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Executive Summary
The United States Army Corps of Engineers (USACE), as the lead federal agency for the
CERCLA response at the Bradford Island River Operable Unit (OU), has prepared this
Feasibility Study (FS) in accordance with the Comprehensive Environmental Response,
Compensation and Liability Act of 1980 (CERCLA), as amended [42 U.S.C. 9601 et seq.], and the
National Oil and Hazardous Substance Pollution Contingency Plan (NCP) [40 CFR 300]. The FS
process was in accordance with Executive Order 12580 and Engineering Regulation (ER) 200-23. As such, the methodologies presented in the FS follow the federal CERCLA process for
development and subsequent selection of a preferred remedial alternative.
The FS evaluates a range of remedial alternatives for the Bradford Island River OU, which
encompasses the entire forebay upstream of the Bonneville Dam spillway and tailraces to both
powerhouses, up to approximately river mile 147. The remedial alternatives are evaluated
according to CERCLA. CERCLA establishes standards and procedures for evaluating remedial
alternatives, selecting a remedy, and performing remedial actions. Following publication of the
final FS, USACE will issue the Proposed Plan identifying the preferred remedial alternative for
the Bradford Island River OU. Formal public comment will be requested on the Proposed Plan.
After public comments on the Proposed Plan are received and evaluated, USACE will select the
final remedial alternative and issue the Record of Decision.
The FS builds on a series of studies completed over 14 years that are documented in the Final
Remedial Investigation (RI) that was completed in June 2012 (URS, 2012). The final RI includes
the following CERCLA elements:
•
•
•
•

A conceptual site model for the Bradford Island Upland and River OUs;
Physical and biological interactions, including fate and transport of contaminants at
the Site;
The nature and extent of contamination; and
The potential for risk to people and animals that use Bradford Island.

Scope of this Feasibility Study
The scope of this FS includes an evaluation of remedial alternatives for the Bradford Island
River OU. The Upland OU has been addressed in a separate FS (USACE 2017). The baseline risk
assessment for the River OU was also developed in a separate document (USACE 2016)
following the remedial investigation (RI) and prior to developing the FS for the Upland OU. The
Baseline Human Health and Ecological Risk Assessments for the River OU have been included
as an appendix to this report.

Risk Assessment
The baseline risk assessment estimated risks to people (human health) and aquatic and semiaquatic wildlife (ecological receptors) resulting from exposure to contaminants in the River
OU’s present day state. Risk assessment findings were then used to determine the need for
remedial action and to form a basis for the remedial alternatives for the Bradford Island River
OU. The findings of these risk assessments are summarized as follows:
•

Polychlorinated bihpenyls (PCBs) contribute the highest proportion of the siterelated risk to human health in the River OU. As such, PCBs are identified as a risk
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•

•

driver contaminant for human health based on the magnitude of risk and relative
contribution to total human health risks. Additional risks were identified for
subsistence fishers’ exposure to gamma chlordane, dieldrin, endrin, and mercury,
but did not warrant identification as risk drivers due to their limited contribution to
risk, their limited distribution and/or the overlap of distribution with PCBs.
Risks to people are primarily associated with the consumption of Smallmouth bass
under the tribal subsistence fisher scenario. These risks exceed the USEPA’s
acceptable lifetime excess cancer risk range upper threshold of 1x10-4.
Ecological risks are greatest for exposure to PCBs for a number of ecological
receptors. As such, PCBs are identified as a risk driver. Additional risks were
identified for benthic invertebrate exposure to HPAHs, but did not warrant
identification as risk driver due to limited population level impacts.

Remedial Action Objectives and Preliminary Remediation Goals
Two remedial action objectives (RAOs) have been identified based on the risk assessments. The
RAOs describe what the cleanup action should accomplish at the River OU in order to address
the identified risks. The RAOs are:
•

RAO-1: Reduce to acceptable levels the human health risks from indirect exposures to
total PCBs as congeners through ingestion of fish and shellfish that occur via
bioaccumulation pathways from surface sediment.

•

RAO-2: Reduce to acceptable levels the risks to ecological receptors from indirect
exposures through ingestion of prey via bioaccumulation pathways from sediment
contaminated with total PCBs as congeners.

Preliminary Remediation Goals (PRGs) were developed for each RAO; they represent riskbased sediment concentrations that provide adequate protection of human health and the
environment. These PRGs for a given contaminant are applied as an average across the entire
River OU to guide development of remedial alternatives. CERCLA also considers background
concentrations when formulating the PRGs and cleanup levels, recognizing that setting PRGs at
levels below background is impractical as such levels cannot be sustained long-term due to
other natural and/or man-made inputs into the system. The PRG is the higher of the risk-based
threshold concentration or the background concentration. PRGs are not final cleanup levels.
USACE will select cleanup levels in the Record of Decision. The PRGs for this cleanup program
are 0.60 µg/kg total PCBs (as congeners) for human health and 1.6 µg/kg total PCBs (as
congeners) for ecological health (see Table 4-2).

Development of Remedial Alternatives
The development of remedial alternatives for the River OU was based on the sediment PRGs for
each risk-driver contaminant and Remedial Action Levels (RALs). RALs are contaminantspecific sediment concentrations that trigger the need for some type of cleanup action (e.g.
dredging, capping, enhanced natural recovery, or monitored natural recovery). They are a
range of contaminant concentrations greater than the PRGs that, in combination with natural
recovery and/or institutional controls, would be predicted to achieve the PRGs in a reasonable
period of time. RALs are commonly used at sediment sites to develop remedial alternatives and
delineate areas where concentrations exceed a defined threshold. The relative effect of
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remediating those areas that exceed the RAL can then be evaluated as part of the analysis of
alternatives to determine whether RAOs can be met within a reasonable period.
The RALs for the Bradford Island River OU were developed based on the concentrations of
PCBs (as congeners) identified in data from surface sediment samples. Total PCBs as congeners
are the primary risk driver for human health and the ecological risk driver for the River OU.
Remediation of PCBs (as congeners), the primary risk driver, will also address the remaining
COCs because they are less widely distributed and where their concentrations are elevated,
they are located in areas needing remediation for the primary risk driver.
The use of RALs is a statistical process of removing the highest concentrations from the Site
data and calculating the resulting surface-weighted average concentration (SWAC). A range of
RALs consisting of six different concentrations total PCBs as congeners in sediment, ranging
from 0.97 to 29 µg/kg, was established to provide broad range of remedial footprints and
alternatives to consider. Principal threat waste (PTW) and hot spots for all of the site-related
COCs were also considered in the development of the alternatives.
A synopsis of alternatives for the River OU is summarized below.
•

Alternative 1: Alternative 1 is the no action alternative. It provides a basis for
comparison of the other remedial alternatives and is required by CERCLA. The present
value cost for Alternative 1 is assumed to be $0.

•

Alternative 2: Alternative 2 includes monitored natural recovery (MNR) over the
entirety of the River OU and education and outreach efforts in addition to the alreadyin-place access restrictions and seafood consumption advisory. Alternative 2 does not
include any active remediation. The estimated present value cost for Alternative 2 is
$3,395,673.

•

Alternative 3: Alternative 3 consists of capping in areas with concentrations above a
RAL of 29 µg/kg total PCBs along portions of the north shore of Bradford Island. Some
other areas will be addressed using enhanced monitored natural recovery (EMNR). In
areas that exceed the PTW threshold, a reactive component would be included in the cap
or EMNR placement. MNR would occur over the rest of the River OU. The estimated
present value cost for Alternative 3 is $7,931,391.

•

Alternative 4: Alternative 4 consists of capping in areas with concentrations above a
RAL of 15 µg/kg total PCBs along a portion of the north shore of Bradford Island. In
areas that exceed the PTW threshold, a reactive component would be included in the
cap. Some other areas will be addressed using enhanced monitored natural recovery
(EMNR). MNR would occur over the rest of the River OU. The estimated present value
cost for Alternative 4 is $8,562,054.

•

Alternative 5: Alternative 5 consists of capping in areas with concentrations above a
RAL of 2.1 µg/kg total PCBs along the north shore of Bradford Island that extends from
the eastern end of the island to the spillway and EMNR over limited portions of the
southern part of the forebay. MNR would occur over the rest of the River OU. In areas
that exceed the PTW threshold, a reactive component would be included in the cap. The
estimated present value cost for Alternative 5 is $8,880,377.
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•

Alternative 6: Alternative 6 consists of capping in areas with concentrations above a
RAL of 2.1 µg/kg total PCBs along the north shore of Bradford Island that extends from
the eastern end of the island to the spillway and EMNR over large portions of the
southern part of the forebay. MNR would occur over the rest of the River OU. In areas
that exceed the PTW threshold, a reactive component would be included in the cap. The
estimated present value cost for Alternative 6 is $9,125,661.

•

Alternative 7: Alternative 7 consists of capping or dredging in areas with concentrations
above a RAL of 1.3 µg/kg total PCBs along the north shore of Bradford Island that
extends from the eastern end of the island to the spillway and in some locations on the
southern side of the Island. Capping would address the identified areas off the north
shore of Bradford Island; dredging would address the other identified areas.
Additionally, EMNR would occur over limited portions of the southern part of the
forebay and MNR would occur over the rest of the River OU. In areas that exceed the
PTW threshold, a reactive component would be included in the cap. The estimated
present value cost for Alternative 7 is $14,874,160.

•

Alternative 8: Alternative 8 consists of capping or dredging in areas with concentrations
above a RAL of 0.97 µg/kg total PCBs along the north shore of Bradford Island that
extends from the eastern end of the island to the spillway and in large portions of the
southern side of the forebay. Capping would address the identified areas off the north
shore of Bradford Island; dredging would address the other identified areas.
Additionally, EMNR would occur over limited portions of the southern part of the
forebay and MNR would occur over the rest of the River OU. In areas that exceed the
PTW threshold, a reactive component would be included in the cap. The estimated
present value cost for Alternative 8 is $20,927,961.

Detailed Evaluation and Comparative Analysis of Remedial Alternatives
The remedial alternatives were evaluated in accordance with CERCLA guidance. CERCLA has
nine criteria (two threshold criteria, five balancing criteria, and two modifying criteria)
applicable for evaluating alternatives. The two CERCLA threshold criteria, which must be met
before the others can be considered, are overall protection of human health and the
environment and compliance with applicable or relevant and appropriate requirements
(ARARs) of federal and state environmental laws and regulations. The five balancing criteria
are:
• Long-term effectiveness and permanence
• Reduction of toxicity, mobility, or volume through treatment
• Short-term effectiveness
• Implementability
• Cost
The two modifying criteria are state/tribal acceptance and community acceptance. USACE will
evaluate state, tribal, and community acceptance of the selected remedial action in the Record of
Decision following the public comment period on the Proposed Plan.
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1 Introduction
1.1 Purpose of the Feasibility Study
The purpose of this Feasibility Study (FS) is to develop, screen, and evaluate remedial
alternatives to address the risks posed by contaminants of concern (COCs) and contaminants of
ecological concern (CECs) in the River Operable Unit (OU) of Bradford Island, located at the
Bonneville Lock and Dam Project along the Columbia River in Oregon. This FS is based on the
results of the Remedial Investigation (RI; URS 2012) and the Baseline Human Health and
Ecological Risk Assessment (BHHERA; URS 2016) conducted under the authority of Executive
Order 12580.
The RI assembled and evaluated data to identify the nature and extent of contamination near
Bradford Island, evaluated sediment transport processes, and assessed current conditions
within the Columbia River, including risks to people and animals that use the Columbia River.
The FS uses the results of the RI, the baseline risk assessments, and background conditions to
identify remedial action objectives (RAOs), establish preliminary remediation goals (PRGs),
develop remedial alternatives, and evaluate how effectively remedial alternatives achieve
cleanup objectives. The FS lays the groundwork for selecting a remedial alternative that best
manages risks to both human health and the environment.

1.2 The Feasibility Study Process
The FS process is outlined in Guidance for Conducting Remedial Investigations and Feasibility Studies
under CERCLA, Interim Final (U.S. Environmental Protection Agency [USEPA] 1988). The general
steps and considerations in the FS process include the following:
• Summarizing and synthesizing the results of the RI, the baseline human health and
ecological risk assessments, and related documents, as well as refining the physical
conceptual site model for the River OU of Bradford Island;

•

Developing RAOs that specify the COCs and CECs, exposure pathways, and PRGs used
to evaluate a range of remedial alternatives and to consider federal and state objectives for
the Site;

•

Identifying applicable or relevant and appropriate requirements (ARARs) to comply with
both state and federal regulations;

•

Identifying general response actions for the Site, including removal, disposal, containment,
and treatment;

•

Estimating the sediment volumes or sediment areas to which the general response actions
could be applied;

•

Identifying and screening remedial technology types and specific process options best
suited to achieve cleanup objectives for the RAOs;

•

Assembling the technology types and process options into remedial alternatives;

•

Completing a detailed evaluation and comparative analysis of the remedial alternatives
that is consistent with Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) requirements; and,
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•

Evaluating how each alternative would achieve the cleanup objectives for identified risk
drivers as well as how each alternative would address other identified COCs and CECs.

1.3 Regulatory Framework
This FS incorporates risk management decisions based on the site history, previous response
actions, and comparisons of contaminant levels in the study area to chemical and risk-based
regulatory criteria. In the FS, USACE will identify and evaluate remedial alternatives for
achieving PRGs, and identify ARARs to determine compliance with environmental laws.
The lead agency for Bradford Island is the U.S. Army Corps of Engineers (USACE), which will
ultimately select the final remedy, including the final RAOs and cleanup levels. USACE is
conducting the FS in accordance with Executive Order 12580. As such, the methodologies
presented in this FS follow CERCLA process for developing and subsequently selecting a
preferred remedial alternative. The Oregon Department of Environmental Quality (ODEQ) and
Washington State Department of Ecology (Ecology) are providing oversight and coordination
with USACE throughout the investigation, evaluation of site risks, and selection of a remedial
alternative. Bradford Island is located within State of Oregon boundaries and, as such, ODEQ
ARARs and guidance are given primary consideration when incorporating state requirements.
Given that portions of the River OU lay within the State of Washington and potential impacts to
resources within Washington, Ecology is also provided with the opportunity to participate in
the RI/FS process.

1.4 Selecting a Final Remedy
Under CERCLA, USACE will present, evaluate, and compare remedial alternatives for a
hazardous substance site in the FS. Based on the findings of the FS, the final cleanup remedy
will then be presented as a Proposed Plan for public review. After public comments on the
Proposed Plan have been received and evaluated, USACE will document the final remedy in
the Record of Decision (ROD).
In selecting a final remedy USACE follows CERCLA evaluative processes, which include
weighing the outcomes of evaluations that are conducted under a number of criteria, including:

•

The nine CERCLA criteria provided in the National Contingency Plan (NCP) for
evaluation of remedial alternatives

•

The statutory determination requirements in the NCP for selected remedies [40 CFR
300.430(f)(5)(ii)]

•

Risk management principles for sites with contaminated soils, as outlined in EPA guidance
(USEPA 2005).

1.5 Definitions for the Feasibility Study
Definitions of regulatory terms, contaminant concentrations, spatial areas, and time frames used
in the FS are provided below. For some of these terms USACE has site-specific definitions, but
most are drawn directly from federal or state regulations or guidance documents. In the case of
new, site-specific definitions, similar terms are referenced when applicable.
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1.5.1 Regulatory Terms
Anthropogenic background is a CERCLA term that represents the concentrations of hazardous
substances that are consistently present in the environment in the vicinity of the site as a result
of human activities unrelated to releases from the site (USEPA 1997). When cleanup levels are
less than anthropogenic background concentrations, it is recognized that anthropogenic
background concentrations could result in recontamination of a site to levels that exceed
cleanup levels. At the same time, EPA’s remediation guidance (USEPA 2005) states that cleanup
levels will normally not be set below natural or anthropogenic background concentrations.
Therefore, portions of the cleanup action may be delayed until off-site sources of hazardous
substances are controlled, which reduces the likelihood of such recontamination.
Cleanup level under CERCLA means the concentration of a hazardous substance in an
environmental medium and under specified exposure conditions that is determined to be
protective of human health and the environment. Cleanup levels are proposed in the FS but are
not finalized until the ROD.
Contaminants of potential concern (COPCs)/Contaminants of concern (COCs) are two related
terms used in the baseline human health risk assessment. The COPCs are initially identified
through a conservative risk-based screening process. In this process, contaminant
concentrations in sediment, surface water, and tissue are compared to conservative risk-based
screening levels or effects-based standards. Being conservative means that contaminants are
more often included than excluded from the screening process — potential contaminants are
more likely to be considered than dropped from consideration, at this early stage. In later
stages, more precise comparisons are made to determine if such potential contaminants are
actually posing risks to humans or the environment. In this process, contaminants that are
present in any samples at concentrations above the screening levels are initially identified as
“contaminants of potential concern,” which then undergo further analysis in the baseline risk
assessments. After COPCs have been quantitatively evaluated in the baseline risk assessments,
considering their distributions in all of the media, any that have been found to exceed threshold
risk levels are then part of the defined subset that are determined to be COCs. COPCs and
COCs are specific to human health risk, whereas contaminants of potential ecological concern
(CPECs)/contaminants are ecological concern (CECs) are specific to ecological risk.
Natural background represents the concentrations of hazardous substances that are
consistently present in an environment that has not been influenced by localized human
activities, but may have been influenced by regional or global human activities. The definition
includes substances such as metals that are found naturally in bedrock, soils, and sediments, as
well as persistent organic compounds such as polychlorinated biphenyls (PCBs) that can be
found in soil and sediments throughout the state because of global distribution of these
contaminants.
Point of compliance is defined as the point or points where cleanup levels shall be achieved.
These are physical places as opposed to points in time or regulatory concepts.
Practical Quantitation/reporting limit (PQL) is defined as the lowest concentration that can be
reliably measured within specified limits of precision, accuracy, representativeness,
completeness, and comparability during routine laboratory operating conditions using
department (USEPA) approved methods.
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Preliminary remediation goals (PRGs) are specific desired contaminant endpoint
concentrations, or risk levels for each exposure pathway, that are believed to provide adequate
protection of human health and the environment based on available site information (USEPA
1997). For the FS, PRGs are expressed as medium-specific concentrations for the contaminants
that present the principal risks (i.e., the risk drivers). PRGs are based on consideration of the
following factors:

•

ARARs

•

Risk-based threshold concentrations (RBTCs) developed in the risk assessments

•

Natural background concentrations that are used to develop PRGs if protective RBTCs are
below background concentrations.

•

Analytical PQLs which are used if protective RBTCs are below concentrations that can be
quantified by chemical analysis.

PRGs are presented in the FS as the proposed cleanup levels; cleanup levels will be finalized
after the FS.
Remedial action levels (RALs) are contaminant-specific sediment concentrations that trigger
the need for active remediation (e.g., dredging, capping). Remediation levels or RALs are not
the same as cleanup levels or PRGs. Remediation levels may be used at sites where a
combination of cleanup actions is used to achieve cleanup levels at the point of compliance,
specifically, when combining active remediation technologies (dredging, capping) with more
passive or semi-passive technologies (e.g. natural recovery). Remediation levels, by definition,
exceed cleanup levels. The intent of a remediation level is to trigger an action. In contrast, the
intent of a cleanup level or PRG is to evaluate whether the remedial action is complete. For the
purposes of this FS, the ranges of RALs developed for risk drivers consider the magnitude of
risk reduction achieved, the rate of natural recovery, and the different types of remedial actions,
such as dredging or capping.
Remedial action objectives (RAOs) describe what the proposed remedial action is expected to
accomplish (USEPA 1999). They are narrative statements of the medium-specific or area-specific
goals for protecting human health and the environment. RAOs are used to help focus
development and evaluation of remedial alternatives. RAOs are derived from the baseline risk
assessments and are based on the exposure pathways and receptors, and the identified COCs.
RAO is a common CERCLA term.
Risk drivers are used in the FS to indicate the subset of COCs and CECs identified in the
baseline risk assessments that present the principal risks. For other COCs and CECs not
designated as risk drivers the estimated potential for risk reduction associated with those
contaminants once remedial actions are completed is discussed in the FS. In addition, COCs and
CECs may be assessed as part of the reviews that are conducted every five years once a
CERCLA cleanup has begun (five-year reviews), and they may be included in the post-cleanup
monitoring program.
Spatially-weighted average concentrations (SWACs) are similar to a simple arithmetic average
of point concentrations over a defined area, except that each individual concentration value is
weighted in proportion to the sediment area it represents. SWACs are widely used in sediment
management and are integral to the determination of sediment cleanup levels. The selected area

1-4

over which a SWAC would be applied may be adjusted for a specific receptor or activity. SWAC
calculations have been used at several large Superfund sediment sites to evaluate risks and
cleanup levels (e.g., Fox River, Hudson River, Housatonic River, Lower Duwamish Waterway,
and Willamette River). For example, the Lower Fox River ROD selected a total PCB remedial
action level of 1 milligram per kilogram (mg/kg) dry weight (dw) to achieve a site-wide SWAC
of 250 micrograms per kilogram (μg/kg dw) over time.

1.5.2 Sediment Concentrations
Sediment concentrations are expressed and evaluated in the FS in two ways: as individual point
concentrations or as SWACs. Risk-based threshold concentrations were developed in the RI and
may be expressed as either point concentrations or SWACs (all defined below).
Point concentrations are contaminant concentrations in sediments at a given sampling location,
where each value is given equal weight.
Risk-based threshold concentrations (RBTCs) are the calculated sediment and tissue
concentrations estimated to be protective of a particular receptor for a given exposure pathway
and target risk level. RBTCs are based on the baseline risk assessments and were derived in the
risk assessments. Sediment RBTCs are used along with other site information to set PRGs
(defined above) in the FS.
Spatially-weighted average concentrations (SWACs) are similar to a simple arithmetic average
of point concentrations over a defined area, except that each individual concentration value is
weighted in proportion to the sediment area it represents. SWACs are widely used in sediment
management and are integral to the determination of sediment cleanup levels. The selected area
over which a SWAC would be applied may be adjusted for a specific receptor or activity. For
example, site-wide SWACs may be appropriate for estimating human health risks associated
with consumption of resident seafood, but not for direct contact risks from the collection of
clams (which are harvested only in certain areas), or for risks from direct contact with sediments
during beach play (which represents a smaller exposure area). In this manner, site-wide or areawide SWACs are intended to provide meaningful estimates of exposure point concentrations
for either human or wildlife receptors.
SWAC calculations have been used at several large Superfund sediment sites to evaluate risks
and cleanup levels (e.g., Fox River, Hudson River, and Willamette River). For example, the
Lower Fox River ROD selected a total PCB remedial action level of 1 milligram per kilogram
(mg/kg) dry weight (dw) to achieve a site-wide SWAC of 250 micrograms per kilogram (µg/kg
dw) over time.
95% upper confidence limit (UCL95) on the mean is a statistically derived quantity associated
with a representative sample from a population (e.g., sediment or tissue chemistry results from
a water body) such that 95% of the time, the true average of the population from which the
sample was taken will be less than the quantity statistically derived from the sample dataset
(e.g., 95% of the time, the true average sediment contaminant concentration for the water body
will be less than the UCL95 based on sediment chemistry sample results). The UCL95 is used to
account for uncertainty in contaminant concentrations and to ensure that contaminant
concentrations are not underestimated.

1-5

1.5.3 Terms for Spatial Areas
Definitions of relevant spatial areas used previously in the RI/FS process are provided below,
along with definitions that are used in this FS.
The Reference Area refers to the location selected during the RI where samples were taken at
an upstream area based on modeling results characterizing the maximum upstream extent of
the river flow reversal caused by the powerhouses and the spillway that could transport
impacted sediment back upstream. The Reference Area was thus identified as an area not
influenced by impacted sediments transported back upstream. The location of the Reference
Area is approximately river mile 149, adjacent to the city of Cascade Locks, Oregon.
Site is frequently used in this FS to refer to just the sediment portion in the Columbia River
immediately adjacent to north shore of Bradford Island and east of the Bonneville dam
spillway, and not to the upland portions.

1.5.4 Terms Related to Time Frames
The remedial alternatives refer to different time frames when describing different aspects of the
remedy, such as the number of years to design or implement a remedy, or the number of years
to achieve the cleanup levels. For clarity, the terms and time frames used in the FS are defined
below.
Construction period. The time assumed necessary to construct a remedial alternative.
Monitored natural recovery (MNR) period. The time during which the MNR-specific level of
monitoring is needed in areas designated for this passive remedial technology. Monitoring
conducted during the MNR period will assess whether sufficient progress is being made toward
achieving cleanup objectives, or, alternatively, whether contingency actions are warranted.
“Natural recovery” is a term used to describe the condition where natural recovery processes
are expected to continue reducing surface sediment concentrations but no contingency actions
are anticipated if cleanup objectives are not achieved.
Time to achieve cleanup levels is most readily defined as the time from the start of remedial
construction to when PRGs are achieved. In cases where a PRG is unlikely to be achieved due to
technical impracticability (e.g., if the PRG is based on natural background), cleanup levels are as
close as practicable to the PRGs, and the time to achieve such levels is estimated while no
attempt is made to estimate the time to achieve impracticable PRGs.

1.6 Document Organization
The remainder of this document is organized as follows:

•

Section 2 (Site Setting, RI Summary, and Current Conditions) builds on the key
findings of the RI and focuses on the site characteristics that affect the development of
areas of potential concern (AOPCs), selection of representative technologies, and
assembly of alternatives. The FS dataset is also summarized in this section.

•

Section 3 (Risk Assessment Summary) presents the results of the baseline human
health and ecological risk assessments and the RBTCs for risk drivers.
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•

Section 4 (Remedial Action Objectives and Preliminary Remediation Goals) presents
the recommended RAOs and ARARs, and identifies PRGs for the FS.

•

Section 5 (Identification and Screening of Remedial Technologies) presents the results
of screening a broad array of remedial approaches and identifies representative
technologies that may be applied to the AOPCs.

•

Section 6 (Development of Remedial Alternatives) describes site-wide remedial
alternatives designed to achieve the RAOs, based on the AOPC footprints and
representative technologies.

•

Section 7 (Detailed Analysis of Alternatives) presents results of screening the remedial
alternatives individually, using CERCLA guidance. The risk reduction expected to be
achieved by each remedy is discussed. This section also includes a comparison of the
remedial alternatives on the basis of evaluation criteria required by CERCLA.

Tables and figures appear at the end of the report. Details that support various analyses in the
FS are presented in the appendices.
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2 Site Setting, RI Summary, and Current Conditions
2.1 Environmental Setting
2.1.1 General Location
The Bonneville Lock and Dam Project (the Project) is the most downstream dam within the
Columbia-Snake River navigation system that consists of eight locks and dams, along with three
additional dams that do not have locks. The Bonneville Dam is at the upper limit of tidal influence
from the Pacific Ocean, about 145 miles upstream from the mouth of the Columbia River and 40
miles east of the cities of Portland, Oregon and Vancouver, Washington that border opposite sides
of the Columbia River (Portland-Vancouver). The dam is located at 45° 38’ 27’’ N - 121° 56’ 31’’ W.
Bonneville Lock and Dam creates a 48-mile-long reservoir from the Bonneville Dam upstream to
the Dalles Dam, called the Bonneville Pool. The Columbia River at the Bonneville Dam is divided
into three channels by two islands: Bradford Island and Cascade Island. A third island, Robins
Island, located between the Oregon shore and Bradford Island, serves as the southern terminus
for the First Powerhouse (Figure 2-1), and is an island only by virtue of the navigation channel
(second lock) excavated between the Oregon shore and what is now Robins Island. The tailrace for
the First Powerhouse forms one channel, the spillway forms the middle channel, and the tailrace
channel for the Second Powerhouse forms the third channel. The Spillway, consisting of 18 gates,
each 50 feet wide, is located between Bradford and Cascade Islands, spanning the middle channel.
The spill gates are raised to allow excess river flow to pass under them at a depth of about 50 feet
below the upstream water surface. (The spill gates are only opened when the pool has filled to a
certain elevation [and other specifications apply]; in those conditions, the water surface is about 50
feet above the bottom of the spill gates.)
The major features of the Project (Figure 2-1) include the Spillway, two powerhouses, fish ladders,
two navigation locks (the first lock is no longer in use), and the Project fish hatchery (there is also
a second fish hatchery immediately upstream of the Project operated by US Fish and Wildlife
Service). The Project fish hatchery, main office, and navigation lock visitor center are located on
the Oregon shore of the Columbia River. A warehouse and automotive garage facility, and
navigation lock support facilities, are located on Robins Island. The major features on Bradford
Island are the Bradford Island visitor center, fish ladders, the service center building, and the
equipment building. The sandblast building was structurally damaged in a storm and was
demolished in 2012. Another fish ladder is located on Cascade Island, and a third visitor center is
located along the north shore of the Columbia River in Washington State.
The authorized federal navigation channel in this reach of the river is 300 feet wide and 27 feet
deep, although the depth is currently maintained at 17 feet (USACE, 1991). Limited dredging is
necessary to keep the channel to the maintained depth near the dam. Bathymetric surveys
conducted by USACE indicate that the pool near the Bonneville Dam (within the spillway
forebay) is up to 100 feet deep.

2.1.2 Site History
2.1.2.1 First Powerhouse and Original Lock
Construction of the First Powerhouse and navigation lock, spillway, fish passage facilities, fish
hatchery, and office and maintenance buildings began in 1933. Operations at the Bonneville Dam
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complex began in 1938. During World War II, in addition to enlarging the first powerhouse and
installing additional generators, the military installed anti-aircraft batteries and a rifle/pistol
range near the present day location of the service center (URS, 2012). The firing range was
eventually used only for small arms and became known as the pistol range.
2.1.2.2 Second Powerhouse
Between 1974 and 1981, the Second Powerhouse was constructed adjacent to the Washington State
shore, to aid in supplying the electrical power needs of the Northwest. The construction of the
Second Powerhouse required the relocation of the former town site of North Bonneville, which
was relocated approximately 1.5 miles downstream. In addition, portions of Washington
Highway 14 and Burlington Northern railroad track were also relocated to accommodate
construction of the Second Powerhouse. During the roadway/railway construction activities, a
significant archeological site was excavated. First noted in the Lewis and Clark journals, the site is
the only known relatively undisturbed archeological site along the lower Columbia River and
provided evidence of 500 years of occupation from the time of Native American occupation to the
time of historical settlement in the mid-1800s. This site is on the National Register of Historic
Places. Retrieval of cultural material necessary for site interpretation began when it was realized
that construction activities would affect the archeological site. Retrieval of cultural material was
completed in the summer of 1979 (URS, 2012).
2.1.2.3 Second Lock
A second navigation lock (Figure 2-1) was constructed at the Bonneville Power Complex on the
Oregon side between 1989 and 1993. Associated with construction of the new lock, the
southeastern edge of Bradford Island was excavated to improve the approach channel. Soils from
that excavation were placed 0.5 mile upstream near the Oregon shore to create Goose Island.
2.1.2.4 Discontinued Operations
The old navigation lock adjacent to the First Powerhouse is no longer in use. The upstream side of
the old navigation lock consists of an end sill (where lock gates are located) that extends from the
riverbed to an elevation of 40 feet above mean sea level (msl). The upstream approach for the
current navigation lock is located immediately south of the upstream approach for the old
navigation lock and has an end sill that extends to an elevation of 51 feet above msl.
2.1.2.5 Current Facility Operations
The U.S. Army Corps of Engineers (USACE) operates and maintains Bonneville Lock and Dam for
hydropower, navigation, recreation, and natural resource and wildlife preservation.

2.1.3 Bonneville Project Regulatory History
2.1.3.1 Bonneville Lock and Dam
The Bonneville Lock and Dam was initially placed on the Federal Facilities Compliance Docket
after the 1986 explosive failure of a bushing on an oil circuit breaker in the switchyard on the roof
of the First Powerhouse. The bushing failure released approximately one pound of
polychlorinated biphenyls (PCBs) in tar from the core of the bushing. The bulk of the tar fell on
the powerhouse roof, but an unknown quantity reached the river. A second bushing failed in 1991
with similar results. Both spills were cleaned up in accordance with the Toxic Substances Control
Act (TSCA) and documented in a preliminary assessment (PA) in 1992. In 1994, the U.S.
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Environmental Protection Agency (EPA) declared No Further Action (NFA) was necessary with
respect to these accidental releases. All PCB-containing bushings and circuit breakers on the
powerhouse roof were replaced in the 1995 rehabilitation of the powerhouse.
2.1.3.2 Hamilton Island
In 1987, Hamilton Island, a former construction landfill on project lands downstream from the
Second Powerhouse in Washington State, was placed on the Federal Facilities Compliance Docket.
The site was investigated for wastes from the construction of the Second Powerhouse at
Bonneville Dam, possible PCB waste from the Bonneville project, and wastes from demolition of
North Bonneville. In 1991 the site was placed on the National Priorities List (NPL) under the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). USACE
completed a remedial investigation/feasibility study (RI/FS) in 1994 and the site was delisted by
EPA in 1995 after a NFA Record of Decision (ROD). This location is not discussed further in this
document.
2.1.3.3 Bradford Island
On June 13, 1996, USACE submitted a letter to EPA Region 10 and the Oregon Department of
Environmental Quality (ODEQ), informing them of the presence of the Bradford Island Landfill.
The Landfill is a former waste disposal site at the Bonneville Lock and Dam Project occupying the
northeastern portion of Bradford Island. The Landfill was used from the early 1940s until the early
1980s. The half-acre Landfill area is adjacent to portions of the island used as a shooting range and
as disposal areas for sandblast grit and light bulbs; these have since been identified as three
separate areas of potential concern (AOPCs). Following the letter, a need was identified to collect
sediment samples in the Columbia River around the perimeter of the island, along with collection
of groundwater seep samples if seeps were identified. These issues were considered during an
initial site investigation (the 1998 site investigation [SI]) related to ODEQ’s Voluntary Cleanup
Program (VCP). A timeline of activities at Bradford Island is provided below.
Bradford Island was added to the ODEQ Environmental Cleanup Site Information (ECSI)
database on April 1, 1997.

•
•
•
•

On April 24, 1997, the Bonneville Lock and Dam Project signed a Letter of Intent to
participate in ODEQ’s VCP for the investigation and remediation of the site.
On February 18, 1998, the USACE Portland District Engineer signed an ODEQ
Voluntary Cleanup Agreement letter for the site.
In 2004, USACE elected to continue the Bradford Island project under CERCLA.
USACE completed the RI report in 2012 (URS, 2012) and is completing the FS in
accordance with CERCLA principles, with ODEQ requirements as applicable, and with
consideration of relevant and appropriate requirements (ARARs). EPA, ODEQ, and the
Washington State Department of Ecology (Ecology) have been provided the
opportunity to comment and participate in the RI/FS process.

USACE maintains a National Pollutant Discharge Elimination System (NPDES) point source
discharge permit for discharges from the Project’s wastewater treatment plant. The plant services
all sanitary waste facilities on the Project. Discharges from the Project fish hatchery are not treated
by this facility but have a separate discharge in Tanner Creek managed by the Oregon
Department of Fish and Wildlife (ODFW).
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2.1.4 Geology, Climate, Hydrogeology, Hydrology, and Hydraulics
2.1.4.1 Regional Geology
The Project is located in the Columbia River Gorge, a 50-mile canyon that cuts through the
Cascade Range physiographic province (Orr, 1999). The canyon has formed through time as the
Columbia River incised through various geologic formations, including the Western Cascade
Group, the Columbia River Basalt Group, and the High Cascade Group, in response to the uplift
of the Cascades over the last 2 million years (Beeson & Tolan, 1987).
Three bedrock formations are present near Bonneville project: the Ohanapecosh Formation (also
referred to as the Weigle Formation), the Eagle Creek Formation, and the Columbia River Basalt
Group (Holdredge, 1937; Wise, 1970). The Ohanapecosh Formation consists of late Oligocene-aged
volcaniclastic siltstones and sandstones with minor conglomerates. As much as two-thirds of the
clasts in this formation consist of glass fragments. The fragments have subsequently altered to a
dominantly clay mineral assemblage, greatly weakening the formation.
Folding and faulting have significantly disturbed the Ohanapecosh Formation. Bedding generally
strikes northeast and north, with a dip of 5 to 20 degrees to the east and southeast. Two
predominant fault/shear zone orientations have been identified in association with the
development and construction of Bonneville Dam. They include northwest-striking features
dipping moderately to steeply to the northeast and northeast-striking features dipping gently to
moderately to the northwest. These features do not continue into the overlying Eagle Creek
Formation, indicating that fault movement ceased before the Eagle Creek sediments were
deposited. No outcrops of the Ohanapecosh formation are found at the site.
The Eagle Creek Formation overlies the Ohanapecosh Formation, and is differentiated primarily
by larger clast size and lack of alteration. The Eagle Creek Formation consists primarily of
sandstones and conglomerates, with individual units of sedimentary tuffs. Bedding in the unit is
near horizontal. The Eagle Creek Formation crops out near river level near the site.
The Columbia River Basalt Group disconformably overlies the Eagle Creek Formation. Flood
basalts of this group are Miocene in age and originated from a series of fissures in eastern
Washington, Oregon, and Idaho. In the vicinity of Bonneville Dam, the basalts have been uplifted
several hundred feet above the current river level.
Two landslides have significantly modified the topography in the vicinity of the site (Sager, 1989).
Those slides are believed to have been at least partly the result of catastrophic floods during the
late Pleistocene that scoured away the talus slopes from the Columbia Gorge. That action oversteepened the walls of the Gorge and effectively removed the buttressing effect of the talus slopes.
Scouring also exposed the clay-rich Ohanapecosh Formation, which may have contributed to the
landslides. The Tooth Rock Landslide is a large rotational block failure that originated on the
Oregon side of the Gorge, south of Bradford Island. The slide is reported to have incurred only
rotational movement, without lateral expansion. Large slide blocks of the Eagle Creek Formation
contributed to the formation of Bradford Island. Because of the slide’s rotational nature, the blocks
are relatively undisturbed and form a local, but variable, bedrock surface beneath the Bradford
Island. Portions of the Tooth Rock slide block extend into the Columbia River and are submerged.
A second large-scale landslide in the area is known as the Bonneville (Cascade) slide. The slide
originated on the Washington side of the Gorge between 400 and 800 years ago. The toe of the
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landslide forms the northern abutment of the Second Powerhouse. Debris from the slide has been
observed to overlie the Tooth Rock slide on portions of Bradford Island. The Tooth Rock slide
blocks at the site are also overlain by up to 30 feet of alluvium associated with Holocene to recent
flooding of the Columbia River. The alluvium consists of silty sands and gravels that contain
increasing amounts of Eagle Creek Formation clasts with depth.
The river bottom in the immediate vicinity of Bradford Island consists of Eagle Creek Formation
conglomerate overlain by a thin layer of sands and silts that have been deposited in lower current
velocity areas.
2.1.4.2 Climate
A meteorological observation station has been in operation at the Project since July 1, 1948. During
a 57-year period of meteorological records (1948 through 2005), the station recorded average
summer daytime maximum temperatures of 65.8 degrees Fahrenheit (°F) and average winter
daytime maximum temperatures of 35.4 °F (Western Regional Climate Center 2002). Temperature
extremes at the Bonneville Dam have varied from a low of -5 °F on January 31, 1950, to a high of
107 °F on August 18, 1977.
The average annual precipitation at the Project for the period of record is 77.05 inches. December
and January are the months with the highest precipitation rates, and July is the month with the
lowest (Western Regional Climate Center, 2002). Recorded daily maximum precipitation rates
have exceeded 1 inch for every month, with the maximum daily rate of 5.05 inches recorded on
November 25, 1999. Average annual snowfall at the dam is 17.7 inches, normally occurring from
November through March.
2.1.4.3 Groundwater/Hydrogeology
Occurrences of shallow groundwater were evaluated as part of environmental investigations near
the former landfill and the former sandblast building (eastern end of Bradford Island) (URS, 2012).
Based on these investigations, two shallow stratigraphic units comprise the eastern end of
Bradford Island:
Fill/alluvium. This unit consists of silty to clayey sands and ranges from 15 to 30 feet in thickness.
At depth, there are increasing bedrock clasts. This unit occurs beneath the upland portion of the
site and pinches out near the northern shore of Bradford Island.
Bedrock. The bedrock unit consists of a slide block emplaced from the Oregon side of the river.
The block is composed of the Eagle Creek Formation, which consists primarily of sandstones and
conglomerates. The uppermost 2 to 5 feet of this unit is fractured.
Groundwater on the eastern end of Bradford Island appears to be perched in the alluvium above
the less-permeable Eagle Creek slide block. Where the fractured bedrock crops out along the north
shore of the island, seeps form in the winter months. The slide block forms the base of the river
near the island, with no to little sediment thickness found on top of the slide block.
Based on the horizontal hydraulic gradient measured in the fill/alluvium, the direction of
groundwater flow beneath the Landfill Area of Potential Concern (AOPC) is to the north. At the
Sandblast Area AOPC, groundwater flow is to the north and northwest.
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2.1.4.4 Drinking Water and Hatchery Supply
No active drinking water wells are located on Bradford Island. Water supply well DW2, which is
located on the eastern side of Bradford Island, was used for drinking water until 2000 and was
decommissioned in 2008.
Hatchery Wells H1, H2a, H3, H4, H5, H6 and H7 are located on the western end of Robins Island
(Figure 2-1). The hatchery wells were installed between 1986 and 1991 to replace wells that were
abandoned during the construction of the new navigation lock. The groundwater is extracted
from a former alluvial unit that was buried by the Tooth Rock landslide. The alluvium overlies the
Ohanapecosh Formation in this location and is up to 100 feet thick (Scofield 1998). These wells
provide water to the hatchery and, either individually or combined, also provide drinking water
to the Project. Water supply wells DW1 (also referred to as PW1 and WW-1794) and DW5 (also
referred to as PW2 and WW-1800) are located on the western end of Robins Island (Figure 2-1).
Both DW1 and DW5 historically provided drinking water to the Project. USACE stopped using
wells DW1 and DW5 prior to the RI for drinking water as the wells were going dry; however,
USACE has not yet decommissioned the wells.
Water supply wells DW3 and DW4, which are located on Cascade Island and the Washington
shore, respectively, are currently supplying drinking water to the Project. Potential releases to
groundwater from Bradford Island do not pose a threat to these populations due to the lack of
hydraulic connection to the perched water-bearing unit beneath the island.
2.1.4.5 Drinking Water – Project Vicinity
The population within a 4-mile radius relies on municipal water supplies taken from groundwater
supply wells. The Columbia River hydraulically separates these populations from Bradford,
Cascade, and Robins Islands. Potential releases to groundwater from Bradford Island do not pose
a threat to these populations due to the lack of hydraulic connection to the perched water-bearing
unit beneath the island.
2.1.4.6 Regional Hydrology
The Columbia River drains an area of 259,000 square miles and is ranked seventh in length and
fourth in streamflow among United States rivers. It flows 1,243 miles from its headwaters in the
Canadian Rockies of British Columbia, across Washington State, and along the border of
Washington and Oregon to the Pacific Ocean (Figure 2-2). There are 11 dams, eight of which
include navigation locks, on the Columbia River’s mainstem in the United States, and 162 dams
within the river’s entire drainage basin that form reservoirs with capacities greater than 5,000
acre-feet (United States Geological Survey, 1996).
Climate in the Columbia River Basin varies considerably, but river hydrology is dominated by
snowmelt from high-elevation areas, with the majority of annual flow occurring between April
and July. High flows also occur between November and March, caused by heavy winter
precipitation (Northwest Power and Conservation Council, 2004a).
All of the major dams and reservoirs within the basin are operated in coordination with each
other to manage floods, control fish migration, and produce power. The general operating year for
the dams and reservoirs within the basin is divided into three periods:
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•

September through December – A fixed reservoir drawdown occurs, since a forecasted
volume of runoff that will occur in the spring is not yet available. Flows are managed to
enhance the spawning of chum salmon below Bonneville Dam.

