chrysemys picta
Western pond turtle® Actinemys marmorata

% Federally listed as a species of concern and Oregon state-listed as a vulnerable species on the ODFW sensitive
species list (ODFW 2005).

Identified during LWG sampling activities.
¢ Oregon state-listed as a critical species on the ODFW sensitive species list (ODFW 2005).

b

2 Special-status species include federal and state proposed and candidate species.
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LWG - Lower Willamette Group
ODFW - Oregon Department of Fish and Wildlife

Most of the native amphibians (e.g., long-toed salamander, northern red-legged frog, and
Pacific tree frog) that may be found in the Study Area prefer undisturbed areas offering
ephemeral wetlands with emergent vegetation and shallow waters. They are preyed upon
by the more ubiquitous and aggressive bullfrogs, which are invasive to the Pacific
Northwest and have few predators.

In the LWR, painted turtles may be found in sloughs and ponds that provide shallow,
quiescent aquatic areas with open banks and abundant plant growth. The most frequently
encountered reptiles in the Willamette Valley are the common and northwestern garter
snakes. Both species prefer wet vegetated terrestrial habitats, where they may be found
lying under rocks, wood, and grasses. Roadside ditches or embankments may also
provide suitable habitat for either species.

An amphibian and reptile reconnaissance survey was conducted to confirm the presence
of amphibians within the Study Area. Likely amphibian habitat was identified based on
known bank conditions from prior field efforts, information from the Willamette River
Natural Resource Inventory (City of Portland 2008), and field observations. Multiple
sites within the initial Study Area (between RM 3.5 and RM 9.2) were visited over a
3-day period in June 2002; all representative bank habitats were visited at least twice.
The survey confirmed the presence of northern red-legged frogs and Pacific tree frogs
(Integral et al. 2004a) (Figure 2-10).

Figure 2-10. Red-Legged Frog Identified During the 2002 Amphibian/Reptile Reconnaissance
Survey

Results of the survey are presented in Table 2-8 and in Map 2-5. Low-sloping beaches
and steeper riprapped or rocky banks were identified as potential amphibian habitat areas
in the LWR (Integral et al. 2004a) (Map 2-5). Although terrestrial habitat requirements
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for reptiles may be available near the Study Area, reptiles were not observed during the
2002 survey.

Table 2-8. Results of the 2002 Amphibian Reconnaissance Survey

Location Reconnaissance Survey Results
At mouth of Multnomah Channel Observed two northern red-legged frogs
International Slip Observed unidentified egg mass
RM 3.5 (west bank) No amphibians or reptiles observed
Terminal 4/Slip 1 Observed unidentified egg mass
Terminal 4/Slip3 Unidentifiable frog call noted
Upstream from St. John’s Bridge (both west and east No amphibians or reptiles observed

bank) between RM 6 and RM 8

Willamette Cove No amphibians or reptiles observed
Saltzman Creek, at approximately RM 7.7 (west bank) ~ No amphibians or reptiles observed
RM 8.5 (west bank) No amphibians or reptiles observed

Swan Island Lagoon Pacific tree frog call noted

Source:, Integral et al. (2004a)
RM - river mile

2.2.5 Aquatic Plants

Aquatic plant communities are used by ecological receptors for nesting, breeding, and
refuge. Aquatic plant communities also provide food for herbivores and play a role in the
cycling of nutrients. Contaminants in the ecosystem may affect individual plants, plant
communities, and higher-trophic-level fauna that consume, either directly or indirectly,
contaminant residues that might be in the plants. High turbidity, riprap, and other bank
modifications prevent the widespread development of dense submerged and emergent
plant communities along the riverbanks of the Study Area.

To date, no comprehensive or semi-quantitative vegetation surveys have been conducted
specifically within the Study Area to quantify and describe the plant communities.
However, two qualitative plant community surveys have been conducted in the LWR
(Adolfson et al. 2000; Integral et al. 2004a); species observed during those surveys are
listed in Table 2-9. Potential aquatic plant habitats were characterized as part of the
aquatic plant reconnaissance survey conducted in 2002 (Integral et al. 2004a), which
included the identification of submerged and emergent aquatic plant species throughout
the Study Area (Map 2-5). Twenty-six plant species were identified at the Study Area
during this survey, most of which were obligate and facultative wetland plant species.
Half of the plant species identified are exotic to the LWR.
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Table 2-9. Plant Species of the LWR
Wetland Indicator
Common Name Scientific Name Status?
Alfalfa® Medicago falcata L. NA
Bird’s foot trefoil” Lotus corniculatus FAC
Black cottonwood Populus balsamifera var. trichocarpa FAC
Bradshaw’s lomatium® Lomatium bradshawii FACW
Canada thistle® Cirsium arvense FAC
Cattail Typha latifolia OBL
Common wetland asters® Aster spp. NA
Columbia River willow Salix fluviatilis OBL
Common groundsel® Senecio vulgaris L. FACU
Common horsetail Equisetum arvense FAC
Common rush Juncus effuses FACW
Common velvet grass® Holcus lanatus L. FAC
Douglas spiraea Spiraea douglasii FACW
Himalayan blackberry® Rubus discolor FACU
Howell’s bentgrass® Agrostis howellii NA
Hitchcock’s blue-eyed grass®  Sisyrinchium hitchcockii NA
Howellia' Howellia aquatilis OBL
Nelson’s sidalcea’ Sidalcea nelsonia FAC
Oregon ash Fraxinus latifolia L. FACW
Oxeye daisy” Leucanthemum vulgare NA
Pacific willow Salix lucida FACW
Peacock larkspur® Delphinium pavonaceum NA
Piper’s willow Salix piperii FACW
Purple loosestrife” Lythrum salicaria FACW
Red osier dogwood Cornus sericea FACW
Reed canary grass” Phalaris arundinacea FACW
Scots broom” Cytisus scoparius NA
Sedge Carex spp. Varies
Smartweed Polygonum spp. Varies
Snowberry Symphoricarpos albus FACU
St. John’s wort” Hypericum perforatum NA
Sweet clover” Melilotus alba Mill. NA
Teasel” Dipsacus fullonum NA
Wapato Sagittaria latifolia OBL
Water moss Fontinalis antipyretica NA
Wayside aster® Aster vialis NA
White-topped aster® Aster curtus NA
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Table 2-9. Plant Species of the LWR

Wetland Indicator

Common Name Scientific Name Status?
Willamette daisy® Erigeron decumbens NA
Yellow water-flag iris” Iris pseudacorus OBL

Sources: Adolfson et al. (2000), Integral et al. (2004a)

& Indicator status refers to a species of fidelity to wetland environments in the Pacific Northwest (Reed 1996; Cooke
1997) and are defined as follows:

OBL - obligate; high probability of occurrence in regional wetlands

FAC - facultative; moderate probability of occurrence in regional wetlands

FACU - facultative upland; low to moderate probability of occurrence in regional wetlands
FACW - facultative wet; moderate to high probability of occurrence in regional wetlands
NA - status not available

Varies — status varies by species

Exotic species.

Listed as endangered (state and federal).

The aster species were garden varieties, not Aster curtus or Aster vialis.

Federal species of concern.

T Listed as threatened (federal).

9 Listed as threatened (state and federal).

LWR - Lower Willamette River

In the Adolfson et al. (2000) qualitative survey, fish and wildlife habitats along the
shoreline of the LWR were inventoried and 10 distinct habitat classes were identified:
bottomland forest, foothill savanna, conifer forest, meadow, shrub, emergent wetland,
beach, rock outcrop, open water, and unvegetated/disturbed. Although all of these
habitats are present in the vicinity of the LWR, the bottomland forest, emergent wetlands,
beach, and open-water habitat classes are the most common, occurring along the
shoreline within the Study Area. Historically, bottomland forests were an important
component of the Willamette River floodplain system (Sedell and Froggatt 1984), but
they have been reduced to a portion of their former extent (Adolfson et al. 2000). A few
remnant patches of emergent wetlands are found adjacent to the shoreline. Beach habitats
throughout the LWR typically consist of narrow shoreline areas with sand substrate
dominated by various annual grasses and perennial shrubs. Open-water habitats exist
throughout the LWR in tributaries, sloughs, and side channels, often dominated by
aquatic species from bottomland forest, emergent wetland, and scrub/shrub plant
communities (Adolfson et al. 2000). Figures 2-11, 2-12, and 2-13 are examples of the
vegetation present in the LWR.
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Figure 2-12. Upland Vegetation along the LWR (St. John's Wort, Thistle, Bird's Foot Trefoil)
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Figure 2-13. Backwater Marsh Vegetation
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BERA PROBLEM FORMULATION METHODS