•

January through mid-March or April – A variable drawdown occurs to meet the
forecasted volume of the spring runoff based on snowpack measurements. Water must
be present in April for juvenile fish migration.

•

April through August – Refill season; the reservoirs are managed in an effort to fill the
reservoirs and allow fish migration.

2.1.4.7 Local Hydrology
Bonneville Dam is considered a run-of-river project. Run-of-river projects, by definition, have
limited storage capacity and were developed primarily for navigation and hydropower. These
types of dams pass water at nearly the same rate it enters the reservoir, with an average variance
of water level behind the structure of 3 to 5 feet. The tailwater elevation below Bonneville Dam
varies in direct relationship to the river discharges, and ranges from about 7.0 feet above mean sea
level (msl) at a river flow of 70,000 cubic feet per second (cfs) to 36.3 feet above msl at a river flow
of 660,000 cfs (USACE, 1997). The tailwater elevation is also influenced by tidal variation. From
Bonneville Dam to the ocean, the slope of the Columbia River is very flat and subject to tidal
action. The daily tidal influence on water level during low water periods ranges from 1 to 2 feet at
the dam (WDF et al. 1990). Within the Columbia River Basin are numerous subbasins formed by
tributaries of the mainstem river. Although the subbasins extend beyond the area of interest,
selected tributaries contribute to the Columbia River within the area of interest.
Hydrologic inputs immediately upstream of the dam include Ruckel and Eagle Creeks on the
Oregon side. Washington maps do not indicate any named creeks immediately above the dam,
although drainage features are presumed to exist. Hydrologic inputs immediately downstream of
the dam include Tanner and Moffett Creeks on the Oregon side with Greenleaf and Hamilton
Creeks contributing on the Washington side.
Streams draining the Oregon side of the Columbia River Basin (within the area of interest)
originate and flow through the Hatfield Wilderness, a 39,000-acre portion of land managed by the
United States Forest Service (USFS). Although streams discharging to the Columbia originate and
primarily flow through the protected wilderness, they also pass through the privately held and
often developed properties located along the waterfront. Development such as roadways and
railroads with riprap bisect the lower reaches of the tributaries and are presumed to have the
greatest influence on the flow rate and water quality at the point where the tributaries join the
Columbia.
Urbanization of the land along the Columbia on the Washington side has substantially altered
original drainage and subsequent hydrologic inputs. A major highway, railroad, and associated
riprap also bisect tributaries along the riverfront on the Washington side.
Forestry is a major industry upstream and downstream of the dam, especially in Washington.
Timber practices are typically clear-cut and slash-and-burn, subject to Forest Practices Act
regulations of both states (WDF et al., 1990). The significance of the forestry industry, and to a
lesser degree agriculture, is its effect on runoff and subsequent water quality. A damaged or
destroyed riparian buffer can substantially alter the morphology of streambeds and, in some
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cases, whole drainage basins. An example would be increased flow rates, which can result in
aggressive streambed scour, increased turbidity, elevated concentrations of dissolved minerals,
and habitat destruction. Not only is the tributary being affected but also subsequent discharge can
potentially influence water quality, habitat, and flow in the mainstem.
2.1.4.8 Hydraulic Conditions
Hydraulic conditions along the Bradford Island shoreline are variable and are dependent upon
the spillway and powerhouse conditions (open or closed) as well as seasonal variations in river
flow. River inflows at Bonneville range from less than 100 thousand cubic feet per second (kcfs) to
more than 600 kcfs. The hydraulic capacity of the powerhouses are 136 and 152 kcfs for the first
and second powerhouses, respectively. During periods of flow above the combined capacities of
the two powerhouses (approximately 250 kcfs), the Spillway is used to pass surplus flow. Both
powerhouses and the Spillway are generally open from approximately March to August. The
central Spillway structure is generally closed between September and early spring (March
through April, depending on volumes). Flow through the first and second powerhouse structures
is more variable and is dependent upon power generation needs and seasonal variations in flow.
Flow velocities (speed and direction) across the Site were evaluated using Computational Fluid
Dynamics modeling (CFD). The CFD model was able to estimate flow velocities at different
elevations in the water column, as well as near-bottom (6 inches above the river bed) across the
Site. It is important to note that the CFD model was not able to estimate small-scale water
movement, such as the most localized velocity variations that occur between the void spaces in
the riprap and boulders along the north shore of Bradford Island. Three different scenarios were
modeled and are described as follows:
The first scenario is when the Spillway and both powerhouses are open, generally during the
spring and early summer months. In general, current speeds along the Bradford Island shoreline
range from 0-3 feet per second (ft/s), with some of the highest current speeds (3 to 5 ft/s) along
the southeast shoreline (Figure 2-3). With inflows of 250 kcfs, near-bottom currents in the forebay
are dominated by a large eddy that develops behind the dam structure, resulting in an upriver
counter-current along the northern Bradford Island shoreline. The eddy flow cycles east and
northward, slowing to speeds less than 1 ft/s immediately downriver of Boat Rock/Picture Rock
(Figure 2-1) and either rejoining flow towards the Spillway or feeding into flow towards the south
of Bradford Island and through the First Powerhouse. Downriver currents south of Bradford
Island move directly through the First Powerhouse. Currents at higher elevations (25 ft. and 50 ft.
or 7.5 and 15 meters above the river bed) show similar directional flow, with a counter-clockwise
eddy forming in the Spillway pool and strong flow to the southern side of Bradford Island
downriver of Boat Rock. It should also be noted that the highest current speeds are predicted to
occur along the Washington shoreline and at the Second Powerhouse.
The second scenario occurs when the Spillway is closed and the First and Second Powerhouses
are open (generally during the late summer to early spring). Under this flow pattern (Figure 2-4)
Boat Rock divides the downriver flow. Water moving towards the Spillway forms a counterclockwise eddy as the water encounters the spillway structure, moving upriver (eastward) along
the northern shoreline of Bradford Island, with currents of 0-3 ft/s. This easterly flow along the
north shore continues around the eastern tip of Bradford Island, now moving south and
westward, along the southern side of the island, joining the mainstem flow towards the First
Powerhouse. This counter-current along the northern shoreline of Bradford Island is observed in
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the near-bottom profile, as well as at different elevations. The north-shore eddy flow that
continues around the eastern tip of Bradford Island is strongest toward the eastern end of the
island. Slower bottom currents are observed close to the Spillway structure, along the southern
shoreline of Bradford Island and several small embayments along the Oregon shoreline. The
amount of mixing across the First Powerhouse pool is unclear; however, underwater berms
installed to divert flow and prevent sediment deposition introduce substantial mixing energy
upriver of the powerhouse structure. As noted previously, strong flow continues through the
Second Powerhouse as well.
A third scenario occurs when both the Spillway and Second Powerhouse are closed, with water
being diverted through the First Powerhouse (Figure 2-5). This is less common but can occur
during low flow periods, when water is diverted to the fish ladder and new boat locks. Current
speeds are estimated to remain between 0-3 ft/s during these low flow events, with the weak
eddy forming along the northern shoreline of Bradford Island as described above, and stronger
flow that sweeps across from the Second Powerhouse to the south shore of the Island.
Small-scale variations in current speed are likely within the riprap and large boulder/cobble
along the north shore of Bradford Island. Current speeds slow adjacent to the riprapped shoreline
of Bradford Island, due to shallower depths and higher roughness caused by the riprap. The CFD
results indicate the shoreline speeds may be 1-2 ft/s slower than those just offshore when the
Spillway is open.

2.1.5 Sediment Dynamics
Bonneville Dam is located in the mid-Columbia River, an area characterized by relatively low
suspended sediment loads and moderately high river velocity (Ploskey et al. 2005). Sediments are
derived largely from mechanical weathering of the predominantly volcanic, coarse-grained rocks
of the Cascade Range (Whetten et al. 1969). Spring snowmelt usually coincides with the major
streamflow of the year, and associated floods from the snowmelt occur upstream of Bonneville
between April and June. Average annual discharge on the mainstem of the river immediately
above Bonneville is an estimated 194,000 cfs (BiState Program 1992). This discharge and the
resulting suspended sediment loads can be higher in mid-Columbia subbasins heavily influenced
by logging and agriculture. Immediately below the confluence of the Columbia and Snake Rivers
for example, the suspended load has been estimated to be about 40 milligrams per liter (mg/L;
Johnson et al. 2005).
As sediment is added to the Columbia River system, it is carried as suspended sediment
downstream towards the Bonneville Dam. Whetten et al. (1969) found that the Snake and Upper
Columbia River basins typically produce fine-grained sediments that are carried in suspension.
However, other dam operations upstream of Bonneville Dam have been shown to decrease the
sediment load in the River and entering the Bonneville Reservoir. A 1995 Department of Energy
study (Blanton, Gardiner, and Dirkes, 1995) found deposits of very fine sand, silt, and clay in the
McNary pool downstream of the Snake River. Likewise, a 2003 Washington State Department of
Health study (Washington State Department of Health, 2003) found very fine sand and silt in the
McNary and John Day pools. Deposits of these fine-grained sediments on the bed surface behind
the dam structures indicate that these dam structures act as sediment traps removing suspended
sediments from the system. Sediment accretion immediately behind the Bonneville Dam has been
estimated to be around 2 centimeters per year (cm/y; Beasley 1986), and likely varies with the
volume of snowmelt each year. Wise et. al. (2007) estimated that the Columbia River’s suspended
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sediment load downstream of Bonneville was relatively low for a large river system, at 1.3 million
tons and an average discharge of 185 kcfs. (The report characterized water year 2000 as an
average streamflow year in the Pacific Northwest). For comparison, the Fraser River in Canada,
has an average discharge of 130 kcfs and an average sediment yield of 20 million tons.
Sediment Sources and Characteristics
The nearshore area along the eastern end of Bradford Island is a series of boulder-strewn benches
with very little surficial sediment buildup. Hard substrate and a mixture of coarse sand, cobble,
and boulder are found along the eastern terminus and central portion of the northern facing
shoreline (Figure 2-6a). Stations P112-P114 (located along the northeastern shoreline of Bradford
Island) contain large percentages of coarse sand and gravel that are very likely material that
originated from the island. Medium and fine sand (the dominant bed material sizes found
upstream) make up 20-30% of the bed material at these locations, while silt and clay (the
dominant suspended sediment sizes) make up less than 10% of the bed. Total organic carbon
content in these sediments is quite low (< 0.2% TOC), typical of coarser sediment (Figure 2-6b).
The downstream sites on the northern shoreline (nearer to the Spillway structure), Stations P115P118 (located along the northwestern shoreline of Bradford Island), contain much less of the
coarse native island material and more of the medium-fine sand, silts, and clays that are found
upstream in the river (Figure 2-6a). This indicates active deposition at these sites, but the large
percentages of fine sand suggest that these deposits may be transient and could be eroded during
spilling events. These downstream locations also contain higher total organic carbon content
relative to upstream sites P112-P114, although still below 1% TOC (Figure 2-6b).
The grain size characteristics in sediment south of Bradford Island are more variable. As with the
northern shoreline, coarse material is dominant at the eastern tip of the island, with gravel/cobble
and less than 10% silts and clays (Figure 2-6c). However, as the embayment upstream of the First
Powerhouse widens, the relative proportion of fine-grained sand, silts, and clays increases. The
central portion of the southern shoreline includes a widened shallow bench that has fine sand and
silt. The reservoir immediately upstream of the First Powerhouse is characterized by finer sands
and silt/clay, similar to the trapped sediment above the McNary and John Day dams (Blanton,
Gardiner, and Dirkes 1995; WDOH 2003). Sediment grain size along the Oregon shoreline is
varied, depending upon whether the location is erosional or depositional. Sediments with greater
than 40% fine sand/silt/clay were observed near the new navigational lock, along the fish ladder,
and immediately downstream of the mouth of Eagle Creek (Figure 2-6c). Sediment with less than
10% fines was observed immediately upstream of Eagle Creek and in what is likely an erosional
area. Sediment along Goose Island (Figure 2-6c) was more medium-fine sand, silts and clays that
are found upstream in the river.
Sediment Transport
Sediment transport within the Site was evaluated using the sediment grain-size characteristics of
the site coupled with the CFD analysis. This allows for refinement of the conceptual site model
(CSM), as well as the development and evaluation of remedial alternatives for the Site.
Additionally, The USACE Engineer Research and Development Center (ERDC) conducted stable
grain-size analysis for Bradford Island, with a focus along the north shore. The ERDC analysis
indicated that under most conditions, grain size of greater than 0.3 millimeters (mm; fine-medium
sand) is considered stable along the northern shoreline at current speeds greater than 3 ft/s. At
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higher current speeds, erosion would be predicted for medium to coarse sand. Sediment
deposition of fine sands and silts would be expected at speeds less than 1 ft/s. This predicted
current speed resulting in deposition does not account for localized eddies and sediment
entrapment by large rock and rip-rap.
As noted in Section 2.1.4, there are three dominant hydrologic patterns near Bradford Island that
influence sediment transport. During high-flow periods (Scenario 1, Figure 2-3), the incoming
suspended sediments and bedload would tend to follow the higher velocity paths to the first and
second powerhouses. The eastward eddy along the northern shoreline of Bradford Island has
current speeds sufficient to prevent the deposition of finer materials and to potentially erode
medium to fine sand (less than or equal to 0.3 mm). Current speeds on the southeastern tip of the
island are also predicted to be erosional under these conditions; however, slower current speeds
at the northeast terminus of Bradford Island likely reduce erosion during this type of flow pattern.
Current speeds south of Bradford Island are capable of significant sand transport (3+ ft/s) during
high spillway discharges. Depositional areas, with current speeds less than 1 ft/s, are expected to
occur along the Bradford Island south shore near the former pistol range to the First Powerhouse
and at several small embayments along the Oregon shoreline.
When the Spillway is closed (Scenarios 2 in Figure 2-4 and Scenario 3 in Figure 2-5) sediment
transport along the northern shoreline of Bradford Island is predicted to change, with sediment
deposition occurring near the Spillway structure and erosional currents along the Bradford Island
northeastern shoreline transporting material to the southern side of Bradford Island. Along the
southern shoreline, predicted depositional currents (less than 1 ft/s) occur in the nearshore area,
as well as along portions of the fish ladder and along the Oregon shoreline. As noted in section
2.1.4, the degree of mixing across the First Powerhouse pool is unclear; however, the in-water
berms introduce substantial mixing energy which may assist a certain amount of lateral transport.
When both the Spillway and Second Powerhouse are closed, reduced flows sweep along the
eastern shoreline of Bradford Island towards the southern side of Bradford Island.
Two other sediment quality studies have been conducted in the Bonneville Dam forebay area. In
2002, the Corps attempted to collect 14 bed samples in the forebay and 16 samples upstream of the
“eddy effects area.” They were only able to collect two samples from the forebay and six
upstream. Rocky river bottom and current effects were cited as the reason for the limited sample
collection. A 2003 study, (WDOH, 2003) planned to collect bed samples spanning the river just
upstream of the forebay. That sampling was only successful on the Oregon side of the river
between the ship lock and Bradford Island; attempts to collect sediment at mid-river along the
submerged shelf north of the island, and on the Washington side of Bradford Island were
unsuccessful. That study concluded there was limited bed sediment in the mid-channel area as
indicated by the lack of sample recovery. The inability of those two studies to recover bed
sediment from the main channel north of Bradford Island suggest this is a dynamic area where
contaminated sediment from the north shore of Bradford Island is either not present or is
transient.
As noted previously, velocities within the interstitial spaces between riprap and boulder/cobble
along the north shore of Bradford Island are estimated to be low. This creates a very different
small scale depositional environment within the riprap relative to the shoreline as a whole.
Sediment that is easily transported by the faster water outside the riprap may become
depositional when it enters the interstitial space. The low speeds within the riprap may allow
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some sediment to deposit. The amount of deposition along the north shore of Bradford Island
depends on the size of the sediment, the current speeds, and how long the water and sediment
remain within the riprap. Sand particles may settle quickly within the riprap, but deposition of
silt and clay requires very slow velocities and longer time periods.

2.1.6 Ecological Habitats and Biological Communities
2.1.6.1 Ecological Habitats
Bradford Island (Upland OU) does not contain any wetlands, lakes, or ponds that would have the
potential to be considered sensitive environments. However, aquatic habitats include a portion of
the Columbia River adjacent to Bradford Island, consisting of the pooled area behind the
Bonneville Dam complex, known as the Bonneville Dam Forebay (River OU). The area of this
portion of the River is approximately 230 acres.
Water depth behind Bonneville Dam is variable. The area between Bradford Island and Cascades
Island extends to a depth of approximately 100 feet. Based on historical photographs and USACE
hydroacoustic sounding data, a submerged shelf appears to be adjacent to the north side of
Bradford Island at a depth of about 30 feet below pool level. This shelf appears to be about 50 feet
wide, parallel to the north shore of the island.
The large eddy that forms behind the Spillway appears to attract adult salmonids exiting the fish
ladder on their way upstream and may result in the fish being swept back over the dam (Langsley
1999). Introduced fish species may be present in the Forebay for prolonged periods throughout
the year and are popular recreational species with a recognized societal value.
2.1.6.2 Biological Communities
2.1.6.2.1 ESA-Listed Species and Other Important Fish
The list of sensitive species with potential presence at the Bonneville Dam Forebay (the Forebay) is
provided in Table 2-1. The list of species was originally derived from correspondence with
multiple agencies and stakeholders, reference books, and reports of studies focused on protected
species in the Bonneville Dam vicinity. For more information regarding the list of species see RI
report Section 3 (URS, 2012). The list is focused on protected species in the Bonneville Dam
vicinity. The status of the species in the list was updated based on the Threatened, Endangered,
and Candidate Fish and Wildlife Species in Oregon (USFWS, 2014) (ODFW, 2014).
The special-status (federally or state-listed as threatened or endangered) fish and wildlife species
that are known to be present or could potentially be present at the site are described below. In
addition, this section also presents a brief discussion of non-listed important fish species that may
be present in the Forebay.
2.1.6.2.2 Fish Species
The Lower Columbia River is characterized by warmer and slower waters than those of the upper
reaches. Consequently, this region consequently supports a large diversity of native resident fish
species. These include the following listed fish: special-status trout (Steelhead [Oncorhynchus spp.]
and Bull trout [Salvelinus confluentus]), along with the special-status anadromous fish species listed
in Table 2-2. The Bonneville Hatchery, located just below the dam, raises Chinook (Oncorhynchus

2-12

tshawytscha) and Coho (Oncorhynchus kisutch) salmon. The USFWS Eagle Creek hatchery upstream
of the First Powerhouse raises Coho salmon.
Non-listed species that are present throughout the Columbia River include: white sturgeon
(Acipescer transmontanus), longnose suckers (Catostomus catostomus), minnows (i.e., chiselmouth
[Acrocheilus alutaceus]), non-listed trout (i.e., cutthroat trout [Oncorhynchus clarki clarki]), non-listed
whitefish (i.e., Mountain whitefish [Prosopium williamsoni]), and a variety of non-listed sculpins
(Cottidae) (Troffe, 1999; USACE, 2001). Popular recreational fish species such as largemouth
(Micropterus salmoides) and Smallmouth (M. dolomieui) bass are common to the lower Columbia
River and reside in the Bradford Island vicinity. Other introduced fish species such as catfish
(Ameiurus spp.), yellow perch (Perca flavescens), and walleye (Stizostedion vitreum) are also
important sport fish that may be present in the Forebay.
Ten of the 12 evolutionarily significant units (ESUs; distinct subpopulations of salmon species)
shown in Table 2-2 are potentially present near Bradford Island as juveniles, adults, or both. A
general overview of the life history and status of each ESU and a description of when adults and
juveniles would be expected to be present near Bradford Island is presented in USACE (2007).
While juvenile salmonids feed on aquatic invertebrates and small fish during outmigration, their
residence time in the project area is considered to be short as they move to the Columbia River
estuary and Pacific Ocean.
Adult salmon typically do not feed once they exit the Columbia River estuary on their upstream
migration and would not be expected to forage in the project area. Adult steelhead migrating
upstream feed to a limited extent, but their residence time is considered to be minimal in the
Bonneville Dam area.
2.1.6.2.3 Wildlife Species
The following wildlife species that are indigenous to this area of the Columbia River Gorge are
federally (USFWS, 2014) and/or state (ODFW, 2014) listed as endangered or threatened:
•
•

Northern spotted owl (Strix occidentalis caurina) – Federally and state-listed threatened
Columbia white-tailed deer (Odocoileus virginianus leucurus) – Federally listed
endangered

The northern spotted owl lives in old-growth forests of the nearby Mount Hood and Gifford
Pinchot National Forests. No old-growth forest exists on Bradford or Cascade Islands, and it is
unlikely that adult spotted owls are present there due to lack of suitable nesting habitat. However,
juvenile spotted owls might pass through the area.
Columbia white-tailed deer are very unlikely to be present on Bradford or Cascades Islands.
Habitat for this species most frequently consists of riparian zones and bottomland hardwood
forests and agricultural areas, including islands within the Columbia River downstream of
Portland, Oregon (between RM 32 and RM 50), approximately 100 miles downriver from
Bonneville Dam.

2.1.7 Historical and Current Land Uses
The Bonneville Project is a multiuse project, managed for hydropower, navigation, recreation, and
natural resource and wildlife preservation. The Bonneville Master Plan (USACE, 1997) describes
the land use details for the Project. Specific Project uses are described below.
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Areas of Bradford Island are specifically managed for wildlife use. Thirteen acres of wooded and
open areas on the eastern end of Bradford Island are for multiple resource wildlife management,
primarily goose nesting and pasture areas. The open area immediately south of the service
building is managed for goose pasture. Geese also use lawn areas associated with the visitor
facilities for feeding. The downstream western end of the island has 34 acres used for low density
recreational fishing. Eighteen acres on Bradford Island are used for visitor facilities, and the
remaining acreage is used for project operations, including office, storage, and equipment
maintenance facilities.
There are no plans to change the above land uses at the Project; therefore, these are the likely
future land uses. However, consideration is given for potential tribal use of Bradford Island, as
this area is within several treaty tribes’ usual and accustomed fishing boundaries. Additional
discussion regarding tribal usual and accustomed fishing rights is provided in Section 2.1.7.2.4.
2.1.7.1 Surrounding Area Land Use
The Bonneville Dam complex includes 97 acres of land owned and operated by USACE, and
occupied by the main facilities of the Project. The dam complex is located within the Columbia
River Gorge National Scenic Area. The Mount Hood National Forest is located south of the dam
and south of Interstate 84. Gifford Pinchot National Forest is located on the Washington side of
the river, approximately 6.5 miles north of the dam. Beacon Rock State Park is located
approximately 2.5 miles to the west, on the Washington side of the river. All of these areas are
used for various forms of recreational activities including fishing, boating, hiking, biking, and
camping.
The vast majority of land near Bonneville Dam is dedicated to forestry activities, with agriculture
a distant second. Timber resources in the region support large, integrated timber processing
industries in the major population centers (WDF et al., 1990).
Pierce and Ives Islands are located downstream of the dam at RM 142. Pierce Island is a 200- acre
nature conservancy preserve dedicated to protecting native riverine flora and fauna. Ives Island is
part of the Gifford Pinchot National Forest and is managed by the Columbia River Gorge National
Scenic Area.
Population densities along subbasin tributaries are low, and uses of the streams are not as
significant as those along the Columbia River. Habitat alteration and loss due to logging or
agriculture are more common threats on these small streams (WDF et al. 1990).
2.1.7.2 Population Profiles
The four distinct human populations in the general site area are the site staff, site visitors, nearby
residents, and Native American tribes.
2.1.7.2.1 Site Staff
The USACE employment at the Bonneville Dam complex is currently approximately 150 full-timeequivalent positions. Staff duties include a wide range of occupations, including maintenance,
construction, office staff, visitor services, and natural resource management. Approximately 10
additional staff from the Portland District headquarters are stationed at the dam. Approximately
300 fisheries-related personnel (contractors/researchers from state and federal agencies) work at
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the dam from April through September. The number of construction and service contractors at the
Project varies depending on workloads, but can number approximately 175 people.
2.1.7.2.2 Site Visitors
A road from Interstate 84 provides access to the Bonneville Dam complex. The access road is
gated, but visitors are allowed to access several dam facilities (visitor centers, fish ladders, etc.).
The site and general vicinity on Bradford Island is gated and off limits to the public. Only USACE
personnel and authorized visitors are allowed into these areas.
2.1.7.2.3 Nearby Residents
No permanent residential dwellings are located on the Project. The primary population center in
proximity to the dam is the town of North Bonneville, situated on the Columbia River just west of
the dam on the Washington side of the river. The current population is estimated at
approximately 950 persons.
Major population centers to the west include Portland, Astoria, and St. Helens in Oregon, and
Vancouver, Longview-Kelso, and Camas-Washougal in Washington. The cities of Cascade Locks,
Hood River, and The Dalles in Oregon and Stevenson, Carson, and White Salmon in Washington
lie upstream of the dam. Municipal and industrial pollution from these urban areas is expected to
have affected the water quality of the mainstem Columbia River. Population growth is anticipated
to result in the conversion of forest, rural residential, and agricultural land uses to high-density
residential uses, with potential impacts to habitat conditions (Lower Columbia Fish Recovery
Board 2004).
2.1.7.2.4 Native Americans
There are four treaty tribes who have treaty rights to engage in fishing on and around Bradford
Island as a usual and accustomed fishing grounds. The tribes include the Confederated Tribes and
Bands of the Yakama Nation, the Confederated Tribes of the Warm Springs Reservation, the Nez
Perce Tribe, and the Confederated Tribes of the Umatilla Indian Reservation. Fishing has strong
spiritual and cultural significance for tribes, and fishing along the Columbia River is a historic
practice protected by treaty rights. This resource right guaranteed to tribes is the basis for Indian
cultural and economic self-sufficiency.
The treaties that the U.S. entered into with several tribes in the 1850s reserves the rights of the
tribal members to fish at all usual and accustomed places or sites, and erecting buildings for
curing fish. As an example, the Treaty with the Yakama Nation states that “The exclusive right of
taking fish in all the streams, where running through or bordering said reservation, is further
secured to said confederated tribes and bands of Indians, as also the right of taking fish at all
usual and accustomed places, in common with the citizens of the Territory, and of erecting
temporary buildings for curing them: together with the privilege of hunting, gathering roots and
berries, and pasturing their horses and cattle upon open and unclaimed land.” (Treaty with the
Yakama, June 9, 1855, art. 3 (12 Stat. 951)). The other treaties contain similar language. Members
of the treaty tribes have historically fished and erected fishing platforms on the Bradford Island
site, and in other locations in the Bonneville Forebay. Platforms such as those historically seen
along the shores of Bradford Island are most common on the larger rivers in the Columbia Basin.
These wooden structures are constructed during low-water periods with engineering techniques
that have been handed down for generations. Platform sites belong to individual families, and
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tribal fishers using these scaffolds are likely fishing in the same location as their ancestors. Once
tribal fishing is allowed on and around Bradford Island assuming remedial action reduces risk
associated with fish consumption, tribes will be permitted to exercise subsistence fishing rights.
Tribal use of Bradford Island for fishing in the past was common and is well documented.
Although institutional controls are now in place that limit fish consumption from the project area,
future use is anticipated upon completion of remediation for the Upland and River OUs.
2.1.7.3 Beneficial Uses
According to ODEQ guidance for determining beneficial water uses (ODEQ, 1998), groundwater
may be classified as unlikely to be suitable for potable water uses if it meets the criteria of greater
than 10,000 milligrams per liter (mg/L) of total dissolved solids (TDS) or yield less than 0.5
gallons per minute (720 gallons per day). Neither the shallow perched groundwater nor the
deeper groundwater at Bradford Island appears to meet the yield criterion. A water supply well
originally drilled at Bradford Island to supply potable water to on-site workers was left inactive
due to inadequate yield. The well was formally abandoned in 2008. Therefore, potable water
supply use is a highly unlikely potential beneficial use for groundwater.
Designated beneficial uses for surface water in the mainstem of the Columbia River are described
in Oregon Administrative Rules (OAR) 340-41-0101 (DEQ, 2009). They include a variety of highquality uses such as public and private domestic water supply, fishing, water contact recreation,
and protection of fish and aquatic life (Table 2-3). Beneficial use designations for fish uses include
salmon and steelhead migration corridors as well as shad and sturgeon spawning and rearing
(Table 2-4).

2.2 Investigation History
2.2.1 Historical Investigations and Removal Actions
The USACE completed sediment evaluations associated with dredging and construction work
related to the Bonneville Project in 1991 (USACE 1991), 1997 (USACE 1997b), 2001 (unpublished
USACE study), and 2002 (URS 2002f).
In October and November 2000, underwater dive surveys were conducted due to the discovery of
ballasts from fluorescent lights on-shore on the north side of the island adjacent to the landfill. The
surveys identified electrical waste-related items submerged in the Columbia River in three distinct
piles, just offshore of the landfill. Approximately 60 electrical items were removed from Debris
Pile #1 and four sediment samples were collected during the recovery activities in December 2000
(URS 2002a). A preliminary in-water investigation was conducted in May 2001 to evaluate
sediment, clams and crayfish near the waste items in order to plan for a removal of the items (URS
2002a). Waste-related items were removed in February and March 2002 (URS 2002b). Electrical
equipment removed from the debris piles included lightening arrestors, lighting ballasts, coupling
capacitors, Inerteen capacitors, and switches. Four types of equipment previously recovered from
the river have been shown to contain either liquid or solid PCBs. Inerteen was a dielectric
(insulating) fluid used by Westinghouse Electric Corporation in capacitors. As originally
formulated, Inerteen contained a mixture of between 60 – 75% PCBs and 25 – 40%
trichlorobenzenes, depending on the specific mixture. Coupling capacitors contained liquid PCBs
at concentrations of 2 mg/kg. Sheens were observed near some capacitors as they were removed
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from the river bed. The lighting ballasts and lightening arrestors contain solid forms of PCBs at
concentrations of 258 mg/kg and 6.4 mg/kg, respectively.
Additional investigations were completed in 2002 and 2003 to assess the extent of sediment
related impacts from the waste-related items (URS 2003c and URS 2004c). Based on the results of
the sediment investigations within the Forebay the EE/CA for sediment removal was completed
in 2005 (URS 2005). The conclusion of the EE/CA was to perform hot spot dredging near the
former debris pile areas along the tip and the northern shoreline of Bradford Island.
In April 2006, additional high volume surface water and sediment data were collected to support
the EE/CA following the Surface Water and Sediment Sampling for Non-Time-Critical Sediment
Removal Action QAPP (USACE and URS 2006). Analytical results were presented in the Removal
Design Data Gaps Surface Water and Sediment Sampling Technical Memorandum (URS 2006b). A
detailed summary of the historical investigations conducted in the River OU is presented in the
RI/FS MP (URS 2007a).

2.2.2 Conclusions from the RI
The RI recommended progression to an FS for the River OU. PCBs (through the consumption
pathway) were identified as the primary risk drivers for both humans and wildlife. However, the
RI noted that PCB concentrations remaining in Forebay sediment (after the 2002 and 2007 removal
actions) are inconsistent with PCB concentrations measured in Forebay tissue (most notably in
smallmouth bass). The RI stated this is attributed to the fact that the bass were collected in 2006,
prior to the sediment removal action, and are therefore not representative of current Forebay
conditions. Similarly, the lifespan of crayfish and sculpin is also long enough that the
concentrations measured in these samples probably incorporate exposure to pre-sediment
removal conditions.
At the time, the RI recommended monitoring of PCB concentrations in Forebay tissue may be
recommended to confirm that tissue concentrations are decreasing with time and that residual
sediment concentrations are at acceptable levels.

2.2.3 Pre FS Investigations
Additional bass, clam, and sediment samples were collected as part of the pre-FS work for the
River OU. In order to meet the project goal of nineteen bass samples from the Forebay and
Reference Area from a wide range of ages, twenty-three bass samples were collected from the
Reference Area in August 2011 and twenty-three bass samples were collected from the Forebay in
September 2011. In the Forebay, bass were collected north of Bradford Island, north of Goose
Island, and south of Cascades Island. Of the twenty-three samples collected from each area, four
samples from the Reference Area and three samples from the Forebay were not analyzed because
they comprised very young bass and were not needed to meet the project goals.
Sediment and clam samples were collected from seven locations along the north shore of Bradford
Island in October 2011. The co-located sediment and clam samples were collected in the areas
suggested by DEQ as most likely to be influenced by Upland sources. Sediment samples were
successfully collected at all seven proposed sample locations. While clams were located and
collected at all seven proposed sample locations, only six of the locations yielded enough clam
tissue for the planned analysis.
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Sediment and tissue samples were analyzed for PCBs (Aroclors and 209 congeners), metals,
polycyclic aromatic hydrocarbons (PAHs), pesticides, butyltins, and semivolatile organic
compounds (SVOCs). This data was presented in the Baseline Human Health Risk Assessment
and Baseline Ecological Risk Assessment.
A more thorough evaluation of the potential for erosion and mass wasting of Upland soils was
performed as a part of the Upland OU FS to support conclusions made regarding the likelihood
and magnitude of the overland transport pathway.

2.3 Conceptual Site Model (CSM)
The Conceptual Site Model (CSM) and Site Exposure Models (Figures 2-8 through 2-10) depict
sources, contaminants of concern, release mechanisms and transport media, and receptor groups
for the Bradford Island River OU. The CSM and exposure models were developed during the RI
and modified during preparation of the River OU baseline risk assessments. The following
sections provide a summary of physical and chemical evidence that support the CSM.

2.3.1 Historical and Ongoing Sources of Contaminants
The potential or known sources of contamination in the River OU are summarized in this section.
Sections 2.1 and 2.2 provide information from historical and recent investigation in which Site
sources were identified. Sources of contamination to the River OU include both in-water
placement of debris and historical overland transport from the Upland OU.
Historically, electrical equipment debris was disposed of directly in the River on the north side of
the Landfill AOPC. Figure 2-7 depicts the in-water source locations, identified as Former Debris
Piles (#1 through #3). The electrical equipment debris included light ballasts, electrical insulators,
lightning arresters, electrical switches, rocker switches, a breaker box, and electrical capacitors.
Four types of electrical equipment with liquid and solid forms of PCBs were found within the
debris piles. The electrical debris contaminated the surrounding sediment with PCBs, PAHs, and
metals. The electrical equipment debris were removed in 2000 and 2002 (Appendix E of URS,
2002a,b) and the majority of the associated PCB-contaminated sediment was removed in 2007.
Residual contaminated sediment in the deep interstitial spaces of the boulder field may currently
be sources of contamination. Other historical sources include the Sandblast Building outfall,
which may have contributed to in-water contamination. The outfalls along the shoreline of
Bradford Island are currently managed and monitored by operations staff at the Bonneville Dam
Complex and are not currently considered a significant source of ongoing contamination to the
River OU.
Contaminant transport via erosion or mass wasting from the Upland OU, as well as groundwater
discharge to the river via seeps, are potential sources of contamination that were evaluated during
RI. Further evaluation of the potential for erosion or mass wasting to occur was also conducted
during the Upland OU FS (USACE 2017). Based on the RI and Upland FS, the potential
contribution of contamination from the Landfill AOPC to the River OU was considered to be
limited, with the detected contaminants at the landfill below risk levels in the River OU. However,
the Landfill AOPC was considered to be a historical and current potential source with a complete
pathway to the River OU through erosion or mass wasting. This potential pathway is addressed
in the remedial alternatives for the Landfill AOPC (USACE 2017). Once the remedial action for the
Upland OU is implemented, any sources of contamination to the river via mass wasting or erosion
are anticipated to be substantially minimized or eliminated.

2-18

During the RI, the Bulb Slope AOPC was noted to be well vegetated and covered with organic
debris At the base of the slope, “wave erosion has resulted in mass wasting (small slope failures) of
material into the river.” Soil contaminant concentrations were evaluated as part of the Upland OU
feasibility study, where no unacceptable risk was identified for human health or terrestrial
receptors.
However, given the potential for erosion and contaminant transport to the River OU, contaminant
concentrations in soil at depths ranging from 0 to 4 feet in the Bulb Slope AOPC were compared to
sediment screening level values (SLVs). Lead, mercury, and PCB Aroclor 1260 all exhibited
concentrations above the SLVs. This presents a concern only under the conservative assumption
that concentrations in upland soil would remain the same once the soil reaches the water. It is
more likely that the erosion of contaminated soils into the water would result in lesser
concentrations that are not feasible to predict.
Sediment contaminant concentrations in the River OU directly below the Bulb Slope AOPC were
evaluated for the purpose of determining any historical impacts to sediment from previous
erosion or mass wasting events that may have occurred. Glass debris, characteristic of that found
in the Bulb Slope AOPC, was noted by divers in 2008 in the river near the Bulb Slope AOPC.
However, contaminant trends in the sediment did not confirm a contaminant transport pathway.
While sediment in the River OU is dominated by the presence of Aroclor 1254, soil in the Bulb
Slope AOPC is dominated by Aroclor 1260. Furthermore, there was no evidence of concentration
gradient for PCB Aroclors in sediment. Sediment lead and mercury concentrations were not
elevated at the base of the Bulb Slope AOPC.
Despite the lack of a historical pathway, the potential for future erosion will be evaluated by
conducting pre-design geotechnical sampling. Additional chemical sampling is also planned
during the pre-design phase to help further elucidate any potential contaminant transport
pathway between the Bulb Slope AOPC and the River OU. Based on the additional information
collected during the pre-design period, USACE will determine the need for slope stabilization or
if monitoring and adaptive management measures can be employed. As such, no action for the
Bulb Slope AOPC is currently incorporated into the alternatives presented in Section 6. Instead,
further investigations and any potential construction activity would be evaluated and
documented during the remedial design phase of the project.
The Sandblast AOPC was considered to be a potential historical source for metals and HPAHs to
the River OU. Detections of metals (both total and dissolved) in the Sandblast AOPC were
variable with some exceedances of SLVs. Comparison to the SLVs provides a relative measure of
concentration but are not predictive of toxicity. These metals were evaluated as part of either the
screening level and baseline risk assessments and do not pose a risk to human health or the
environment in either surface water or sediment. VOCs, particularly TCE and PCE, were detected
in groundwater throughout the Sandblast AOPC with multiple exceedances of the surface water
SLVs. However, like metals, VOCs were evaluated as part of either the screening level and
baseline risk assessments and do not pose a risk to human health or the environment in either
surface water or sediment. Other contaminants, including butyltins, pesticides, PCBs, TPH, and
SVOCs had limited detections or concentrations below surface water SLVs.
In regards to groundwater, sampling and evaluation conducted during the RI found groundwater
via seeps and base flow to be a potential pathway to the river. Groundwater on the eastern tip of
Bradford Island appears to be perched in the alluvium above the less-permeable Eagle Creek slide
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block. Where the fractured bedrock crops out along the north shore of the island, these seeps form
in the winter months. From data collected in support of the RI, limited or no detection of
contaminants, including butyltins, herbicides, pesticides, PCBs, PAHs, and SVOCs, were
identified in groundwater and seep water at the Landfill AOPC. Metals, TPH, and VOCs were
detected in groundwater throughout the Landfill AOPC, as well as in seep water, at
concentrations exceeding Screening Level Values (SLVs). However, these contaminants were
evaluated as part of either the screening level and baseline risk assessments and do not pose a risk
to human health or the environment in either surface water or sediment.
Groundwater contamination to the river from the Pistol Range AOPC does not pose an issue
either because no detection of contaminants or detected concentrations are below surface water
SLVs.
Surface water was evaluated in the screening level ecological risk assessment during the RI and is
not considered to pose an unacceptable risk to fish and wildlife. Surface water was evaluated as a
potential exposure media for human health in the baseline risk assessment but was also found to
not pose any unacceptable levels of risk (see Section 3).

2.3.2 Contaminants of Potential Concern and Contaminants of Potential Ecological
Concern
The Contaminants of Potential Concern (COPC) selections were initially conducted in the RI using
a limited dataset. The COPC list for this FS was augmented as needed based on updates to the
dataset for the three exposure media and in response to comments from ODEQ. COPCs identified
for the River OU include pesticides and PCBs (PCBs as Aroclors, PCBs as congeners, and PCB
TEQs). Media associated with these COPCs include smallmouth bass, crayfish, sediment, and
surface water.
Contaminants of Potential Ecological Concern (CPECs) include PCBs (PCBs as Aroclors, PCBs as
congeners, and PCB toxic equivalents [TEQs]), metals, PAHs, butyltins (direct toxicity only),
organochlorine pesticides (OCPs), and SVOCs. Media associated with these CEPCs include
sediment, clams, crayfish, sculpin, and smallmouth bass.
As defined in the CERCLA process, this list of COPC/CPECs will then refined through the in the
FS. The selection of COCs/CECs will be discussed in Section 3.

2.3.3 Release Mechanisms and Contaminant Transport
The primary release mechanism is considered release of PCBs oils and solids from the historical
waste disposal in the Bonneville forebay as well as erosion and mass wasting from Bradford
Island. Sediment serves as a secondary source of this contamination Surface water, fish, and
benthos serve as both a tertiary source and the exposure medium. Figures 2-11 and 2-13 show the
locations of the RI sampling program in the Forebay and Reference Areas respectively; this
sampling program was conducted after the sediment removal in 2007. Figures 2-12 and 2-14 show
locations of data collected in 2011, after the completion of the RI (URS, 2013). The 2011 sampling
along the north shore of Bradford Island revisited the removal areas, and showed that
contamination remains in the vicinity of the debris piles (Figure 2-12, note inset table).This
indicates that while the dredging program removed moderately contaminated surficial sediments,
remaining primary sources of contamination in the vicinity of the debris piles are considered a
potential remaining source of PCBs. The most likely mode of release of contaminants from these
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areas is currents penetrating into the boulder field, carrying sediments down-current. Diver
sampling records during the 2011 sampling indicate that there was little surficial sediment
available in the vicinity of the former debris piles, with finer grained sediments found in the
interstitial spaces in the larger cobble and boulders.