This section presents the problem formulation for this BERA. Per EPA guidance for
conducting BERAs under the Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA) (EPA 1997), the problem formulation is developed in
Step 3 of the eight-step risk assessment process and identifies specific factors to be
addressed in the ERA. Figure 3-1 presents the eight-step process for ERA.

Step 1: Screening Level Risk Assessor and
* Site Visit Risk Manager
* Problem Formulation Agreement

* Toxicity Evaluation
W

Step 2: Screening Level

* Exposure Estimate SMDP

* Risk Calculation

v

Step 3: Problem Formulation

Information

Compile Existing

I Toxicity Evaluation I

I v

Assessment Conceptual Model SMDP
Endpoints Exposure Pathways

i !

Questions/Hypotheses

W
Step 4: Study Design and DQO Process
* Lines of Evidence
+ Measurement Endpoints
Work Plan and Sampling and Analysis Plan

v
Step S: Verification of Field Sampling Design SMDP

v

Step 6: Site Investigation and Data Analysis [SMDP]
v

Step 7: Risk Characterization
v

Step 8: Risk Management SMDP

Data Collection

SMDP

SMDP - scientific/management decision point
Source: EPA (1997)

Figure 3-1. BERA 8-Step Process for Superfund
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The problem formulation step of the ERA process includes the following components:

Refinement of preliminary contaminants of ecological concern (i.e., COPCs)
Further characterization of the ecological effects of COPCs at the site

Review and refinement of information on fate and transport, complete exposure
pathways, and ecosystems potentially at risk

Selection of assessment and measurement endpoints
Development of a CSM and risk questions

Development of an analysis plan

Elements of the problem formulation were provided as part of Appendix B of the
programmatic work plan (Integral et al. 2004a), the draft Ecological PRE (Windward
2005a), and Appendix G of the Comprehensive Round 2 Report (Integral et al. 2007).
Discussions between the LWG and EPA led to EPA’s development of a problem
formulation document. Its intent was to provide a framework for completing the BERA
that both addressed implementation of the six steps above and accounted for data and
information collected to date. Detailed information on EPA’s Problem Formulation for
the BERA is presented in Attachment 2.%* Selected elements are summarized below:

SLERA and refined screening process for identifying COPCs (Section 3.1)
Refined CSM (Section 3.2)
Refined assessment and measurement endpoints (Section 3.3)

Analysis plan outlining the methods for conducting the BERA (Section 3.4)

IDENTIFICATION OF ECOLOGICAL COPCS

As part of the SLERA and refined screen conducted according to the procedures outlined
in EPA’s Problem Formulation (Attachment 2), the complete BERA dataset

(i.e., Rounds 1, 2, and 3 data) was screened to compile the BERA COPCs. The BERA
dataset is summarized in Section 4. The SLERA, refined screen, and ecological COPCs
identified for each ecological receptor group are summarized in Section 5 and detailed in
Attachment 5.

1 EPA’s Problem Formulation document is provided as submitted to the LWG. However, footnotes have been
provided to indicate where additional agreements between the LWG and EPA further modified the Problem
Formulation or where clarification was needed as to how the Problem Formulation was implemented in the BERA.
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3.2 REFINED CONCEPTUAL SITE MODEL

The CSM for the BERA is one of the four primary products of Step 3 of the eight-step
ERA process (EPA 1997); the others are assessment endpoints, exposure pathways, and
risk questions. A CSM describes the relationship between environmental conditions
(including those resulting from human activities) and ecological receptors at a site, to the
degree that it is known. The BERA CSM describes relationships between contaminants
and the resources potentially affected by releases of contaminants from the Study Area.
By describing relationships between contaminant sources, transport and exposure
pathways, and the ecological receptors in the Study Area, the CSM provides a framework
for postulating potential effects of site contaminants on ecological receptors, which, when
made specific, become the risk questions and testable hypotheses for the BERA.

Consistent with EPA Superfund guidance (EPA 1997), the ecological receptors selected
for assessment in the Portland Harbor BERA were identified from among the organisms
using the site by considering the following criteria:

e Societal and cultural significance (i.e., species valued by society or that have
special regulatory status — threatened or endangered)
e Ecological significance (i.e., species that serve a unique ecological function)
e Potential level of exposure to likely COPCs at the site (i.e., site usage)
e Relative ability to bioaccumulate likely COPCs at the site
e Sensitivity to likely COPCs at the site
¢ Availability of sufficient data to assess risks to specific organisms
Based on these criteria, as presented in the BERA CSM, the following ecological
receptors were selected for assessment:
e Benthic invertebrate community®* — benthic macroinvertebrate community,
bivalves (clams), and decapods (e.g., crayfish)

e Omnivorous fish populations — largescale sucker, carp, and pre-breeding white
sturgeon

e Invertivorous fish populations — sculpin, peamouth, and juvenile Chinook
salmon?

e Piscivorous fish populations — smallmouth bass and northern pikeminnow

e Detritivorous fish individuals — Pacific lamprey ammocoetes

22 Clams and crayfish are members of the benthic macroinvertebrate community, but were evaluated separately to
provide a population level assessment.

28 Juvenile Chinook salmon were evaluated at the organism level; all other invertivorous fish receptor species
selected were evaluated at the population level.
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e Sediment-probing invertivorous bird populations — spotted sandpiper

e Omnivorous bird populations®* — hooded merganser

e Piscivorous bird populations — osprey, bald eagle

e Aguatic-dependent carnivorous mammal populations — mink, river otter

e Amphibian and reptile populations — amphibians (e.g., including frog and
salamander species)

e Agquatic plant community — aquatic plant community (e.g., including
phytoplankton, periphyton, macrophyte species)

The assessment endpoints for all receptors are based on the protection and maintenance
of their populations and the communities in which they live, except that the health of
threatened or endangered species is to be protected at the level of the individual
organism. Based on EPA’s Problem Formulation (Attachment 2), the assessment
endpoints were expressed as the survival, growth, and reproduction of organisms in each
receptor group.

2 Belted kingfisher was evaluated in the uncertainty assessment, as previously agreed to by EPA and the LWG. The
belted kingfisher ingests a considerable amount of fish, is present year-round, and consumes a variety of prey.
Belted kingfisher was included in the uncertainty evaluation to confirm that the evaluations performed on bald
eagle, osprey, and merganser are protective of the belted kingfisher.
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Uncertainty in Extrapolating from Organism-Level to Population-Level Effects

One of the fundamental challenges in ERA involves establishing the link between effects to an organism and
effects to a population or community. Organism-level effects are expressed as an individual's survival,
growth, or reproduction, whereas population-level effects influence the population as a whole, for example in
numbers, density, or rate of growth (or decline). EPA (1999a) guidance states that assessment endpoints
and measures should be associated with sustaining the ecological structure and function of populations and
communities rather than individual organisms, unless individuals warrant additional protection in specific
cases. Despite the goal of protecting higher-level attributes such as populations, Superfund ERAs typically
do not address effects at these higher levels, but instead gather data on individuals in order to predict effects
on populations or communities, an approach justified by experience, policy, and judicial decisions (EPA
2004b). According to EPA guidance (EPA 1999a), concentrations expected to protect populations can be
extrapolated from those that protect individual organisms against adverse effects using a lines-of-evidence
approach including site-specific toxicity tests, bioaccumulation models, and species diversity studies.

The survival, growth, and reproductive benchmark concentrations used in ERAs are typically derived from
controlled laboratory experiments in which the effect level is based on a concentration at which the number
of test organisms experiencing an adverse effect is significantly greater statistically than the number of
control organisms experiencing the same effect. A high degree of uncertainty is associated with the
extrapolation from these organism-level attributes to larger-scale influences on the population.