2.3.4 Physical and Chemical Lines of Evidence for Contaminated Sediment
Transport
Multiple lines of evidence support the hypothesis that sediment transport is an important
mechanism for contamination and that the contaminated sediments in the debris piles are an
important secondary source. First, grain sizes and total organic carbon content (Figures 2-6a and
2-6b) taken at stations shown on Figure 2-12 on the north side of Bradford Island indicated coarse
grain-sized sediments near the eastern tip of Bradford Island, with progressively finer sediment
towards the First Powerhouse and Spillway (north of the island). It should be noted that these
sediment samples represent collections from within the surface of the boulder field for samples
P112-P116, and the boulders themselves are not represented in the percentages. This is consistent
with movement of sediments from the more contaminated debris piles near the eastern tip.
Sections 2.1.4 and 2.1.5 of this FS present synopses of the hydraulic conditions and sediment
transport characteristics, respectively, under different dam operational scenarios. Based on the
modeled bottom currents and estimated critical current speeds that transport, deposit, or erode
sediments along the north shore of Bradford Island, sediment transport from the debris pile
source areas potentially affect both the north and south shorelines of Bradford Island. The
potential contribution of PCBs from Bradford Island sediments to sediments along the Oregon
shoreline, particularly at the mouth of Eagle Creek is unclear and are dependent upon horizontal
mixing in the First Powerhouse pool. Additional sampling during the pre-Design phase will refine
this portion of the CSM.
Patterns of PCB concentrations in sediment and clam tissue patterns around Bradford Island are
illustrated in Figures 2-16 and 2-17. (Also, refer to Figures 2-11 and 2-12 for the location of the
samples in relation to the debris piles.) Figure 2-15 illustrates that there is a four order-ofmagnitude decrease in sediment PCBs moving from the debris piles (Stations 112-115) to the south
side of the island, and 1-2 orders of magnitude decrease at areas west of the debris piles (Stations
116-118).
A similar concentration gradient was observed for clam tissues along the northern and southern
shores of Bradford Island (Figure 2-16), suggesting that the sediment is a potential secondary
source of PCBs and that there is a complete pathway from sediment to sediment-dwelling
organisms. PCB sediment concentrations along the southern portion of Bradford Island are
slightly elevated relative to background concentrations. It is assumed that the primary mechanism
for contamination in this southern portion is due to sediment transport from the northeastern
portion of the island, principally when the Spillway is closed (as described in Section 2.1.4,
Hydraulic Conditions).
Goose Island was formed by soils and sediments relocated from the northern portion of Bradford
Island, an area with PCB contamination. While this represents a potential transport mechanism,
sediment PCB concentrations in the Goose Island area were not elevated relative to the reference
area sediments (See Section 2.3.5).
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2.3.5 Exposure Media
The primary exposure media for the River OU are the river sediments. For higher trophic
organisms, including humans, invertebrate and fish tissues also represent an exposure media. The
nature and extent of contamination in sediment and tissues informs the limits of this transport
away from Bradford Island. This section evaluates the consolidated data from the various
Bradford Island investigations.
2.3.5.1 Sediment Data
Box and whisker plots are shown for sediment data in Figures 2-18 through 2-22. In these figures,
the majority of values from the data set (those values that fall between the 25th and 75th percentile)
constitute the “box”, and the “whiskers” are 1.5 times above and below the median. Median,
quartiles, and whiskers are shown; additionally, ProUCL (USEPA, 2014 ) was used to calculate the
90th percentile cover/90th percentile upper confidence limit (UTL90/90) for each set of
observations, in order to facilitate comparisons.
Figures 2-18 and 2-19 show total sediment PCB as the dry-weight sum of congeners using the
Kaplan-Meier summation method with Efron’s correction or cap (USEPA 2014). Two figures are
needed because of the significantly different ranges found in north Bradford Island and other
areas of the forebay and the reference sites. The PCB concentrations in Reference Area and Goose
Island sediments were not significantly different (Wilcoxon-Mann-Whitney 2-sample test,
p < 0.05), with UTL 90/90 values of 0.93 µg/kg dw and 0.40 µg/kg, respectively (Figure 2-18). The
UTL 90/90 for the forebay (without northern Bradford Island) was statistically different, relative
to the Reference Area, with a UTL 90/90 value of 2.1 µg/kg dw. The PCB concentrations
observed at the north Bradford Island stations were significantly greater than both the forebay
and the Reference Area samples, with UTL 90/90 values of 4,102 µg/kg dw. This supports the
concept that the former debris piles along the north shore of Bradford Island are acting as a
secondary source, contributing to elevated PCB concentrations in the forebay. That influence does
not extend to the Reference Area and Goose Island.
In summary, areas near the eastern end of the north shore of Bradford Island in the vicinity of the
former debris piles contain highly contaminated sediments that appear to be transported downcurrent (westerly) and affect the adjacent parts of the forebay, including south of Bradford Island.
However, with respect to PCB, more remote portions of the forebay are at comparable levels with
the Reference Area.
2.3.5.2 Clam Data
Unlike the sediment PCB concentrations, total PCBs in clam tissues were similar for the forebay
(with the north shore of Bradford Island) and the Reference Area (Figures 2-20). The wet weight
PCB concentrations (sum of congeners using the Kaplan-Meier summation method with Efron’s
cap) range from 0.4 to 34.5 µg/kg ww. The UTL 90/90 values were 33.7 and 33.1 µg/kg ww for
the forebay and Reference Area samples, respectively.
PCB concentrations in clam tissues from the north and south shore of Bradford Island were
significantly higher than those of the Reference Area (Figure 2-21). The UTL 90/90 for north and
south Bradford Island was 2029 µg/kg ww and 95.1 µg/kg ww. The PCB tissue residues for the
north Bradford Island clams were significantly higher than those of the south Bradford Island.
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Figure 2-22 illustrates clam tissue PCB versus sediment PCB relationships. The upper diagram
shows the Reference Area data, while the lower diagram shows all forebay data with paired
samples. Most of the samples fall into the yellow ellipse, labeled “Reference Relationship,”
meaning that the ranges of sediment and clam tissue are similar (one exception may be noted,
near 100 µg/kg ww clam PCB). The red ellipse indicates samples from the north shore of Bradford
Island. It appears that somewhere between 1.4 µg/kg dw and 10-20 µg/kg dw sediment PCB
there is a sudden increase in clam tissue PCB concentration. This may represent a logistic (or
broken stick) relationship, suggesting that tissue-sediment correlations shift at a certain threshold
between relatively high and low contaminant concentration. In summary, PCB clam data appear
to follow a similar pattern as did the sediment data.
Clam and bass tissue PCB samples were also elevated following the 2007 removal (Figure 2-12).
Sampling results of clam and smallmouth bass in 2011 confirm that a primary source is still
present at the site and a complete exposure pathway exists between the primary source of
contamination and aquatic receptors.
2.3.5.3 Smallmouth Bass Data
Direct contact with deeper sediments along the north shore of Bradford Island is a possible mode
of exposure for crayfish, other mobile invertebrates, and small fish such as sculpin that seek
protection in crevices and form the diet for smallmouth bass (NPCC 2004b). This observation is
supported by several crayfish samples with PCB detections in tissue. Diver documentation also
noted snails and crayfish living in the crevices near the former debris piles. Because smallmouth
bass have wide ranges for feeding and spawning that appear to extend along the south of the
Columbia River from Bradford Island to Goose Island, the forebay bass data, including Bradford
Island plus Goose Island, was compared together to all Reference Area bass for which PCB
congener data were available.
Figure 2-23 shows PCB tissue levels (Kaplan Meier, capped) at the Reference Area and the broader
forebay. Both data sets had non-normal distributions; forebay bass are statistically greatly
elevated above the Reference Area, and the Forebay 95% upper predictive limit (UPL) was 2
orders of magnitude higher than the Reference Area.
This relationship informs the extent of biological (as opposed to physical) transport via
bioaccumulation and food web consumption.

2.3.6 Summary of Changes to CSM from RI
There is evidence of a continuing secondary source for PCBs, mercury, and organochlorine
pesticides associated with the former debris piles. Sediment transport of contaminants appears to
be a significant factor in the vicinity of Bradford Island (both North and South Bradford),
although sediment transport potentially does not explain isolated and relatively elevated
contaminant concentrations in the former debris pile at P116. Away from the island itself,
contamination levels in both sediment and clams declines rapidly and, in the vicinity of Goose
Island, approaches reference levels. The full extent of contamination north of Bradford Island is
unknown. While sediment and clam concentrations do decrease, a clear boundary for
contamination remains unknown. Additional sampling will be needed during remedial design to
further refine the northern extent of contamination. Biological data for sessile clams also supports
the north-island-centered view of contaminant availability. While clams clearly assimilate more
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contamination from these sources, the relationship suggests that they do not do so in direct
relation to sediment concentrations.
Lastly, the relationships for smallmouth bass are confounded by seasonal migration patterns, but
it is assumed that the source of PCBs in bass diet is closely related to the penetration of
burrowing/hiding prey in the vicinity of the debris piles. Bass likely consume the majority of their
diet in a single location and migrate within their home range to seek protective habitat or spawn.
A correlation between the location of collected bass tissue samples and PCB concentrations cannot
be assumed given this migration pattern of bass.
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3 Risk Assessment Summary
Baseline ecological and human health risk assessments were completed for the Bradford Island
River OU in 2016, as a component of this Feasibility Study (FS). This section summarizes the
findings of both risk assessments, which are used in this feasibility study (Section 4) to aid in
establishing remedial action objectives (RAOs) and preliminary remediation goals (PRGs).
Additional details on the methods and results can be found in the Risk Assessments contained in
Appendix 1.
The Final RI Report (URS, 2012) identified contaminants of potential concern (COPCs) for human
health and contaminants of potential ecological concern (CPECs) during screening level risk
assessments, and recommended site-specific baseline ecological risk assessments (ERAs) and
baseline human health risk assessments (HHRAs) for the River OU.
The purpose of the baseline risk assessments is to further refine the list of COPC/CPECs to those
contaminants that will be used to drive cleanup decisions, to develop risk-based thresholds for
sediment, and to help develop remedial alternatives. The list of COPCs related to human health
risk was reduced to a list of contaminants of concern (COCs) by calculating cancer and non-cancer
risk using site-specific sediment and tissue concentrations and site-specific exposure factors for
each of the user groups in the River OU. Similarly, the CEPC list is refined to a list of
contaminants of ecological concern (CEC) based on site-specific sediment and tissue
concentrations and screening values developed for each of the receptor groups. As part of this FS,
COCs/CECs were further refined into contaminants with concentrations that are outside EPA’s
Risk Management Range of 1x10-4 to 1x10-6. Those contaminants with concentrations that are
greater than the threshold of 1x10-4 are identified as risk drivers, and are used to set preliminary
remedial goals and guide the alternatives formulation. Figure 3-1 illustrates this process used to
identify and screen contaminants as COPCs/CPECs, COCs/CECs, and risk drivers.
The baseline ERA is discussed in Section 3.1 and presents the estimated risk for fish, benthic
invertebrates, and wildlife receptors exposed to contaminants primarily through sediment and the
consumption of prey (clams, crayfish, sculpin, and smallmouth bass) in the River OU. Since
surface water was not identified as an ecological medium of concern in the RI, this medium was
only included in the ingestion pathway for wildlife receptors.
The baseline HHRA is discussed in Section 3.2, and presents the estimated risk for people who
may be exposed to contaminants in the Bradford Island River OU through direct contact or
incidental ingestion of sediment, surface water, and fish and shellfish consumption. In the
baseline HHRA, both the reasonable maximum exposure (RME) and central tendency exposure
(CTE) were calculated to provide both conservative and average exposure scenarios, respectively.
However, given that risk-based threshold concentrations (RBTCs) and subsequent Remedial
Action Objectives (RAOs) and Preliminary Remediation Goals (PRGs) are based solely on the
RME scenario, only RME based risk calculations are synopsized in this section.
The RBTCs, discussed in Section 3.3, represent calculated tissue and sediment concentrations
estimated to be protective of a particular receptor for a given exposure pathway and target risk
level. The RBTCs were derived based on the baseline ERA and HHRA, and along with other site
information, are used to establish PRGs (Section 4). This section concludes with a summary of key
findings from the risk assessments (Section 3.4) and cumulative risk considerations for the River
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OU (Section 3.5) prior to presenting the final determination of risk drivers for both human health
and ecological receptors.

3.1 Baseline Ecological Risk Assessment
Samples from the River OU, including the Forebay and targeted areas near Eagle Creek and
Goose Island, were used for evaluation in the baseline ERA. Sediment and tissue from various
prey resources were identified as media of concern for ecological receptors in the riverine
environment. The prey resources identified are clams, crayfish, sculpin, and smallmouth bass.
Since surface water was not identified as an ecological medium of concern in the RI, this medium
was included only in the ingestion pathway for wildlife receptors.
For sediment and benthic invertebrate and fish tissue the CPECs identified in the RI were
polychlorinated biphenyls (PCBs), cadmium, lead, and mercury. Data from RI sediment samples,
additional sediment samples collected subsequent to the RI, and representative historical
sediment data from the River OU (excluding pre-dredge sediment data) were compiled and
considered for the baseline ecological risk assessments. This combined sediment dataset was
screened in the Data Evaluation Technical Memo (URS, 2014) to update the list of sediment CPECs
warranting consideration in the baseline ERA. The final list of CPECs carried into the baseline
ERA includes PCBs (as total aroclors, congeners, and toxic equivalents [TEQs]), metals, low
weight polycyclic aromatic hydrocarbons (LPAHs) and high weight polycyclic aromatic
hydrocarbons (HPAHs), butyltins (direct toxicity only), organochlorine pesticides (OCPs), and
semivolatile organic compounds (SVOC)s. This expanded set of CPECs carried into the baseline
ERA was the result of more conservative screening methodology requested by ODEQ.
Concentrations of CPECs in sediment were evaluated for direct toxicity to the benthic community
using sediment toxicity benchmarks. Concentrations of CPECs in tissues were evaluated for
dietary toxicity to clams, crayfish, fish, birds, and mammals using tissue residue benchmark
values developed for each taxa group.
In evaluating relevant exposure area for benthic invertebrates, each sample location (Figures 3-2a
and 3-2b) was considered an individual exposure unit (EU) for clams and crayfish. Both species
have relatively low mobility relative to fish and wildlife. This is a conservative approach for
crayfish as they are more mobile than the sessile clams. The invertivorous fish (sculpin) is more
mobile but is highly territorial with a relatively small foraging range. Therefore, the exposure
units were estimated as 0.1-mile increments of River OU shoreline, which resulted in eight
individual EUs for the sculpin (EU-02, -04, -05, -06, -07, -10, -11, -12). For the predatory fish
(smallmouth bass), the size of their foraging range is similar to or larger than the size of the River
OU, and so the entire River OU was considered one EU for the bass. For the osprey, eagle, and
mink, receptor-specific area use factors were calculated as the River OU site size divided by the
size of their respective home ranges, resulting in site use estimates of 71%, 86%, and 65%,
respectively.
Two types of benchmarks and Toxicity Reference Values (TRVs) were incorporated as toxicity
values in the ecological risk assessment: one based on a no observed adverse effects
concentration/no observed adverse effects level (NOAEC/NOAEL) and a second based on an
observed adverse effect in a test species (lowest observed adverse effects concentration/lowest
observed adverse effects level [LOAEC/LOAEL]). For Hazard Quotients (HQs) based on a
NOAEC/NOAEL benchmark that is less than 1, adverse effects are unlikely because of the
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inherent protectiveness built into the exposure and effects assessments. Assessments of risk are
conservatively biased through the use of protective assumptions related to exposure
concentrations, toxicity, and exposure parameters (e.g. time spent at the site, proportion of diet
from the site). HQs based on LOAEC/LOAEL benchmark (upper-bound risk estimates) greater
than 1 indicate that exposure exceeds a known effect concentration for a test organism. In this
case, potential risk management measures may be warranted for these receptors and exposure
pathways.
For estimated exposure concentrations that are greater than the NOAECs/NOAELs, but below
the LOAEC/LOAELs (i.e. HQ NOAECs/NOAEL > 1, but HQ LOAECs/LOAEL < 1), the associated complete
exposure pathways were considered to develop conclusions about the likelihood that a risk or
hazard is present. For non-listed species (e.g., benthic invertebrates, birds, and mammals,
management decisions were based on LOAEC/LOAEL-based HQs. Given the potential presence
of listed fish species in the vicinity of Bradford Island, management decisions were based on
NOAEC/NOAEL-based HQs for predatory fish (smallmouth bass).
Hazard Index (HI) values were also calculated for the River OU. The hazard index is the sum of
HQ values for multiple CPECs, and considers the total risk that may exist when combinations of
chemical contaminants are present. Hazard indices were calculated for CPEC groups with similar
modes of toxicity or those that affect the same target organ. The implications of HQs greater than
or less than 1 discussed above were also applied to HIs. Due to a lack of data regarding additive
effects associated with exposure to multiple chemicals for non-human receptors, professional
judgment was used in the development of HIs. For the baseline ecological risk assessment (ERA),
HIs were calculated for metals and inorganics, total DDx (dichloro-diphenyl-trichloroethane
(DDT), (dichloro-diphenyl-dichloroethane) DDD, and (dichloro-diphenyl-dichloroethylene)
DDE), and total OCP (which includes the individual DDx isomers).

3.1.1 Benthic Invertebrate Community
The potential for risk was estimated in two ways for the benthic community: toxicity from direct
exposure to sediment and dietary toxicity. Direct toxicity was evaluated through a comparison of
the maximum observed sediment concentration with the sediment SLVs protective of the
freshwater benthic community. Dietary toxicity was evaluated by comparing ODEQ’s Critical
Tissue Levels (CTLs) to maximum station-specific clam and crayfish tissue concentrations.
Through the comparison to CTLs, the potential for risk was estimated for predatory benthic
organisms as well as for fish that may prey on benthic organisms.
A summary of HQ values for direct toxicity to benthic invertebrates for River OU sediments is
presented on Table 3-1. LOAEC-based HQs greater than 1 were observed for three metals
(chromium, copper, and nickel), PCBs as Aroclors, PCBs as congeners, 4,4’-DDT, chlordane, and
five HPAHs. LOAEC-based His greater than 1 were observed for total metals, total pesticides,
total HPAHs, and total LPAHs. It is important to note that HI values for total metals and total
pesticides were driven by those CPECs with HQ greater than 1.
Table 3-2 presents the findings of the dietary toxicity evaluation through a comparison of CTLs to
clam tissue. The only LOAEC-based HQ greater than 1 was for aluminum, and only the LOAECbased HI for total metals was greater than 1. Table 3-3 presents the findings of the dietary toxicity
evaluation through a comparison of CTLs to crayfish tissue. The LOAEC-based HQs and HI were less than
1 for crayfish tissue.
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3.1.2 Fish
Dietary toxicity for the fish community was evaluated by comparing ODEQ’s CTLs to maximum
tissue value detected within each EU. The potential for risk was estimated for benthic scavengers
that may consume dead fish (sculpin) and for a predatory fish (smallmouth bass).
Sculpin. Dietary toxicity estimates for sculpin are summarized in Table 3-4. The following CECs
were identified for each sculpin-specific EU:

•

•

•

EU-02, EU-05, EU-06, EU-10, EU-11, and EU-12 – Only the NOAEC-based HQ for
mercury and HI for total metals were greater than 1. All LOAEC-based HQs and the HI
were less than 1.
EU-04 – The NOAEC-based HQs for lead and mercury and the NOAEC-based HI for total
metals were greater than 1. All LOAEC-based HQs were less than 1 and the LOAEC-based
HI for total metals was slightly greater than 1.
EU-07 – Only the NOAEC-based HI for total metals was greater than 1. All other
NOAEC-based HQs and LOAEC-based HQs and HI were less than 1.

Smallmouth bass. Dietary toxicity for smallmouth bass was based on comparison to tissue
NOAEL/NOAEC benchmark values to be protective of salmonids over the entire River OU.
NOAEC-based HQs greater than 1 were observed for PCBs (as Aroclors, TEQ, and congeners),
gamma chlordane, dieldrin, endosulfan I, and endrin. NOAEC-based HIs were greater than 1 for
total metals and total pesticides (Table 3-6).

3.1.3 Wildlife Species
Osprey. LOAEL-based HQs or HIs were greater than 1 for mercury, PCBs as Aroclors, PCBs as
congeners, PCB TEQ, dieldrin, endrin, total metals, and total pesticides (Table 3-6). Based on a
comparison of estimated osprey egg concentrations to ODEQ’s bird egg acceptable tissue levels
(ATLs), LOAEL-based HQs are greater than 1 for all but mercury, and the LOAEL-based HI for
sum DDx is equal to 1 (Table 3-7).
Bald Eagle. Based on the dietary ingestion pathway, LOAEL-based HQs or HIs were greater than
1 for the same CECs as for Osprey: mercury, PCBs as Aroclors, PCBs as congeners, PCB TEQ,
dieldrin, endrin, total metals, and total pesticides (Table 3-8).
LOAEL-based HQs for bald eagle eggs are greater than 1 for PCBs as Aroclors, PCBs as congeners,
and the PCB TEQ (Table 3-7).
Mink. The NOAEL-based HIs for total metals and total pesticides were also greater than 1. These
same chemicals had LOAEL-based HQs greater than 1 with the exception of mercury (Table 3-9).

3.2 Baseline Human Health Risk Assessment
The baseline HHRA evaluated receptors over the entire River OU EU as well as a sub-portion of
the River OU, identified as the Wadeable Areas EU. The estimated lifetime cancer risk (ELCR) is
an estimated probability of developing cancer based on conservative exposure factors. The noncancer HQ and its multi-chemical sum, the HI, are simple ratios of acceptable dose levels to
estimated doses for each site-specific pathway. Both the ELCR and, if appropriate, non-cancer
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hazards were estimated for carcinogenic COPCs. For non-carcinogenic COPCs, only non-cancer
hazards were estimated.
Human health risks were calculated for the RME. The RME provides a conservative upper-bound
reasonable maximum estimate. RME risk and hazards were estimated for each receptor and their
exposure pathways as presented in the Conceptual Exposure Model (Figure 3-3). For this baseline
HHRA, the numerical values use notation for cancer risk or other very small values in the format
convention 1 x 10-6 or 1 E-06; both are used in this document. Per USEPA (1991), an ELCR of 1 x
10-6 or less is considered de minimis risk (i.e., the probability of an individual developing cancer
due to this exposure is one in a million). A non-cancer HI of less than 1 is also acceptable since the
concentrations are cumulatively below harmful levels. USEPA (1990; 1991) considers 1 x 10-6 to
1 x 10-4 as an acceptable range of excess lifetime cancer risk and an ELCR greater than 1 x 10-4 as
risk warranting some type of action. For cases where the receptor excess cancer risk falls within
the USEPA acceptable risk range, the risks for chemical groups with a common mode of action
(e.g., carcinogenic polycyclic aromatic hydrocarbons [cPAHs] and PCBs) may also be considered
in the context of ODEQ's acceptable cumulative risk level of 1 x 10-5 (ODEQ, 2010).
In the text, ELCRs and HQs are discussed to one significant figure (e.g., ELCR = 1 x 10-6 and
HQ = 2) following USEPA (1989) convention; however, the HQs are reported to two significant
figures (e.g., HQ = 1.5) in the risk tables following ODEQ (2010) convention. In addition, ELCRs
are reported to two significant figures in the tables to facilitate discussion of variations among the
three types of PCB measurements used in the baseline HHRA.
It is important to remember that the estimated risks and hazards are only estimates and are based
on intentionally conservative exposure and toxicity assumptions. Exceedance of any particular
risk or hazard level does not imply that adverse health effects have or will occur. The estimates
are merely an indication that additional evaluation or action may be warranted. EPA’s risk
threshold of 1 x 10-6 is an indicator of de minimis risk. The de minimis risk level corresponds to the
“point of departure,” as defined by USEPA, which is equivalent to ODEQ’s acceptable risk level
for individual carcinogens. USEPA notes that any potential actions to reduce risks at or below de
minimis levels are generally not warranted because the associated risks to public health are very
low.
Cancer risk is integrated over a person’s lifetime and, therefore, for non-occupational exposures
such as the scenarios considered in this baseline HHRA, the estimated exposure for a child is
added to the adult exposure and reported as a single value that represents time-integrated
exposure for the adult. For non-cancer hazards, the estimated HI is greatly influenced by the body
weight of the receptor during the time of exposure since that affects the magnitude of the dose.
Therefore, in keeping with the comprehensive and site-specific nature of a baseline risk
assessment, non-cancer hazards were estimated separately for child and adult exposures in this
baseline HHRA.
For COPCs found in breast milk, cancer risk and non-cancer hazard were also estimated for the
Nursing Infant for the infant milk ingestion pathway consistent with ODEQ (2010) methodology.
The screening level risk assessment in the RI Report (URS, 2012) identified PCBs as the primary
COPC for the River OU. Due to different strengths and weaknesses between analytical methods
for PCBs, multiple types of PCB data were collected for each medium to support analysis and
characterization as well as to provide options for future applications of the data. Cancer risk and
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non-cancer hazard from PCBs are presented for PCBs as total Aroclors, PCBs as total congeners,
and PCB TEQ.
To avoid “double-counting” of risks related to the different types of PCB measurements and
summations, total risks for each pathway are presented as:
•
•
•
•

all COPCs excluding PCBs
all COPCs including PCB as total Aroclors
all COPCs including PCB as total congeners
all COPCs including PCB TEQ

Thus, risks for all three types of PCB measurements were not summed together but are always
presented separately, with and without non-PCB COPCs. Presentation of the results in this
manner allows for an understanding of risk contributions for each type of PCB measurement and
the contribution from PCBs to total risks for a pathway.
Toxicity values used for PCBs as total Aroclors and PCB as total congeners are the same; variance
in risk results is due to differing measured concentrations and/or statistical differences in
methodology (e.g., upper confidence limit [UCL] calculation for the exposure point concentration
(EPC)). The risk results for PCB TEQ represent the subset of dioxin-like congeners and their
associated toxicity.
Results are presented by receptor type for cancer and non-cancer. When the receptor cancer risk
exceeds 1 x 10-4 risk and/or the non-cancer HI exceeds 1, the corresponding chemicals are
described further and may be considered as preliminary COCs.
Risk summaries are presented in Tables 3-10.1 through 3-14.2. Tables are grouped by receptor
activity, with two tables per receptor group. The first table presents RME child and adult risk, the
second presents the RME Nursing Infant risk. In the tables, ELCRs are shown using scientific
notation, such as 1E-04. This is functionally equivalent to the arithmetic notation used in the text,
such as 1 x 10-4.
The estimated cancer risks shown in Tables 3-10.1 through 3-14.2 are based on time-integrated
exposures to adults and children combined. The non-cancer HQs and HIs shown in these tables
are based on exposure to children and adults, separately.
Cancer risks (time-integrated) and non-cancer hazards (calculated separately for adulthood
exposure only and childhood exposure only) are included in the detailed calculations in Appendix
B of the baseline HHRA where the results are shown by individual exposure route and as a
cumulative summation.
After finalization of the baseline HHRA, USACE reevaluated the risk characterization of the tribal
subsistence fisher based on input from the Technical Advisory Group . The Technical Advisory
Group consists of federal, state, and tribal representatives providing consultation to the RI and FS
processes. While these members do not provide regulatory oversight to the project, they are given
opportunities to provide technical input. The resulting reevaluation included modified exposure
scenarios that better portrayed the reasonable maximum exposure for the adult and child tribal
subsistence fisher receptor group. Specifically, a more recent fish consumption study was used to
derive the ingestion rates, which included both the consumption of both shellfish and finfish, and
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the exposure duration for adult fishers was increased from 20 to 64 years (increasing the lifetime
risk from 26 years to 70 years). The revisions made to the RME risk calculations for tribal
subsistence fishers and the corresponding RBTC values are presented in Appendix 2.

3.2.1 Risk Characterization for the Tribal Subsistence Fisher
The Tribal Subsistence Fisher, both child and adult, may be exposed through ingestion of shellfish
and finfish, as represented by crayfish and smallmouth bass data for the River OU EU. Nursing
Infant risk from PCBs and DDx were also evaluated. The ELCRs and non-cancer hazards are
estimated probabilities based on conservative exposure factors, which do not take into account the
fish consumption advisories posted for the Bonneville Dam area. Appendix 2 presents the
summary cancer risk and non-cancer hazards for the Tribal Subsistence Fisher.
Cancer
As presented in Appendix 2, the RME ELCR for the child and adult, excluding PCBs, was 3.0E-03,
exceeding the USEPA acceptable risk range. COPCs with cancer risk greater than 1 x 10-4 were
gamma chlordane and dieldrin. Risks for all the variants of PCBs exceeded the USEPA acceptable
risk range and were within the same order of magnitude and in relatively close agreement. PCBs
as congeners contributed the highest risk of the three. For the Tribal Subsistence Fisher Nursing
Infant RME cancer risk, PCBs exceeded the USEPA acceptable risk range but were lower than the
child and adult RME risk.
Non-cancer
As presented in Appendix 2, the RME non-cancer HI for adult exposures, excluding PCBs, was 19.
COPCs exceeding the non-cancer HQ of 1 were mercury and pesticides (gamma chlordane,
dieldrin, and endrin). Including the three variants of PCBs, HIs ranged from 586 to 2,040, with
PCBs as congeners contributing the greatest risk. Overall, the Tribal Subsistence Fisher Adult noncancer HI exceeded 1, with the primary contribution from PCBs and minor contributions from
mercury, chlordane, dieldrin, and endrin.
The RME non-cancer HI for child, excluding PCBs, was 29 (Appendix 2). COPCs exceeding the
non-cancer HQ of 1 were mercury and pesticides (gamma chlordane, dieldrin, and endrin).
Mercury was detected in River OU sediment at concentrations below the Reference upper
predictive limits (UPLs), and therefore mercury in fish tissue may not be site related. Including
the three variants of PCBs, HIs ranged from 857 to 2,983, with PCBs as congeners contributing the
greatest risk. Similar to the cancer risks, PCBs as congeners contributed the highest non-cancer
hazard among the three types of PCB measurements. Overall, the Tribal Subsistence Fisher child
non-cancer HI exceeded 1. The Nursing Infant non-cancer HI was much higher than child risk due
to the 25-fold Infant-Risk Adjustment Factor (IRAF).

3.2.2 Risk Characterization for the Non-Tribal Fisher
3.2.2.1 Recreational Smallmouth Bass Fisher
The Non-Tribal Recreational Fisher, both child and adult, are exposed to contaminants through
the ingestion of finfish (as represented by smallmouth bass tissue data) and shellfish (as
represented by crayfish tissue data) for the River OU EU. Nursing Infant risk from PCBs and DDx
are also evaluated. Separate bass and crayfish consumption risks and hazards were calculated for
each recreational fisher receptor.
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ELCRs and non-cancer hazards are estimated probabilities using conservative exposure factors,
based on a reasonable future use in which the fish consumption advisories posted for the
Bonneville area are removed following remediation. The following sections discuss Non-Tribal
Recreational Fisher exposure to smallmouth bass tissue and then exposure to crayfish tissue, and
finally, exposure to both bass and crayfish.
Tables 3-10.1 and 3-10.2 present the summary cancer risk and non-cancer hazards for the NonTribal Recreational Smallmouth Bass Fisher.
Cancer
As presented in Table 3-10.1, the RME ELCR for child and adult, excluding PCBs, was 1 x 10-3,
exceeding the USEPA acceptable risk range, driven primarily by dieldrin and gamma-chlordane.
Including the variants of PCB, risks exceeded the USEPA acceptable risk range and were each
within one order of magnitude of each other and therefore in general agreement. PCB as
congeners contributed the highest risk of the three types of PCB measurements. As presented in
Table 3-10.2, Non-Tribal Recreational Fisher Nursing Infant RME cancer risk for all variants of
PCBs was lower than the child and adult risk, but still exceeded the USEPA acceptable risk range.
Non-cancer
As presented in Table 3-10.1, the RME non-cancer HI for adult exposures, excluding PCBs, was 6.
COPCs exceeding the non-cancer HQ of 1 were gamma-chlordane and dieldrin. The HQs
associated with these pesticides were relatively low, with HQs of 2 and 3, respectively. Including
the variants for PCBs, HIs ranged from 191 to 665. Overall, the Non-Tribal Recreational Fisher
Adult non-cancer HI exceeded 1, with the primary contribution from PCBs, and minor
contributions from chlordane (gamma) and dieldrin. For the child receptor, similar orders of
magnitude were seen in the HQs for pesticides and the HIs for the PCB variants. As presented in
Table 3-10.2, the Non-Tribal Recreational Fisher Nursing Infant RME HI ranged from 369 to 16,456
for the three PCB variants. The Nursing Infant non-cancer HI was much higher than the child HI
due to the 25-fold IRAF applied to the mother’s HQ. Risks and hazards related to DDx were de
minimis (i.e., HI < 1).
3.2.2.2 Recreational Crayfish Fisher
Table 3-11.1 through Table 3-11.2 presents the summary cancer risk and non-cancer hazards for
the Non-Tribal Recreational Crayfish Fisher. It should be noted that PCBs as Aroclors data was
not available for crayfish tissue.
Cancer
As presented in Table 3-11.1, RME ELCR for the child and adult, excluding PCBs, was 7 x 10-5,
within the USEPA acceptable risk range. Including PCBs as congeners, the risk was 8E-05. Risks
calculated from both variants of PCBs were within the USEPA acceptable risk range and the same
order of magnitude and therefore in general agreement with each other. As presented in Table 311.2, Non-Tribal Recreational Fisher Nursing Infant RME cancer risk was lower than the child and
adult risks because arsenic is not considered for the Nursing Infant and only the PCB exposure is
presented. RME risks for the Nursing infant fell within the USEPA acceptable risk range.
Non-cancer
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As presented in Table 3-11.1, the RME non-cancer HI for adult and child receptors, both including
and excluding the two variants of PCBs were less than the ODEQ risk threshold. All variants of
PCB HIs were in general agreement. Since the Non-Tribal Recreational Fisher adult non-cancer HI
was less than 1, hazard levels were de minimis. As presented in Table 3-11.2, for the Non-Tribal
Recreational Fisher Nursing Infant RME HI Only the PCBs as congeners non-cancer HQ exceeded
1. The Nursing Infant PCB as congeners non-cancer HI was much higher than the child HI due to
the 25-fold IRAF applied to the mother’s HQ.
Since recreational exposure may consist of consuming both bass and crayfish, the combined health
concerns from cancer risk (summing the ELCR for smallmouth bass and the ELCR for crayfish)
and non-cancer hazard (summing the HI for smallmouth bass and the HI for crayfish) were
considered. In all cases, the risks from only bass tissue were much higher (by nearly two orders of
magnitude) than from only crayfish.

3.2.3 Risk Characterization for Wading, Swimming, and Hypothetical Potable Water
Use
Recreational Wader
The Recreational Wader (both child and adult) generally has direct contact with sediment within
the wadeable shorelines of the River OU EU. Nursing Infant risk from PCBs and DDx are also
evaluated. Tables 3-12.1 through Table 3-12.2 present the summary cancer risk and non-cancer
hazards for the Non-Tribal Recreational Wader. As presented in Table 3-13.1, the RME ELCR for
this receptor, excluding PCBs, was within the USEPA acceptable risk range. Including any of the
variants of PCBs did not increase the risk appreciably. Risk to the Nursing Infant was at or below
de minimis risk; i.e., at or below ODEQ’s threshold of 1 x 10-6 (Table 3-12.2).
As presented in Table 3-12.1, all non-cancer adult wader RME HIs were de minimis. As presented
in Table 3-12.1, the RME HI for the child wader, excluding PCBs, was 1, primarily due to arsenic.
Including PCBs as Aroclors or PCB TEQ did not increase the hazard appreciably. Including PCBs
as congeners resulted in a HI of 2, exceeding the non-cancer HI of 1 (Table 3-12.2). The Nursing
Infant was similar, with the HI including PCBs as congeners resulting in a HI of 2. Lead was a
COPC for sediment but due to its unique toxicological properties, was not evaluated using
standard risk assessment dose equations. The EPC for lead is well below the USEPA (2015)
regional screening level (RSL) value of for residential exposure and, therefore, is unlikely to pose a
risk to receptors.
Swimmer
The hypothetical Recreational Swimmer (child and adult) was assumed to have direct contact
with surface water throughout the River OU EU. Nursing Infant risk from PCBs was also
evaluated. Tables 3-13.1 through Table 3-13.2 present the summary cancer risk and non-cancer
hazards for the Non-Tribal Recreational Swimmer. The RME ELCR for adults, children, and
Nursing Infants were all below ODEQ’s threshold of 1 x 10-6, with risk no higher than 6 x 10-7
(Tables 3-13.1 and 3-13.2) and, therefore, acceptable. The RME non-cancer HIs were all below 1
for adult swimmer, child swimmers, and Nursing Infants, with no HI greater than 0.5 (Tables 313.1 and 3-13.2) and, therefore, acceptable.
Hypothetical Downstream Potable Water User
The Hypothetical Downstream Potable Water User may be potentially exposed to surface water
contamination through daily domestic uses, including ingestion. Child, adult, child plus adult,
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and Nursing Infant cancer risks and non-cancer hazards were calculated. Tables 3-14.1 through
Table 3-14.2 present the summary cancer risk and non-cancer hazards for the Hypothetical
Downstream Potable Water User. The RME ELCR for this receptor was 2 x 10-5, primarily due to
arsenic; this falls within the USEPA acceptable risk range (Table 3-14.1). PCBs were an
insignificant contributor to risk. The RME non-cancer hazard was de minimis and, therefore,
acceptable for both adults and children (Table 3-14.1). RME risks and non-cancer hazards to the
Nursing Infant were de minimis (Table 3-14.2). The arsenic EPC for surface water was based on the
maximum detected (out of 5 samples) value of 1.01 microgram/liter (µg/L) (total). This
concentration is well below the federally regulated USEPA (2015) maximum contaminant level
(MCL) for arsenic of 10 µg/L. ODEQ (2014) uses the Human Health Water Quality Criteria for
Toxic Pollutants which presents an inorganic arsenic criterion of 2.1 µg/L. The surface water EPC
for arsenic meets both USEPA MCL and ODEQ water quality criteria.

3.3 Risk-based Threshold Concentrations
Risk-based threshold concentrations are calculated tissue and sediment concentrations estimated
to be protective of a particular receptor for a given exposure pathway and target risk level. Tissue
RBTCs are based on the baseline risk assessments and tissue screening levels and were derived in
the risk assessments. Sediment RBTCs were calculated from the tissue RBTCs and are used along
with other site information to set PRGs.