For example, a toxicity benchmark may represent reduced growth in a statistically significant number of fish
in a laboratory population, but this same growth effect on that fish species in the field does not necessarily
lead to reduced viability of the fish population. Population dynamics are complex, involving multiple feedback
loops and compensatory or depensatory mechanisms. In addition, toxicants can alter physiologic,
behavioral, and density dynamics by a variety of mechanisms, and it is difficult to predict how the
interactions of these responses will result in effects at a population level (Emlen and Springman 2007). A
promiscuous or highly polygynous species might easily withstand a stressor that kills of 90% of its
population, whereas an immunocompromised population might be adversely affected in the presence of an
otherwise harmless pathogen (Emlen and Springman 2007). In a review of 41 toxicity studies that observed
both individual traits (i.e., survival, growth, or fecundity) and population growth rates, Forbes and Calow
(2002) found that in 81.5% of the toxicity results, the percentage change in population growth rate was less
than the percentage change in the most sensitive of the individual traits. This review (2002) indicates that it
may be overly conservative to assume that any level of increased mortality or decreased fecundity or growth
of organisms will lead to adverse effects on a population or community. In summary, a chemical
concentration resulting in organism-level effects might or might not affect a population, and vice versa, and
any translation from individual to population must be undertaken with caution (Emlen and Springman 2007).

In light of current standard ERA practice, the uncertainties discussed above, and the prevalence of data
related to organism-level attributes, a combination of numerical estimates and best professional judgment
should be used to interpret data on ecological relevance. EPA (1997) recommends that additional
information be supplied in risk assessments to provide context for the numerical risk estimates; this
information may include spatial extent, magnitude of organism-level threshold exceedance, and quality and
relevance of the organism-level effect threshold as a predictor of a population- or community-level effect.

Risks to ecological receptors were assessed using the following LOEs:

e The surface water LOE, wherein surface water chemistry data were compared
with water TRVs

e The TZW LOE, wherein shallow (< 38 cm) TZW chemistry data were compared
with water TRVs

e The site-specific sediment toxicity LOE, wherein site-specific sediment toxicity
was measured in laboratory toxicity tests

e The predicted sediment toxicity LOE, wherein sediment chemistry were
compared with to site-specific or generic SQGs

DO NOT QUOTE OR CITE
This document is currently under review by US EPA and its federal, 61
state, and tribal partners, and is subject to change in whole or in part.



LWG Portland Harbor RI/FS

Draft Final Remedial Investigation Report
Lower Willamette Group Appendix G: BERA

July 1, 2011

e The tissue-residue LOE, wherein site-specific tissue chemistry (both measured
and predicted) were compared with a tissue-residue TRV

e The dietary-dose LOE, wherein estimated site-specific dietary doses were
compared with a dietary TRV

e The fish condition LOE wherein site-specific fish condition data were compared
with literature data on fish condition from locations with elevated concentrations
of polycyclic aromatic hydrocarbons (PAHS)

The surface water and TZW LOEs were used to characterize risks to aquatic plants and
amphibians. Risks to benthic invertebrates were assessed using several LOEs:
site-specific and predicted sediment toxicity, surface water, TZW, and tissue residues
(both measured and predicted). Risks to fishes were assessed using four LOESs: surface
water, tissue residue (both measured and predicted), dietary, and fish condition. In
general, only the dietary LOE, was used to characterize risks to birds and mammals.
Risks to osprey and bald eagle, however, were also assessed using the tissue-residue
LOE.

The ecological CSM illustrates the pathways that contaminants may follow from primary
sources to the ecological receptors through potential exposure pathways. The exposure
pathways were classified as one of four categories for each receptor:

e Complete and significant — Exposure pathway is complete and expected to
provide the greatest potential for exposure.

e Complete and significance unknown — Exposure pathway is complete but the
proportion of a receptor’s contaminant dose relative to doses of the same
contaminant via other pathways is unknown; the receptor could receive a
significant proportion of the contaminant dose when combined with other
pathways or other contaminants.

e Complete and insignificant — Exposure pathway is complete but not likely to
significantly contribute to a receptor’s exposure.

e Incomplete — Receptors cannot be exposed via the pathway.

Complete and significant pathways were quantitatively assessed in this BERA. Pathways
that were complete and significance unknown were qualitatively assessed to a level of
certainty dependent on available toxicological studies and exposure data. Insignificant
and incomplete pathways were not addressed further.

The refined ecological CSM (EPA 2008j), which was derived partly from previous
ecological CSMs for the Study Area (Windward 2005a; Integral et al. 2004b; Integral et
al. 2007), is presented in Attachment 2. The ecological CSM consists of three
components:

e A diagram describing contaminant sources within the Study Area
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e [lllustrations describing the transport of contaminants from their sources to
environmental media to ecological receptors

e Descriptions of the mechanisms by which ecological receptor groups are exposed
to contaminants in site media

A simplified version of EPA’s refined ecological CSM is presented in Figure 3-2. The
only exposure media shown are those evaluated in the BERA, for the assessment
endpoints and measurement endpoints identified by EPA (see Section 3.3).%° The
simplified CSM also presents tissue as a separate exposure medium; in the refined
ecological CSM (Attachment 2), exposure to tissue is identified as a dietary exposure
route under each abiotic exposure medium.

; 7/,
Exposure Media®  Exposure Routes ff f j ff o‘g-‘ f fé; f f

— /M—>ICDCD®CDCDCDCDCD
water \‘-*lDirectcontact l—'l . <D . [ J . D GD D CD D . |
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gnl- |. and signifi ¥ th
GD Complete and insignifi path a Ienvzrud:t;ae:::?::rg;;;diawi!h at least one complete exposure pathway
® Incomplete pathway
Q Complete and signifi

Note: The complete and detailed ecological CSM per EPA is provided in Attachment 2.
Figure 3-2. Simplified Ecological CSM

% The simplified CSM does not include receptors that were not evaluated in the BERA such as zooplankton or
terrestrial plants in the riparian zone; however, they are shown the expanded CSM in Attachment 2.
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3.3 ASSESSMENT ENDPOINTS AND MEASUREMENT ENDPOINTS

Table 3-1 presents the selected assessment endpoints, measurement endpoints, and LOES
that were evaluated for each ecological receptor . Assessment endpoints are
characteristics of selected environmental receptors that are to be protected (EPA 1997).
Questions and hypotheses to test suspected interactions between receptors and
contaminants lead to the selection of measurement endpoints that quantify exposure to
contaminants via pathways identified in the CSM and/or effects from that exposure. Each
measurement endpoint is evaluated with one or more LOEs. An LOE is represented by
the results of specific decision criteria or evaluations being applied to a set of exposure or
effects data. An LOE is used alone or in combination with other LOEs to help address
risk questions. Details on the assessment endpoints and measurement endpoints are
presented in EPA’s Problem Formulation (Attachment 2) and reproduced in Table 3-1.
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Table 3-1. Assessment and Measurement Endpoints and Lines of Evidence for the Portland Harbor BERA

Assessment Target Ecological Measures of Effect and Exposure Lines of Evidence in Support
Endpoint? Receptors (Measurement Endpoints) of Measurement Endpoints
Benthic Invertebrates
Survival, growth, Benthic Survival and growth of Survival and biomass of Chironomus dilutus and Hyalella azteca exposed

macroinvertebrates
(e.g., amphipods,
isopods, bivalves,
gastropods,
oligochaetes, insects,
decapods)

and reproduction of
benthic
macroinvertebrates

laboratory-exposed invertebrates

Bulk surface sediment contaminant
concentrations

Surface water contaminant
concentrations

TZW contaminant concentrations

Benthic macroinvertebrate tissue
concentrations (modeled or measured
in field-collected organisms or
estimated in laboratory-exposed
organisms)

to site sediments compared with reference area sediments

Concentrations in site sediment compared with site-specific sediment
quality values (SQVs) derived from models predicting reduced survival or
growth based on Portland Harbor surface sediment concentrations and
toxicity reported for both Hyalella and Chironomus endpoints.