3.3.1 RBTCs for Ecological Receptors
Tissue and corresponding sediment RBTCs were calculated for each of the ecological receptor
groups. The lowest RBTC of the different taxa groups was then used to evaluate the distribution
of key contaminants of concern and to define the list of risk drivers for the River OU.
Tissue RBTCs
The tissue RBTCs for birds and terrestrial wildlife are presented in Table 3-15. The general
equation for calculating wildlife RBTCs for osprey, eagle, and mink [termed acceptable tissue
levels (ATLs) in ODEQ’s 2007 guidance (Equation C-3)] used area use factors (AUF) as follows:
Site-Specific RBTC tissue = TRV/(IR food /BW) x AUF
where:
Site-Specific RBTC tissue =
TRV
=
IR food
=
BW
=
AUF
=

RBTC in tissue (mg/kg-wet weight)
Toxicity reference value represented (mg/kg-bw/day)
Ingestion rate of food (kg/day wet weight)
Body weight (kg)
Area use factor (decimal fraction)

The receptor-specific input parameters and LOAEL-based TRVs were applied to protect
populations of these three target receptors (ODEQ, 2007).
To calculate fish tissue RBTCs protective of eagle and osprey eggs (mg CEC/kg fish tissue -wet
weight), the LOAEL-based TRVs for bird eggs were divided by the receptor-specific bird egg
biomagnification factors.
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Tissue RBTCs for benthic invertebrates were selected as the LOAEC-based tissue benchmarks to
protect the benthic community. The NOAEC-based tissue benchmarks were selected as the tissue
RBTCs for fish due to the potential presence of listed fish species in the River OU.
The site-specific tissue RBTCs are presented in Table 3-15, which also presents the lowest RBTC
per CEC selected to create the RBTC exceedance values (Figures 3-4 and 3-5). With the exception
of PCBs, the fish diet RBTCs are the lowest of the dietary (tissue) RBTCs, which are based on
NOAECs. For PCBs, the bird egg receptor group had the lowest RBTC values.
In general, the RBTC for tissues were below concentrations [as the upper predictive limit (UPL)]
observed in tissues collected from the upstream reference area (Table 3-15). The lowest tissue
RBTC for lead is less than the UPL for crayfish and bass, and the lowest RBTC for mercury is less
than the UPL for bass and is equal to the sculpin UPL. The lowest tissue RBTC for PCBs as
congeners, which is a bird egg RBTC, is lower than the bass UPL and the next highest RBTC (fish
diet) is equivalent to the bass UPL.
Sediment RBTCs
The general equation used to establish wildlife SLVs for organic CECs in ODEQ’s 2007 guidance
(Equation D-1) was applied to back-calculate RBTCs in sediment for the dietary CECs, i.e., the
CECs for which RBTCs in tissue were calculated in Table 3-15:
Site-Specific RBTC sediment = f oc x (RBTC tissue ÷ [BAF x f lipid ])
where:
Site-Specific RBTC sediment
f oc
RBTC tissue
BAF
f lipid

=
=
=
=

RBTC in sediment (mg/kg-dry weight)
Site-specific fraction of organic carbon (decimal fraction)
RBTC in tissue (mg/kg-wet weight)
Site-specific bioaccumulation factor (kg organic carbon/
kg lipid)
= Site-specific fraction of lipid (decimal fraction)

The RBTCs in sediment for fish, osprey, eagle, bird egg, and mink, as well as the site-specific
values for f oc and f lipid, , are shown in Table 3-16. The concentrations observed in upstream
reference sediments (as UPLs) are also shown in the table. As with tissues, the lowest sediment
RBTC for PCB as aroclors, which is a bird egg RBTC, is lower than the sediment UPL.
The site-specific bioaccumulation factors were developed by first using sediment and clam paired
datasets from the River OU to estimate Biota Sediment Accumulation Factors (BSAFs). The sitespecific median sediment-clam BSAF was selected for each organic CEC (USEPA, 2009). To
account for biomagnification in the food web that ultimately reflects accumulation in smallmouth
bass tissue, River OU clam and bass median concentrations were used to estimate clam-bass
biomagnification factors. To estimate final site-specific bioaccumulation factors (BAFs), the
sediment-clam BSAFs were multiplied by the clam-bass biomagnification factors (BMFs). A more
detailed description of the methodology used to estimate the BAFs as well as the numerical values
selected for the BSAFs and BMFs are provided in Appendix D of the baseline HHRA (Appendix
1).
Given the high level of uncertainty associated with establishing BAFs (BSAFs) for inorganics and
in accordance with ODEQ’s 2007 guidance, BAFs were not calculated for inorganic CECs. The
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sediment RBTCs for the fish, osprey, eagle, bird egg, and mink defaulted to the Upstream
Reference UPLs for lead and mercury (Table 3-16).
Sediment RBTCs for direct toxicity to the benthic community are represented in Table 3-16 by the
LOAEC TRVs.
3.3.1.1 Nature and Extent of Ecological Risk
In order to evaluate the distribution and magnitude of ecological risk within the River OU,
sample-specific concentrations in tissues and sediments were compared to their respective riskbased thresholds (RBTCs). An evaluation of tissue RBTCs provides an indication of the magnitude
of bioaccumulation potential and whether bioaccumulation is widespread or isolated to one or
two individuals. An evaluation of sediment RBTCs provides an indication of the distribution of
contamination.
Comparisons of measured concentrations relative to the RBTC values are summarized in Figures
3-4 through 3-6 and Tables 3-15 and 3-16. The locations with exceedances of the lowest sitespecific RBTC for each CEC from Tables 3-15 and 3-16 are identified with a call-out box that
provides the concentrations of the CECs that exceed the RBTCs at that particular location. Sample
locations without a data posting box indicate that CEC concentrations are below the RBTCs at that
particular location. Dietary sediment RBTCs for several CECs are not depicted on the figures
because the maximum concentration in sediment is below the dietary sediment RBTC (i.e., the
predicted risk was based on tissue and not sediment). For the dietary toxicity results presented in
Figures 3-7a and 3-7b, the CECs with exceedances of the lowest RBTC for any receptor group are
plotted in Figures 3-7a/7b.
In Figure 3-4 through 3-8, sample-specific RBTC exceedances are color-coded on the figures to
allow for better visualization of the extent of potentially impacted areas (“Conc. ÷ RBTC” on
figures, discussed as “sample-specific C/Rs”):
•

sample-specific C/Rs between 1 and 5 = low risk (green)

•

sample-specific C/Rs between 5 and 10 = moderate risk (blue)

•

sample-specific C/Rs greater than 10 = moderate to high risk (orange)

The following subsection provides a description of the potential for risk to the target receptors in
consideration of the HQs, uncertainties, and the location-specific RBTC exceedances as well as the
spatial distribution of CEC concentrations relative to the RBTCs.
Because exposure through fish tissue ingestion is the primary route of exposure for predatory fish,
the osprey, eagle, and mink tissue RBTC exceedances are discussed for each of these individual
target receptors. The description of tissue RBTC exceedances for each receptor is followed by a
summary of the exceedances of the lowest sediment RBTCs back-calculated from these tissue
RBTCs.
3.3.1.1.1 Tissue RBTCs: Fish Community
Site-specific sculpin and bass tissue data were used to evaluate the potential for risk to the fish
community.
Sculpin
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One sculpin sample had a concentration above the fish tissue RBTC for lead (2.6 times greater
than the RBTC). This sample is bounded by samples with concentrations below the RBTC. Based
on the isolated and low magnitude exceedance of the NOAEL-based RBTC, the potential for risk
from lead was considered to be low.
For mercury, eight sculpin samples collected throughout the River OU (from both sides of the
river and along the Bradford Island shoreline) had concentrations slightly above the fish diet
RBTC. However, the RBTC for mercury is equivalent to concentrations of mercury observed in
sculpin tissues from the upstream reference area (the Upstream Reference UPL) and
concentrations of mercury in sculpin tissue are fairly homogeneous throughout the River OU.
Based on the uniform concentrations of mercury in sculpin from the River OU and low
exceedances of the NOAEL-based RBTC (equal to the UPL), the potential for risk from mercury
was considered to be low, with concentrations in the River OU concentrations similar to
background levels.
For PCBs, three sculpin samples had concentrations greater than the fish diet RBTCs for PCBs (all
variants), however, only tissue from one station (SF-3) was in the moderate risk range (5 – 10
times the RBTC). PCB concentrations appear to decrease with distance from the former removal
area, moving south around the eastern tip of Bradford Island. Given the elevated sample-specific
C/Rs in EU-4, the sculpin’s small home range, and because fish are protected at the individual
level due to the potential transient presence of salmonids and other sensitive species, there is a
localized unacceptable potential for risk to small predatory fish from PCBs in sculpin tissue.
Smallmouth Bass
For OCPs, concentrations of gamma-chlordane and dieldrin exceeded the fish diet RBTCs in four
bass samples: three from the north shore of Bradford Island and one from the eastern tip of Goose
Island. Concentrations of endrin and endosulfan I exceeded the fish diet RBTCs in two bass
samples from the north shore and also at Goose Island.
An evaluation of OCP occurrence in tissue samples relative to tissue PCBs was performed because
1) there is no supporting site evidence to suggest that OCPs were disposed at the former debris
piles in the north shore of Bradford Island; concentrations of OCPs in sediment did not exceed
screening levels (see sediment discussion below and footnote “d” in Table 3-20 for more detail),
and 2) identification of OCP compounds may be confounded by the presence of elevated PCB
congeners during laboratory analyses (due to similarity of structure and overlapping mass ratios).
Co-location with elevated PCBs was noted in the bass data distribution. However, given the
elevated sample-specific C/Rs for OCPs and because fish are protected at the individual level due
to the potential transient presence of salmonids and other sensitive species, OCPs were considered
to have the potential to pose an unacceptable risk to large predatory fish ingesting bass as prey.
For PCBs, seven bass samples from the north shore of Bradford Island and five samples from
Goose Island had concentrations greater than the fish diet RBTCs for PCBs as aroclors, congeners,
and/or TEQ. The highest concentrations were observed in fish samples collected from locations
adjacent to former underwater debris piles that were removed in 2000 and 2002 (Stations 63 and
68). Given the elevated sample-specific C/Rs for PCBs and because fish are protected at the
individual level due to the potential transient presence of salmonids and other sensitive species,
PCBs were considered to have the potential to pose an unacceptable risk to large predatory fish
ingesting bass as prey.
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3.3.1.1.2

Tissue RBTCs: Piscivorous Birds

Site-specific smallmouth bass tissue data were used to evaluate the potential for risk to the osprey
and Bald eagle. These data were entered into the dose equation for a comparison to dose-based
TRVs (mg/kg-bw/day) and were also used to estimate bird egg tissue concentrations through the
application of fish-bird egg biomagnification factors (BMFs) for a comparison to bird egg TRVs.
Tissue and sediment RBTCs were back-calculated for both types of exposure scenarios for birds:
bird diet RBTCs and bird egg RBTCs.
Osprey
Osprey diet RBTCs from Table 3-15 were compared to the sample-specific bass tissue
concentrations to estimate sample-specific C/Rs.
For mercury, sample-specific bass tissue samples exceeded the osprey diet RBTC at 16 locations
throughout the River OU. However, concentrations of mercury in bass tissue are fairly
homogeneous throughout the River OU. Based on the uniform concentrations of mercury in bass
from the River OU and low exceedances of the osprey diet RBTC, which is lower than the UPL,
the potential for risk from mercury is low, and River OU concentrations appear to be at
background levels.
For OCPs, concentrations of dieldrin exceeded the osprey diet RBTCs in four bass samples, three
from the north shore of Bradford Island and one from the eastern tip of Goose Island. Samplespecific C/Rs for dieldrin in the three north shore samples ranged from 1.3 to 10, and the C/R for
the Goose Island sample was 2.6. Only one bass tissue concentration of endrin exceeded the
osprey diet RBTC, resulting in a sample-specific C/R of 1.7. Sample 68, which is adjacent to
former underwater debris piles that were removed in 2000 and 2002, had the maximum
concentrations of OCPs and PCBs. As noted previously, OCP compounds are often confounded
with PCB congeners during laboratory analyses due to similarity of structure and overlapping
mass ratios. There is no supporting site evidence to suggest that OCPs were disposed at the
former debris piles in the north shore of Bradford Island. However, co-location with elevated
PCBs and lack of uniform levels of OCPs throughout the River OU create an uncertainty as to
whether OCPs are site-related. Given the elevated sample-specific C/Rs for OCPs, there is an
unacceptable potential for risk to osprey populations from OCPs in bass tissue.
For PCBs, five bass samples from the north shore of Bradford Island and two from Goose Island
had concentrations greater than the osprey diet RBTCs for PCBs as aroclors, congeners, and/or
TEQs. As stated above, two samples from along the north shore had the maximum concentrations
of OCPs and PCBs, both of which were collected in 2011 adjacent to former underwater debris
piles that were removed in 2000 and 2002. Given the elevated sample-specific C/Rs for PCBs
along the north shore of Bradford Island and around Goose Island, there is an unacceptable
potential for risk to osprey populations from PCBs in bass tissue.
Bald Eagle
As described for the osprey, eagle diet RBTCs from Table 3-15 were compared to the samplespecific concentrations shown on Figure 3-5 to estimate sample-specific C/Rs in order to assess
magnitude of exceedance.
As with osprey, mercury in bass tissue samples exceeded the Bald eagle diet RBTC at 16 locations
throughout the River OU. However, based on the uniform concentrations of mercury in bass from
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the River OU and low exceedances of the eagle diet RBTC, which is lower than the UPL, the
potential for risk from mercury is low, and River OU concentrations appear to be at background
levels.
For OCPs, concentrations of dieldrin exceeded the eagle diet RBTCs in three bass samples. Due to
elevated sample-specific C/Rs for OCPs there is an unacceptable potential for risk to eagle
populations from OCPs in bass tissue.
For PCBs, bass samples were greater than the Bald eagle diet RBTCs for PCBs as Aroclors, PCBs
as congeners, and/or PCB TEQ in four samples from the north shore of Bradford Island (C/Rs
ranging from 7.8 to 53); and two samples from Goose Island (C/Rs ranging from 6.8 to 20).
Osprey and Eagle Eggs
LOAEL-based HQs for osprey and eagle eggs were greater than 1 for the three types of PCBs
evaluated. Figure 3-6 presents the location-specific concentrations above the lowest tissue RBTCs
for PCBs, i.e., the bird egg RBTCs (Table 3-15). The bird egg RBTC for PCBs as congeners is
approximately two times lower than the Upstream Reference UPL in bass tissue. There is inherent
uncertainty in the bird egg evaluation and RBTCs established for this exposure scenario, primarily
due to the applied default BMF. Given the elevated sample-specific C/Rs for PCBs, there is an
unacceptable potential for risk to bird embryos from PCBs in bass tissue. However, the magnitude
of impact based on bird egg RBTC exceedances is likely exaggerated given the uncertainty in the
estimation of these RBTCs.
3.3.1.1.3 Tissue RBTCs: Mink
Site-specific smallmouth bass tissue, sculpin tissue, and crayfish tissue data were used to evaluate
the potential for risk to the mink. With the exception of aluminum, all CECs for the mink were
detected at very low levels in crayfish, and concentrations detected in sculpin and smallmouth
bass resulted in the elevated mink HQs. The highest aluminum EPC was for crayfish (116
mg/kg), and the EPC for bass is much lower (5.4 mg/kg). No aluminum data are available for
sculpin. Given the low mink HQs for aluminum, and the fact that the crayfish and bass tissue
EPCs are below Upstream Reference UPLs, the potential for risk to the mink from exposure to
aluminum in crayfish and fish is low.
In addition, given the low concentrations of the remaining CECs in crayfish tissue, crayfish tissue
was eliminated as a medium of concern for the mink, and mink diet RBTCs were only compared
to sculpin and bass tissue data for purposes of risk interpretation.
Sculpin samples were not analyzed for OCPs and, therefore, dieldrin concentrations were only
plotted for bass (Figure 3-5). In addition, no sculpin samples exceeded the mink diet RBTC for
PCBs as Aroclors. For PCBs, sculpin samples had concentrations greater than the mink diet
RBTCs for PCBs as congeners and/or PCB TEQ in two samples off the eastern tip of Bradford
Island.
Higher sample-specific C/Rs and more mink diet RBTC exceedances were demonstrated for
smallmouth bass tissue samples. For PCBs, the following bass samples were greater than the
mink diet RBTCs for PCBs as Aroclors, PCBs as congeners, and/or PCB TEQ in five samples from
the north shore of Bradford Island (C/Rs ranging from 1.4 to 81); and two samples from Goose
Island (C/Rs ranging from 12 to 33). Given the elevated sample-specific C/Rs for PCBs there is an
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unacceptable potential for risk to mink populations from PCBs in bass tissue, and in sculpin tissue
to a lesser extent.
Concentrations of dieldrin exceeded the mink diet RBTCs in two smallmouth bass samples, both
from the north shore of Bradford Island. Sample-specific C/Rs for dieldrin in these north shore
samples ranged from 1.02 to 3.1. Given the low and infrequent exceedances of the mink diet
RBTC for tissue, the potential for risk from dieldrin is low.
3.3.1.1.4

Sediment Bioaccumulation

The tissue data discussed above for birds provides the most realistic estimate of exposure to
bioaccumulative CECs. The back-calculated sediment RBTCs were generated as a tool for
identifying the general areas of the River OU that may be contributing to food web-related risks,
but the uncertainty inherent in the sediment to tissue link reflected in the sediment RBTCs (i.e.,
the BAFs) makes them less reliable than the tissue RBTCs for predicting risk to fish and wildlife.
Figures 3-7a and 3-7b present location-specific concentrations above the lowest sediment RBTCs
(not including bird egg RBTCs), i.e., the fish diet RBTCs. Bird egg RBTCs for sediment are lower
than the fish diet RBTCs for sediment (Table 3-16) and were plotted on a separate figure (Figures
3-6a and 3-6b) from the “diet” related RBTCs.
The sediment RBTCs for the fish and the wildlife receptors defaulted to the Upstream Reference
UPLs for all inorganics (Table 3-16).
As shown on Figure 3-6a, exceedances of fish diet RBTCs for sediment are highly localized to the
north shore and eastern tip of Bradford Island. Some slight sediment RBTC (i.e., UPL)
exceedances for mercury and lead are found along the main Oregon shoreline and on the southern
shore of Bradford Island. Only one low exceedance for PCBs is outside of the former source area
along Bradford Island (P43).
The maximum concentration of PCBs in sediment was detected at a single location along the
north shore, resulting in a sample-specific C/R of 980 for PCBs as congeners and 45 for PCBs as
Aroclors. The majority of samples with PCB C/Rs greater than 10 are located in a cluster (11
samples) along the northeastern tip of Bradford Island, and then at four additional samples
spread out along the shoreline between this main cluster and the western-most sampling location
near the dam. There is also an isolated RBTC exceedance south of the main cluster on the
northeastern tip of the island.
The highest sample-specific lead C/R of 8.1 is located on the northwestern shoreline and is bound
by samples with only slight RBTC exceedances and concentrations less than the RBTC. The
maximum concentration of mercury was detected at a single location on the northwestern
shoreline with a sample-specific C/R of 2.6. Mercury was only detected in two additional
samples above the sediment RBTC with low C/Rs (C/Rs range from 1.1 to 1.3).
The sediment data confirm that PCBs are the primary site-related CECs for fish exposed through
their diet. OCP data are not plotted on Figures 3-7a and 3-7b because none of these CECs
exceeded their respective sediment RBTCs (see footnote “d” in Table 3-16 for more detail).
Although one sediment sample had a sample-specific C/R for lead of 8.1, sculpin and bass tissue
data do not indicate an unacceptable risk to fish from exposure to lead. Mercury concentrations in

3-16

sediment are generally less than the UPL and likely reflect natural variations in background
levels.
3.3.1.1.5 Benthic Community
The potential for risk was estimated in two ways for the benthic community: toxicity from direct
exposure to sediment and dietary toxicity. Dietary toxicity was evaluated by comparing ODEQ’s
CTLs to site-specific clam and crayfish tissue concentrations. Use of these CTLs allows for an
assessment of risk for predatory benthic organisms as well as fish that may prey on benthic
organisms. Only the LOAEL-based HQ for aluminum in clam tissue was greater than 1 (Table 3-2)
and all LOAEL-based HQs were less than 1 for crayfish tissue (Table 3-3). The maximum detected
concentration of aluminum in clams (262 mg/kg) is similar to the LOAEL-based TRV (218
mg/kg). Given the low dietary HQs for aluminum in clam tissue (NOAEL-based HQ = 3.8 and
LOAEL HQ = 1.2), and the lack of other CECs in clams and crayfish tissue, the potential for risk to
the predatory benthic organisms and invertivorous fish is low.
Direct toxicity was evaluated through a comparison of sediment EPCs to sediment SLVs
protective of the freshwater benthic community. The following CECs were identified in one or
more of these tissues due to LOAEL-based HQs greater than one: three metals, PCBs as Aroclors,
PCBs as congeners, two pesticides, and five HPAHs as well as total HPAHs (Table 3-1). Although
the LOAEC-based HQs for individual LPAHs were less than 1, the HQ for total LPAHs HI was
1.8. Due to the HQ values below 1 for individual LPAHs and the low-level exceedance of the SLV
for total LPAHs, the potential for risk to the benthic community is low.
Figures 3-8A and 3-8B present the location-specific concentrations above benthic invertebrate
direct toxicity RBTCs. With the exception of one sediment RBTC exceedance for nickel along the
main Oregon shoreline south of Bradford Island (Figure 3-8A), all sediment RBTC exceedances
occurred along the north shore of the island (former removal area) (Figure 3-8B).
For metals, two samples had chromium concentrations above the sediment RBTCs (samplespecific C/Rs range from 1.1 to 5.6). Both samples were collected from the northwestern shoreline
near the catch basin adjacent to the Sandblast Area in the Upland OU. The only concentration of
nickel reported above the sediment RBTC also occurred at this location (sample-specific C/R =
5.8). These samples are bound by samples with concentrations less than the RBTCs for chromium
and nickel. The only concentration of copper above the sediment RBTC was detected in sample
“Debris Pile 02” resulting in a sample-specific C/R of 1.6. Given the low and infrequent RBTC
exceedances for metals and because the few locations with exceedances are bound by samples
with concentrations less than the RBTCs, the potential for risk from metals in sediment is low.
For PCBs, eleven samples had concentrations above the sediment RBTC for PCBs as Aroclors
(sample-specific C/Rs range from 1.7 to 33), and two samples had concentrations above the RBTC
for PCBs as congeners (C/Rs range from 1.2 to 6.4). The maximum concentration of PCBs as
Aroclors detected at two of these locations also had a concentration greater than 10 times the
RBTC. The maximum concentration of PCBs as congeners occurred at one of these locations along
the north shore. The potential for risk to the benthic community from direct exposure to PCBs in
sediment is low for the benthic community as a whole. Given the few areas with RBTC
exceedances shown on Figure 3-8b along the north shore of the Bradford Island, there is a
potential for risk to some individuals of the benthic community in these localized areas of the
island.
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For OCPs, only one location had concentrations of gamma-chlordane and DDT above the
sediment RBTC: sample-specific C/Rs of 2.0 and 2.2. Given the low and infrequent RBTC
exceedances for gamma-chlordane and DDT, the potential for risk from OCPs in sediment is low.
For PAHs, four samples have concentrations of total HPAHs above the sediment RBTC, and two
of those samples also have elevated concentrations of total LPAHs. The sample-specific C/Rs for
HPAHs range from 1.1 to 8.5. The two elevated C/Rs for LPAHs ranged from 1.3 to 1.8, and are
of low concern for benthic invertebrates. Similar to PCBs, the potential for risk from direct
exposure to HPAHs in sediment is low for the benthic community as a whole; however, there is a
potential for risk to the benthic community in these localized areas of the island.

3.3.2 RBTCs for Human Health Receptors
The RBTCs are used in conjunction with site data to assist in illustrating the spatial distribution of
site concentrations. The RBTCs are used during development and selection of the preliminary
remediation goals (PRGs) for the River OU and as a tool to evaluate the effectiveness of various
site management strategies.
Likewise, the target cancer risk was 1 x 10-6 and target non-cancer HQ was 1, utilizing the following
equations:
Cancer-based RBTC = EPC x Target Risk / Calculated ELCR
Non-cancer-based RBTC = EPC x Target HQ / Calculated HQ
For smallmouth bass tissue, RBTCs were calculated for child, adult, child plus adult, and Nursing
Infant for both Tribal Subsistence Fisher and Non-Tribal Recreational Fisher. In all cases, except
endrin and gamma-chlordane, the RBTCs calculated for the COCs were lower than their
respective Reference UPLs. For PCBs, the calculated RBTCs were two orders of magnitude lower
than their Reference UPLs. Figure 3-9 presents the locations throughout the River OU EU where
detected concentrations in fish exceeded the RBTC for smallmouth bass. For each location, the
COCs and their concentrations are listed as well as the magnitude of the exceedance.
For crayfish tissue, RBTCs were calculated for child, adult, child plus adult, and Nursing Infant
for the Non-Tribal Recreational Fisher. The calculated RBTC for arsenic was lower than the
Reference UPL, while PCBs were slightly greater than Reference UPL. Figure 3-10 presents the
locations throughout the River OU EU where detected concentrations in crayfish exceeded the
RBTC for crayfish.
For sediment, RBTCs were calculated for child, adult, child plus adult, and Nursing Infant for the
Non-Tribal Recreational Wader. The calculated arsenic RBTC was over six times lower than the
Reference UPL, and both PCBs and cPAHs Reference UPLs were greater than the RBTCs. Figures
3-11A and 3-11B present the wadeable locations throughout the River OU EU where detected
concentrations in sediment exceeded the RBTC for direct contact.
Additionally, the RBTCs for the bioaccumulative pathway for sediment were calculated for the
tissue COCs and represent a different exposure area. The following equation relates the tissue
concentration based on chemical and tissue characteristics to a corresponding sediment
concentration (See Appendix D of the baseline HHRA for BSAF derivation):
Diet Risk-Based Sediment Concentration = f oc x (RBTC tissue ÷ [BSAF x f lipid ])
Where:
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f oc = fraction of organic carbon (site-specific) = 0.0084 (median of all River OU data)
f lipid = fraction of lipid (bass) = 0.03

(median of all River OU bass data)

f lipid = fraction of lipid (crayfish) = 0.0073 (median of all River OU crayfish data)
BSAF = Biota-Sediment accumulation factors (See Appendix D of the baseline HHRA)
Note that due to high uncertainty for metals in tissue, a BSAF could not be derived for arsenic and
mercury and, therefore, the Reference UPL was used as the RBTC for plotting in the figures. The
calculated RBTCs for PCBs were lower than the Reference UPLs, and the RBTC for cPAHs was
higher. Figures 3-12A and 3-12B present the locations throughout the River OU EU where
detected concentrations in sediment exceeded the sediment RBTCs for the bioaccumulation
pathway.
Figure 3-13 presents locations for all exceedances of RBTCs for bass and crayfish tissue and
sediment together and includes the magnitude of exceedance over the RBTCs.
3.3.2.1 Summary of RBTC Calculations and Comparisons
In this section, the calculated cancer risks and non-cancer hazards are weighed with their
associated uncertainties and other relevant information to better understand the nature and
magnitude of the estimated risks in a site-specific manner. Additionally, the figures are used to
identify any spatial trends and correlations among the preliminary COCs, magnitude of
exceedance, and site features. Finally, the COCs whose risks and hazards exceed de minimis risk
levels are evaluated further to develop a shorter list of relevant, risk-driving COCs that are
recommended for further evaluation in the River OU FS.
As noted throughout the baseline HHRA, the fish ingestion pathway is evaluated with multiple
layers of conservatism to estimate the reasonable maximum hypothetical risk. The Nursing Infant
pathway further increases the magnitude of the dose to the infant, relative to the mother’s dose,
by 25-fold. The infant exposure was used to derive the PCB RBTCs, which resulted in the RBTC
being over two orders of magnitude below the Reference UPL for PCBs.RBTC
Smallmouth Bass Tissue
Figure 3-9 shows bass tissue exceedance at almost all the locations where these fish were sampled.
Risks related to PCBs and OCPs (gamma-chlordane and dieldrin) dominate the contributions to
risk and hazards related to consumption of smallmouth bass. The RBTCs for PCBs are a hundred
or more times lower than the Reference UPLs (See Appendix 2). However, due to risk levels that
are greater than the USEPA acceptable risk range, the numerous bass locations of exceedance, and
the magnitude of exceedance of the RBTCs and the reference UPLs, PCBs are retained as a COC
for the smallmouth bass.
In addition, gamma-chlordane and dieldrin are retained as COCs since risk levels for these
chemicals exceed the USEPA acceptable risk range, and four bass locations with a relatively high
magnitude of exceedance are noted (Figure 3-9). The exceedance locations are co-located with
large exceedances for PCBs, and consist of three locations along the north shore of Bradford
Island, and one location in eastern tip of Goose Island (location 78).
DDE is associated with relatively low overall risk (4 x 10-6) and poses a low hazard to Nursing
Infants. Locations with exceedances of DDEs are distributed as follows: the south shore of
Cascade Island, around Boat Rock, and the northern shore of Goose Island. They do not appear to
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be associated with Bradford Island. Among the sediment samples, there is only one location with
a minor exceedance of the DDE RBTC for sediments, located along the north shore. The
exceedance is less than twice the RBTC. Since risks associated with DDE are well within the
USEPA acceptable risk range and appear to be diffusely distributed with no site-related trends,
DDE is not retained as a COC for smallmouth bass tissue.
Endrin is associated with a relatively low HQ of 3 for the RME scenario. There are only three bass
locations where endrin exceeds the RBTC, apparently co-located with PCBs, chlordane, and
dieldrin. There were no exceedances of the endrin RBTC in sediment (Figure 3-12A, B). Due to the
relatively low risk associated with endrin, the limited number of low magnitude exceedances in
tissue, and lack of exceedances in sediment, endrin is not retained as a COC for smallmouth bass
tissue.
The overall HQ for mercury is relatively low (HQ of 3). The lowest estimated RBTC for mercury
(0.082 mg/kg) is significantly lower than the Reference UPL for mercury in smallmouth bass
tissue (0.36 mg/kg). The range of mercury concentrations in the River OU smallmouth bass tissue
(0.06–0.51 mg/kg) is similar to the reference range (0.045–0.64 mg/kg). The high exceedance rate
for mercury (34 exceedances out of 38 detected) with a low and consistent magnitude throughout
the River OU shows it to be similar to background with only three locations where the individual
fish concentrations are slightly higher than the background UPL (0.51 mg/kg, 0.50 mg/kg, and
0.45 mg/kg). In addition, exceedances of bioaccumulation-based RBTCs for mercury in sediment
are very minor in number and magnitude (Figure 3-12A, B) and show no particular relationship to
the tissue exceedances. Therefore, mercury is not retained as a COC for smallmouth bass tissue.
The RME risks related to cPAHs (2 x 10-5 are close to ODEQ’s acceptable cumulative risk levels for
chemical groups with similar mode of action. The lowest RBTC for cPAHs (0.16 µg/kg) is about 10
times lower than the Reference UPL (1.2 µg/kg). Eight locations with low-level exceedances of the
lowest RBTC are noted on Figure 3-9, of which five are near the shoreline of Bradford Island, one
along Cascade Island, and two near Goose Island Slough. All exceedances are within the USEPA
acceptable risk range. Given the well-documented propensity for breakdown of PAHs in fish
tissue and the low-level, diffuse distribution of PAHs and the low level of risks, cPAHs are not
retained as COC for smallmouth bass tissue.
In summary, PCBs, gamma chlordane, and dieldrin are retained as COCs for the smallmouth
bass tissue. As expected, the north shore of the Bradford Island shows the grouping of the
highest exceedance for PCBs and pesticides. The other grouping of high exceedances is around
Goose Island. The high magnitude exceedances for pesticides are far fewer than for PCBs and are
typically co-located with high magnitude exceedances for PCBs. The lowest RBTCs for PCBs are
often more than two orders of magnitude lower than the Reference UPL, regardless of whether
Aroclors, congeners, or TEQ methods are used.
Crayfish Tissue
The crayfish tissue exceedance (Figure 3-10) differs from the smallmouth bass trends and no
exceedances of high magnitude are seen. The crayfish data indicate numerous exceedances for
arsenic (18 exceedances out of 18 detected) but low concentrations relative to the Reference UPL
and of uniform magnitude throughout the River OU. The majority of the arsenic values in crayfish
(0.30–0.68 mg/kg) at the site are lower than or only slightly higher than the Reference UPL of 0.54
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mg/kg (range of 0.28 to 0.64 mg/kg). Therefore, arsenic in crayfish tissue is unlikely to pose a
risk greater than local background conditions and is not retained as a COC.
PCBs in crayfish tissue exceed the lowest RBTCs at five locations; four along the Bradford Island
shoreline and one along the south shore of Cascade Island. The exceedances are generally in the
low end of the USEPA acceptable risk range (1 x 10-5 to 1 x 10-6) and do not exceed ODEQ’s
acceptable cumulative risk level of 1 x 10-5 for chemical groups with similar mode of action,
except at one location (PO6-CF).
In summary, PCBs associated with crayfish are within the USEPA acceptable risk range, are not
retained as COCs for crayfish tissue under the recreational fisher scenario.
Sediment – Direct Contact
The wader exposure to sediment in Figure 3-11A shows low magnitude exceedances around the
Upland with a high density grouping at the north shore.
The majority of arsenic exceedances are lower than the background UPL of 5.9 mg/kg. Only one
location exceeded background (S-1-43; Figure 3-11B) and it is unlikely a wader would remain in
one location; therefore, risks related to arsenic are considered insignificant, and arsenic is not
recommended for retention as a COC.
Of the remaining COCs, looking at the inset Figure 3-11B, there is one low magnitude exceedance
for PCBs near the eastern tip of Bradford Island and a grouping of low magnitude cPAHs
exceedances along the north shore. The cumulative risks associated with cPAHs for RME waders
is estimated at 7 x 10-6, which is less than the acceptable cumulative risk level of 1 x 10-5 that is
allowed by ODEQ for chemicals with a common mode of action. Given the low level of cPAH
risks and the very minor exceedance of the RBTC at a single location, these are not retained as
COCs for the wader. Similarly, PCBs are not retained as COCs for the Nursing Infant of a mother
exposed by wading, based on the low RME HQ of 2 and the conservatism built into the
screening-level evaluation of the Nursing Infant pathway.
Therefore, no COCs are retained for sediment for the direct contact pathway.
Sediment – Bioaccumulation
Risks were not calculated for bioaccumulation and fish consumption pathways using sediment
data. However, sediment RBTCs were developed for COPCs whose risks exceeded target risk or
hazard levels in smallmouth bass tissue or crayfish tissue consumption scenarios.
Based on the discussion of COCs in tissue, PCBs are retained as the primary COC in sediments.
Numerous exceedances are noted (Figure 3-12A, B), although the calculated RBTCs are from 10 to
more than 100 times lower than the Reference UPLs (see Appendix 2).
No bioaccumulation-based RBTC was calculated for arsenic or mercury due to modeling
uncertainties. There are only two exceedances of the arsenic UPL value. Arsenic was not selected
as a COC for smallmouth bass or for crayfish tissue due to its low risk potential. Due to the low
number of exceedances, measured concentrations in tissue, and low potential for site-related risk
based on similarity of site sediment concentrations to the Reference UPL, arsenic was also not
selected as a COC for sediments for the bioaccumulation pathway. Mercury was not selected as a
COC for sediment, based on its low potential for risk in smallmouth bass tissues and the very few
locations in sediment where mercury slightly exceeded the Reference UPL (Figures 3-12A, B).
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None of the OCPs were retained as COCs for sediment. Among the OCPs which were identified
as COCs in tissues, dieldrin and endosulfan 1 were not detected in sediments and are not retained
as COCs. There were no exceedances of the RBTC in sediment for chlordane and endrin. 4,4-DDE
was not selected as a tissue RBTC based on low risk potential and its detection at one sediment
location at a concentration slightly exceeding the RBTC. This location also contained PCBs.
Therefore, 4,4-DDE was not retained as a COC for sediment.
cPAHs in sediment exceeded their bioaccumulation-based RBTC at one location to the northeast
of Bradford Island (Figure 3-12A) and five locations along the north shore of Bradford Island
(Figure 3-12B). The magnitude of exceedances is low (ELCR of 1 x 10-5 or less) and the locations
along the north shore of Bradford Island are co-located with higher exceedances of PCBs. Given
the low potential for fish consumption risk for cPAHs and since PAHs were not selected as tissue
COCs, they are not retained as COCs for sediment.
Figure 3-13 shows that, based on exposure to PCBs in bass tissue, the Tribal Subsistence Fishers
are the primary receptors at risk. Exceedances of RBTCs for all media are clustered primarily
along the north shore of Bradford Island, with a smaller cluster of exceedances in Goose Island
Slough. The reference UPLs are higher than RBTCs for many COCs. If the RBTCs were replaced
by UPLs, there would be fewer exceedances and the exceedances would be of lower magnitude.
In summary, PCBs are the only COC selected for sediments.

3.4 Key Findings of the Baseline Risk Assessments
Ecological
The BERA evaluated risks to the benthic community through exposure to sediment and through
an evaluation of bioaccumulative CPECs in site-specific clam and crayfish tissue. Risks to the fish
community, including sensitive species that may be transiently present in the River OU (i.e.,
salmonids), were assessed through an evaluation of CPECs in site-specific sculpin and
smallmouth bass tissue. Piscivorous wildlife receptors, represented by the osprey, bald eagle, and
mink, were assessed through an evaluation of CPECs in their prey (smallmouth bass for the birds
and bass, sculpin and crayfish for the mink), as well as through incidental ingestion of surface
water, and incidental ingestion of sediment for the mink only.
The following CECs identified through the BERA were recommended for further evaluation in the
River OU FS:
•

Benthic community – PCBs (PCBs as Aroclors and PCBs as congeners) and HPAHs

•

Fish community – PCBs (PCBs as Aroclors, PCBs as congeners, and PCB TEQs for fish) and
OCPs (gamma-chlordane, dieldrin, endrins, and endosulfan I)

•

Piscivorous birds – PCBs (PCBs as Aroclors, PCBs as congeners, and PCB TEQs for birds)
and OCPs (dieldrin)

•

Mink – PCBs (PCBs as Aroclors, PCBs as congeners, and PCB TEQs for mammals)

Table 3-17 summarizes these CECs per medium and receptor. Figure 3-14A/B presents a visual
summary of the exceedances of the lowest RBTC for each medium and CEC listed above. This
figure emphasizes that the area of concern in the River OU that should comprise the focus of
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further evaluation in the FS is primarily confined to the former source areas along the north shore
of Bradford Island, including the eastern tip of the island.
Similarly to the BHHRA findings, PCBs were the CECs that contributed to the highest risk levels
and greatest number of exceedances in all media evaluated in the BERA, with the exception of
clam and crayfish tissue for which no CECs were identified. Maximum concentrations of OCPs
were co-located with PCBs along the north shore of Bradford Island, adjacent to former
underwater debris piles that were removed in 2000 and 2002, and also in one isolated detection on
the northeastern tip of Goose Island. OCP compounds are not infrequently confounded with PCB
congeners during laboratory analyses due to similarity of structure and overlapping mass ratios.
There is no supporting site evidence to suggest that OCPs were disposed at the former debris piles
in the north shore of Bradford Island. However, co-location with elevated PCBs in tissue, lack of
uniform levels of OCPs throughout the River OU, and lack of OCP detections above the sediment
RBTCs creates an uncertainty as to whether OCPs are site-related.
Human Health
The BHHRA evaluated risks to subsistence consumers of smallmouth bass, recreational
consumers of smallmouth bass and crayfish, recreational waders in wadeable sediments, and
swimmers and potable water users of surface water from the River OU.
Cancer risks and non-cancer hazards that were greater than the USEPA acceptable risk range were
identified for subsistence and recreational smallmouth bass consumption scenarios. Risks and
hazards were within the USEPA acceptable risk range for recreational crayfish consumption and
recreational waders in wadeable sediments. Risks were de minimis for hypothetical swimmers and
potable water users of surface water, when the fact that arsenic levels are lower than federal and
state MCLs was taken into consideration.
PCBs were the COCs that contributed to the highest risk levels and greatest number of
exceedances in all media. A smaller number of exceedances of lower magnitude were noted for a
few additional COCs including selected OCPs (DDE, chlordane, dieldrin, endrin), cPAHs,
arsenic, and mercury.
Table 3-18 presents the most relevant and significant COCs recommended for further evaluation
in the River OU FS and RBTCs for all tissue and sediment. This table provides the most
conservative calculated RBTC for each COC in each media. Reference UPLs are also listed as
applicable.

3.5 Cumulative Risk Considerations
Cumulative risk for both ecological and human health was generally evaluated from a qualitative
perspective, taking into account conservatism and uncertainty in both the Baseline ERA and
HHRA. It is also important to note that the primary risk drivers differ slightly between the River
OU and adjacent Upland OU. Total PCBs are the primary human health risk driver for the River
OU, while risks associated with total PCBs in the Upland OU are at or below acceptable levels for
most exposure scenarios. The greatest risk in the Upland OU is primarily driven by cPAHs.
For the BERA, the riverine avian receptors that typically consume more than one type of food item
(i.e., the eagle and osprey) were conservatively assumed to consume only the food item (i.e.,
invertivorous/piscivorous fish [smallmouth bass]) that comprises a large portion of their diet and
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has the highest detected concentrations of CPECs. However, this assumption of exclusive intake
of the a single prey item to estimate risk to a category of receptor (piscivorous birds) that prey on
multiple categories of prey, e.g., carnivorous, herbivorous/insectivorous, and
invertivorous/piscivorous fish (Figure 3-15), may over- or underestimate risk. For those species
that consume more than one type of dietary item, risks are likely overestimated since certain types
of food (e.g., plants) tend to uptake contaminants at a lower concentration.
Mink were selected to represent large carnivorous mammals for both the River OU and Upland
OU. Mink are present in the area and could feasibly access the island and forage there on rodents,
in addition to river foraging. Typically, 10% or less of their diet is comprised of terrestrial prey
(e.g., birds and small mammals) (USEPA 1993; USEPA 1995). Although the Upland OU BERA
assumed 15% small mammals for the Upland OU RA, mink were conservatively assumed to have
a dietary composition of 100% prey from the River OU for this River OU BERA. This was done
because it is likely that mink preferentially use the River OU (i.e., permanent water source,
riverine habitat) rather than the Upland OU to forage.
Additional levels of conservatism were also included in the Baseline HHRA. COPCs for the
Baseline HHRA were selected using ODEQ’s more rigorous methodology, relative to USEPA’s
screening process (ODEQ, 2010), which included selection of all chemicals that exceeded their
individual screening levels in a single media, as well as chemicals whose risk across multiple
media exceeded their screening levels. Additionally, non-cancer causing chemicals that were
lower than their individual screening levels were also retained as COPCs if the sum of the noncancer exceedance ratio exceeded a value of 1. No consideration of whether chemicals could be
related to site activities was applied. Chemicals without screening levels were also retained as
COPCs. Given this conservative COPC selection process, risks are more likely to be overestimated
due to the inclusion of COPCs that were non-detect (e.g., degradation products) and COPCs that
may not be site related, resulting in low likelihood for underestimation of risk.
Additional conservatism which helps account for cumulative risk is present in the estimation of
fish consumption by subsistence fishers. A high degree of variability and uncertainty is likely in
quantifying site-related contributions to COPC concentrations in fish tissue as well as in
characterizing the fish consumption patterns of humans. Native American fish harvesters have
high consumption rates but favor anadromous fish species such as salmon or large home range
species such as sturgeon (CRITFC, 1994), which would be likely to have limited exposure to siterelated COCs and are considered safe to consume in the vicinity of Bonneville Dam (Oregon
Health Authority 2013). Recreational sport fishers appear to favor resident species as well as
anadromous species, but have lower consumption rates (ATSDR, 2006). The fish species
themselves also vary widely with regard to home range, abundance, and residence status in the
River OU; trophic level and guild; lipid content; and other factors. The fish tissue concentrations
measured for the BHHRA are whole-body values and do not reflect losses due to removal of fatty
tissue, discarding of non-fillet body parts, or losses of COPCs during cooking. Given the poor
quality of fish habitat and lack of fishing success in the River OU (Oregon Bass and Panfish Club,
2006), the assumption that 100% of subsistence and recreational consumption of resident
smallmouth bass is from the River OU is an extremely conservative and unlikely assumption and
would have a significant impact on overestimation of risk.
Further, the 95% UCL values for tissue were used as the EPC for both RME and CTE scenarios.
This is consistent with USEPA recommendations (USEPA 1992), but is more conservative than
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required by ODEQ guidance (2010), which recommends the arithmetic mean to represent the CTE.
The potential for overestimation of risk is increased by using the 95% UCL to represent the CTE.
These previously mentioned layers of conservatism help to qualitatively account for cumulative
risk from the combination of the River and Upland OUs. While quantitative evaluations of risk
were conducted separately for these OUs, a qualitative evaluation of the two OUs demonstrates
that cumulative risks will be managed accordingly through each OU’s remedial actions.
Further discussion of how cumulative risk is accounted for in establishing PRGs is presented in
Section 4.3.6 of this feasibility study.

3.6 Uncertainties
The risk-based threshold concentrations and the risk assessments that they are based on rely on
certain measurements and assumptions. General sources of variability and uncertainty in the
analysis can include measurement errors, variability in ecological and human behavior, and
limitations or applicability in literature or model-derived data. In addition to those uncertainties
document in the Baseline Human Health and Ecological Risk Assessments (USACE 2016),
additional uncertainties have been identified during the feasibility study process. The following
section presents a discussion of uncertainty and conservatism associated with this portion of the
FS.
Data Evaluation
During development of the RI, Oregon DEQ provided comments regarding the use of estimated
maximum possible concentration (EMPC) data. EMPC is used as a data qualifier to indicate a
detection that did not meet all method required criteria. It is typically interpreted as a
conservative estimate of the concentration. At the request of Oregon DEQ, EMPC data were
treated as detected values for summing PCB congeners in the RI and baseline risk assessments.
While not common in CERLCA to treat EMPC data as detected values, this method was
incorporated at the request of Oregon DEQ. Additional discussion regarding this agreed upon
approach is documented in Appendix H of the RI.
To assess implications from the approach, total PCB congeners were calculated by several
summation methods including a simple sum with the EMPC data treated as a non-detect (“0”)
and a Kaplan Meier summation method that reports non-detects as method reporting limits
(MRLs) and EMPC data as the reported value. In each case, the use of the EMPC data does not
result in a change in the overall characterization of the site. However, treating EMPC data as
detected values can introduce a source of uncertainty that generally results in more conservative
estimates.
Exposure Point Concentration
As part of the Baseline Ecological Risk Assessment, the maximum detected concentrations for
sediment were initially used as the EPCs for the benthic community exposed via direct contact.
For CPECs selected based on this initial screening, the concentration for each location was used as
the EPC for purposes of direct contact risk interpretation for the benthic community. However,
the lower of the maximum and 95% UCL was used as the EPC for the mink exposed via incidental
sediment ingestion (e.g., the maximum detected concentration may be the lowest EPC for reasons
such as small sample size or a highly censored dataset with many non-detects). For the benthic
community, use of the maximum value is likely to be a conservative approach that could
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overestimate risk because the primary concern is with population level impacts. This also likely
overestimates toxicity from certain CPECs to benthos across the site.
Impacts to Benthos
For evaluation of risk to benthic invertebrates, exposure was evaluated on an individual level, as
opposed to community or population based, per CERCLA guidance. This approach is considered
conservative, given that evaluation of impacts to individual receptors is typically reserved for
circumstances where profound ecological influence is expected, such as impacts to Threatened or
Endangered species. However, per Oregon DEQ guidance for ecological risk assessments, this
local population of benthos could be considered ‘ecologically important’. There is uncertainty
regarding whether benthos in the area around Bradford Island serve as a critical food source to
potentially present Threatened or Endangered species (i.e. salmonids). The approach to evaluate
benthos on an individual basis likely provides a conservative point based evaluation of risk and
overestimates impacts to the overall benthic community in the River OU. However, evaluation of
benthic receptors in this manner does not result in any CECs identified as risk drivers for the site.
Exposure Factors
The Baseline Human Health Risk Assessment relied on consumption rates published in the 2002
EPA Exposure Factors Handbook (EPA, 2002) for the non-tribal recreational fisher. A more recent
update to the Exposure Factors Handbook was published in 2011 and was available during
development of the baseline risk assessment. However, it acknowledges that recommended
values are not provided for recreational freshwater fish intake because the available data are
limited to certain geographic areas and cannot be readily generalized to the U.S. population of
freshwater recreational anglers as a whole. The Handbook does cite a specific consumption study
from three lakes in Washington, calculating an average consumption rate for all responding adults
of 10 g/day and a 95th percentile of 42 g/day. In comparison, the baseline risk assessment used
consumption rates of 23.3g/day uncooked finfish tissue and 17.9g/day shellfish for the RME
scenario, per the 2002 Handbook. Summing these two consumption rates for finfish and shellfish
from the 2002 Handbook provides a comparable consumption rate to the 2011 95th percentile of 42
g/day specific to Washington recreational anglers.
It should also be noted that there is uncertainty as to whether non-tribal recreational anglers
consume freshwater shellfish from the Bradford Island study area. This, combined with the
potential variability in consumption rates results in uncertainty to the risk estimate for non-tribal
recreational anglers, as either an over or underestimation of risk.
Exposure Pathways
As part of the conceptual exposure model, incidental ingestion and dermal contact with sediment
during shallow wading are both considered potentially complete exposure pathways. This
assumption could be considered conservative, as incidental ingestion in shallow water may be
insignificant. However, a deliberately conservative approach was chosen and should be accounted
for when interpreting the risk characterization for this exposure scenario.