Concentrations in site sediment compared with national consensus-based
SQGs (PECs and related quotients), and effects-based SQGs (PELs and
related quotients)

Concentrations in surface water compared with state WQS, national
AWQC, or effects-based values derived from the literature that are
protective of benthic macroinvertebrate survival, growth, and
reproduction

Concentrations in shallow TZW compared with state WQS, national
AWQC, or effects-based values derived from the literature that are
protective of benthic macroinvertebrate survival, growth, and
reproduction

Empirical (field-collected) whole-body concentrations of epibenthic
organisms compared with tissue TRVs

Steady-state estimates of laboratory-exposed whole-body concentrations
in Lumbriculus compared with tissue TRVs

Predicted (BSAF®) whole-body concentrations of Lumbriculus compared
with tissue TRVs
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Table 3-1. Assessment and Measurement Endpoints and Lines of Evidence for the Portland Harbor BERA

Assessment
Endpoint?

Target Ecological
Receptors

Measures of Effect and Exposure
(Measurement Endpoints)

Lines of Evidence in Support
of Measurement Endpoints

Bivalve tissue concentrations
(modeled or measured in
field-collected organisms or estimated
in laboratory-exposed organisms)

Survival, growth, Clams, mussels
and reproduction of

bivalves

Survival and growth of clams used in
bioaccumulation testing

Survival and growth of
laboratory-exposed invertebrates®

Surface water contaminant
concentrations®

TZW contaminant concentrations®

Bulk sediment contaminant
concentrations®

Empirical (field-collected) whole-body concentrations in Corbicula
fluminea and freshwater mussels compared with tissue TRVs

Steady-state estimates of laboratory-exposed whole-body concentrations
in Corbicula fluminea compared with tissue TRVs

Predicted (BSAF®) whole-body concentrations in Corbicula fluminea
compared with tissue TRVs

Corbicula fluminea survival and growth compared with control data from
bioaccumulation tests

Survival and biomass of Chironomus dilutus and Hyalella azteca exposed
to site sediments, compared with reference sediments

Concentrations in surface water compared with state WQS, national
AWQC, or effects-based values derived from the literature that are
protective of benthic macroinvertebrate survival, growth, and
reproduction

Concentrations in shallow TZW compared with state WQS, national
AWQC, or effects-based values derived from the literature that are
protective of benthic macroinvertebrate survival, growth, and
reproduction

Concentrations in site sediment compared with site-specific SQVs and
national consensus-based SQGs (PECs and related quotients) and
effects-based SQGs (PELs and related quotients)
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Table 3-1. Assessment and Measurement Endpoints and Lines of Evidence for the Portland Harbor BERA

Measures of Effect and Exposure
(Measurement Endpoints)

Lines of Evidence in Support
of Measurement Endpoints

Assessment Target Ecological
Endpoint? Receptors
Survival, growth, Crayfish

and reproduction of
decapods

Fish

Carp,* ¢ white
sturgeon, largescale
sucker® "¢

Survival, growth,
and reproduction of
omnivorous fish

Decapod tissue contaminant data
(modeled or field-collected)

Bulk sediment contaminant
concentrations®

Surface water contaminant
concentrations®

TZW contaminant concentrations®

Surface water contaminant
concentrations”

Fish tissue contaminant
concentrations' (field-collected) from
species-specific exposure areas

Species- or feeding-guild-specific

Empirical whole-body concentrations in crayfish compared with tissue
TRVs

Predicted (BSAF or FWM) whole-body concentrations in crayfish
compared with tissue TRVs

Concentrations in site sediment compared with site-specific SQVs and
national consensus-based SQGs (PECs and related quotients) and
effects-based SQGs (PELs and related quotients)

Concentrations in surface water compared with state WQS, national
AWQC, or effects-based values derived from the literature that are
protective of benthic macroinvertebrate survival, growth, and
reproduction

Concentrations in shallow TZW compared with state WQS, national
AWQC, or effects-based values derived from the literature that are
protective of benthic macroinvertebrate survival, growth, and
reproduction

Concentrations in surface water compared with state WQS, national
AWQC, or effects-based values derived from the literature that are
protective of fish survival, growth, and reproduction

Empirical whole-body concentrations compared with tissue TRVS

Dietary dose (including incidental sediment ingestion) compared with

dietary dose of contaminants based on dietary TRVs

prey and incidentally ingested
sediment from species-specific
exposure areas
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Table 3-1. Assessment and Measurement Endpoints and Lines of Evidence for the Portland Harbor BERA

Assessment
Endpoint?