3.7 Risk Drivers for Ecological Receptors
A subset of the CECs was identified as being risk drivers for ecological receptors in accordance
with guidance from the U.S. Environmental Protection Agency (USEPA, 1999). Table 3-19
summarizes the CECs identified as ecological risk drivers along with the rationale for selection as
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a risk driver. Risk drivers for ecological receptors of concern were selected by considering the
uncertainty in risk estimates based on quantity and quality of exposure and effects data.
Generally, those risk estimates with an HQ greater than 1 based on the LOAEL/high SLV were
considered risk driver chemicals. Minor exceedances of 1, but less than 2, were further assessed to
evaluate the level of uncertainty and conservatism in the estimate. Potential risk drivers were also
evaluated in relation to natural background concentrations. Compounds identified as risk drivers
were retained for development of PRGs, as described in Section 4. CECs not selected as risk
drivers in the baseline ERA are evaluated in Section 7.3 to assess the potential for risk reduction
following remedial actions.
PCBs were identified as a risk driver for the fish community, osprey, eagle, and mink receptors.
PCBs and HPAHs were also identified as a CECs for the benthic community with LOAEC HQ
values of 6 and 8, respectively. However, based on the limited distribution of predicted toxicity
and given that benthos are generally sessile, these isolated areas of unacceptable risk were not
considered to be predictive of population-level impacts. PCBs and HPAHs were not considered to
be risk drivers for the benthic community. PCBs and HPAHs will be given further consideration
in Section 7.3 to assess the potential for risk reduction following remedial action. Long-term
monitoring will also address the presence of PCBs and HPAHs after remediation is complete.
OCPs, including dieldrin, were identified as CECs for fish and wildlife receptors in the baseline
ERA. While the HQ values based on tissue concentrations were greater than 1, the corresponding
sediment concentrations (RBTCs) have few to no exceedances. This raises the possibility that OCP
concentrations identified in tissue are the result of chemical interference with high concentration
PCBs, as OCP detections are generally collocated with relatively high PCB concentrations.
Regardless, given the unacceptable risk associated with OCP concentrations in tissues, this suite of
CECs will be given further consideration in Section 7.3 to assess the potential for risk reduction of
OCPs following remedial action. Long term monitoring will also address the presence of OCPs
after remediation is complete.
While several metals were identified as having LOAEL/LOAEC-based HQs greater than 1 for
multiple receptors, specific constituents such as mercury and aluminum, are below upstream
reference UPLs, and therefore do not warrant classification as risk driver chemicals. Other metals,
such as chromium and lead, also had HQs greater than 1. However, for these analytes, an
evaluation of RBTCs was conducted and these constituents were found to have isolated RBTC
exceedances that were bounded by adjacent samples with no exceedances and population-level
effects were not predicted. Thus, classification of chromium and lead as risk drivers is not
warranted.

3.8 Risk Drivers for Human Health
PCBs are identified as the primary risk driver for human health, based on consumption of
Smallmouth bass by tribal subsistence fishers. Similar to the baseline ERA, chlordane and dieldrin
are identified as COCs in bass tissue, but a corresponding sediment concentration for these
constituents was not identified. As such, chlordane and dieldrin will be managed in a similar
manner to OCPs for ecological risk and assessed in Section 7.3 and as part of long term
monitoring. Table 3-20 summarizes the COCs and rationale for risk driver selection.
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4 Remedial Action Objectives and Preliminary
Remediation Goals
This section of the feasibility study (FS) identifies narrative remedial action objectives (RAOs)
and numerical preliminary remediation goals (PRGs) for cleanup of the Bradford Island River
Operable Unit (OU). RAOs for the River OU describe what a proposed cleanup remedy is
expected to accomplish to protect human health and the environment (USEPA, 1999). PRGs are
the contaminant endpoint concentrations or risk levels associated with each RAO that are
believed to be sufficient to protect human health and the environment based on available site
information (USEPA, 1997).
The step of identifying narrative RAOs provides a transition between the findings of the human
health and ecological risk assessments and development of remedial alternatives in the FS. The
RAOs pertain to the specific exposure pathways and receptors evaluated in the risk assessments
and for which unacceptable risks were identified.
PRGs are intended to protect human health and the environment and to comply with applicable
or relevant and appropriate requirements (ARARs) for specific contaminants (USEPA, 1991).
For the River OU, PRGs are numerical concentrations or ranges of concentrations in sediment
that protect a particular receptor from exposure to a hazardous substance by a specific pathway.
The PRGs are expressed as sediment concentrations for the identified risk drivers because the
alternatives in this FS address cleanup of contaminated sediments. The RAOs, ARARs, and
PRGs presented here may be modified and will be finalized by the U.S. Army Corps of
Engineers (USACE) in the Record of Decision (ROD).

4.1 Development of Remedial Action Objectives
The RAOs are narrative statements of the medium-specific or area-specific goals for protecting
human health and the environment. RAOs describe in general terms what the sediment cleanup
will accomplish for the River OU. RAOs help focus the development and evaluation of remedial
alternatives and form the basis for establishing PRGs.
EPA’s Guidance for Conducting Remedial Investigations and Feasibility Studies under CERCLA
(USEPA, 1988) specifies that RAOs are to be developed based on the results of the baseline
human health risk assessment (HHRA) and baseline ecological risk assessment (ERA). Other
EPA guidance (USEPA, 1991) states that RAOs should specify:

•

The exposure pathways, the receptors, and the contaminants of concern (COCs) and
contaminants of ecological concern (CECs); and

•

An acceptable concentration or range of concentrations for each exposure pathway.

The RI is summarized in Section 2, including the chemical and physical conceptual site model.
Section 3 summarized the results of the human health and ecological risk assessments
(Appendix 1), which identified receptors, exposure pathways, risk drivers, and, where
calculable, risk-based threshold concentrations (RBTCs). The RAOs presented here were crafted
based on the RI and findings from the baseline HHRA and ERA.
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RAOs are developed herein for cleanup of contaminated sediment at the Bradford Island River
OU. It is understood that remedial actions may include both active remediation and
institutional controls to meet the RAOs. As outlined in Section 3, the primary route of exposure
in the River OU for human health is consumption of fish. However, due to the difficulties
inherent in conducting remedial actions on fish tissue, sediments were selected for remedial
action as a way to interrupt the bioaccumulation pathway. As a result, PRGs are not developed
for fish tissue. Monitoring of fish and shellfish tissue will still be required during long-term
monitoring to determine whether the remedial action has reduced risks to acceptable levels for
human health and the environment. While surface water was identified as a medium with
Contaminants of Interest (COIs) during the Remedial Investigation (RI), all risks for the relevant
receptors were found to have a lifetime excess cancer risk below 1 × 10-6 or a Hazard Index (HI)
below 1. Because these risks are considered de minimis, no remedial action is warranted for
surface water in the River OU.

4.1.1 Remedial Action Objectives for the Bradford Island River Operable Unit
The results of the baseline HHRA and ERA indicate that remedial action is warranted to reduce
unacceptable human health and ecological risks posed by COCs and CECs in Bradford Island
River OU sediment. Unacceptable risks were estimated for certain human health exposure
scenarios (through sediment contact, surface water exposure, and consumption of fish and
shellfish by recreational and tribal subsistence fishers) and for certain ecological risks to the
benthic community, fish community, osprey, eagle, and mink.
For human health, EPA defines a generally acceptable risk range (i.e., the “target risk range”)
for excess cancer risks as between one in ten thousand (1 × 10-4) and one in one million (1 × 10-6),
and for non-cancer risks an HI of 1 or less is considered acceptable (USEPA 1991). Excess cancer
risks greater than 1 × 10-4 or HIs greater than 1 generally warrant a response action (USEPA,
1997). Thus, any COCs or CECs with an excess cancer risk less than 1 × 10-4 or a non-cancer
hazard less than 1 were not considered for remedial action and no corresponding PRG was
developed.
Based on guidance provided under the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) and other requirements provided by the Oregon
Department of Environmental Quality (ODEQ), two RAOs have been identified for the cleanup
of River OU sediments. These RAOs address the risk drivers, specifically total PCBs as
congeners and HPAHs, identified in Section 3 of this FS. These risk drivers are a subset of the
COCs and CECs determined to pose the greatest level of risk, either based on the degree of
certainty in the risk estimation or because the risk is greater than EPA’s threshold of 1 × 10-4 for
lifetime excess cancer risk. From the COCs and CECs identified as warranting further
consideration in this FS (Tables 3-24 and 3-25), total PCBs and congeners and HPAHs were
selected as risk drivers for which RAOs and PRGs are developed (see Sections 3.1.4 and 3.2.4 for
additional discussion of identification of risk drivers). The RAOs associated with these risk
drivers are identified below.
RAO1: Reduce to acceptable levels the human health risks from indirect exposures to total PCBs
as congeners through ingestion of fish and shellfish that occur via bioaccumulation pathways
from surface sediment.
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RAO2: Reduce to acceptable levels the risks to ecological receptors from indirect exposures
through ingestion of prey via bioaccumulation pathways from sediment contaminated with
total PCBs as congeners.

4.2 Applicable or Relevant and Appropriate Requirements (ARARs)
ARARs are defined as any legally applicable or relevant and appropriate standard,
requirement, criterion, or limitation under any federal environmental law, or promulgated
under any state environmental or facility siting law that is more stringent than the federal law.
The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA, as
amended by the Superfund Amendment and Reauthorization Act) Section 121(d) requires
remedial actions to achieve (or to formally waive) ARARs.
The CERCLA implementing regulation, the National Contingency Plan (NCP; 40 Code of
Federal Regulations [CFR] 300.5) (USEPA, 2002) further defines applicable requirements as the
more stringent among those cleanup standards, standards of control, and other substantive
requirements, criteria, or limitations promulgated under federal environmental or facility siting
laws that specifically address a hazardous substance, pollutant, contaminant, remedial action,
location, or other circumstances found at a CERCLA site. State standards that are identified by
the State in a timely manner and are more stringent than federal requirements may be
applicable or relevant and appropriate requirements. In accordance with 40 CFR
300.430(1)(C)(5), a State requirement that is more stringent than a Federal requirement must be
consistently applied and be promulgated.
A requirement may not be applicable, but nevertheless may be relevant and appropriate.
Relevant and appropriate requirements address problems or situations sufficiently similar to
those encountered at CERCLA sites that their use is well-suited to the particular site. In addition
to ARARs, advisories or guidance may be identified as To Be Considered (TBC) for a particular
release. TBCs are non-promulgated advisories or guidance that are not legally binding and do
not have the status of potential ARARs, but which may be considered in formulating or
assessing the effectiveness of the remedy.
There are three types of ARARs described here. Chemical-specific ARARs prescribe minimum
numerical requirements or standards for cleanup of specific contaminants in specific media
such as chromium in soil. During the FS, chemical-specific ARARs are considered in the
development of PRGs, which are used to compare protectiveness and effectiveness of the
alternatives. Action-specific ARARs place requirements or limitations on actions that may be
undertaken as part of a remedy and, during the FS, are used to assure that the alternatives
formulation recommends appropriate remediation strategies. Location-specific ARARs are
restrictions that could be placed upon the implementation of remedial activities because of
geographical, biological, historical, or cultural features at the Site. Examples of possible Site
features that may induce location-specific ARARs include cultural or historical areas; wetlands,
flood plains, other ecologically sensitive ecosystems; and geologically active areas.

4.3 Process for Development of Preliminary Remediation Goals
(PRGs)
PRGs are the COC or CEC endpoint concentrations initially identified for each RAO that are
believed to be sufficient to protect human health and the environment based on available site
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information (USEPA, 1997). The PRGs are used in the FS to guide the development and
evaluation of proposed sediment remedial alternatives. PRGs are not final cleanup levels and
standards. The USACE will select cleanup levels and standards in the Record of Decision
(ROD).
PRGs are developed in this subsection for each risk-driver COC or CEC, and are expressed as
sediment concentrations that are intended to achieve the corresponding RAO. PRGs are based
on considering the following factors:

•

ARARs, including ODEQ requirements

•

RBTCs based on the HHRA and ERA

•

Background concentrations if protective RBTCs are below background concentrations

•

Analytical practical quantitation limits (PQLs) if protective RBTCs are below concentrations
that can be quantified by chemical analysis.

This section presents the numerical criteria in these categories to enable a comprehensive
analysis and identification of PRGs. The pertinent information is then compiled and numerical
PRGs are identified for each risk driver and each RAO.

4.3.1 Role of ARARs
There are no Federal or Oregon ARARs establishing contaminant-specific cleanup values for
sediment.

4.3.2 Role of Risk-Based Threshold Concentrations (RBTCs)
As part of the baseline risk assessments (Appendix 1) provided in conjunction with this
Feasibility Study, site-specific RBTCs for each of the risk-driver COCs and CECs were
developed for tissue and sediment. RBTCs for human health were calculated based on risks
associated with seafood consumption reasonable maximum exposure (RME) scenarios. RBTCs
for wildlife receptors were calculated based on contact or ingestion of surface water, sediment,
and prey.
For human receptors, total PCBs as congeners were identified as the risk drivers for the tribal
subsistence fisher receptor. Tissue and sediment RBTCs for Total PCBs as congeners were
calculated for the 1 × 10-6 excess cancer risk level and applied as a 95% upper confidence limit
(UCL) concentration within the River OU.
For ecological receptors, sediment RBTCs were calculated for total PCBs as congeners. The
RBTCs for these CECs were applied as a 95% UCL concentration within the River OU.

4.3.3 Role of Background Concentrations
Both CERCLA and Oregon DEQ consider background hazardous substance concentrations
when formulating PRGs. Both recognize that setting numerical cleanup goals at levels below
background is impractical because of the potential for recontamination that increases
concentrations back up to or above the background concentration. According to both CERCLA
and Oregon DEQ guidance, natural background refers to substances that are naturally present
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in the environment in forms that have not been influenced by human activity (e.g., naturally
occurring metals) (ODEQ, 2013).
CERCLA recognizes that natural and man-made hazardous substance concentrations can occur
at a site in excess of natural background concentrations, not as a result of local site-related
releases but caused by human activities in areas remote from the site and natural processes that
transport the contaminants to the site (e.g., atmospheric uptake, transport, and deposition).
CERCLA defines “anthropogenic background” as natural and human-made substances present
in the environment as a result of human activities, but not related to a specific release from the
CERCLA site undergoing investigation and cleanup (USEPA, 2002).
CERCLA generally does not require cleanup to concentrations below anthropogenic
background concentrations. In states that have a more stringent state standard, CERCLA
cleanups must try to meet state ARARs, or the ARAR must be waived at or before completion of
the remedial action. For the River OU at Bradford Island, no Oregon sediment cleanup values
exist that would be identified as either ARARs or TBCs.
As a result, PRGs have been set at site-specific background concentrations for hazardous
substances that have RBTCs below site-specific background concentrations. The background
concentrations selected for use are based on the 95% upper confidence limit (UCL).

4.3.4 Site Specific Background in Sediment
This section presents estimates of site-specific background concentrations for those COCs and
CECs identified as risk driver contaminants. Oregon DEQ has not developed statewide or
regional background concentrations for sediment; thus, background concentrations in this FS
are based on Reference Area concentrations.
In support of the RI, samples were taken from an upstream Reference Area. Location of the
Reference Area was developed based on modeling results characterizing the maximum
upstream extent of the river flow reversal caused by the powerhouses and the spillway that
could transport impacted sediment back upstream. The Reference Area was thus identified as
an area upstream of the maximum extent of influence from impacted sediments transported
back upstream. Reference Area sediments were analyzed for Total PCBs as congeners (Table 6-5
of the RI report (URS, 2012)). Reference sediment data were sufficient to perform a statistical
evaluation to assess whether the mean contaminant concentrations in the River OU were
significantly higher than the mean concentrations in the Reference Area. Concentrations in the
reference area were found to be statistically different from those along the north shore of
Bradford Island where the primary source of contamination is located.
4.3.4.1 Site Specific Background for Total PCBs as Congeners in Sediment
Total PCBs as congeners were detected in all of the samples at the reference area. The maximum
concentration detected was 1.2 μg/kg dry weight (dw), with a mean concentration of 0.49
μg/kg dw. The reference area 95% UCL for the site was 0.60 μg/kg dw. Due to the lack of
Oregon State background concentrations for sediment, the reference area 95% UCL will be used
as background.
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4.3.5 Role of Practical Quantitation Limits
CERCLA allows consideration of PQLs when formulating PRGs to address circumstances in
which a concentration determined to be protective cannot be reliably detected using state-ofthe-art analytical instruments and methods. For example, if an RBTC is below the concentration
at which a contaminant can be reliably quantified, then the PRG for that contaminant may
default to the analytical PQL. The PQL is defined as the lowest concentration that can be
reliably measured within specified limits of precision, accuracy, representativeness,
completeness, and comparability during routine laboratory operating conditions, using
department approved methods.
Table 4-1 lists the PQLs specific for the risk-drivers that were developed for the RI sampling
program and documented in the associated quality assurance project plan. These PQLs
represent the lowest values that can be reliably quantified when the sample matrix is free of
interfering compounds that can reduce sensitivity and raise reporting limits.
Analytical quantitation limits are generally not expected to exceed RBTCs or background
concentrations for samples of low matrix complexity.

4.3.6 Cumulative Risk
Achieving a hazard index (HI) of 1 or lower for multiple contaminants was not directly
accounted for when developing PRGs for ecological receptors. Given the high level of
uncertainty regarding the mode of action for most contaminants in relation to the ecological
receptors, PRGs were developed based on each contaminant achieving a hazard quotient (HQ)
of 1.
The issue of cumulative risk associated with combined exposure to human and ecological
receptors to media of concern within both the River and Upland OUs was not explicitly
addressed in development of the PRGs for the River OU. Given the high level of conservatism
in both the human health and ecological risk assessments, it is believed cumulative risk is
managed to acceptable levels through individual RBTCs calculated separately for the River and
Upland OUs. The exposure factor values assumed for the tribal subsistence fisher receptor are
likely to substantially overestimate risk. At this time, there is neither access nor the fishing
activity on and around Bradford Island. Although this evaluation assumes access to the Island
is not restricted, there are currently health advisories warning against unrestricted consumption
of seafood from the site. As such, cumulative risk is believed to be addressed adequately
through this exposure scenario. Moreover, because of this level of conservatism, risks assumed
for the tribal subsistence fisher scenario for the sake of this study should not be interpreted as a
literal estimation of risks and potential adverse health effects.

4.4 Preliminary Remediation Goals
PRGs for sediment are derived from a consideration of ARARs, RBTCs, background
concentrations, and PQLs. There are no chemical-specific sediment ARARs available, and PQLs
were not found to influence selection of the PRGs (i.e., all PRGs are above PQLs). Thus, for each
combination of RAO, risk driver, and area of potential concern (AOPC), the PRG is the higher
value between the background concentration and the lowest RBTC.
Tables 4-2 summarizes the analysis and selection of sediment PRGs for the risk-driver COCs
and CECs, for both the human health and ecological risk drivers. The table is subdivided to
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address the various spatial applications of the PRGs for each RAO. The PRGs are equal to
RBTCs or background values and applied on an average basis over a given exposure area.
For RAO 1, the numerical PRG for Total PCBs as congeners (0.60 µg/kg dw) is based on sitespecific background because the sediment RBTC is below background for the ingestion of fish
and shellfish via the bioaccumulation scenario. Compliance with this PRG is based on the
spatially weighted average concentration (SWAC) of surface sediment in the top 15 cm.
For RAO 2, the numerical PRG for Total PCBs as congeners (1.6 µg/kg) is based on the bird egg
RBTC. Compliance with this PRG is also based on the SWAC of surface sediment in the top 15
cm.
The RAOs and PRGs are used in Section 6 of the FS to frame development of remedial
alternatives. Section 7 compares estimated concentrations of risk drivers to PRGs as one
measure of the effectiveness of the remedial alternatives. The human health PRG identified in
RAO 1 for Total PCBs as congeners (0.60 µg/kg) is lower than the RAO 2 PRG based on the
bird egg RBTC (1.6 µg/kg), and therefore is more conservative. As such, alternative formulation
in Sections 6 and 7 were developed primarily to meet the more conservative PRG of 0.60 µg/kg.
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5 Identification and Screening of Remedial
Technologies
Technologies are identified and screened consistent with the U.S. Environmental Protection
Agency’s (EPA) Guidance for Conducting Remedial Investigations and Feasibility Studies under
CERCLA (USEPA 1998). Additionally, specific guidance from EPA’s Contaminated Sediment
Remediation Guidance for Hazardous Waste Sites (USEPA 2005) was used for the identification
and screening process performed in this Section.
A key early step in the development of remedial alternatives that address Site remedial action
objectives (RAOs) is the selection of actions that will satisfy the remedial action objectives,
called general response actions (GRAs), and remedial alternatives that comprise alternatives.
GRAs describe in very broad terms the types of actions potentially applicable to cleanup of
contaminated media. The GRAs evaluated in this FS include performing no action, land
controls, monitoring, monitored natural recovery (MNR), enhanced monitored natural recovery
(EMNR), capping (containment), removal (dredging or excavation), in-situ treatment, ex-situ
treatment, and disposal.
Each GRA may contain one or multiple technology types. For example, one general response
action is physical removal of contaminated materials from the site, and two common
technologies that can accomplish sediment removal are dredging and excavation.
Process options are a further subdivision or tier in the technology screening procedure, and
define the specific type of equipment used within a technology. For example, dredging may use
a clamshell dredge, hydraulic dredge, or upland-based excavation equipment, such as
backhoes.
Remedial technologies and process options that are representative, potentially effective, and
implementable were evaluated and certain options were selected to be carried forward for
additional consideration in the FS. The screening evaluation was conducted using effectiveness,
implementability, and cost criteria consistent with EPA guidance (USEPA 1988).

•

Effectiveness. This evaluation focuses on: (1) the potential effectiveness of process
options in handling the estimated areas or volumes of media and meeting the
remediation goals identified in the remedial action objectives; (2) the potential impacts
to human health and the environment during the construction and implementation
phase; and (3) how proven and reliable the process is with respect to contaminants and
conditions at the site.

•

Implementability. Implementability encompasses both the technical and administrative
feasibility of implementing a technology process. Technical feasibility refers to the
ability to construct, operate, maintain, and monitor the action during and after
construction. Administrative feasibility refers to the ability to obtain permits for off-site
actions (on-site actions would be performed under the Comprehensive Environmental
Response, Compensation, and Liability Act [CERCLA] authorities) and the availability
of specific equipment and technical specialists necessary for the action.

5-1

•

Cost. Cost plays a limited role in the screening of process options. At this stage, the cost
analysis basis is professional engineering judgment, and each process is evaluated as to
whether costs are high, low, or medium relative to other process options in the same
technology type.

This section describes the selection of representative, potentially effective, and implementable
process options to carry forward for developing remedial alternatives. The complete screening
process is summarized in tables as follows:
•

Table 5-1 lists all of the candidate remedial technologies and process options that were
evaluated in the FS process.

•

Table 5-2 provides the detailed screening of process options.

•

Table 5-3 provides the technologies and process options carried forward into alternative
development as representative technologies and process options.

The selections consider information on past and current sediment remediation projects
elsewhere in the region and nation where appropriate. Selecting representative process options
for the FS is consistent with Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) (USEPA 1988) guidance. The screening is intended to streamline the
development and evaluation of the remedial alternatives. Representative technologies and
process options selected for development of alternatives are shaded in Table 5-3. These will be
assembled in Section 6 of this FS into unique or combined alternatives for evaluation under
CERCLA. Section 6 provides detailed descriptions of the technology types and process options
that are assumed for cost estimating purposes under each remedial alternative.

5.1 Review and Selection of Representative Process Options
5.1.1 Monitored Natural Recovery (MNR)
MNR is a remedy for contaminated sediment that relies on ongoing, naturally occurring
processes to contain, destroy, or reduce toxicity or bioavailability of contaminants in sediment.
Natural processes that are fundamental to the recovery of contaminated sediments include
contaminant transformation, reduction in mobility/bioavailability, physical isolation, and
dispersion. An MNR technology would rely upon these processes to reduce unacceptable
ecological and human health risks to acceptable levels, while monitoring recovery over time to
verify remedy success. Because PCBs are the primary risk driver for the River OU and PCBs are
typically resistant to natural chemical and biological degradation and dissolution, the physical
processes of burial and surficial mixing (bioturbation and resuspension) are the primary natural
recovery processes considered. The primary factor in determining how quickly natural recovery
will occur (assuming adequate source control) is likely to be the sediment deposition rates or
burial rate of contaminated sediments. Hence, recovery is expected to be more rapid in areas
with intermediate to high net sedimentation rates and slower where net sedimentation rates are
low or where the potential exists for episodic erosion.
There are many examples of sediment remediation projects where MNR is a proposed or
ongoing component of a combined remedy and where natural recovery trends have been
observed.
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•

Duwamish/Diagonal Early Action Area, Lower Duwamish Waterway Superfund Site
(Seattle, Washington)

•

Slip 4 Early Action Area, Lower Duwamish Waterway Superfund Site (Seattle,
Washington)

•

Sangamo Weston/Twelve-Mile Creek/Lake Hartwell (Pickens, South Carolina)

•

James River (Hopewell, Virginia)

•

Bremerton Naval Complex (Puget Sound, Washington)

The following subsections provide brief summaries of two relevant field demonstrations.
Duwamish/Diagonal Early Action Area, Lower Duwamish Waterway Superfund Site (Seattle,
Washington)
Data collected during the Duwamish/Diagonal EAA project (Anchor 2007) lend empirical
support to natural recovery potential in that waterway. The project involved a combination of
removal (dredging), capping, and thin-layer sand placement. Surface sediment contaminant
concentrations are being monitored on and adjacent to the actively remediated areas of the
project site. Trends suggested that contamination from resuspension and dispersal during the
dredging operation may have been responsible for total PCB concentrations remaining high and
were consistent with data generated during the investigative phase of the project in the mid1990s. Since that time, total PCB concentrations have declined by 50% or more in five of the
eight perimeter locations, presumably as a result of natural recovery processes. Net
sedimentation rates ranging from 0.7 to 3.1 cm/yr were estimated from radioisotope core data
in the Duwamish/Diagonal area, consistent with the sediment transport model predictions. The
average concentration of at perimeter stations decreased to below modeled predictions of
recovery 10 years following remediation (Stern et al. 2009). However, this may be due in part to
dispersion of some of the newly placed capping material, which may have influenced the
decrease in PCB concentrations seen in the first year after cap placement was completed.
Sangamo Weston/Twelve-Mile Creek/Lake Hartwell (Pickens, South Carolina)
Lake Hartwell and its tributary Twelve-Mile Creek are heavily contaminated with PCBs, which
were discharged by the Sangamo Weston Inc. facility between 1955 and 1977. MNR, in
combination with institutional controls (fish consumption advisories), was selected by EPA as
the main remedy for Operable Unit 2. Net sedimentation rates of 5 to 15 cm/yr and burial by
progressively cleaner sediment over time is the dominant physical process for recovery. Field
measurements show a gradual recovery of surface sediments from peak concentrations of
approximately 40 milligrams per kilogram (mg/kg) dry weight (dw) to around 1 mg/kg dw in
more recent samples (Magar et al. 2003). In addition, sedimentation for the Twelve-Mile Creek
arm of Lake Hartwell has been accelerated by the release of accumulated sediment from three
upstream dams. Chemical transformation (PCB dechlorination) was also observed via PCB
congener analysis of subsurface sediment. This natural process was found to be slow and
limited as a result of anaerobic subsurface sediment, but it did reduce the long-term risks
associated with potential sediment resuspension (Magar et al. 2009). Annual monitoring has
been conducted through sediment sampling, fish tissue sampling, and bioaccumulation studies
to track the progress toward achievement of cleanup objectives. Despite the substantial
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historical decrease in PCB sediment concentrations, fish tissue concentrations have not
decreased accordingly (Magar et al. 2004, Magar et al. 2009). Fish consumption advisories
remain in effect for Twelve-Mile Creek and Lake Hartwell, because PCB concentrations in fish
continue to exceed the FDA tolerance level of 2.0 mg/kg wet weight (ww).
5.1.1.1 MNR Technology Summary
MNR has been sufficiently demonstrated in sediment remediation projects elsewhere (Magar, et
al. 2009). However, for the Bradford Island River OU, burial rates have not been quantitatively
determined. Finer sediments predominantly consisting of medium to very fine sand are
typically found only on the western (downstream) end of the island, while coarser sediments
mostly consisting of gravel to medium sand are more common on the eastern (upstream) end of
the island (URS 2012). This suggests that periodic erosion occurs on the eastern end of the
island. It could also be deduced that finer materials accumulate towards the western end. Thin
layers of sediment were observed on the boulder surfaces on the bench near the island (Figure
5-1) during the 2007 removal action indicating that the magnitude of sediment accretion is fairly
minimal there; more offshore, especially at the western end, sediments are sandy and appear to
be deeper; the sediment depth permitted mechanical grabs during the RI and Pre-FS samplings.
MNR may be a component of the final remedy in deeper areas of the site with lower levels of
contamination, with net sedimentation, and where significant erosion is not a concern. These
observations suggest that MNR may apply offshore from the island, but is likely of limited
applicability along the north shore. Sedimentation rates would be quantitatively evaluated as
part of the remedial design phase after a preferred alternative is selected.

5.1.2 Enhanced Monitored Natural Recovery (EMNR)
Deposition of clean sediment plays a role in the natural recovery of contaminated sediments,
and recovery can be enhanced by actively providing a layer of clean sediment to the target area.
EMNR refers to the application of a thin layer of clean sediment, typically sand, to a sediment
area targeted for remediation (Merritt et al. 2009). Application thicknesses of approximately 6
inches are common, producing an immediate reduction in surface chemical concentrations.
EMNR typically reduces the time to achieve RAOs compared with what is possible by relying
solely on natural sediment deposition where burial is the principal recovery mechanism
(USEPA 2005).
The following subsection provides a brief summary of a relevant field demonstration.
Duwamish Diagonal EAA Project, Lower Duwamish Waterway Superfund Site (Seattle,
Washington)
In response to observed increases in surface sediment concentrations of total PCBs adjacent to a
portion of the primary dredging and cap area at the Duwamish/Diagonal EAA, a thin layer of
sand (9 inches, to ensure a minimum 6-inch coverage everywhere) was placed in February 2005
over 4 acres of sediment, providing immediate reduction in exposures, and reducing total PCB
concentrations to between 1 and 32 μg/kg dw (Anchor 2006b). Prior to dredging and capping,
this adjacent area had an average total PCB concentration of 46 mg/kg organic carbon
normalized (oc). Immediately following cap placement, that average tripled to 136 mg/kg oc.
This increase in total PCB concentrations was attributed to resuspension and dispersal of
contaminated sediment (i.e., dredging residuals) during the removal action. Within the EMNR
area, total PCB concentrations immediately following thin layer placement were well below the
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Washington State sediment quality standards (SQS) (at a mean of 7 μg/kg dw) because of the
clean material placed, achieving its goal of immediately reducing PCBs to below pre-dredge
surface sediment concentrations. Subsequent years have shown a slight increase in the PCBs
concentrations (Stern et al. 2009). The slight increase is likely due to resuspension of the
surrounding sediments and by deposition of upstream and lateral load contributions according
to the inputs to the area used in the sediment transport model. A comparison of the 2008 and
2009 total PCB averages of 8 and 5 mg/kg oc, respectively, to the 2003 pre-dredging/capping
average of 46 mg/kg oc (almost a six-fold decrease) demonstrates that EMNR continues to
maintain exposures below the SQS.
Based on diver probing surveys conducted in April 2009, the thickness of the EMNR sand layer
exhibited a minor decrease from 2006 to 2009. The estimated thickness of the EMNR sand layer
ranged between 5 and 10 inches, while 1 to 8 inches of silt were observed to have accumulated
on the surface of the EMNR layer. When silt and sand are considered together, the average
thickness was 12.8 inches (Anchor QEA 2011). These results are consistent with deposition and
bioturbation processes as originally anticipated in the EMNR area, but also indicate the
presence of a stable surface over a period of time. Post-placement bathymetric monitoring was
also conducted and nearly all of the Duwamish Diagonal cleanup area exhibited sediment
deposition over the 5-year period following completion of the EMNR remedy.
5.1.2.1 EMNR Technology Summary
EMNR has sufficient merit and has been sufficiently demonstrated in sediment remediation
projects elsewhere to carry this technology forward in developing remedial alternatives. EMNR
may be applied to areas of the site with lower levels of contamination, net sedimentation, and
no significant erosion concerns. As noted, sedimentation rates will be evaluated further in
remedial design. In the boulder area, the effective sedimentation rate in the sheltered interstices
may be higher than that calculated for the area as a whole. Evaluation of that possibility in
remedial design may determine that the use of EMNR in that area instead of capping is more
feasible than would otherwise be the case.

5.1.3 Removal
Removal is a common and frequently implemented general response action for sediment
remediation nationwide. As discussed in EPA (2005), removal of sediments from an area can be
accomplished either while the area is submerged (dredging) or after water has been diverted or
drained away from the area (excavation). Mechanical dredging, hydraulic dredging, and
excavation using upland-based equipment are representative process options for removing
contaminated sediments. A site-specific element common to all removal technologies discussed
below is that the nearshore geological structure along the north shore of Bradford Island, which
consists of conglomerate boulders from an historical landslide, would require careful
consideration of slope stability and an evaluation of need for buttressing or slope-flattening.
5.1.3.1 Mechanical Dredging
A mechanical dredge typically consists of a suspended or manipulated bucket that “takes a
bite” of sediment and raises it to the surface via a cable, boom, or ladder. The sediment is
deposited on a haul barge or other vessel for transport to a disposal site. Under suitable
conditions, mechanical dredges are capable of removing sediment at near in-situ densities, with
almost no additional water entrainment in the dredged mass and little free water in the filled
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bucket. Low water content is important if dewatering is required for sediment treatment or
upland disposal.
Clamshell buckets (open, closed, hydraulic-actuated), backhoe buckets, dragline buckets, dipper
(scoop) buckets, and bucket ladders are all examples of mechanical dredges. In order to
maintain production efficiency, clamshell dredges work best in water depths less than 100 feet
(ft), which includes the Site conditions. Nominal bucket capacities (i.e., when full) for
environmental applications typically range from less than 1 cubic yard (cy) to 10 cy. Clamshell
buckets are most effective in consolidated sediments without large obstructions such as debris,
but specialty toothed buckets may be used for sediments containing debris or larger rocks. As
noted above, the structural geology of Bradford Island is key in determining whether
mechanical means may be utilized.
Environmental buckets, or specialty level-cut buckets, offer an advantage of a large footprint, a
level cut, and the capability to remove even layers of sediment. A level-cut bucket reduces the
occurrence of ridges and winnows that are typically associated with removal by conventional
clamshell buckets. Environmental buckets are effective in unconsolidated sediments. They are
not effective when digging in heavier sand or where a significant amount of boulders or debris
may be present.
Mechanical dredging results in sediment excavation with near in-situ density, thereby reducing
the need for substantial ancillary facilities and equipment to process (dewater) wet dredged
material. Mechanical dredging tends to minimize water entrainment by maintaining much of
the in-situ sediment structure; water entrainment ratios of approximately two parts water to
one part dredged sediment are typically achieved. Material may be dewatered on a barge and
then transloaded, transported, and managed at permitted off-site facilities. As a result, upland
sediment processing and water treatment facilities require less acreage to handle mechanically
dredged sediments. The off-site facilities must be authorized to handle wet sediments, and
such facilities are available to projects in this region.
5.1.3.2 Hydraulic Dredging
Hydraulic dredges remove and transport dredged material as a pumped sediment-water slurry.
Large debris is typically removed by clamshell buckets prior to hydraulic dredging of
sediments. Then, sediment is dislodged into the water column by mechanical agitation,
cutterheads, augers, suction, or high-pressure water or air jets. In very soft sediment, it may be
possible to remove surface sediment by straight suction or by inserting the intake into the
sediment without first mechanically dislodging the sediment. The majority of the loosened
slurry is then captured by suction from pumps into an intake pipe and transported through a
dredge discharge pipeline to a handling/dewatering facility.
Hydraulic dredging requires substantial ancillary facility acreage and equipment to process
dredged sediments (dewatering) and to treat the wastewater before discharge. Hydraulic
dredging entrains tremendous volumes of water, typically at 8 to 10 parts water to 1 part
dredged sediment. As a result, the upland area requirements to support sediment and water
handling for hydraulic dredging are significantly greater than for mechanical dredging to
handle the same volume of dredged sediment. In addition, the facilities handling the slurry
need to be placed as close as possible to the dredging operations to enable effective pumping
from the site.
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A diver-operated, hand-held, hydraulic dredge was selected for use at the Site in 2007 to
remove materials under or around large boulders and cobbles. It is believed that conventional
dredging equipment could not be used due to the hardness of the bottom. However, as noted
in prior sections of this report, this method did not address deeper contamination among the
conglomerate boulders on the shallow bench areas. Diver-directed dredging is also difficult due
to limited diver visibility and safety concerns for a diver potentially exposed to physical
hazards such as rock movement as well as to resuspended contaminants. The 2007 dredging
had a low production rate. The presence of boulders and/or debris limits the effectiveness of a
diver-operated hydraulic dredge. In particular, on the benches nearest the island that consist of
boulders with interstitial sediments, hydraulic dredging may not be able to penetrate to depths
needed to remove all contaminated sediment without first removing the rocks by mechanical
means. Incomplete removal of contaminated sediments using a diver-operated hydraulic
dredge has previously been demonstrated at this Site, and thus, if applied, capping would likely
still be required following dredging.
5.1.3.3 Dry Excavation
Dry excavation using barge-mounted or upland-based precision excavators refers to the
removal of sediments in the absence or limited extent (e.g., a few feet) of overlying water. A
fixed-arm, articulated arrangement of the precision excavators pushes the bucket into the
sediment to the desired cut level without relying on the weight of the bucket for penetration.
Engineered dewatering of an excavation area can also be undertaken to enable dry excavation.
Dewatering methods include the use of earthen dams or sheet piling, often in combination with
dewatering pump operations.
Upland-based removal of sediment using precision excavators can be employed on exposed
shoreline where access is feasible. To avoid the need for extensive upland dewatering treatment
facilities, this FS assumes that upland-based excavation is limited to shallow elevations only.
Such a condition may occur near the eastern end of Bradford Island, but this area consists of
rocky, boulder substrate. However, should evidence emerge of contamination that needs to be
addressed on the steep slopes above the water, which is not the case at present, this procedure
might be utilized.
5.1.3.4 Dredge Residuals
All in-water removal operations result in the release of a portion of the contaminants in the
material being dredged and will leave behind some level of residual contamination in the
sediment after dredging is complete (USACE 2008). Resuspension of sediments occurs when a
dredge and associated operations dislodge bedded sediment particles and disperse them into
the water column. These resuspended sediments either settle back near the point of dredging
(contamination “residuals”), or are transported by currents farther afield (“releases”). Releases
also occur as a result of dissolution of contaminants into the water column and, in some cases,
through volatilization. Resuspension during dredging is affected by factors such as the type and
size of dredging equipment, level of operator skill, positioning of equipment used during
dredging, dredge operation sequencing, depth of dredge cut, type and volume of debris
encountered, and the substrate type and bottom topography. Resuspension, releases, and
residuals can be estimated and monitored.
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Resuspension, releases, and residual contamination can result from various causes that can be
grouped in two categories:
•

•

Undisturbed residuals are contaminated sediments found at the post-dredging surface
that were not fully removed. The causes of undisturbed residuals include:
o

Incomplete characterization of depth-of-contamination in the remedial design,
resulting in previously undocumented contaminated sediment being left in
place.

o

Inaccuracies in meeting the target dredge design elevation, resulting in
contaminated sediment being left in place.

o

Furrows or ridges created by incomplete horizontal removal also leaving
contaminated sediments in place.

Generated residuals are contaminated post-dredging surface sediments that are
dislodged or suspended by the dredging operation and subsequently redeposited on the
bottom of the water body. Causes include:
o

Material resuspended by the bucket (mechanical dredging) during its bite or by
the dredge cutterhead (hydraulic dredging) during its pass.

o

Material resuspended outward by the auger or cutterhead, beyond the influence
of the pump suction.

o

Vertical positioning of the auger or cutterhead at too great a cut depth, resulting
in material riding over the dredge head.

o

Material adhering to the outside of the bucket and washed off on its upward
travel through the water column, then settling back down to the bottom.

o

Material dripping from a partially closed or overfilled bucket on its upward
travel through the water column, then settling back down to the bottom.

o

Turbid flow or sloughing of material from steep cut-banks, spreading sediment
from adjacent areas over the top of areas where dredging was completed.

o

Release of sediment contaminants dissolved in porewater when sediment is
disturbed during dredging.