Target Ecological
Receptors

Measures of Effect and Exposure
(Measurement Endpoints)

Lines of Evidence in Support
of Measurement Endpoints

Chinook salmon®*

Survival, growth,
f

and reproduction'of  peamouth, sculpin
invertivorous fish

Survival, growth, Northern
and reproduction of  pikeminnow,
piscivorous fish smallmouth bass

Survival and growth  Pacific lamprey
of detritivorous fish ammocoete’

Fish condition or prevalence of
lesions (primarily for PAHs)!

Surface water contaminant
concentrations”

TZW contaminant concentrations”

Fish tissue contaminant
concentrations (modeled or
field-collected) from species-specific
exposure areas

Species- or feeding-guild-specific
dietary dose™ of contaminants in prey
and incidentally ingested sediment
from species-specific exposure areas

Surface water exposure contaminant
concentrations”

Field-collected fish tissue contaminant
concentrations from species-specific
exposure areas

Species- or feeding-guild-specific
dietary dose of contaminants in prey
and incidentally ingested sediment
from species-specific exposure areas

Surface water contaminant
concentrations”

TZW contaminant concentrations”

Correlation of lesion prevalence with areas of contamination and/or
comparison to lesion-based TRVs (if relevant to receptor species)

Concentrations in surface water compared with state WQS, national
AWQC or effects-based TRVs reported in the literature

Concentrations in shallow TZW compared with state WQS, national
AWQC or effects-based TRVs reported in the literature' (sculpin only)

Empirical whole-body concentrations compared with tissue TRVS

Predicted (BSAF or FWM) whole-body concentration compared with
tissue TRVs (sculpin only)

Dietary dose (including incidental sediment ingestion) compared with
dietary TRVs

Concentrations in surface water compared with reported state WQS,
national AWQC, or effects-based TRVs reported in the literature

Empirical whole-body concentrations compared with tissue TRVS

Predicted (BSAF or FWM) whole-body concentrations compared with
tissue TRVs (smallmouth bass only)

Dietary dose (including incidental sediment ingestion) compared with
dietary TRVs

Concentrations in surface water compared with state WQS, national
AWQC, or literature-based values that are protective of early life stages.

Concentration in shallow TZW compared with state WQS, national
AWQC, or effects-based values reported in the literature that are
protective of early life stages'
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Table 3-1. Assessment and Measurement Endpoints and Lines of Evidence for the Portland Harbor BERA

Assessment Target Ecological Measures of Effect and Exposure Lines of Evidence in Support
Endpoint? Receptors (Measurement Endpoints) of Measurement Endpoints
Fish tissue contaminant Empirical whole-body concentration compared with tissue TRV
concentrations
Birds

Survival, growth,
and reproduction of
invertivorous birds

Survival, growth,
and reproduction of
omnivorous birds

Survival, growth,
and reproduction of
piscivorous birds

Mammals

Survival, growth,
and reproduction of
aquatic-dependent
mammals

Spotted sandpiper®

Hooded merganser

Osprey, bald eagle

Mink, river otter

Species-specific dietary dose of
contaminants in prey and incidentally
ingested sediment from shorebird
assessment areas

Species-specific dietary dose of
contaminants in prey and incidentally
ingested sediment from species-
specific assessment areas

Species-specific dietary dose of
contaminants in prey and incidentally
ingested sediment from
species-specific assessment areas

Egg contaminant concentrations

Species-specific dietary dose of
contaminants in prey and incidentally
ingested sediment from
species-specific assessment areas

Dietary dose (including incidental sediment ingestion) compared with
dietary TRV

Dietary dose (including incidental sediment ingestion) compared with
dietary TRV

Dietary-based approach incorporating food chain transfer of contaminants
from appropriate fish species (assuming all exposure comes from prey
fish) and incidental sediment ingestion”