The nature and extent of dredging residuals dislodged or suspended by a dredging operation
can be uncertain. Most projects have based their post-dredging residual concentration on
monitoring of a specified superficial sediment thickness (e.g., 0 to 10 centimeters [cm] below
mudline). By comparing the monitored thickness to the average concentration in the final
production cut profile, it is possible to estimate the amount of residuals that will be generated
by the project (USACE 2008).
Palermo and Patmont (2007) performed mass balance calculations for 11 project sites, estimating
that generated residuals represented approximately 2 to 9% of the mass of contaminant dredged
during the last production cut. The available data suggest that multiple sources contribute to
generated residuals, including resuspension, sloughing, fall back, and other factors. However,
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on a mass basis, sediment resuspension from the dredge operations appears to explain only a
portion of the observed generated residuals, suggesting that other sources such as cut-slope
failure and sloughing could be quantitatively more important. The study also indicated that the
presence of hardpan/bedrock, debris, and sediment with relatively low density results in
higher generated residuals.
Numerous case studies (USACE 2008) have shown that the spatial extent of dredge residuals
can extend beyond the footprint of the dredge prism. For this reason, residuals monitoring and
management provisions that address adjacent areas as well as the dredge prism will be
included in the remedial design phase.
Dredge monitoring studies conducted over the last 13 years have estimated the rate of
resuspension at 2 to 5% of PCBs by mass downstream (or as residuals) compared to the mass of
material contained in a dredge prism. Most of the release is in the bioavailable dissolved form
(USACE 2008a). Some loss of material is expected at all dredging sites regardless of the specific
dredging process options, engineering controls (e.g.; silt curtains, barriers), and best
management practices used during dredging.
5.1.3.5 Removal Technology Summary
Removal of large surface rocks plus sediments off the north shore of Bradford Island may be
possible by mechanical means. However, removal of large materials would likely result in
residuals and releases of PCBs or other contaminants, whether during removal of the large
objects or in subsequent removal of underlying contaminated sediments. Dredging of sediments
contaminated with PCB-bearing oils led to extensive PCB releases which were not associated
with solids releases during Phase 1 of the Hudson River cleanup (Louis Berger Group, Inc.
2010); sheens were identified during oversight. Silt curtains were not deemed to be effective at
containing contamination at the Site during the earlier equipment removal, due to inability to
adequately anchor. Neither do silt curtains affect dissolved contamination releases. Therefore,
removal of boulders or sediments with PCB-bearing oils, which would likely result in
significant release of PCBs, is not recommended and is not carried forward in this FS. There are
also potential structural concerns, as removal of boulders might destabilize the existing slopes
which were derived from historical landslide-placed materials. Placement of removed boulders
at the toe of the slope could be considered, to armor and stabilize the slope as dredging
progresses and mitigate the risk of slope failure.
Conventional dredging equipment would likely be unable to access and remove materials
under or around the large conglomerate boulders and rocks that compose the river bottom on
portions off the north side of Bradford Island. However, conventional dredging may be
appropriate for areas off the south side of Bradford Island. Diver-operated hydraulic dredging
is a technically implementable removal process option. However, the removal action completed
in 2007 consisted of diver-operated hydraulic dredging. The removal action was ultimately
unsuccessful, likely because of a secondary source of contamination that is suspected between
and beneath the large boulders and rocks near the eastern edge of the island. The diver was
unable to access and remove materials between and beneath the boulders and rocks. An
additional diver-operated dredging effort may remove contaminated sediments from boulder
surfaces, but residual sediments with high PCB concentrations between and under the boulders
would likely remain after dredging (as was the case on Grasse River Superfund Site; USEPA
2013a). Thus, any alternative involving removal in the source area via diver-operated dredging
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would require other GRAs, such as containment in the form of a cap, to address the remaining
areas of contamination. At this time, there are no apparent advantages of removal in the source
area prior to implementing other GRAs, though potential advantages may be reevaluated in
remedial design.
Mechanical or hydraulic dredging may be implementable in some areas. Offshore areas to the
north, west, and south of Bradford Island areas contain fewer large obstructions (based on
observations during the RI sampling; URS 2012), so sediment might be more easily dredged.

5.1.4 Treatment Technologies
Treatment technologies include in-situ and ex-situ options. In general, in-situ treatment
technologies are based on methods that have been successfully implemented as full-scale ex-situ
technologies (e.g., biological, stabilization, chemical, etc.). However, in-situ treatment
techniques are less energy-intensive, less expensive, and less disruptive to the environment
than conventional treatment technologies. As discussed in EPA (2005), in-situ treatment (via
stabilization or immobilization) is an innovative sediment remediation approach that can
involve introducing sorbent amendments such as activated carbon into contaminated sediments
to alter sediment geochemistry and increase contaminant binding, reducing sediment
porewater concentrations and bioavailability for uptake by benthic organisms, and resulting in
reduced potential contaminant exposure risks to people and the environment. Motivated by
encouraging bench-scale results, similarly promising in-situ treatment pilot-scale field trials
have recently been completed at a wide range of sites in the United States and Europe,
demonstrating the efficacy of full-scale in-situ sediment immobilization treatment technologies
(Ghosh et al. 2011). In-situ treatment, particularly via direct amendment of the surface
sediments with AC, has proven effective in reducing the bioavailability of a range of sediment
contaminants, including PCBs, PAHs, dioxins/furans, DDx, and mercury. Based on these data,
application of in-situ treatment technologies is currently being planned at other Superfund
sediment sites, and these technologies may also be applicable to this Site.
In-situ treatment options with potential applicability to the Site are physical immobilization by
amendment of materials to enhance sorption capacity of the natural sediments. To date, in-situ
treatment of sediments has been mostly by amendment with activated carbon or organoclay in
pilot- and full-scale sediment remediation projects. Activated carbon is obtained by heating a
carbon source, often coconut shells, to increase the sorptive surfaces. Organoclay is obtained by
converting a hydrophilic clay to a hydrophobic clay using a surface modification agent through
the ion-exchange reaction. However, other amendments can be used for the modification of
natural sediment sorption capacity. For example, natural minerals such as apatite, zeolites, or
bauxite, refined minerals such as alumina, or engineered sorbents can be added for the
sequestration of metals and/or metalloids; ion exchange resins can be added for the
replacement of metals and/or inorganic contaminants with amines or other functional groups;
zero-valent iron can be amended for dechlorination of PCBs; and lime can be added for pH
control. Multifunctional amendment blends may also be used to address complex contaminant
mixtures in sediments, and may enhance overall sorption capacity.
Ex-situ treatment is a component of a sediment remediation process train that requires removal
before treatment occurs, followed by disposal or beneficial use of the treated materials.
Treatment can be defined as any process, manufactured or naturally occurring, which causes
the destruction or reduction in toxicity, mobility, or volume of contamination in a given media.
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Ex-situ treatment options with potential applicability to the Site are physical immobilization by
solidification or treatment by thermal, soil washing, or solvent extraction techniques.
5.1.4.1 Direct Amendment with Activated Carbon or Organoclays
The two most common types of materials for in-situ amendment to or capping of the bioactive
surface layer of sediment are activated carbon and organoclays. Hydrophobic organic
contaminants (e.g., PCBs) from sediment bind strongly to activated carbon particles, which not
only reduces the sediment contaminant concentration and the bioavailability to benthic
organisms; this also reduces contaminant flux into the water column (Ghosh et al. 2011). Thus,
accumulation of contaminants in the aquatic food-chain is reduced (Beckingham and Ghosh,
2011). Of the two amendments, activated carbon has received more testing and evaluation than
organoclays, particularly with respect to sediment remediation, likely because the sorption
capacities for PCBs in activated carbon are at least an order of magnitude higher than in other
sorbents (Ghosh et al. 2011). Organoclays have received attention largely in the context of
addressing dense, non-aqueous phase liquids (DNAPLs) (Bullock 2007, Reible and Lampert
2008). Such DNAPLs, though, have not been observed in the Bradford Island River OU
sediment.
Based on promising laboratory results, beginning in 2006, several field demonstrations of
activated carbon placement were implemented in the United States and Norway.
•

Hunter’s Point Naval Shipyard (San Francisco, California)

•

Lower Grasse River (Massena, New York)

•

Trondheim Harbor (Norway)

•

Bailey Creek, U.S. Army Installation (Virginia)

•

Canal Creek, Aberdeen Proving Grounds, U.S. Army Installation (Maryland)

The following subsections provide brief summaries of two relevant field demonstrations.
Hunter’s Point Naval Shipyard (San Francisco, California)
Beginning in January 2006, a large field demonstration of activated carbon via direct
amendment was conducted in a shallow tidal flat of the South Basin adjacent to the former
Naval Shipyard at Hunter’s Point in San Francisco Bay (Cho et al. 2009). Activated carbon was
incorporated into sediment to a nominal 30 cm depth during a single mixing event; the
measured activated carbon dose averaged 2.0 to 3.2 percent by weight. Activated carbon
amendment did not increase sediment resuspension or PCB release into the water column.
Macro benthic community composition, richness, and diversity were not adversely impacted.
Field deployed passive samplers showed about 50% reduction in PCB uptake in AC-treated
sediment. After 18 months, field-exposed activated carbon retained a strong stabilization
capability to reduce aqueous equilibrium PCB concentrations by about 90%, supporting the
long-term effectiveness of activated carbon in the field.
Lower Grasse River (Massena, New York)
Pilot field studies were initiated in September 2006 to evaluate the ability to deliver activated
carbon slurries to in-place sediments and assess the effectiveness of this approach in reducing
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the bioavailability of PCBs in sediments and biota in the Lower Grasse River in Massena. The
Lower Grasse River pilot project demonstrated that activated carbon can be successfully applied
to river sediments with minimal impact to water quality within the river. Post-construction
monitoring revealed that the activated carbon is stable in the fine sediments and has
significantly reduced PCB bioavailability (80-90% reduction in PCB tissue concentrations). Batch
equilibrium experiments showed that aqueous phase PCB concentrations in surface sediments
have been reduced on average by more than 95% at activated carbon doses of 2% sorbent-tosediment by weight, or greater. In-situ and ex-situ biological uptake studies showed 80 to 90%
reductions with an activated carbon dose greater than 2%.
5.1.4.2 Soil Washing
Conventional soil washing uses readily-available material handling unit processes to separate
sediment particles, typically into coarse (sand and gravel) and fine (silt and clay) fractions.
Advanced soil washing combines the physical separation aspects of conventional soil washing
with additional treatment, such as the addition of surfactants or oxidants to the fine fraction of
the material. Soil washing is a wet process that generates wastewater that requires treatment
and discharge. The washed coarse fraction may be suitable for in-water placement as a cap, as
enhancement material used in EMNR, as material feedstock for other industrial or
manufacturing applications (e.g., concrete or asphalt manufacture), etc. The finer fraction,
which has higher concentrations of contaminants, is typically dewatered, transported, and
disposed of in a permitted upland landfill. The ideal outcome of soil washing is a reusable
coarse fraction and a reduced volume of contaminated material requiring additional treatment
or disposal.
If the soil washing location is on-site, all substantive permitting requirements would be
complied with, and all procedural and environmental review requirements would be waived. If
the soil washing location is off-site, all necessary permits would need to be obtained. Permits
would also be required for any off-site disposal of treated waste streams, such as placement of
treated material as off-site fill or off-site discharge of wastewaters to a sanitary sewer.
•

Full-scale soil washing of PCB-contaminated sediments has been successfully
implemented at the following Superfund sites (Estes and McGrath, 2014):

•

Fox River Operable Unit 1 (Wisconsin) - Conventional Soil Washing

•

Hudson River (New York) - Conventional Soil Washing

•

Raritan River, Arthur Kill, and Passaic River (New Jersey) – Advanced Soil Washing

•

Ex situ treatment is not expected to be necessary, but soil washing is retained in the
event that dredged sediment concentrations exceed disposal criteria.

5.1.4.3 Solvent Extraction
Solvent extraction is an ex-situ physical process that uses chemical solvents under controlled
pressure and temperature conditions to separate contaminants form soil and sediment, thereby
reducing the overall volume of the hazardous waste to be treated (USEPA 1998). Solvent
extraction is different from soil washing systems in that it uses a non-aqueous extracting
chemical instead of water containing additives to separate contaminants from the solid matrices
(USEPA 1993). The solvent extraction process consists of four basic steps: extraction, separation,
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desorption, and solvent recovery (USEPA 1994). The extraction step involves mixing the
sediment/soil slurry with solvent. The solids are then separated either by filtration or gravity
settling. Separated solids retain some solvent that must be removed by thermal desorption.
Contaminant-laden solvent and solvent vapors removed during desorption are transferred to a
distillation system. Condensed solvents are normally recycled to the extractor. The product
contains high boiling point contaminants (e.g., PCBs) and is recovered for future treatment or
disposed of as hazardous waste.
Solvent extraction technologies have been selected as the remedial action for PCB-contaminated
soils or sediments at the following four Superfund sites (USEPA 2012):
•

Arctic Surplus (Fairbanks, Alaska)

•

Arrowhead Refinery Co. (Hermantown, Minnesota)

•

Carolina Transformer Co. (Fayetteville, North Carolina)

•

Idaho National Engineering Laboratory (Idaho)

•

Ex-situ treatment is not expected to be necessary, but soil washing is retained in the
event that dredged sediment concentrations exceed disposal criteria.

5.1.4.4 Solidification
Solidification involves mechanical blending of contaminated sediment with an agent such as
cement, cement kiln dust, or absorbent polymers to reduce the moisture content of dredged
sediments and reduce the leachability of contaminants. These agents react with moisture in the
contaminated sediment and may produce a material that is structurally improved and can
effectively reduce leachability of contaminants. Contaminants are not destroyed by
solidification, so solidified sediment would still require transport to a landfill for disposal. The
major regional landfills (Waste Management in Columbia Ridge, OR and Republic Services in
Roosevelt, WA) are able to receive contaminated wet sediment at their sites in truck and rail
containers without requiring material to pass a Paint Filter Test (USEPA 2008). The containers
are lined to prevent loss of material during transport. Solidification may be required if, for
example Toxic Substances Control Act levels of PCBs (> 50 mg/kg of sediment) are generated.
Sediment PCB concentrations are all below 50 mg/kg, so solidification is not expected to be
necessary. However, it is retained in the event that dredged sediment concentrations exceed
disposal criteria.
5.1.4.5 Thermal Treatment
Thermal treatment involves the ex-situ elevation of the temperature of dredged sediment to
levels that either volatilize the organic contaminants (to be collected and combusted later) or
directly combust the contaminants. Thermal treatment has not been required for regional
projects with Toxic Substances Control Act regulated levels of PCBs (greater than 50 mg/kg),
but solidification and offsite shipment has.
A number of different system configurations and operating principles have been developed and
are available in the marketplace (e.g., high temperature thermal desorption, incineration, etc).
Thermal treatment systems are generally effective for destroying a broad range of organic
compounds. Thermal treatment facilities are not available either locally or regionally.
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Therefore, dredged sediment would need to be transported out of state (either to Idaho or Utah)
to utilize an existing facility. Alternatively, a temporary on-site (i.e., adjacent to the Columbia
River or on Bradford Island) facility is technically feasible to consider but may not be costeffective. Implementability considerations include general siting considerations and obtaining
local permits.
Toxicity testing would be needed to ascertain whether treated sediment would have properties
suitable for supporting benthic productivity before in-water disposal of the treated material
would be allowed. Thermal destruction processes also require monitoring and management of
air releases of hazardous constituents, such as dioxins/furans. Dioxins/furans can be created
and released in air emissions from some thermal treatment processes, and fulfilling all
substantive permit requirements can be difficult and can affect implementability of on-site
thermal treatment.
Cement-Lock® Technology is a thermo-chemical manufacturing process that decontaminates
dredged material and converts it into Ecomelt®, a pozzolanic material, which when dried and
finely ground can be used as a partial replacement for Portland cement in the production of
concrete. In the Cement-Lock® process, a mixture of material and modifiers is charged to a
rotary kiln at high temperatures, which yields a homogeneous melt with a manageable
viscosity. All nonvolatile heavy metals originally present in the sediment are incorporated into
the melt matrix via an ionic replacement mechanism. The melt then falls by gravity into water,
which immediately quenches and granulates it. The resulting material, Ecomelt®, is removed
from the quench granulator by a drag conveyor. Preliminary pilot-scale results have shown that
organic contaminants are partially destroyed, and inorganics (e.g., metals) are encapsulated
within the Cement-Lock® matrix (i.e., Ecomelt®). Although the thermal technology is effective
at destroying organic contaminants and immobilizing metals, some metals remain leachable
(USACE 2011). The Cement-Lock® cement product passed the EPA’s Toxicity Characteristic
Leaching Procedure test for priority metals. The technology was recently demonstrated at a
pilot-scale level for sediments dredged from the Stratus Petroleum site in upper Newark Bay
(NJ) in 2006 and from the Passaic River (NJ) in 2006 and 2007. However, both demonstrations
experienced equipment-related problems and were terminated (GTI 2008). In these studies, the
Ecomelt® product samples showed an average reduction in PCB concentrations from 2,800
μg/kg dw (pretreatment) to 0.2 μg/kg dw (post-treatment), with a PCB mass found in the offgas stream of 0.01% of the incoming sediment PCB mass, for an overall 99.9% of mass (not
including the 30% of input mass adsorbed by the carbon bed) unaccounted for and presumed
destroyed.
Ex situ treatment is not expected to be necessary, and thermal treatment is likely more
expensive than soil washing or solidification. Therefore, thermal treatment is not retained.
5.1.4.6 Treatment Technology Summary
Application of activated carbon or organoclays to sediments to reduce bioavailability is retained
as a viable in-situ treatment technology for the site. The technology can be considered in various
ways from stand-alone applications to enhancements of other technologies (e.g., amending cap
materials or incorporating into media used for EMNR). In-situ treatment could also prove to be
an essential tool of adaptive management (e.g., as a contingency for remedial action areas that
are not progressing as expected).

5-14

The period over which in-situ treatment remains effective is an important consideration during
remedial design. Design life will be evaluated during Remedial Design, and will likely influence
decisions on the type (e.g., source and type of carbon), amount of amendment used (i.e., design
safety factor), and the potential need for replenishment. Physical stability and chemical activity
(e.g., adsorption capacity) over the long term are the most important design life factors. For
example, activated carbon and other charcoals created under high-temperature conditions are
known to persist for thousands of years in soils and sediments, and both laboratory studies and
modeling evaluations indicate promising long-term physical stability of the amendment
material and chemical permanence of the remedy (Ghosh et al. 2011). Empirically-derived
contaminant concentration data and modeling simulations show that in-situ treatment can
reduce bioavailability over the long term where contaminant loading (mass transfer) from
groundwater, surface water, and newly deposited sediments is low. The composition of in-situ
treatment will depend on additional evaluation during remedial design; it may include carbon
amendments, habitat mix, and/or scour mitigation specifications to increase stability and
enhance habitat.
Soil washing and solidification are retained as viable ex-situ treatment technologies for this site,
but ex-situ thermal treatment is not believed to be feasible or required.

5.1.5 Disposal/Reuse of Contaminated Sediment
Disposal is the final component of a sediment remediation process train that starts with removal
and ends with placement (disposal) in a facility where potential environmental impacts are
monitored, controlled, and limited. This process train can also include ex-situ treatment
between removal and disposal. Disposal can either be within an in-water disposal facility
specifically engineered for the sediment remediation, (i.e., in a confined aquatic disposal [CAD],
a nearshore contained disposal facility [CDF]), or within an upland landfill disposal facility
such as an operating commercial landfill. Open-water disposal is also a process option for
dredged material that meets criteria in the Sediment Evaluation Framework for the Pacific
Northwest (RSET 2016). Beneficial reuse is often preferred to disposal, where feasible, although
application can be limited by physical characteristics or contaminant concentrations.
5.1.5.1 On-site Disposal
CAD and CDF are two potential on-site process options for disposal of dredged sediment. Both
disposal options confine contaminated sediment with an engineered structure. These options
differ primarily in location or setting: CAD facilities are located within a water body and CDFs
are located nearshore or upland.
CAD Sites
Although a proven technology, CAD implementation is constrained in the Columbia River.
Material is typically placed in horizontal layers, which requires locating the CAD site in a
relatively flat area or depression to minimize excavation quantities during construction, and to
prevent spread of contaminated sediment downslope. An advantage of CAD over upland
disposal is that the overall project dredging production rate can be significantly accelerated
because dredged sediment can be placed directly into bottom-dump barges for rapid movement
to and placement into the CAD. Dredging would not be subject to the production rate
constraints associated with transloading and transportation to a landfill. As result, the overall
period of short-term dredging impacts could be reduced through use of CAD. The FS assumes
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that it would be difficult to obtain agreement from the states of Washington and Oregon to
place a CAD in the Columbia River at or near this Site.
CDF Sites
Nearshore or upland CDFs are technically feasible options for the disposal of forebay dredged
material. However, the FS assumes that numerous hurdles would need to be overcome. Some of
these hurdles include: identifying suitable available land/water sites for acquisition, providing
compensatory habitat mitigation for lost aquatic habitat, and demonstrating appropriate
economic development purposes for the upland facility in accordance with the Clean Water Act
Section 404(b)(1) guidelines.
5.1.5.2 Off-site Disposal
A regional Subtitle C landfill (Waste Management, Inc. located in Arlington, Oregon) is
available to receive material that exceeds relevant RCRA- or TSCA-based limits should such
material be encountered during remediation. Two regional Subtitle D landfills are located in the
region: Waste Management, Inc. in Columbia Ridge, Oregon and Republic Services in
Roosevelt, Washington. Both facilities are permitted to receive wet sediment (i.e., sediments that
do not pass the paint filter test). These existing Subtitle C and D landfills are retained as
representative disposal process options for remedial alternatives that call for sediment removal
with disposal in an upland landfill.
5.1.5.3 Open Water Disposal
Open water disposal may be considered in the remedial design phase for the following material
if the sediment is demonstrated to achieve applicable criteria for open water disposal: (a) the
clean sand fraction from conventional soil washing; (b) suitable material dredged during
construction of a CAD facility; or (c) suitable material, if any, dredged under some alternatives
in this FS.
5.1.5.4 Beneficial Use of Sediment (Clean and Treated)
Beneficial use of dredged sediment generated from the Site would be preferred to its disposal,
where feasible. However, contaminated and untreated sediment would not be suitable for
direct use applications. Any potential in-water beneficial use application would need to meet
associated material specifications to ensure an appropriate match between physical, chemical,
and biological material properties and functionality in the aquatic environment.
Capping and/or EMNR materials (sand, gravel, and rock) may be purchased from upland
sources, and this is the basis for cost estimation purposes in later sections. However, the
remedial design process should consider the use of navigation-channel dredged materials
determined suitable for beneficial use application as an alternative to upland-sourced materials.
Significant administrative issues (including timing, contracting, and administrative approvals)
are associated with procuring these dredged materials. Given the nature of Civil Works
funding, it seems likely that the schedule and estimated quantities for channel maintenance
activities is available for at least a few years in the future. Given the potentially significant cost
savings for both projects (a navigation project and this remediation project), schedule
coordination would be highly recommended even if it resulted in delay of remedy
implementation for some period. Given the presence of the regional background contamination,
there may not be a significant short-term risk impact associated with the delay of the
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remediation project while waiting for materials from a navigation project. As part of the
remedial design, consideration should be given to overbuilding the cover with navigation
dredge spoils and then periodically replacing as necessary as the thickness is reduced by the
winnowing or erosion of fines. It is likely that, depending on the gradation of the placed
material, winnowing of surficial and near-surface fines could create a coarser grained armor on
the placed material that would stabilize deeper portions of a cover. There could be substantial
cost savings associated with application of navigation-dredge sediments.
For contaminated sediments dredged as part of a cleanup action, treatment would be required
before possible beneficial use. Treatment by soil washing followed by beneficial use of the sand
fraction may be more cost-effective than treatment followed by disposal. The coarser product
(processed material that has achieved target levels established for the project) from a soil
washing process could potentially be reused for capping, habitat restoration, or grade
restoration elsewhere in the region. The sand produced from a soil washing process could also
be reused in the uplands as construction fill or as material feedstock for other industrial or
manufacturing applications (e.g., concrete or asphalt manufacture). Depending on the end use
and associated exposure potential, it is unknown whether the treated sand fraction would
achieve appropriate chemical criteria for all contaminants. Upland beneficial use would also
require resolution of legal issues related to material classification, antidegradation, and
potential liability. Remedial alternatives that include soil washing assume that the disposal of
washed materials could result in: (1) upland use as fill with little or no associated value or
disposal cost; (2) open water disposal with a comparatively low cost; or (3) landfill disposal at
comparatively high cost.
(It is possible that suitably clean dredged sediments from offsite channel-maintenance sources
could be used to provide beneficial-use material for either EMNR or capping in areas of the Site.
However, as noted elsewhere, this FS assumes imported borrow materials would be used for
this purpose as availability of such materials is uncertain until timing of the Remedial Action is
determined.)
5.1.5.5 Disposal/Reuse Technology Summary
Off-site and open water disposal/reuse process options are retained in this FS. There are
significant administrative hurdles involved for some disposal process options (e.g., CAD, CDF,
beneficial reuse, open water disposal). An evaluation of open water disposal could occur during
remedial design. Given the contaminated nature of the dredge spoils, such a disposal site would
almost certainly require Clean Water Act Section 404 permitting and would likely face difficulty
meeting water quality standards if dredged sediments are placed in the river or a hydraulically
connected disposal area. If RCRA-based contaminants are identified in the post-dredging
confirmation sampling (in addition to the PCBs), then additional permitting may be required
for a disposal unit unless it is established on site within the area of contamination. Given the
nature of the facility, it is unlikely that establishment of such a depositional area within the
defined site would be possible. Thus, while open water disposal and reuse process options are
retained for further evaluation in Remedial Design, off-site disposal is considered the likely
disposal/reuse technology for this remediation.
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5.1.6

Capping

As described in EPA (2005), capping refers to the placement of clean material over
contaminated sediment. Capping is a well-developed and documented in-situ remedial
technology for sediment that isolates contaminants from the overlying water column and
prevents direct contact with aquatic biota. Caps are generally constructed of granular material,
such as suitable fine-grained sediment, sand, or gravel, but can have more complex designs.
Caps are designed to reduce potentially unacceptable risk through: 1) physical isolation of the
contaminated sediment to reduce exposure due to direct contact and to reduce the ability of
burrowing organisms to move contaminants to the surface; 2) stabilization of contaminated
sediment and erosion protection of sediment and cap to reduce resuspension and transport to
other sites; and/or 3) chemical isolation of contaminated sediment to reduce exposure from
contaminants transported into the water column. Caps may be designed with different layers
(including innovative “active” capping layers that provide treatment) to serve these primary
functions or in some cases a single layer may serve multiple functions.
The ability to implement capping technology is influenced greatly by physical constraints and
engineering design. Capping may be suitable in areas where it is impractical to remove all of
the contaminated material because of stability concerns. If capping is chosen as part of the
selected remedial alternative, bathymetric, hydrodynamic, slope stability, and biological
conditions, as well as potential future land use would need to be considered. An engineered cap
design specifies material types, gradation, thickness, armoring requirements, design elevation
ranges, placement requirements, and other design parameters.
5.1.6.1 Conventional Sand/Sediment and Armored Caps
Conventional capping generally involves the use of natural, largely inert materials in a looseplaced form for physical and chemical isolation. Sand or similar granular material is often
considered the first choice for conventional capping and primarily provides a physical isolation
barrier to sediment transport and bioturbation. Conventional sand and sediment caps are
effective for contaminants with low solubility and high sorption where the main concern is
resuspension and direct contact. Other natural materials may be employed, including reuse of
sediments or soils from nearby locations. Often, these natural materials contain more fined
grained materials, which may aid in reducing the permeability of the cap. These materials may
also contain organic matter, which can improve the retention and retardation of organic and
inorganic contaminants. Sediment caps are generally more effective than sand for containment
of contaminants with high solubility and low sorption; sediments may contain silts or clays
which have lower permeability, and thus, are effective at limiting contaminant diffusion. There
are many examples of the use of conventional caps at NAPL- or PCB-contaminated sites
(USEPA, 2005), including:
•

Hylebos Waterway (Tacoma, Washington)

•

Duwamish Waterway/Diagonal Combined Sewer Overflow (Seattle, Washington)

•

Pacific Sound Resources (Seattle, Washington)

•

Wyckoff/Eagle Harbor (Bainbridge Island, Washington)

•

Convair Lagoon (San Diego, California)
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Capping in higher energy areas where cap erosion is a significant concern can be made
technically feasible by the use of armoring techniques (e.g., armor stone layer) or selection of
erosion-resistant capping materials.
5.1.6.2 Composite and Reactive Caps
A composite or reactive cap may be an appropriate design solution in situations where:
•

Standard sand capping would require excessive thickness for containment of a specific
COC.

•

Contaminant migration necessitates reducing contaminant flux more than what is
achievable with native capping materials.

•

A reduced cap thickness is needed in navigation-constrained areas to avoid dredging.

Reactive cap technology refers to including reactive amendments in the granular cap material or
in manufactured mats. The amendments are selected based on their ability to adsorb or react
with contaminants migrating through the cap strata. Activated carbon, bentonite, apatite,
AquaBlok™ (a commercial product designed to enhance contaminant sequestering through
organic carbon amendments to the cap, and to reduce permeability at the sediment-water
interface), and coke are examples of reactive amendment materials that have been investigated
at the demonstration level or in full-scale applications. The need for and type of amendment
will be evaluated for specific project areas during remedial design; data requirements for
remedial design may be different between conventional and thin-layer caps. The following
paragraphs describe examples of composite or reactive cap demonstration level or full-scale
application projects.
Activated Carbon-amended Sand Caps (various sites)
Sand with a carbon amendment has been used in caps at the Upriver Dam PCB Sediments Site,
Spokane River, Washington (Anchor 2006a); Olympic View Resource Area, Tacoma,
Washington (Hart Crowser 2003); and Slip 4 Early Action Area, Seattle, Washington (Integral
2010).
Organoclay Cap (Willamette River, Portland, Oregon)
In 2004, as part of the cleanup of the McCormick and Baxter Superfund site, the east bank and
bed of the Willamette River were capped with sand, organoclay, and armoring to contain high
concentrations of COCs, including pentachlorophenol (PCP), creosote, and arsenic (ODEQ
2005). The cap consists of a 2-foot thick layer of sand over most of the cap footprint. In several
more highly contaminated areas, the cap consisted of a 5-ft thick layer or sand. Approximately
131,000 tons of sand was placed. In NAPL seep areas, the cap incorporated nearly 600 tons of
organoclay to prevent breakthrough of NAPL through the cap. The sediment cap design
incorporated different types of armoring to prevent erosion of the sand and organoclay layers;
the specific armoring material and where it was installed was dependent on the expected
hydraulic and physical environments. The Third Five-Year Review Report (ODEQ and EPA
2011) concluded that the remedy for the sediment operable unit (OU) was protective of human
health and the environment because the remedy was functioning as intended by the Record of
Decision (ROD).
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AquaBlok® (Anacostia River, Washington, D.C.)
AquaBlok ® is a particulate material composed of an aggregate core covered by a clay and
polymer coating. The material is generally applied as a dry product through the water column
to the surface of contaminated subaqueous sediments, which then hydrates to form a
continuous, impermeable isolation cap. The effectiveness of Aquablok® as a sediment capping
technology was evaluated in a demonstration project in the Anacostia River in Washington, D.C
(USEPA, 2007). Sediments in the Anacostia River are contaminated with polycyclic aromatic
hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), heavy metals, and other chemicals to
levels that have hindered commercial, industrial, and recreational uses. The overall results of
the demonstration indicate that AquaBlok® is highly stable, and more stable than the
traditional sand capping material even under very high bottom shear stresses. The AquaBlok®
material is more impermeable and potentially more effective at controlling contaminant flux
than traditional sand capping material. Finally, impacts to benthic habitat were generally
similar for AquaBlok® and traditional sand capping material.
Reactive Core Mat/Coke (Anacostia River, Washington, D.C.)
In April 2004, a 1,100 square meter (m2)area of PCB contaminated sediment in the Anacostia
River was capped with a 1.25-cm thick coke-filled reactive core mat (RCM) and covered with a
15 cm layer of sand (McDonough et al, 2006). Twelve 3.1 m x 31 m sections of RCM were placed
in the river and overlain with the sand layer to secure it and provide habitat for benthic
organisms to colonize without compromising the integrity of the cap. Placement of the RCM did
not cause significant sediment resuspension or impact site hydrology. Monitoring results from
2006 indicated that PCB isolation was occurring. The RCM was shown to be an inexpensive and
effective method to accurately deliver thin layers of difficult to place, high value, sorptive media
into sediment caps. Also, RCMs can be used to place granular reactive media that can degrade
or mineralize contaminants, and ongoing research is testing zero-valent iron as an additional
technology to facilitate dechlorination.
Reactive Core Mat/Activated Carbon (Stryker Bay, Duluth, Minnesota)
Stryker Bay in Duluth, Minnesota was heavily contaminated with coal tar and coke (Bell and
Tracy, 2007). Coal tar thickness under the water reached as much as 13 ft in some areas.
Remedial activities, which began in June 2006, included placement of 6 inches of sand cap, 11
acres of activated carbon RCM, and another 6 inches of sand. Long-term monitoring is currently
ongoing. The activated carbon-based RCM allowed the cap thickness to be less than a
traditional sand cap, yet still provided adequate stability and physical isolation.
5.1.6.3 Hard Cap
Generally, a shotcrete cap is an option in intertidal locations where it is difficult to effectively
place a sand cap by conventional means (e.g., where the slope is too steep or overhead
obstructions exist). Shotcrete is typically composed of concrete or mortar and is pneumatically
sprayed from a nozzle at high velocity onto the surface to be coated, during low tide. The
nature of the river bottom may lend itself to shotcrete application, or some other type of hard
capping material. A shotcrete cap was installed during the Todd Shipyards sediment cleanup
(McCarthy and Floyd|Snider 2005). Shotcrete is applied above the water line and is not
amenable to in-water application which would be necessary at the site. However, there are
several hydraulic cements, grouts, and mortars that can be applied underwater (e.g., Sikament®
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100 SC [Sika Corporation U.S.], FX-225 Non-shrink Non-Metallic Underwater Grout [Fox
Industries Engineer Products], Five Star Cementitious Underwater Grout [Five Star Products,
Inc.], Product #8100 Underwater Mortar [Epoxy.com], etc.). These products are capable of being
poured or pumped through water without any wash-out (separation). Typically, underwater
cements, grouts, and mortars are used to place or repair underwater structures such as piles,
columns, beams, bridges, piers, etc, but could be used to isolate contamination from potential
receptors. Implementability and effectiveness of this application of these types of products in an
underwater sediment cap has not been demonstrated. Also, these types of products are not
appropriate for use in habitat areas, though it may be possible to mitigate loss of habitat by
constructing replacement habitat on top of a hard cap if required.
5.1.6.4 Capping Technology Summary
Application of most capping materials discussed above is retained as part of this FS, though
there are some implementability issues for portions of the site. The steep slopes off the north
and east shore of the island (Figure 5-1) and estimated maximum bottom velocities will need to
be considered regarding cap installation and stability near the island. The effect of the steep
slope on cap stability will need to be considered during remedial design. Reactive mats may
also be difficult to install and keep in place on steeper slopes, and may be prone to puncture
due to the rocky nature of the slope and any potential overlying armor layer. Hard capping may
be implementable, (although regrading may be required), but the utility of this approach has
not been demonstrated for sediment remediation and there are unknowns related to installation
and success of hard capping for remediation purposes.

5.2 Land Use Controls
Land use controls generally refer to the engineering and non-engineering measures intended to
affect human activities in such a way as to prevent or reduce exposure to material containing
CERCLA contaminants, often by limiting land or resource use. The National Contingency Plan
(NCP) sets forth environmentally beneficial preferences for permanent solutions, complete
elimination rather than control of risks, and treatment of principal threats to the extent
practicable. Where permanent and/or complete elimination are not practicable, the NCP creates
the expectation that non-engineering (institutional) controls will be used to supplement
engineering controls as appropriate for short- and long-term management to prevent or limit
exposure to hazardous substances, pollutants, or contaminants. It states that institutional
controls may not be used as a sole remedy unless active measures are determined not to be
practicable, based on balancing trade-offs among alternatives (40 CFR 300.430 [a][1][iii]).
EPA recommends that where it may provide greater protection, a combination of multiple land
use controls should be used; this is referred to as “layering.” Land use controls may be an
important part of the overall cleanup at a site whenever contamination is anticipated to remain
following active remediation at concentrations that exceed cleanup levels. Land use controls
may be applied during remedy implementation to minimize the potential for human exposure
(as temporary land use or exposure limitations). These controls may also extend beyond the end
of construction (or be created at that time) or even after cleanup objectives are achieved to
ensure the long-term protectiveness of remedial actions that leave contaminants on site at
concentrations above cleanup levels (as long-term or permanent limitations, e.g., protecting a
contaminant barrier like a sediment cap from being accidentally breached).
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Institutional controls potentially applicable to cleanup of the Bradford Island site are identified
and discussed below. This section describes specific individual controls in sufficient detail to
allow for a comparison of remedial alternatives that includes various types and degrees of
reliance on institutional controls.
EPA guidance broadly lists four types of institutional controls: governmental controls,
proprietary controls, enforcement tools, and informational devices. However, governmental
controls such as the permitting of some (point source but not non-point source) discharges to, or
dredging and filling of the Columbia River, as well as some enforcement controls, such as
consent decrees or administrative orders under which settling parties implement remedies
including institutional controls, are not discussed at any depth in this FS because they do not
inform the choices among alternative remedies. These governmental controls are, for remedy
selection purposes, uniform across all alternatives and options (i.e., permitting requirements
cannot be changed by remedy selection in the ROD). Therefore, the most important institutional
controls, or aspects of them, for the development of remedial alternatives are emphasized
below. Enforcement tools, even though they are used, for example, to establish enforceable
proprietary controls pursuant to consent decrees or orders, are discussed under the category of
informational devices. As we can see, many categories overlap and it is appears that the agency
guidance that created them was intended to be helpful in analyses rather than necessarily to
invent mutually exclusive categories (e.g., proprietary controls have government enforcement
mechanisms to ensure their continuation, and some informational devices can be related to or
enhanced by governmental enforcement programs). These types of institutional controls are
outlined below.

5.2.1 Proprietary Controls
Proprietary controls are recorded rights or restrictions placed in property deeds or other
documents transferring property interests that restrict or affect the use of property. Covenants
are grants or transfers of contractual rights. Easements are grants of property rights by an
owner, often for a specific purpose (e.g., access, utility, and environmental, among other types
of easements). Covenants and easements are essentially legally binding arrangements that allow
or restrict usage of property for one or more specific objectives (e.g., habitat protection,
protection of human health, etc.). They commonly survive the transfer of properties through
real estate transactions and are binding on successors in interest who have not participated in
their negotiation. This distinguishes covenants and easements from ordinary contracts or
transactions between or among parties. At cleanup sites, covenants and easements commonly
control or prevent current and future owners from conducting or allowing activity that could
result in the release or exposure of buried contamination for as long as necessary. Potential
activities controlled or prohibited may include in-water activities (e.g., anchoring) and
construction activities (e.g., pile driving and pulling, dredging, and filling) where buried
contamination may become exposed as a result of the activity, as long as it is an activity the
owner may legally control. Selecting a less expensive remedy in the form of a proprietary
control that limits future property uses in ways a more expensive remedy would not, involves a
complex balancing of interests by USACE, ODEQ, and other stakeholders. For example, a
proprietary control can lower remedial costs for a former owner at the expense of the
redevelopment options of a current owner, who acquired the property after it was
contaminated. For this reason, among others, EPA policy and guidance stress assessing
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reasonably anticipated future land use as an important part of remedy selection generally, and
specifically stress limiting use of institutional controls.

5.2.2 Informational Devices
5.2.2.1 Seafood Consumption Advisories, Public Outreach, and Education
On September 23, 2013, the Oregon Health Authority (OHA) and the Washington Department
of Health (WA Health) issued two fish consumption advisories for certain resident species from
two sections of the Columbia River due to elevated levels of mercury and polychlorinated
biphenyls (PCBs) and mercury found in fish tissue. The two advisories apply to specific areas as
follows:
•

Bonneville Dam – no consumption of any resident fish species (bass, bluegill, carp,
catfish, crappie, sucker, sturgeon, walleye and yellow perch) taken between Bonneville
Dam and Ruckel Creek, one mile upstream from Bonneville Dam (additional
information is provided in Appendix 5).

•

In the Columbia River between Ruckel Creek and McNary Dam, a roughly 150-mile
stretch of the river – no more than one meal per week of any resident fish species
(additional information available in Appendix 6).

Note that these advisories do not apply to migratory fish including salmon species, steelhead,
American shad, and lamprey.
Following these advisories is voluntary. Also, advisories would be inconsistent with tribal
fishing rights secured under treaties of the United States if they were relied on in lieu of cleanup
measures intended to provide seafood for consumption.
Seafood consumption advisories will be necessary into the future to reduce human health risks
from seafood consumption because it is not expected that cleanup of the Bradford Island River
OU to Reference Area concentrations alone will reduce seafood consumption risk to acceptable
levels. Remedial actions in the Bradford Island River OU will likely have little or no impact on
the conditions that resulted in the establishment of the seafood consumption advisory in
upstream areas. Concerns associated with the use of advisories include the burden placed on
tribes exercising their treaty rights and other fishers who use the Columbia River. Relying on
seafood consumption advisories to further reduce human health risks may require fishers to
change behavior or make cultural adjustments. This burden is difficult to value precisely given
the broad range of needs different fishers may have. Additional measures to enhance the
effectiveness of seafood consumption advisories and thereby enhance confidence in relying
upon them should be fully and aggressively explored.
An enhanced approach called community-based social marketing was adopted at the Palos
Verdes Superfund site in California to reduce the limitations of seafood consumption advisories
(USEPA 2009a, 2009b). This approach, pioneered by Doug McKenzie-Mohr of St. Thomas
University in Canada in 1999, as cited in EPA (2009a), includes:
•

Researching to establish and quantify baseline behaviors and size/demography of
different populations and to identify culturally-specific barriers and benefits.
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•

Defining desired behaviors and understanding barriers to achieving those behaviors;
definition of incentives for overcoming barriers and achieving behavior change.

•

Creating effective messages/incentives and effective delivery and monitoring
mechanisms.

•

Implementing culturally-appropriate outreach to all target populations using brief, clear,
tested messages and incentives.

•

Following up on research after a time period to monitor and evaluate levels of behavior
change and to modify the approach as needed.

A collaborative advisory group could be convened to develop a site-specific framework and
technical approach. Likely participants would include USACE, ODEQ, OHA, other interested
federal, state, and local government agencies, and the tribes. A key mandate of the advisory
group would be the founding of a small, credible, and knowledgeable core team to facilitate the
effort. The overall goal of this effort would be to develop and implement a public outreach and
education program that focuses on incentives and activities that research indicates have the
greatest likelihood of adoption and would make the greatest substantive difference in
environmental health. Implementation of the outreach and education program could be
accomplished in a number or ways, stressing culturally-appropriate teams, objective and
credible participants, and a systematic approach to applying, documenting, and quantifying
results of this approach. The advisory group would recommend program elements based on
ideas generated by the group and the affected communities, and a review of approaches
demonstrated to have caused positive behavior changes at other sites. It would also recommend
appropriate programmatic changes as needed based on the evolution of monitoring and surveybased information.
Example elements that could be included in an outreach and education program for enhancing
the effectiveness of seafood consumption advisories include:
•

Increase the use of signs containing advisory information at fishing locations.

•

Conduct outreach efforts at fishing locations on a regular basis.

•

Ensure all recreational anglers receive seafood consumption advisory information when
purchasing licenses.

•

Disseminate advisory-related information at community health facilities, schools, and
community based functions.

•

Encourage medical and other health professionals to communicate risks to the public.

A significant difference between the Palos Verde site and the Bradford Island site is the
presence in the Columbia River of tribal fishing rights secured by treaties of the United States.
Nothing in this section or anywhere in this FS is intended to suggest that exercise of such rights,
or the underlying cultural traditions would be precluded by seafood consumption advisories
and related programs to reduce contaminated seafood consumption as part of Bradford Island
remedial action. For this reason, the seafood consumption advisories and the public outreach
programs should be developed in consultation with affected tribes to develop accommodations
for such tribes to the greatest extent practicable.
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5.2.3 Land Use Controls Summary
The land use controls described in this section are difficult to enforce. It is generally
substantially more difficult to guard or restrict uses of river sites than upland properties. The
area along the north side of Bradford Island is a “no navigation” zone due to safety concerns
associated with variable current generated by dam regulation activities. However, access to the
river is possible on the south side of the island and at Goose Island and the north shore away
from the dam. As discussed, the fish advisories currently seek to restrict consumption of any
resident fish from the Columbia River between Bonneville Dam and Ruckel Creek, and limits to
consumption further upstream to McNary Dam. It is anticipated that some people may choose
to fish and consume what they catch regardless of seafood consumption advisories. A robust
public outreach and education program could be instituted to better inform potential receptors
about the risks involved with consuming resident fish. Generally, institutional controls will be
relied on only to the extent necessary to develop practicable remedial actions for the Bradford
Island River OU. However, seafood consumption advisories will be necessary into the future to
reduce human health risks from seafood consumption because it is not expected that cleanup of
the Bradford Island River OU to Reference Area concentrations alone will reduce seafood
consumption risk to acceptable levels.

5.3 Monitoring
Monitoring is an important assessment and evaluation tool for collecting data and is a
requirement of remedial alternatives conducted under CERCLA. Monitoring data are collected
and used to assess the completeness of remedy implementation, remedy effectiveness, and
whether contingency actions may be needed. The sampling and testing process options
common to most sediment remediation projects are as follows:
•

Sediment quality (e.g., chemistry, grain size distribution)

•

Sediment toxicity

•

Surface water quality (e.g., conventional parameters and contaminant concentrations)

•

Contaminant concentrations in porewater

•

Contaminant concentrations in fish and shellfish tissue

•

Physical (e.g., visual inspections, bathymetry)

Typically, these sampling and testing process options are prescribed components of project
monitoring plans which, in turn, focus on different aspects of the remedial action. For example,
monitoring during the construction phase has different objectives than the operation and
maintenance (O&M) monitoring that follows construction. Five different monitoring concepts
that form the basis for individual or combined monitoring plans, depending on project-specific
circumstances, are described below.

5.3.1 Baseline Monitoring
Baseline monitoring establishes a statistical basis for comparing physical and chemical site
conditions prior to, during, and after completion of a cleanup action. Baseline monitoring for
the Bradford Island River OU will likely entail the sampling and analysis of sediment and tissue
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samples in accordance with a sampling design that enables such a statistical comparison of
conditions.

5.3.2 Construction Monitoring
Construction monitoring during active remediation is area-specific and short-term and is used
to evaluate whether the project is being constructed in accordance with plans and specifications
(i.e., performance of contractor, equipment, and environmental controls). This type of
monitoring evaluates water quality in the vicinity of the construction operations to determine
whether contaminant resuspension and dispersion are adequately controlled. Further,
bathymetric monitoring data establish actual dredge prisms or the placement location and
thickness of cap material.

5.3.3 Post-construction Performance Monitoring
Post-construction performance monitoring at the conclusion of in-water construction evaluates
post-removal sediment conditions in dredging or containment areas. Both chemical and
physical data are collected to determine whether the work complies with project specifications.

5.3.4 Operation and Maintenance (O&M) Monitoring
O&M monitoring refers to data collection for the purpose of tracking the technology
performance, long-term effectiveness, and stability of individual sediment cleanup areas. In
capping areas, O&M monitoring typically consists of analysis including COC concentrations,
grain size, total organic carbon, and cap thickness using sediment or porewater matrices. A
combination of tools, including bathymetry soundings, surface grab samples, sediment cores,
diver surveys, peepers, staking, and/or settlement plates is used to evaluate cap performance.
Some of these tools are also used for EMNR and MNR performance monitoring.

5.3.5 Long-term Monitoring
Long-term monitoring evaluates sediment, tissue, and water quality at the site for an extended
period following the remedial action to assess risk reduction and progress toward achievement
of cleanup objectives. Data collected under long-term monitoring yields information reflecting
the combined actions of sediment remediation and source control.

5.3.6 Monitoring Summary
Monitoring is an essential element of remedial alternatives developed in this FS.

5.4 Ancillary Technologies
5.4.1 Barge Dewatering
Dewatering dredged sediment on transfer barges prior to additional sediment handling (e.g.,
off-loading and disposal) is an important interim management step. Dewatering produces a
more consolidated sediment load and reduces the volume of water that would otherwise need
to be managed elsewhere (e.g., at a transloading facility or at a landfill). Typically, the
dewatering step occurs on a transfer barge within the dredge operations area by gravity settling
and separation, possibly in conjunction with flocculants to speed the process. Separated water
may need additional treatment (sand filters and activated carbon, for instance) prior to being
decanted directly back to the receiving water. This confines the discharge to the area that is
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already seeing elevated turbidity as a result of dredge operations. Barge dewatering in this
manner is typical of sediment remediation projects conducted and this FS assumes it will be
part of the remedial alternatives for costing purposes. As discussed below, more recent projects
have included treatment.

5.4.2 Geotube® Dewatering
Another option for dewatering dredged sediment is the use of geosynthetic bags or tubes called
Geotubes ®. The tubes are available in a variety of sizes depending on volume and space
requirements. Dredged sediment is pumped into the tube, and a polymer flocculent is added to
encourage the solids to bind together. Water then simply drains from the tubes leaving the
solids behind. Volume reduction can be up to 90%. When full, the tubes can be deposited at a
landfill.
Geotube® dewatering technology was used to dewater roughly 1 million cubic yards of PCBcontaminated soil at the Fox River Superfund Site in Appleton, WI. Sixty-foot circumference
Geotube® containers were stacked three and four layers high and kept pace with dredges
operating in excess of 2,000 gallons per minute.

5.4.3 Wastewater Treatment Associated with Sediment Remediation
Remedial alternatives that involve the removal and upland handling of contaminated sediment
invariably generate wastewater that must be managed, treated, and discharged in a manner
consistent with ARARs. Wastewater treatment technologies (e.g., for treatment of stormwater or
industrial wastewater) are standard in their application to a wide variety of site-specific
conditions. Treatment trains using conventional equipment are capable of treating water
generated during sediment remediation projects to levels consistent with ARARs.
Selection of an appropriate treatment train for this wastewater would require characterizing the
wastewater properties and, potentially, conducting some treatability testing. The process
options likely to be employed are expected to be standard and commercially available. For
example, a common treatment train consists of gravity separation to remove suspended solids,
filtration of media (e.g., sand), and adsorption on granular activated carbon for removal of
dissolved organic compounds. Depending on dissolved metals concentrations, a chemical
coagulation/flocculation process step might also be required. Discharge of treated water,
similar to the soil-washing water treatment discharge (Section 5.1.4.2), would likely be directly
back to the Columbia River after treatment, and would be governed by a Clean Water Act 401
water quality certification.

5.4.4 Triton® Marine Mattresses
The Triton® Marine Mattresses are designed for erosion control armoring and submerged
foundation projects. The mattress is constructed of an advanced geogrid designed to be
integrated with armor fill and is used to simplify construction and provide protection in highly
erosive conditions. The mattresses are used to accurately place armoring and capping materials
and allow for minimal displacement of sediments. Applications of the Triton® Marine Mattress
system include:
•

Non-active Mattress – traditional rock-filled mattress for armoring sediment caps and
active treatment layers
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•

RCM Configured Mattress – the RCM is placed below the rock-filled marine mattress
and affixed with metal fasteners

•

Reactive Filled Mattress – mattress system can be lined with custom fitted geotextile
fabric and filled with bulk active capping materials.

The Triton® Marine Mattress system configured with an organoclay RCM was used on the
Island End River Sediment Cap project in Boston, Massachusetts. The remediation strategy
included the placement of a modular reactive capping system, including Triton ® Marine
Mattresses used in conjunction with 135,000 lbs of organoclay bulk capping material and 35,000
square feet of RCM, in order to prevent NAPL contamination (from a former gas manufacturing
plant) from reaching the surface water. The modified system utilizes organoclay filled within
the RCM to adsorb contaminants.

5.4.5 Placement of Capping Materials or Amendments
Before a reactive mat is installed, it is important to remove rocks, debris, and dead trees from
the sediment surface to minimize potential damage to the mat and provide a more even surface
for placement (Barth et al. 2008). Additional factors that affect placement of mats include the
type of amendment used in the mat, shoreline accessibility, and the physical nature of the
sediment where the mat is placed. Differential settling of the mat could lead to ruptured seams
and contaminant migration through the seams. In addition, depending on the amendments and
components of the mat, it may not sink readily. Although some amendments enclosed in the
geotextiles are buoyant, it is possible to use geotextiles with a higher specific gravity or mix a
fraction of sand with the amendment to create a mat that is easier to sink (Olsta and Darlington
2005).
Amendments or capping materials can be spread on the sediment in bulk using conventional
equipment or equipment that has been modified for aquatic use (USEPA 2013b). A clamshell
bucket on a barge-mounted crane was used at the Anacostia River demonstration. Equipment
such as submerged diffusers, energy dissipaters, submerged discharge points, and tremies can
also be used to apply amendments evenly to a required thickness. Additionally, Stone Slinger™
or equivalent technologies may be used to distribute amendments or capping materials. A
barge-mounted Stone Slinger™ was used to distribute granular activated carbon and gravel at
the Puget Sound Naval Shipyard Complex.
High velocities that occur during high-spill operations (when water is being released over the
dam spillway in accordance with dam operation requirements) could make placement of
moderate-sized granular amendments or capping materials more difficult. However, in-water
work periods are typically in the late summer and fall, and correspond with smaller flows and
slower bottom velocities in the Bonneville Forebay. If granular amendments or capping
materials are a component of the selected remedial alternative, timing for placement of
amendment/cap and potential armoring layers would need to be considered in more detail
during remedial design. It may be possible to coordinate with the dam operators to ensure that
placement occurs during a low-spill/low-velocity operation, by reducing Bonneville
Powerhouse 1 use. (Note that this approach could improve safety during any kind of in-water
remedial action).
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5.4.6 Best Management Practices
Implementation of best management practices (BMPs) is widely considered essential to
sediment cleanup projects (NRC 2007). BMPs are particularly important for environmental
dredging to minimize release to the environment of contaminated material (sediment, water,
debris) from the dredging footprint, and during barge transport, off-loading, and upland
rehandling.
Environmental dredging to remove COCs also causes some residual sediment contamination
(Palermo 2008). Contaminated sediments that are dislodged or suspended by the dredging
operation are subsequently redeposited on the bottom either within or adjacent to the dredging
footprint.
Resuspended residuals generally accumulate (settle) above the dredging cutline in thin layers,
and are characterized by fine-grained sediment, being unconsolidated, having a high moisture
content, and possibly existing as a fluid mud layer. The constituent COC concentrations in the
residual layer can be approximated using the average dredge prism concentration (Hayes and
Patmont 2004). The residual layer can be present within and adjacent to the dredge prism.
Potential BMPs to evaluate during design for dredging residuals and water quality
management include:
•

Remove debris and boulders prior to dredging

•

Minimize residuals generation by dredge control and design, such as carefully
controlling depth, location, and cutting action to maximize sediment capture and
minimize sloughing and bottom impacts.

•

Start dredging in upslope areas and move downslope to minimize sloughing.

•

Use floating and/or absorbent booms to capture floating debris or oil sheens.

•

Use conventional construction stormwater BMPs to control and reduce the silt burden in
runoff from barges or rehandling areas.

•

Develop and implement a post-dredging residuals monitoring and management plan.

•

Monitor recovery of dredged areas.

•

Place a thin-layer sand cover (EMNR) to address residuals.

The use of silt curtains around the dredging operations to reduce the transport of suspended
solids is an engineering control that can be employed under certain circumstances. However,
the effectiveness of a silt curtain is primarily determined by the hydrodynamic conditions at the
site (usually relatively shallow, quiescent water, without significant fluctuations are preferred),
the quantity and type of suspended solids, the mooring method, and the characteristics of the
barrier. Strong currents (greater than 2.5 ft/second—the maximum velocities near-bottom at
Bradford Island are about 7 ft/second) can be problematic, and any application and
deployment of silt curtains for high velocities would require special design and engineering
features (USACE 2008).
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The specific array of BMPs or engineering controls implemented during cleanup will be
location-specific and will be determined during design of the remedial alternative. Often, the
remedial design specifications define certain BMPs along with performance requirements (such
as water quality standards) to which the contractor must adhere. The contractor typically is
required to provide additional details on specific BMPs in their work plans. Monitoring and
adaptive management are common practices that will be used to refine and optimize BMPs
throughout the duration of the project to ensure compliance with the project performance
requirements. Representative BMPs have been identified as part of the FS remedial alternatives
to develop cost estimates.

5.5 Summary of Representative Process Options for the FS
The representative process options carried forward to for potential development and evaluation
of remedial options (Section 6) are shown in Table 5-3. Consistent with CERCLA guidance,
alternate process options may be considered during remedial design.
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6 Development of Remedial Alternatives
This section presents the rationale, assembly, and description of remedial alternatives for
cleanup of the Bradford Island River Operable Unit (OU). The alternatives are assembled in a
manner consistent with Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA) guidance (USEPA 1988).
The development of remedial alternatives is a culmination of the analyses and findings in the
previous sections of the FS including regulatory requirements, remedial action objectives
(RAOs), and preliminary remediation goals (PRGs) as defined in Section 4 and representative
remedial technologies retained following screening in Section 5.
With the exception of Alternative 1 (no further action), each of the alternatives is designed to
achieve the cleanup objectives. In this feasibility study (FS) cleanup objectives means achieving
the remedial action objectives (RAOs). Eight remedial alternatives have been developed.

6.1 Framework and Assumptions for Making Technology
Assignments
This section describes the criteria and assumptions used to guide the assignment of remedial
technologies for the remedial alternatives.

6.1.1 Principal Threat Waste
The concept of principal threat was developed by EPA in the National Contingency Plan (NCP)
to be applied on a site-specific basis when characterizing source material (USEPA 1990). Source
material is defined as material that includes or contains hazardous substances, pollutants or
contaminants that act as a reservoir for migration of contamination to groundwater, surface
water, or air, or acts as a source for direct exposure. Further, principal threat wastes (PTW) are
those source materials considered to be highly toxic or highly mobile that generally cannot be
reliably contained or would present a significant risk to human health or the environment
should exposure occur.
The NCP [40 CFR §300.430(a)(1)(iii)(A) and (C)] establishes the following expectations for
principal threat waste:
•

It is expected to use treatment to address the principal threats posed by a site, wherever
practicable. Principal threats for which treatment is most likely to be appropriate include
liquids, areas contaminated with high concentrations of toxic compounds, and highly
mobile materials.

•

It is expected to use a combination of methods, as appropriate, to achieve protection of
human health and the environment. In appropriate site situations, treatment of the
principal threats posed by a site, with priority placed on treating waste that is liquid,
highly toxic or highly mobile, will be combined with engineering controls (such as
containment) and institutional controls, as appropriate, for treatment residuals and
untreated waste.

No threshold level of toxicity/risk has been established in EPA policy or guidance to equate to a
“principal threat.” However, EPA guidance (USEPA 1991) does provide that where toxicity and
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mobility of source material combine to pose a potential risk of 1x10-3 or greater, generally
treatment options should be evaluated. In addition, waste contained in drums, lagoons or tanks,
or free product [light non-aqueous phase liquids (LNAPLs) or dense non-aqueous phase liquids
(DNAPLs)] containing contaminants of concern are also considered PTW. CERCLA, the NCP,
and EPA guidance state an expectation that "treatment [be used] to address the principal threats
posed by a site, wherever practicable.” The selection of an appropriate remedy, however, is
determined solely through the remedy selection process outlined in the NCP (i.e., all remedy
selection decisions are site-specific and must be based on a comparative analysis of the
alternatives using the nine criteria in accordance with the NCP). Independent of the
expectations, selected remedies must be protective, ARAR-compliant, cost-effective, and use
permanent solutions or treatment to the maximum extent practicable. Once the final remedy is
selected, consistency with the NCP expectations should be discussed as part of the documented
rationale for the decision.
In the Bradford Island River OU, direct contact risks are low relative to seafood consumption
risks. For Total PCBs as congeners, the primary threat comes from bioaccumulation through
exposure to aquatic receptors. The sediment concentration of total PCBs as congeners for the
adult tribal subsistence bass consumption via the bioaccumulation pathway that corresponds to
a 1x10-3 risk is 16.8 µg/kg dry weight (dw). This concentration is less than or equal to the total
PCBs as congeners concentrations observed at all but one sample location (P116) along the north
shore of Bradford Island (Figure 6-1). Note, this is not the pathway that is driving the cleanup.
The non-cancer risk for infants via the adult tribal subsistence bass consumption via the
bioaccumulation pathway is driving the cleanup. Only non-carcinogenic risk is calculated for
infants; carcinogenic risk in infants is not evaluated.
Given the NCP’s preference for treatment of PTW, in-situ treatment technologies are considered
for the PTW areas. Containment or EMNR technologies may be effective for addressing
suspected areas of PTW when treatment technologies do not exist or are not practicable and it is
reliably contained. Containment or EMNR of suspected areas of PTW will incorporate reactive
materials, such as organophilic clay or activated carbon therefore meeting the preference for
treatment. Activated carbon or organophilic clay may be utilized as potential treatment-based
technologies for addressing suspected areas of PTW to reduce contaminant bioavailability.
For costing purposes only, it is assumed that activated carbon is the reactive component; this
assumption does not preclude the evaluation of other reactive components during remedial
design. Activated carbon has typically been employed in sediment remediation as a means of
binding organic contaminants in sediments or cap materials serving as permeable absorptive
barriers, whereas organoclay is normally used to absorb oils or other NAPL in sediments or cap
materials. Since no NAPL has been observed, activated carbon is a logical choice. Where applied
in caps or EMNR areas requiring a reactive component, activated carbon is assumed to be
applied at a concentration of 5% by volume (0.12 lbs/ft2/cm). Specifically, only the area
represented by sample location P117 is above the PTW threshold and proposed for EMNR in at
least one alternative. Thus, in the alternative where station P117 is slated for EMNR, the EMNR
placement contains 5% GAC. No other EMNR placements contain GAC.

6.1.2

Remedial Action Levels

Remedial action levels (RALs) are ranges of contaminant concentrations that are greater than the
PRGs and are commonly used at sediment sites with measureable deposition or significant
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biological activity (bioturbation) to develop remedial alternatives and delineate areas where the
concentration exceeds a defined threshold. The relative effect of remediating those areas can
then be evaluated as part of the analysis of alternatives to determine whether RAOs can be met
within a reasonable period. While specific RAL values are not cleanup levels (i.e., PRGs for the
FS), residual contaminant concentrations remaining after remediating the RAL footprint can be
used to compare the relative effectiveness of the alternatives in reducing contaminant
concentrations, which is directly related to risk reduction. In this FS, RALs are contaminantspecific sediment concentrations used to identify areas where capping and/or dredging will be
assigned, and thus are the initial basis of the alternative footprints. The concept of using RALs to
identify areas where specific technologies will be applied has been used at other contaminated
sediment sites throughout the nation (e.g., Lower Duwamish Waterway, Portland Harbor).
Remedial action levels (RALs) were developed based on surface sediment data for each
contaminant of concern (COC). The use of RALs is a process of removing the highest
concentrations from the Site data and calculating the resulting surface-weighted average
concentration (SWAC).
For each data point (sediment sample location), a SWAC polygon was developed by
establishing borders equidistant from every adjacent data point. The data point position is set at
either the discrete grab sample location (i.e., pre-remedial investigation [RI] data) or the center
of the 2008 and 2011 composite grid footprints (i.e., RI and pre-feasibility study [FS] data). PCB
congener data were only collected during the RI and Pre-FS sampling; whereas, Aroclor data are
available in pre-RI, RI, and pre-FS datasets. The SWAC polygons were bound on their riverward
sides by river-current and bathymetry contours that indicate the topography of the Forebay
bottom (Figures 6-2 and 6-3). The bathymetry of the Forebay indicates a “bench” (deep
underwater shelf off the island) along the north shore of Bradford Island beyond which PCB
distribution is not expected. These contours were selected by interpretation of bathymetry
contours, including the location of the north shore bench, the river-current flow path, and
chemical concentration gradients. In some cases, the selected bathymetry contour, indicative of
the topographic "bench" on the north side of Bradford Island, was within or shoreward of the
former removal areas and cut off possible areas of contamination that should be included in the
SWAC polygons. The contour boundary in these areas was extended to include the entire
former source area boundaries. This was done to minimize underestimation of the SWACs in
historical disposal areas. The resulting SWAC polygons for total PCBs as congeners are shown
in Figure 6-1. Once the individual sample point polygons were established, the area of each
polygon was calculated, then multiplied by their respective sample concentrations, and finally,
the sum of these calculations (sample location concentration times area of polygon) was divided
by the sum of all polygon areas, resulting in the SWAC for the entire sediment dataset.
The initial SWAC assumes that no remediation has taken place and establishes the first point on
a plot of SWAC-to-sediment area remediated. Then, the highest contaminant concentration is
removed by replacing the polygon it represents with a value representative of sediment
concentrations following construction of a cap or dredging (see below for technology
performance assumptions) and calculating a new SWAC, creating the next point on the curve;
the highest concentration remaining is the RAL. This process of sequential truncation, removing
the highest remaining sediment concentration and replacing the value based on technology
performance assumptions, is continued until the SWAC is less than the lowest PRG. A plot of
SWAC-to-area remediated is the RAL curve (Figure 6-4). Each point on the curve represents a
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site-wide SWAC and the total PCBs as congeners concentration that must be removed in order
to achieve the associated SWAC.
A range of RALs consisting of six different sediment concentrations was selected to bracket
remedial footprints and alternatives. The rationale for the chosen RALs and alternatives is given
in Table 6-1.

6.1.3 Hot Spot Analysis
The 1995 amendments to ORS 465.315 and the 1997 amendments to OAR 340-122, commonly
referred to as the Environmental Cleanup Rules, require that certain actions be taken for “hot
spots” of contamination (ODEQ, 1998). These actions are a) the identification of hot spots as part
of the RI and FS and b) the treatment of hot spots, to the extent feasible, as part of a remedial
action.
Assessing a site for hot spots in sediment first requires an evaluation of the baseline risk. If the
baseline risk exceeds the acceptable risk, it is necessary to determine if any areas of
contamination at the site constitute hot spots of contamination resulting from contamination
that is “highly concentrated,” “highly mobile,” or “not reliably containable.” As discussed
previously, the risk assessment showed contaminant concentrations in sediment above
acceptable risk levels for particular exposure pathways. Thus, the site should be evaluated to
identify if there are any hot spots present.
Highly Concentrated
The assessment of “highly concentrated” sediment hot spots is performed by comparing the
concentration of each individual site contaminant to its “highly concentrated” hot spot level.
The “highly concentrated” hot spot levels are “risk-based concentrations” corresponding to a
given multiplier of the acceptable risk level. These levels are:
•

100 times the acceptable risk level for human exposure to each individual carcinogen;

•

10 times the acceptable risk level for human exposure to each individual non-carcinogen;

•

For Threatened and Endangered Species, 10 times the acceptable risk level for individual
ecological receptors or populations of ecological receptors to each individual hazardous
substance; and

•

For non- Threatened and Endangered Species, 50 times the acceptable risk level for
individual ecological receptors or populations of ecological receptors to each individual
hazardous substance

An additional human exposure pathway to contaminated sediments, though indirect, may exist
from the consumption of contaminated fish and shellfish. The pathways for ecological exposure
to contaminated sediment may include respiration (i.e., uptake of contaminant over the
water/gill interface), incidental ingestion of suspended or bottom sediments with foraging, and
dermal contact.
Highly Mobile
Mobility refers to the transport or migration of hazardous substances from their present
location. Highly mobile hot spots can be present in sediments if contaminants are likely to leach
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out of the sediments and move into the surface water at concentrations that would cause
significant adverse impact on the use of the surface water. For sediments, the “point of
reference” is the sediment pore water since this is the location at which aquatic plants and
benthic organisms would be more susceptible. The “highly mobile” hot spot level for sediments
can be estimated from standard equilibrium partitioning models after the “reference value” of
the surface water has been determined.
Not Reliably Containable
As described in the Environmental Cleanup Rules, the feasibility study should determine the
extent to which hazardous substances cannot be reliably contained for identifying “not reliably
containable” hot spots. This assessment should be performed during the evaluation of long-term
effectiveness and permanence, which is one of the balancing criteria for evaluating remedial
alternatives. In most cases, contamination that is “not reliably containable” will likely result in
either “highly mobile” or “highly concentrated” hot spots. Thus, this criterion seldom affects the
outcome of the hot spot determination.
Hot Spot Identification
Hot spots were identified using total PCBs as congeners and total PCBs as aroclors at their 10-4
excess lifetime cancer risk levels (1.68 µg/kg and 16.3 µg/kg, respectively). For total PCBs as
congeners, all of the stations along the north shore of Bradford Island and stations P07 and P09
have concentrations above the hot spot threshold (Figure 6-1). Hot spots for total PCBs as
aroclors are largely encompassed by the SWAC polygons that represent the hot spots for total
PCBs as congeners, with the exception of stations P43 and SE-117 (Figures 6-5 and 6-6).
Therefore, these areas are also considered for remedial action. In this FS, it is assumed that hot
spots will be treated with EMNR (without a reactive component) unless another technology has
been chosen for that area.

6.1.4 Other Considerations in Technology Assignments
This section addresses some additional considerations that need to be evaluated during
remedial design, but were not used to assign remedial technologies in the FS. These
considerations include seismic effects, slope stability, and shoreline conditions.
6.1.4.1 Seismic Effects
The general region surrounding Bradford Island is seismically active. Liquefaction, surface
deformation, and lateral spreading associated with earthquakes could lead to instability,
damage, or remedy failure. In general, the potential for earthquakes to damage elements of the
River OU remedy increases with magnitude and with proximity of the epicenter to the remedy.
Lateral displacement of caps could occur in whole or in part. For high probability, low severity
events, the likely outcome for managing sediment disturbance is repair. For low probability,
high severity events, complete replacement could be necessary.
Recontamination from these events is difficult to predict because recontamination can stem from
the exposure of contaminated subsurface sediment and/or new sources unrelated to
contaminated sediment remaining after remediation. As the severity of local earthquake impacts
increases, the potential for exposure of contaminated subsurface sediment in capped, EMNR,
and MNR areas also increases. Also, as earthquake severity increases, so does the potential for
the River OU to be inundated with new sources of contamination from chemical releases,
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embankment materials, and debris flows originating from upstream, downstream, and lateral
sources. Depending on the extent and severity of these impacts on surface sediment conditions,
the post-event response could extend beyond simple repair or replacement of parts of the
remedy.
6.1.4.2 Slope Stability
This FS does not attempt a design-level analysis of the potential for slope failure. Capping or
dredging in some areas is not precluded, but may require a higher level of engineering design
effort and appropriate long-term management controls to ensure long-term integrity. Typically,
slopes with low factors of safety (less than 1.5) and low undrained shear strengths (less than 20
lbs. per square foot or 1 kilopascal) may require special considerations for cap design, thickness,
and placement methods (ITRC 2014); it is anticipated that slopes at the site, especially those
nearest to the shoreline, will require special consideration during design. Actions in sloped
areas would need to be carefully evaluated during remedial design to prevent sloughing (if any)
and adverse impacts to any engineered structures (e.g., the concrete wall and riprap upstream of
the spillway). Backfill may be required to ensure long-term stability of a dredged area.
Slope stability is not incorporated into technology assignments, but is accounted for in the form
of a cost premium in developing remedial alternatives. During remedial design, engineering
evaluations of bearing capacity and slope stability for susceptibility for slope failure will be
necessary, in addition to long-term management controls to ensure the long-term integrity of
any containment remedy.
6.1.4.3 Shoreline Conditions
Shoreline conditions may have a large impact on nearshore remediation actions. Site features
such as the presence of riprap, concrete walls, and boulders may affect the remedial design and
the ability to fully remove or contain contaminated sediments. General shoreline conditions
(general locations of the concrete wall, engineered riprap, and boulders) are known, but
location-specific analysis was not performed during development of remedial alternatives. The
challenges of remediating these areas will be re-evaluated during remedial design.
Engineering challenges associated with shoreline conditions may result in additional costs.
These additional costs are accounted for in this FS by adding a cost premium for technically
challenging remediation areas.

6.2 Common Elements for Remedial Alternatives
This section provides additional details pertinent to more than one remedial alternative.

6.2.1 Common Engineering Assumptions
This section discusses the physical and logistical constraints related to implementation of all
remedial alternatives and the engineering assumptions made to address them in the FS.
6.2.1.1 Debris Removal and Staging
The nature and extent of any remaining debris may be determined during design. Standard
practice in environmental dredging is to remove debris prior to sediment removal and before
beginning capping or EMNR. Each alternative assumes that some degree of debris removal is
required for dredging, capping, and EMNR, and that these sweeps are conducted using a barge
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and clamshell dredge. The debris is then barged and offloaded at a transloading facility for
subsequent shipment to an upland landfill or for potential beneficial reuse. Side-scan sonar
surveys, magnetometer surveys, and other methods may be used to assess the presence or
absence of debris. If no debris is detected, debris removal may not be required. For this FS,
removal of large debris (for example, wood and trees) is assumed to be necessary. Smaller
debris is assumed to be left in place.
Staging refers to upland operational areas that support handling of material and equipment that
must be moved to and from the in-water project locations. These staging areas are needed to
support the transloading of dredged sediment intended for upland landfill disposal. Other
staging areas may be required for transfers of equipment and raw material (e.g., EMNR or
capping material) to barges. For planning purposes, this FS assumes that suitable land will be
available on or near the site for staging and support activities. Specific staging areas or
requirements of such areas have not yet been identified. An item is included in the cost
estimates to account for site preparation and set-up of an upland staging facility for the remedial
alternatives.
6.2.1.2 Transloading
The availability and capacity of transloading and transportation infrastructure to manage
dredged material is an important factor in the production or dredging rate. Typically,
transloading operations involve direct transfers from a barge to lined bulk-material shipping
containers. The construction time frame for all the remedial alternatives is based on the same
transloading rate. Other methods of transloading sediment, such as direct container loading on
barges, may also be considered during remedial design. Existing docking and land-based
infrastructure is assumed to be adequate to support these operations, requiring only modest
upgrades. The logistics and actual sizing (capacity) of the transloading operations will be
determined during remedial design.
6.2.1.3 Upland Disposal
The representative process options selected for each disposal technology for FS evaluation and
cost purposes are commercial landfills: Roosevelt Regional Landfill (Subtitle D) and Chemical
Waste Management of the Northwest (Chem Waste) Landfill (Subtitle C; accepts RCRA waste).
The Off-Site Rule as set forth in the NCP (40 CFR §300.440) requires that CERCLA wastes
transferred off of the cleanup site be placed in a facility operating in compliance with the
Resource Conservation and Recovery Act (RCRA) or other applicable Federal or State
requirements. EPA determines the acceptability of a disposal facility based on relevant
violations or releases and compliance with specific acceptability criteria identified in 40 CFR
§300.440. For the FS, each of the commercial landfills under consideration for disposal are
assumed to be operating in compliance with their hazardous waste permits as required for
CERCLA waste by the Off-Site Rule.
Several different types of contaminated material or waste could potentially be generated by
dredging sediment from the Bradford Island River OU. Media contaminated by spills, leaks,
discharges from outfalls, and migration through groundwater or stormwater is not generally
solid or hazardous waste as defined by RCRA until managed as waste and disposed on- or offsite. If a listed RCRA waste was generated and disposed of as part of historical operations at a
site, then the contaminated media, such as sediment or soil, once managed as waste, may
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contain such regulatory waste and all on-site actions would need to comply with relevant RCRA
storage, handling, and disposal requirements unless otherwise exempted under RCRA.
The expected regulatory waste types that may be generated include waste that contains RCRAcharacterized hazardous wastes and Toxic Substances Control Act (TSCA)-regulated waste.
6.2.1.3.1 RCRA Characteristic Hazardous Waste
Sediment dredged from the Site will require waste characterization to determine whether it
should be classified as material containing hazardous waste under RCRA. Toxicity
Characteristic Leaching Procedure (TCLP) analysis will be performed to determine if any
dredged sediment meets the RCRA characteristic waste criteria for toxicity. TCLP is an
extraction method for chemical analysis employed as an analytical method to simulate leaching
through a landfill. The extract, a liquid, is analyzed for substances appropriate to the protocol.
TCLP extraction results are typically given in units of milligrams per liter. However, the TCLP
does allow for a total constituent analysis in lieu of the TCLP extraction. If a waste is 100% solid,
then the results of the total constituent analysis may be divided by 20 to convert the total results
into the maximum theoretical leachable concentration (USEPA HCW 2017).
The value obtained can be used to show whether the maximum theoretical concentration in a
leachate from a waste could not exceed the toxicity characteristic value. Because TCLP data are
not available for the River OU, this estimation method will be performed to determine if
excavated soils can be taken to a subtitle D landfill or must be taken to a subtitle C landfill.
TCLP maximum values (i.e., regulatory levels that define the toxicity characteristic as identified
in 40 CFR §261.24) and maximum theoretical leachable concentrations for chemicals of interest
in the River OU are shown in Table 6-2. If a sediment concentration is greater than the
maximum theoretical leachable concentration, then it is assumed that the material must be
disposed of in a subtitle C landfill. Limited exceedances of TCLP maximum theoretical leachable
values have been observed in River OU sediments. The lead concentration in sample S1-43
exceeds its maximum theoretical leachable concentration. The chromium concentrations in
samples S1-43 and S1-32 exceed the maximum theoretical leachable concentration (Figure 6-2).
The chlordane concentration in sample P113 exceeds its maximum theoretical leachable
concentration. However, removal is not being proposed for the north shore of Bradford Island.
Where dredging is proposed in Alternatives 7 and 8, sediment concentrations are below the
TCLP maximum theoretical leachable values. Therefore, it is not expected that dredged material
will be disposed of as hazardous waste in a Subtitle C landfill.
Characteristic hazardous waste as defined in 40 CFR §261.24 will be subject to RCRA hazardous
waste regulations (40 CFR Parts 260 to 268) if taken off-site for disposal. Such waste will be
taken off-site for disposal in the Chem Waste RCRA Subtitle C landfill unless contaminant
concentrations exceed the land disposal restrictions specified in 40 CFR Part 268. In this case,
treatment will be required as specified in 40 CFR §268.40 prior to disposal in the RCRA Subtitle
C landfill. The Subtitle C disposal facility Chem Waste in Arlington, Oregon uses treatment
processes such as cement stabilization or thermal desorption, as needed, to meet land disposal
restrictions (LDRs) for hazardous waste. If sediment contaminant concentrations are less than
acceptable land disposal restriction concentrations, then the material can be disposed of in the
RCRA Subtitle C landfill without treatment.
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6.2.1.3.2

TSCA Waste

In the event waste containing PCBs at concentrations exceeding the TSCA 50 mg/kg limit are
generated, the waste will be disposed at a TSCA disposal site. However, PCB concentrations
exceeding 50 mg/kg have not been detected. Thus, it is assumed that waste will not be disposed
of at a TSCA disposal site.
6.2.1.4 Water Management
This FS assumes that dredged sediment will be initially dewatered on a barge and the water will
be allowed to discharge back to the Columbia River within the active dredge area. The barge
will be equipped with appropriate best management practices (e.g., filter fabric, hay bales, etc.)
to filter as necessary to comply with applicable water quality criteria established for dredging
operations. Gravity drainage, filtering, and release of water drained from sediment on transfer
barges consolidates the sediment load and reduces the volume of water that otherwise would
need to be managed elsewhere (e.g., transloading facility or landfill).
Water management is a key component of dredged material transloading operations.
Stormwater and drainage from sediments generated within the confines of the transloading
facility are assumed to be captured, stored, treated, and either discharged to the local sanitary
sewer (if authorized to do so) or returned to the Columbia River. Dewatering is anticipated to be
performed on a dewatering barge. Discharge into the Columbia River must comply with the
substantive requirements of the National Pollutant Discharge Elimination System (NPDES)
permitting regulations.
The two regional Subtitle D landfills (Allied Waste Inc., Roosevelt, Washington, and Waste
Management, Arlington, Oregon) are both permitted to receive wet sediment (i.e., sediment that
does not pass the paint filter test). Once transferred to lined shipping containers, any additional
consolidation of sediment and corresponding accumulations of free water are managed at the
landfill facility.

6.2.2 Technology-Specific Engineering Assumptions and Limitations
6.2.2.1 Removal and Disposal
Removal is assumed to consist of diver-assisted hydraulic dredging. Conventional dredging
equipment would likely be unable to access and remove materials under or around the large
conglomerate boulders and rocks that compose the river bottom near the island, and is difficult
to successfully implement given the large conglomerate boulders and rocks. There may be
portions of the proposed dredging areas that would be amenable to removal by conventional
dredging equipment, but the majority of proposed dredging area is on the southern side of the
island where the aforementioned rocky conditions are expected. Use of conventional dredging
equipment will be evaluated in remedial design. All shoreline and in-water work would be
conducted during the designated time period for in-water work (“work window”). The work
window will be confirmed in consultation with appropriate agencies and tribes before
construction begins.
Approximation of sediment dredge volumes is necessary to evaluate the remedial alternatives,
support remedial cost estimates, and assess certain short-term impacts from construction. In
simple terms, the sediment volumes estimated for dredging are based on the areas defined for
dredging and the thickness or depth of sediment contamination within these areas. Diver-
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assisted dredging was performed previously at the site in 2007 to address small areas of
sediment contamination, but the diver was unable to access and remove materials between and
beneath the boulders and rocks present on the eastern end of the island. Ultimately, the effort
was unsuccessful because post-removal sediment concentrations in these former removal areas
are recontaminated at relatively elevated concentrations. Therefore, it is generally assumed that
dredging is not applicable off the north shore of Bradford Island. However, dredging is
assumed to be preferable in all other areas because sources of contamination have not been
identified outside of the north shore and dredging is a more permanent solution than capping.
Dredging depth at all locations is a relative uncertainty, though it is assumed to be shallow;
video of divers during the prior removal action show the diver wiping sediments off rocks into
the dredge intake in some areas (primarily towards the eastern side of the north shore), and
placing the dredge opening into the deeper sediments of some areas on the western side of the
north shore. For this FS, it is assumed that 1 foot of material on average is dredged from the
entire dredge area. Dredging depth will be confirmed during pre-design sampling.
Dredging may release contaminated sediment that settles back into the dredged surface or is
transported outside the dredged area. Depending on location-specific conditions, these residuals
may contain elevated concentrations of risk-driver contaminants. To manage residuals, design
and operational controls will be evaluated during remedial design. For the purposes of this FS,
residuals management is incorporated by assuming that a thin-layer (a minimum of 12 inches)
of clean material is placed over the entire dredged footprint. An alternate strategy (not assessed
here) involves additional dredge passes where placement of additional material is less likely to
be successful. For developing alternative footprints, it is assumed that dredging residual
management procedures result in remaining concentrations equal to the RAO 1 PRG.
6.2.2.2 Capping
For this FS, capping is assumed to consist of the construction of a conventional cap using
appropriate material gradations. It was found that a reasonable thickness (1 foot) of capping
material would be appropriate for the areas of highest PCB contamination in sediments off the
north shore of Bradford Island (Appendix 3); this thickness does not include erosion control or
fish habitat layers (if those are deemed necessary). Caps are only proposed for areas that exceed
the PTW threshold, so a sorptive or reactive component (assumed to be activated carbon for
costing purposes) is expected to be included in the cap. Thinner or thicker caps may be
developed during remedial design as necessary. The gradation of material selected for capping
is assumed to be coarse sand to fine gravel, based on the stable grain sizes (D 50 = 2 – 8 mm)
along the north shore determined for the 100-year flood event (see Section 2.1.4). It is assumed
that this size material would be generally appropriate for the southern part of the forebay as
well (though capping is not suggested in those areas). In short, the cap is assumed to consist of a
6-inch layer of 5% activated carbon (bottom) followed by a 6-inch layer of sand/gravel (top).
Capping material is assumed to be imported from commercial off-site vendors and placed by
clamshell from a material barge. For developing alternative footprints, capping is assumed to
result in surface sediment concentrations equal to the RAO 1 PRG (95% UCL of the Reference
Area concentrations).
6.2.2.3 Enhanced Natural Recovery
For this FS, EMNR means applying a thin layer of material to accelerate the natural recovery
process of mixing. Evaluation of empirical data, as supported by the physical conceptual site
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model, and the uncertainties therein, suggests that the natural recovery mechanism of burial
with relatively clean sediment from upstream should not heavily be relied upon when
evaluating EMNR (and other technologies) in alternatives for the River OU, though it may play
a minor role. Other natural recovery mechanisms, such as degradation and volatilization are
conservatively assumed to be nonexistent. Therefore, the mechanisms by which EMNR is
evaluated are dilution and burial.
EMNR is assumed to involve spreading a minimum of 6 inches of material (by clamshell from a
material barge). EMNR that occurs in an area of suspected PTW is expected to include a sorptive
or reactive component (assumed to be activated carbon for costing purposes). Material is
assumed to be imported from offsite commercial vendors. For alternative development, EMNR
is assumed to result in a 50/50 mix of native sediment and supplied material immediately
following construction (assumed to have the same physical parameters as the capping material
specified in section 6.2.2.2) in the biologically active zone; that is, application of a minimum 6
inches of material and mixing via bioturbation will result in a substrate that is 50% native
sediment and 50% supplied material. EMNR material is assumed to have total PCBs as
congeners concentrations equal to the RAO 1 PRG (95% UCL of the Reference Area
concentrations). Burial and erosion is accounted for by assuming a 15% annual replacement rate
for sediment. That is, after the passage of the first year, site sediment is assumed to consist of
85% site sediment and 15% sediment with concentration equal to the RAO 1 PRG (95% UCL of
the Reference Area concentrations). Each subsequent year is assumed to see the same
replacement rate. A sensitivity analysis on the replacement rate is provided in Section 6.4.2.1. A
study to evaluate the nature of sedimentation at the site is in progress. Data from this study will
be used to develop more defensible replacement rates over key areas of the site, which will be
used to update alternatives prior to development of the Proposed Plan.
6.2.2.4 Monitored Natural Recovery
As described above for EMNR, burial and erosion is accounted for by assuming a 15% annual
replacement rate for sediment. That is, after the passage of each year, site sediment is assumed
to consist of 85% site sediment and 15% sediment with concentration equal to the RAO 1 PRG
(95% UCL of the Reference Area concentrations). A sensitivity analysis on the replacement rate
is provided in Section 6.4.2.1. This replacement assumption is applied across all areas of the site,
not just those identified as MNR areas. Other natural recovery mechanisms, such as degradation
and volatilization are conservatively assumed to be nonexistent.
6.2.2.5 Land Use Controls
The two types of land use controls considered for this FS are access controls and informational
devices. Access controls already in place include the USACE general security measures that
restrict access to the north Bradford Island shoreline from the uplands and boating restrictions
immediately upstream of Bonneville Dam; public access to nearshore areas is generally not
permitted but future conditions are likely to include tribal access.
All types of land use controls apply to all remedial alternatives except for Alternative 1, which
only includes the already-in-place access restrictions and seafood consumption advisories.
Because the RAO 1 PRG, which is based on the 95% UCL of the Reference Area, is above
applicable risk thresholds, the seafood consumption advisories are expected to remain
regardless of the remedial alternative. Public outreach and education are important to
appropriately and effectively communicate the risks of seafood consumption to the local

6-11

community. Access restrictions, seafood consumption advisories, public outreach, and
education would likely be similar in scope for all remedial alternatives.

6.2.3 Remedial Design Investigations and Evaluation
Remedial design investigations include location-specific sampling and survey for the purpose of
refining the design and engineering assumptions for the selected remedy. River OU-wide data
collection and analyses that have been performed are useful for understanding overall site
characteristics and making FS-level cleanup decisions, but additional sample collection and
survey will be needed for remedial design. These investigations are primarily intended to refine
the remedial footprint and/or depth. Cost and scope for remedial design sampling, survey, and
design preparation are incorporated into remedial alternatives costs.

6.2.4 Monitoring
Monitoring is a key assessment technology for sediment remediation that satisfies the need to
verify achievement of project RAOs. For contaminated sediment projects involving capping
and/or dredging, monitoring likely consists of the following components:
•

Baseline monitoring – River OU-wide monitoring concurrent with remedial design
studies (different in design and function, though) involving the sampling and analysis of
sediment and tissue in accordance with a sampling design that establishes a statistical
basis for comparing physical and chemical conditions prior to, during, and after
completion of the cleanup action

•

Construction monitoring – location-specific short-term monitoring during construction
to ensure that the project is being constructed in accordance with plans and
specifications. This type of monitoring evaluates water quality in the vicinity of the
construction operations to determine whether contaminant resuspension and dispersion
are adequately controlled. Further, bathymetric monitoring data establish actual dredge
prisms or the placement location and thickness of cap material.

•

Post-construction performance monitoring – location-specific performance monitoring
immediately following completion of in-water remediation activities in dredging,
capping, and EMNR areas. Both chemical and physical data are collected to determine
whether the work complies with project specifications.

•

O&M monitoring – area- and location-specific monitoring to confirm that technologies
are operating as intended. O&M monitoring may use a combination of tools, including
bathymetric surveys, surface grab samples, sediment cores, tissue samples, diver or
remote operated vehicle (ROV) surveys, and porewater samplers.

•

Long-term monitoring – River OU-wide monitoring to confirm that the remedy is
making progress toward and/or achieving cleanup objectives. Long-term monitoring
will evaluate sediment and tissue at the site for an extended period following remedial
action.

Baseline and long-term monitoring have River OU-wide applications and are common to all
alternatives (except Alternative 1), and are essentially the same in scope. Construction
monitoring, post-construction performance monitoring, and O&M monitoring apply at the
location-specific level that depends on the alternative.
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The monitoring results from each type of monitoring inform adaptive management activities to
assure long-term remedy implementation and achievement of cleanup objectives. All five of
these monitoring categories are included in the FS cost estimates.

6.2.5 Adaptive Management
Adaptive management is the use of data collected during and after remediation to optimize
further remedial actions. In the context of the assignment of remedial technologies, adaptive
management would be used to refine the areas in which remedial technologies are applied and
to refine the methods employed during construction. Data collected during monitoring will be
used to make location-specific and River OU-wide remedial decisions through adaptive
management. Some of the ways that adaptive management may affect the implementation of
specific remedial technologies are discussed below.
In dredging areas, data collected during construction monitoring may be used to more
effectively employ best management practices while performing active remediation to reduce
short-term environmental impacts. Post-construction performance monitoring provides
information that could identify the need for additional dredging or for managing dredge
residuals. O&M monitoring and long-term monitoring could identify the need for additional
source control efforts or additional remediation.
In capping areas, data collected during construction may be used to more effectively apply best
management practices during active remediation to reduce impacts to the ecosystem during
construction. Post-construction performance monitoring will immediately assess whether the
cap has been affected by residuals. O&M monitoring will assess cap stability and effectiveness.
The monitoring results may be used to identify the need for supplemental material placement.
Long-term monitoring will assess the need for additional source control efforts or further
remediation.
In EMNR areas, post-construction performance monitoring will be used to assess whether target
sediment concentrations have been successfully achieved. Long-term monitoring will be used to
assess the progress toward achieving cleanup objectives and whether additional source control
efforts or further remediation is needed.
Monitoring in MNR areas will be used to track the performance of natural recovery in the
specific area being remediated by MNR. Alternatives were developed without any reliance on
concentration reductions resulting from MNR, but the information will be important in
assessing the progress of the remedy and, depending on the data, may inform the need for
contingency actions.
Additional long-term monitoring activities, as necessary, would be triggered after a disruptive
event such as an earthquake, and repairs would then be required based upon the amount of
damage or recontamination. Contingency costs were included in the FS to address repairs to
capped areas.

6.2.6 Project Sequencing
Project sequencing refers to the order in which individual areas are remediated for a given
alternative. Sequencing of sediment remediation is an important consideration from a
recontamination perspective. This FS generally assumes that project sequencing starts with
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active remediation of the most contaminated areas and progresses to areas of lower contaminant
concentrations.
With regard to the Upland OU, it is preferred that the portions of the Landfill AOPC where
there is evidence of an unstable slope be addressed prior to implementation of River OU
technologies. Failure of the slope could result in landfill material eroding into the River OU,
which could, at the very least, damage the River OU remedy.

6.3 Detailed Description of Remedial Alternatives
This section describes the seven remedial alternatives for the River OU (Alternatives 2 – 8),
along with the no-action alternative (Alternative 1). Other than Alternative 1, alternatives are
designed to achieve both RAOs, some more quickly than others. The estimated SWACs that
would remain in the River OU immediately following remediation and over time are provided
for each alternative in Table 6-3. Areas over which a technology would be applied are
summarized for each alternative in Table 6-4. A summary of material quantities that would be
required for each alternative is provided in Table 6-5.

6.3.1 Alternative 1
Alternative 1 is the no further action alternative for the River OU. Alternative 1 includes no
remedial actions, monitoring, or land use controls beyond those already completed or in place.
The current access restrictions and seafood consumption advisory are expected to remain as part
of this alternative, although at no additional cost. The total PCBs as congeners SWAC would be
reduced significantly over a 30-year period due to natural recovery mechanisms; however, the
SWAC at t = 30 years would still be greater than the RAO 1 PRG (Table 6-3). Alternative 1
would meet the RAO 2 PRG between 20 and 30 years after construction. The estimated present
value cost for Alternative 1 is $0.

6.3.2 Alternative 2
Alternative 2 includes MNR over the entirety of the River OU and education and outreach
efforts in addition to the already-in-place access restrictions and seafood consumption advisory
(although the access restrictions and seafood consumption advisory are expected to remain,
there is at no additional cost). Alternative 2 does not include any active remediation. The
education and outreach program would work with the nearby community leaders to develop a
strategy for appropriately and effectively communicating information regarding site risks to
individual community members. Community members would then be informed using the
strategy developed during meetings with community leaders. The program would reengage
community leaders when new information becomes available, and disseminate additional
information to community members as necessary.
Although the SWAC for total PCBs as congeners is reduced over a 30-year period due to natural
recovery mechanisms, the SWAC at t = 30 years is predicted to remain above the RAO 1 PRG.
Alternative 2 would meet the RAO 2 PRG between 20 and 30 years after construction (Table 63). However, in conjunction with the seafood consumption advisories and access restrictions,
successful implementation of an effective education and outreach program is expected to reduce
risks to human health by informing community members about the remaining site risks.
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Only baseline and long-term monitoring will be employed for this Alternative. Baseline
monitoring, to include sampling of sediment, fish and shellfish tissue, and porewater, will be
conducted prior to implementation of remedial activities to gage the performance of the remedy.
Long-term monitoring will commence the year following completion of the remedy
implementation and take place every 2-3 years for the first 10 years and once every five years
after that until year 30.
The estimated present value cost for Alternative 2 is $3,395,673.

6.3.3 Alternative 3
Alternative 3 (Figure 6-8) consists of:
•

Capping areas where the concentration is greater than a RAL of 29 µg/kg for total PCBs
as congeners along the north shore of Bradford Island, which is represented by
sampling stations P112 through P115, P04, P118, and Debris Pile 02. Because all of these
sampling stations exceed the threshold for PTW, the cap will include activated carbon.

•

EMNR in areas represented by sampling stations P116, P117, P07, and P09. Because the
area represented by station P117 exceeds the threshold for PTW, activated carbon will
be included in the EMNR placement in that area. The other areas do not exceed the
threshold for PTW, and thus, only receive conventional EMNR materials (i.e., sand,
gravel). Additionally, small areas represented by stations P43 and SE-117 (for total PCBs
as aroclors) will receive EMNR (sand, gravel only) to address the remaining hot spots
(note: these areas are not included in the subsequent SWAC calculations).

•

MNR over the rest of the River OU.

The total PCBs as congeners SWAC would be reduced following construction and even further
over a 30-year period due to natural recovery mechanisms. The RAO 1 PRG is predicted to be
met after 20-30 years, and RAO 2 PRG would be met immediately following construction (Table
6-3). In conjunction with seafood consumption advisories and access restrictions, successful
implementation of an effective education and outreach program is expected to reduce risks to
human health by informing community members about the remaining site risks.
All five types of monitoring described in section 6.2.4 will be employed for this alternative.
Baseline monitoring, to include sampling of sediment, fish and shellfish tissue, and porewater,
will be conducted prior to implementation of remedial activities to gage the performance of the
remedy. Construction monitoring to include water quality monitoring and bathymetric surveys
occurs as required during construction. Post-construction monitoring includes chemical and
physical data are collected to determine whether the work complies with project specifications
following construction. O&M and long-term monitoring will commence the year following
completion of the remedy implementation and take place every 2-3 years for the first 10 years.
O&M monitoring consists of a combination of tools, including bathymetric surveys, surface grab
samples, sediment cores, diver or remotely operated vehicle (ROV) surveys, and porewater
samplers. Long-term monitoring is assumed to consist of sediment and tissue sampling.
The estimated present value cost for Alternative 3 is $7,931,391.
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6.3.4 Alternative 4
Alternative 4 (Figure 6-9) consists of
•

Capping areas where the concentration is greater than a RAL = 15 µg/kg along the north
shore of Bradford Island, which is represented by sampling stations P112 through P115,
P117, P118, Debris Pile 02, and P04. Because concentrations at all of these sampling
stations exceed the threshold for PTW, the cap will include activated carbon.

•

EMNR in areas represented by sampling stations P116, P07, and P09. These areas do not
exceed the threshold for PTW, and thus, only receive conventional EMNR materials (i.e.,
sand, gravel). Additionally, small areas represented by stations P43 and SE-117 (for total
PCBs as aroclors) will receive EMNR (sand, gravel only) to address the remaining hot
spots (note: these areas are not included in the subsequent SWAC calculations).

•

MNR will over the rest of the River OU.

The total PCBs as congeners SWAC is predicted to be reduced following construction and even
further over a 30-year period due to natural recovery mechanisms. Immediately following
construction, the RAO 2 PRG would be achieved. The RAO 1 PRG would be met 20-30 years
after construction (Table 6-3). In conjunction with seafood consumption advisories and access
restrictions, successful implementation of an effective education and outreach program is
expected to reduce risks to human health by informing community members about the
remaining site risks.
All types of monitoring described in section 6.2.4 will be employed for this alternative. Baseline
monitoring (including sampling of sediment, fish and shellfish tissue, and porewater) will be
conducted prior to implementation of remedial activities to gage the performance of the remedy.
Construction monitoring to include water quality monitoring and bathymetric surveys will
occur as required during construction. Post-construction monitoring will include chemical and
physical data to determine whether the work complies with project specifications following
construction. O&M and long-term monitoring will commence the year following completion of
the remedy implementation and take place every 2-3 years for the first 10 years and once every
five years after that until year 30. O&M monitoring will consist of a combination of tools,
including bathymetric surveys, surface grab samples, sediment cores, diver or ROV surveys,
and porewater samplers. Long-term monitoring is assumed to consist of sediment and tissue
sampling.
The estimated present value cost for Alternative 4 is $8,562,054.

6.3.5 Alternative 5
Alternative 5 (Figure 6-10) consists of:
•

Capping areas where the concentration is greater than a RAL = 2.1 µg/kg along the
north shore of Bradford Island that extends from the eastern end of the island to the
spillway (represented by sampling stations P112 through P118, Debris Pile 02, and P04).
With the exception of the area represented by station P116, all of these areas exceed the
threshold for PTW. Therefore, the cap will include activated carbon in all areas but that
represented by P116.
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•

EMNR in areas represented by sampling stations P07 and P09. These areas do not exceed
the threshold for PTW, and thus, only receive conventional EMNR materials (i.e., sand,
gravel). Additionally, small areas represented by stations P43 and SE-117 (for total PCBs
as aroclors) will receive EMNR (sand, gravel only) to address the remaining hot spots
(note: these areas are not included in the subsequent SWAC calculations).

•

MNR over the rest of the River OU.

The total PCBs as congeners SWAC is predicted to be reduced following construction and even
further over a 30-year period due to natural recovery mechanisms. Immediately following
construction, the RAO 2 PRG would be achieved. The RAO 1 PRG would be met 20-30 years
after construction (Table 6-3). In conjunction with seafood consumption advisories and access
restrictions, successful implementation of an effective education and outreach program is
expected to reduce risks to human health by informing community members about the
remaining site risks.
All types of monitoring described in section 6.2.4 will be employed for this alternative. Baseline
monitoring (including sampling of sediment, fish and shellfish tissue, and porewater) will be
conducted prior to implementation of remedial activities to gage the performance of the remedy.
Construction monitoring to include water quality monitoring and bathymetric surveys will
occur as required during construction. Post-construction monitoring includes chemical and
physical data will be collected to determine whether the work complies with project
specifications following construction. O&M and long-term monitoring will commence the year
following completion of the remedy implementation and take place every 2-3 years for the first
10 years. O&M monitoring will consist of a combination of tools, including bathymetric surveys,
surface grab samples, sediment cores, diver or ROV surveys, and porewater samplers. Longterm monitoring is assumed to consist of sediment and tissue sampling.
The estimated present value cost for Alternative 5 is $8,880,377.

6.3.6 Alternative 6
Alternative 6 (Figure 6-11) consists of:
•

Capping areas where the concentration is greater than a RAL = 2.1 µg/kg along the
north shore of Bradford Island that extends from the eastern end of the island to the
spillway (represented by sampling stations P112 through P118, Debris Pile 02, and P04).
All of these areas except that represented by P116 exceed the threshold for PTW.
Therefore, in all areas but that represented by P116, the cap will include activated
carbon.

•

EMNR over large portions of the southern part of the forebay (represented by sampling
stations P07 through P10, P110, and P111). These areas do not exceed the threshold for
PTW, and thus, only receive conventional EMNR materials (i.e., sand, gravel).
Additionally, small areas represented by stations P43 and SE-117 (for total PCBs as
aroclors) will receive EMNR (sand, gravel only) to address the remaining hot spots (note:
these areas are not included in the subsequent SWAC calculations).

•

MNR over the rest of the River OU.
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Immediately following construction, the RAO 2 PRG is predicted to be achieved. The RAO 1
PRG would be met 10-20 years after construction. (Table 6-3). In conjunction with seafood
consumption advisories and access restrictions, successful implementation of an effective
education and outreach program is expected to reduce risks to human health by informing
community members about the remaining site risks.
All types of monitoring described in section 6.2.4 will be employed for this alternative. Baseline
monitoring (including sampling of sediment, fish and shellfish tissue, and porewater) will be
conducted prior to implementation of remedial activities to gage the performance of the remedy.
Construction monitoring to include water quality monitoring and bathymetric surveys will
occur as required during construction. Post-construction monitoring includes chemical and
physical data will be collected to determine whether the work complies with project
specifications following construction. O&M and long-term monitoring will commence the year
following completion of the remedy implementation and take place every 2-3 years for the first
10 years. O&M monitoring will consist of a combination of tools, including bathymetric surveys,
surface grab samples, sediment cores, diver or ROV surveys, and porewater samplers. Longterm monitoring is assumed to consist of sediment and tissue sampling.
The estimated present value cost for Alternative 6 is $9,125,661.

6.3.7 Alternative 7
Alternative 7 (Figure 6-12) consists
•

Capping or dredging areas where the concentration is greater than a RAL = 1.3 µg/kg
along the north shore of Bradford Island that extends from the eastern end of the island
to the spillway (represented by sampling stations P112 through P118, Debris Pile 02, and
P04) and in some locations on the southern side of the Island (represented by sampling
stations P07 and P09).
o

Capping will address the areas off the north shore of Bradford Island
(represented by sampling stations P112 through P118, Debris Pile 02, and P04).
All of these areas except that represented by P116 exceed the threshold for PTW.
Therefore, in all areas but that represented by P116, the cap will include activated
carbon.

o

Dredging will address the areas on the southern side of the Island (represented
by sampling stations P07 and P09).

•

EMNR over the small areas represented by stations P43 and SE-117 (for total PCBs as
aroclors) will receive EMNR (sand, gravel only) to address the remaining hot spots (note:
these areas are not included in the subsequent SWAC calculations).

•

MNR over the rest of the River OU.

Immediately following construction, the RAO 2 PRG would be achieved. The RAO 1 PRG
would be met 10-20 years after construction. (Table 6-3). In conjunction with seafood
consumption advisories and access restrictions, successful implementation of an effective
education and outreach program is expected to reduce risks to human health by informing
community members about the remaining site risks.
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All types of monitoring described in section 6.2.4 will be employed for this alternative. Baseline
monitoring (including sampling of sediment, fish and shellfish tissue, and porewater) will be
conducted prior to implementation of remedial activities to gage the performance of the remedy.
Construction monitoring will include water quality monitoring and bathymetric surveys occurs
as required during construction. Post-construction monitoring will include chemical and
physical data to determine whether the work complies with project specifications following
construction. O&M and long-term monitoring will commence the year following completion of
the remedy implementation and take place every 2-3 years for the first 10 years. O&M
monitoring will consist of a combination of tools, including bathymetric surveys, surface grab
samples, sediment cores, diver or ROV surveys, and porewater samplers. Long-term monitoring
is assumed to consist of sediment and tissue sampling.
The estimated present value cost for Alternative 7 is $14,874,160.

6.3.8 Alternative 8
Alternative 8 (Figure 6-13) consists of:
•

Capping or dredging areas where the concentration is greater than a RAL = 0.97µg/kg
along the north shore of Bradford Island that extends from the eastern end of the island
to the spillway (represented by sampling stations P112 through P118, Debris Pile 02, and
P04) and in large portions of the southern side of the forebay (represented by sampling
stations P07 through 11, P110, and P111).
o

Capping will address the areas off the north shore of Bradford Island
(represented by sampling stations P112 through P118, Debris Pile 02, and P04).
All of these areas except that represented by P116 exceed the threshold for PTW.
Therefore, in all areas but that represented by P116, the cap will include activated
carbon.

o

Dredging will address the other identified areas (represented by sampling
stations P07 through 11, P110, and P111).

•

EMNR over the small areas represented by stations P43 and SE-117 (for total PCBs as
aroclors) will receive EMNR (sand, gravel only) to address the remaining hot spots (note:
these areas are not included in the subsequent SWAC calculations).

•

MNR over the rest of the River OU.

The total PCBs as congeners SWAC is predicted to be reduced below the RAO 1 and RAO 2
PRGs immediately following construction. Following a 30-year period, the SWAC would remain
below both PRGs (Table 6-3). In conjunction with seafood consumption advisories and access
restrictions, successful implementation of an effective education and outreach program is
expected to reduce risks to human health by informing community members about the
remaining site risks.
All types of monitoring described in section 6.2.4 will be employed for this alternative. Baseline
monitoring (including sampling of sediment, fish and shellfish tissue, and porewater) will be
conducted prior to implementation of remedial activities to gage the performance of the remedy.
Construction monitoring to include water quality monitoring and bathymetric surveys will

6-19

occur as required during construction. Post-construction monitoring will include chemical and
physical data to determine whether the work complies with project specifications following
construction. O&M and long-term monitoring will commence the year following completion of
the remedy implementation and take place every 2-3 years for the first 10 years. O&M
monitoring will consist of a combination of tools, including bathymetric surveys, surface grab
samples, sediment cores, diver or ROV surveys, and porewater samplers. Long-term monitoring
is assumed to consist of sediment and tissue sampling.
The estimated present value cost for Alternative 8 is $20,927,961.

6.4 Uncertainties
Sufficient data collection and analyses have been completed to develop and evaluate the River
OU conceptual site model and remedial alternatives. Overall, the remedial alternatives are
sufficiently defined to allow a detailed evaluation against the CERCLA criteria and a
comparative analysis of alternatives using the CERCLA criteria. Inherent in the conceptual
nature of the FS process, key uncertainties remain regarding certain assumptions made in the
development of the remedial alternatives. These uncertainties include the extent of
contamination and remedial technology performance.

6.4.1 Extent of Contamination
The lateral extent of sediment concentrations riverward (towards the center of the river) is a key
uncertainty in this FS, and the key sensitivity parameter for the cost and duration of remedial
actions. The vertical extent of the contamination is also uncertain, but is expected to have
minimal impact on the alternative given the physical constraints of the site (e.g., presence of
boulders). Remedial design sampling will refine the estimated extent of contaminated sediment
and confirm or modify the estimated material volumes identified in the FS. The assumptions
used to define the remedial areas and volumes are reasonable and appropriate for an FS-level
alternatives development process.

6.4.2 Remedial Technologies Assignments and Expected Performance
The remedial alternatives have been assembled using a set of assumptions about the
applicability and effectiveness of remedial technologies.
6.4.2.1 Capping, EMNR, and MNR
The effectiveness of EMNR and MNR is a key uncertainty for all alternatives. Uncertainty in the
rate of burial due to sedimentation was accounted for by assuming that replacement rates are
low (15%). A sensitivity analysis on the replacement rate was performed; replacement rates of
5%, 25%, and 35% were evaluated to determine the parameter’s impact on SWACs for the same
active remediation areas as in the proposed alternatives. The results of the analysis are
summarized in Table 6-6. Alternatives with less active remediation (e.g., Alternatives 2 and 3)
are more sensitive to the replacement rate parameter; alternatives with more active remediation
are not as sensitive to the replacement rate parameter. Generally, this suggests that areas of the
site with higher COC concentrations are more sensitive to the replacement rate parameter. Areas
with concentrations near the RAO 1 PRG are less impacted by replacement with concentrations
equal to the RAO1 PRG than areas with concentrations significantly above the RAO 1 PRG; as
more area is actively remediated, the replacement rate has a smaller impact. In addition to the
uncertainty regarding the replacement rate, another weakness of the analysis is the assumption
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that the replacement rate is constant over all parts of the forebay. Different areas of the forebay
have different structural and flow-related characteristics that could affect sedimentation rates. In
addition, these characteristics change with the various operations at the powerhouses and
spillway. A study to evaluate the nature of sedimentation at the site is in development. Data
from this study will be used to develop more defensible replacement rates over key areas of the
site, which will be used to update alternatives prior to development of the Proposed Plan.
The effectiveness of capping is uncertain with respect to long-term stability of cap material.
Uncertainty regarding the long-term stability of cap material was addressed by including an
additional cost for armoring, stabilization, and maintenance and repair of sediment caps.
These sources of uncertainty were accounted for in the FS by incorporating adaptive
management components into the cost estimate. These adjustments account for changes in
remedy implementation triggered by new information gathered during remedial design and
construction, and following construction. Site-wide monitoring should, in practice, provide
information from which adaptive management or contingency decisions can be made, if
necessary.
6.4.2.2 Dredging
When dredging is employed, potential sediment resuspension will need to be understood to
develop an effective residual management plan. The management of dredge residuals is an
uncertain activity in practice. Dredging alone is unlikely to be effective in unfavorable site
conditions, including presence of debris, bedrock, or other physical obstructions that prevent
full removal, and steep side slopes (NRC 2007). Where unfavorable conditions exist, increased
contaminant resuspension, release, and residuals will tend to limit the ability to meet cleanup
levels and delay the achievement of remedial action objectives unless managed through a
combination of remedies or alternative remedies. Some of these are also unfavorable conditions
for effective implementation of other technologies assessed in this FS, such as capping, EMNR,
and MNR. Pilot studies, experienced contractors, best management practices, a monitoring
program, and a good understanding of site conditions and associated limitations, can help
improve the likelihood that dredging will be successful. In general, the expected performance of
dredging as a remedial alternative has its limitations in reaching long-term RAOs (NRC 2007).
These sources of uncertainty are accounted for in this FS by incorporating adaptive management
practices.

6.5 Cost Estimates
Table 6-7 presents the best-estimate present value costs for the remedial alternatives. Table 6-8
shows the estimated present value costs split into capital and O&M costs. These costs were
developed in accordance with USEPA guidance (USEPA 2000) and are presented in detail in
Appendix 4. It is important to acknowledge uncertainty in the accuracy of these cost estimates.
The level of detail employed in making these estimates are conceptual but are considered
appropriate for differentiating between alternatives. The cost estimates are based on the best
available information regarding the anticipated scope of the respective remedial alternatives.
Cost estimates for remedial action alternatives are intended to provide a measure of total costs
over time (“life cycle costs”) associated with an alternative. The level of detail is similar in all of
the alternatives to avoid comparing estimates having different levels of accuracies. RACERTM

6-21

(Remedial Action Cost Engineering and Requirements) version 11.2.16.0 cost database by
AECOM (2015) was used for cost estimates.
Several factors can influence the accuracy of estimated remedial alternative costs at the FS level.
In particular, the costs are very sensitive to the estimated excavation removal volumes. Modest
changes in the estimated excavation removal volume can significantly affect costs. Other factors,
such as cost fluctuation in fuel and labor, can also significantly impact costs. The FS cost
estimates are best estimates based on present day costs, projected into the future. Future
economic conditions are difficult to predict. For this reason, the relative accuracy of the cost
estimates is likely better for alternatives with shorter durations than for those with longer
durations.
In accordance with EPA guidance (USEPA 2000), the best-estimate costs are reported in terms of
their net present values. Net present value analysis is a standard method used to express
expenditures that occur over different periods on a common basis. A discount rate is applied to
represent the difference between the rate of return on investments and the rate of inflation.
USEPA (2000) guidance recommends using discount rates published in Appendix C of Office of
Management and Budget (OMB) Circular A-94 for federal projects. This FS uses a discount rate
of 1.4% based on the 30-year real (i.e., inflation-adjusted) discount rate published in the
December 2014 revisions of Appendix C to the OMB Circular (OMB 2015).
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7 Detailed Analysis of Alternatives
This section presents a detailed analysis of the remedial alternatives using the feasibility study
(FS) criteria outlined in the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA), the National Contingency Plan (NCP), and other relevant guidance. As
discussed in Section 6, these alternatives cover the range of potential actions considered feasible
for the cleanup of the Bradford Island Uplands. A comparative evaluation of the remedial
alternatives under CERCLA follows the detailed analysis.

7.1 Overview of Evaluation Criteria
The NCP requires consideration of nine evaluation criteria to address the CERCLA statutory
requirements. The first two criteria are categorized as threshold criteria:
•
•

Overall protection of human health and the environment
Compliance with applicable or relevant and appropriate requirements (ARARs)

For any alternative, these two criteria must be met to be considered viable as a remedy for
cleanup. The next five criteria are balancing criteria:
•
•
•
•
•

Long-term effectiveness and permanence
Reduction of toxicity, mobility, or volume through treatment
Short-term effectiveness
Implementability
Cost

These five balancing criteria are weighed within the context of evaluating an alternative as a
whole. These five criteria together with the threshold criteria form the basis for the detailed
evaluation. The last two criteria are modifying criteria:
•
•

State/Tribal acceptance
Community Acceptance

These are typically assessed following agency and public comment on the Proposed Plan. State
and Tribal stakeholders have been kept informed and have provided input throughout the FS.

7.1.1 Threshold Criteria
CERLCA prescribes threshold criteria that must be met by a remedial alternative. This section
discusses how an alternative meets these criteria. It serves as a summary of how the alternatives
achieve the cleanup objectives, and what expected statutory or other relevant requirements must
be achieved during implementation of the remedial action.
7.1.1.1 Overall Protection of Human Health and the Environment
This criterion addresses whether a remedial alternative provides adequate protection of human
health and the environment. CERCLA guidance (USEPA 1988) states the assessment of overall
protection draws on the assessments conducted under other evaluation criteria, especially longterm effectiveness and permanence, short-term effectiveness, and compliance with ARARs. The
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assessment of overall protection provided for each remedial alternative describes how site risks
are eliminated, reduced, or controlled through treatment, engineering controls, institutional
controls, or combinations of these general response actions.
7.1.1.2 Compliance with ARARs
There are no Federal or Oregon ARARs establishing contaminant specific cleanup values for
sediment. The ARARs listed in Section 4 are not discussed explicitly as part of evaluating the
remedial alternatives. Other than the no action alternatives, the remedial alternatives are
assumed to comply with these ARARs because the required engineering design and agency
review process will ensure that the selected remedy complies with those ARARs; all the
alternatives can be designed and implemented in compliance with these ARARs. Such ARARs
may affect remedy implementation, but do not have a substantial effect on the fundamental
viability of a remedial alternative. It is expected that all action and location specific ARARs will
be complied with.

7.1.2 Balancing Criteria
The following subsections describe the balancing criteria and the metrics used to evaluate each
criterion.
7.1.2.1 Long-Term Effectiveness and Permanence
The evaluation of alternatives under this criterion addresses the results of a remedial action in
terms of the relative magnitude and type of risks remaining at the site after response objectives
have been met. Additionally, the evaluation should assess the adequacy and reliability of the
controls used to manage residual risks from contamination remaining at the site after
remediation or from treatment residuals.
•

•

•

Magnitude of residual risks – Assesses the residual risk remaining from untreated waste
or treatment residuals at the conclusion of remedial activities. The potential for risk may
be measured by numerical standards (such as cancer risk levels) or the volume or
concentration of contaminants in waste, media, or treatment residuals remaining on the
site. The characteristics of the residuals should be considered to the degree that they
remain hazardous, taking into account their volume, toxicity, mobility, and propensity to
bioaccumulate.
Hot Spots - DEQ guidance for conducting Feasibility Studies also recommends inclusion
of the Hot Spot Analysis in the evaluation of each alternative. The degree to which each
alternative treats hot spots is assessed (summarized in Table 7-1).
Adequacy and reliability of controls – Assesses the adequacy and suitability of controls,
if any, that are used to manage treatment residuals or untreated wastes that remain at
the site. It may include an assessment of containment systems and institutional controls
to determine if they are sufficient to ensure that any exposure to human and
environmental receptors is within protective levels. This factor also addresses the longterm reliability of management controls providing continued protection from residuals.
It includes the assessment of the potential need to replace components of the alternative,
such as a cap or treatment system, and the potential exposure pathway and the risks
posed should the remedial action need replacement.
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7.1.2.2 Reduction of Toxicity, Mobility, or Volume through Treatment
This evaluation criterion addresses the statutory preference for selecting remedial actions that
employ treatment technologies that permanently and significantly reduce toxicity, mobility, or
volume of the hazardous substances as their principal element. This evaluation focuses on the
following specific factors for a remedial alternative:
•
•
•
•
•
•

The treatment processes the remedy will employ, and the materials they will treat
The amount of hazardous materials that will be destroyed or treated, including how the
principal threat(s) will be addressed
The degree of expected reduction in toxicity, mobility, or volume
The degree to which treatment is irreversible
The type and quantity of treatment residuals that will remain following treatment
Whether the alternative would satisfy the statutory preference for treatment as a
principal element

7.1.2.3 Short-term Effectiveness
The evaluation of short-term effectiveness addresses how an alternative affects human health
and the environment during the construction phase of the remedial action and until cleanup
objectives are met. The following factors should be addressed as appropriate for each
alternative:
•

•
•

•

Protection of the community during remedial actions – Addresses any risk that results
from implementation of the proposed remedial action, such as dust from excavation or
transportation of hazardous materials.
Protection of workers during remedial actions – Assesses threats that may be posed to
workers and the effectiveness and reliability of protective measures that would be taken.
Environmental impacts – Addresses the potential adverse environmental impacts that
may result from the construction and implementation of an alternative and evaluates the
reliability of the available mitigation measures in preventing or reducing the potential
impacts.
Time until remedial response objectives are achieved – Estimates the time required to
achieve protection for either the entire site or individual elements associated with
specific site areas or threats.

7.1.2.4 Implementability
The implementability criterion addresses the technical and administrative feasibility of
implementing an alternative and the availability of various services and materials required
during implementation. This criterion involves analysis of the following factors:
•

Technical feasibility
o Construction and operation – relates to the technical difficulties and unknowns
associated with a technology.
o Reliability of technology – focuses on the likelihood that technical problems
associated with implementation will lead to schedule delays.
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Ease of undertaking additional remedial action – discusses what, if any, future
remedial actions may need to be undertaken and how difficult it would be to
implement such additional actions.
o Monitoring considerations – addresses the ability to monitor the effectiveness of
the remedy and includes an evaluation of the risks of exposure should
monitoring be insufficient to detect a system failure.
Administrative feasibility – Activities needed to coordinate with other offices and
agencies
o Availability of services and materials
o Availability of adequate offsite treatment, storage capacity, and disposal services.
o Availability of necessary equipment and specialists, and provisions to ensure any
necessary additional resources.
o Availability of services and materials, plus the potential for obtaining competitive
bids, which may be particularly important for innovative technologies
o Availability of prospective technologies
o

•

7.1.2.5 Cost
The cost criterion evaluates the capital and long-term operation, monitoring, and maintenance
(O&M) costs of each remedial alternative. Capital costs consist of direct and indirect costs.
Direct costs include expenditures for the equipment, labor, and materials necessary to install
remedial actions. Indirect costs include expenditures for engineering, financial, and other
services that are not part of the actual installation activities, but are required to complete the
installation of the remedial alternatives. O&M costs are post-construction costs necessary to
ensure the continued effectiveness of a remedial action, including long-term maintenance, repair
and monitoring costs. This criterion also includes costs for institutional controls. Consistent with
CERCLA guidance, the cost estimates were prepared in the absence of detailed engineering
design information and have a target level of accuracy ranging from +50% to -30%.

7.1.3 Modifying Criteria
The final two detailed evaluation criteria are the modifying criteria: state/tribal acceptance and
community acceptance. This criterion will be addressed in the Record of Decision (ROD) once
comments on the FS and Proposed Plan have been received.
7.1.3.1 State/Tribal Acceptance
This assessment evaluates the technical and administrative issues and concerns the state and
tribes may have regarding the alternatives. This criterion will be addressed in the ROD once
comments on the FS and Proposed Plan have been received. In the interim, State, Tribal, and
other stakeholders will continue to be engaged by the USACE in regular meetings and in other
forums.
7.1.3.2 Community Acceptance
This assessment evaluates the issues and concerns the public may have regarding each of the
alternatives. As with State/Tribal acceptance, this criterion will be addressed in the ROD once
comments on the Proposed Plan have been received.
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7.2 Detailed Analysis of Alternatives
7.2.1 Alternative 1 – No Further Action
Alternative 1 includes no remedial actions, monitoring, or land use controls beyond those
already completed or in place.
7.2.1.1 Overall Protection of Human Health and the Environment
Alternative 1 is not protective of human health and the environment. The total PCBs as
congeners SWAC remains above the RAO 1 PRG (see Table 4-5 for the PRGs associated with
each RAO) after 30 years and no additional land use controls are instituted to augment the
current access restrictions and seafood consumption advisory that informs potential receptors of
remaining risks. Therefore, Alternative 1 is not evaluated further.

7.2.2 Alternative 2
Alternative 2 includes MNR over the entirety of the River OU; education and outreach efforts in
addition to the already-in-place access restrictions and seafood consumption advisory; and
monitoring.
7.2.2.1 Overall Protection of Human Health and the Environment
Alternative 2 provides protection of human health and the environment. The total PCBs as
congeners SWAC remains above the RAO 1 PRG after 30 years, but additional land use controls
are instituted to inform potential receptors of remaining risk, augmenting the already-in-place
access restrictions and seafood consumption advisories and further limiting or preventing
exposure. However, the RAO 2 PRG is achieved between 20 and 30 years after remedy
implementation. Land use controls are not expected to have any impact on ecological receptors.
Therefore, Alternative 2 is not protective of the environment and is not evaluated further.
7.2.2.2 Compliance with ARARs
There are no Federal or state ARARs establishing chemical-specific cleanup values for sediment.
Compliance with all identified ARARs is expected.
7.2.2.3 Long-term Effectiveness and Permanence
Magnitude and Type of Residual Risk – A substantial reduction in contaminant concentrations,
and thus potential risk, is expected immediately following construction. A small reduction in
risk is expected after a 30-year period of natural recovery. Residual risks would remain for
human receptors following the 30-year period. Land use controls are included in the alternative
to restrict actions that would allow exposure to contamination.
The residual concentrations are shown in Table 6-3. The SWAC for PCBs as congeners shows
concentrations greater than the RAO 1 PRG 30 years after construction. Seafood consumption
advisories, access restrictions, and education and outreach would reduce remaining human
health risks. Unacceptable ecological risk does not remain following construction.
Hot Spots – Hot spots are not addressed under Alternative 2.

7-5

Adequacy and Reliability of Controls –This alternative also includes seafood consumption
advisories and access restrictions, as well as education and outreach programs to minimize
human health risks. In conjunction with the seafood consumption advisory and access
restrictions, a robust education and outreach program is assumed successful in preventing or
limiting exposure of potential receptors.
Reviews at least every five years, as required, would be necessary to evaluate the effectiveness
of this alternative because hazardous substances would remain on-site in concentrations above
levels that allow for unlimited use and unrestricted exposure.
Monitoring activities and land use controls will be implemented to assure protectiveness and
reliability of the remedial action. In addition to baseline monitoring, long-term monitoring of
sediment and tissue are expected.
7.2.2.4 Reductions in Toxicity, Mobility, or Volume through Treatment
Alternative 2 does not include any treatment. Therefore, there are no reductions in toxicity,
mobility, or volume through treatment.
7.2.2.5 Short-term Effectiveness
Community and Worker Protection - This alternative does not involve any active remediation.
Therefore, it is not expected that there would be significant impacts to the community or
workers during from remedy implementation.
Environmental Impacts - This alternative does not involve any active remediation. Therefore, it
is not expected that there would be significant impacts to the environment during remedy
implementation.
Time to Achieve Cleanup Objectives - Achievement of the RAO 1 PRG is not expected to occur
within the thirty years following remedy construction. However, risks to human health will be
reduced as the education and outreach programs are implemented. It is assumed that the
education and outreach programs will be operational within 3 years of remedy selection.
Achievement of RAO 2 PRG is expected between 20 and 30 years following remedy
implementation.
7.2.2.6 Implementability
Alternative 2 is administratively and technically feasible. Implementing a successful education
and outreach program will require collaboration between different agencies and the community.
7.2.2.7 Cost
Estimated total cost to implement Alternative 2 is $3,395,673.

7.2.3 Alternative 3
Alternative 3 consists of:
•

Capping above a RAL = 29 µg/kg on a portion of the north shore of Bradford Island

•

EMNR in areas represented by sampling stations P116, P117, P07, P09, P43, and SE-117
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•

MNR over the remainder of the River OU

•

Education and outreach efforts in addition to the already-in-place access restrictions and
seafood consumption advisory

•

Monitoring.

7.2.3.1 Overall Protection of Human Health and the Environment
Alternative 3 provides protection of human health and the environment. The total PCBs as
congeners SWAC meets the RAO 1 PRG between 20 and 30 years following construction.
Additional land use controls are instituted to inform potential receptors of remaining
augmenting the already-in-place access restrictions and seafood consumption advisories and
further limiting or preventing exposure. Achievement of RAO 2 PRG is expected immediately
following construction.
7.2.3.2 Compliance with ARARs
There are no Federal or state ARARs establishing chemical-specific cleanup values for sediment.
Compliance with all identified ARARs is expected.
7.2.3.3 Long-term Effectiveness and Permanence
Magnitude and Type of Residual Risk – A substantial reduction in contaminant concentrations,
and thus potential risk, is expected immediately following construction. A small reduction in
risk is expected after a 30-year period of natural recovery. Residual risks would remain for
human receptors following the 30-year period. Land use controls are included in the alternative
to restrict actions that would allow exposure to contamination.
The residual concentrations are shown in Table 6-3. The total PCBs as congeners SWAC after
construction exceeds the RAO 1 PRG by a factor of 1.6. The SWAC for PCBs as congeners shows
concentrations equal to the RAO 1 PRG 20 - 30 years after construction. Seafood consumption
advisories, access restrictions, and education and outreach would reduce remaining human
health risks. Unacceptable ecological risk does not remain following construction.
Hot spots – All hot spots are addressed by Alternative 3.
Adequacy and Reliability of Controls – Capping and EMNR are reliable and proven
technologies as long as they are designed for the appropriate conditions. This alternative also
includes seafood consumption advisories, access restrictions, as well as education and outreach
programs to minimize human health risks. In conjunction with the seafood consumption
advisory and access restrictions, a robust education and outreach program is assumed
successful in preventing or limiting exposure of potential receptors.
Reviews at least every five years, as required, would be necessary to evaluate the effectiveness
of this alternative because hazardous substances would remain on-site in concentrations above
levels that allow for unlimited use and unrestricted exposure.
Operation and maintenance activities and land use controls will be implemented to assure
protectiveness and reliability of the remedial action. In addition to baseline monitoring, O&M
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Monitoring consisting of bathymetric surveys, surface grab samples, sediment cores, diver or
remotely operated vehicle (ROV) surveys, and porewater samplers is anticipated. O&M
activities such as cap repair will be required if any issues are reported during monitoring.
7.2.3.4 Reductions in Toxicity, Mobility, or Volume through Treatment
Alternative 3 includes a reactive component in the capping and EMNR material for PTW areas
within the technologies’ respective footprints.
7.2.3.5 Short-term Effectiveness
Community and Worker Protection - This alternative involves import of material. Construction
and operation activities may result in temporary noise, light, odors, potential air quality impacts
and disruptions to community and workers.
Measures to minimize short-term risks to the community will be addressed through
implementation of health and safety plans and the use of BMPs. Examples of BMPs include
pollution controls to minimize water quality impacts and emissions/odors from construction
activities and isolating work areas with an adequate buffer zone so that occupational workers
avoid the construction area.
Environmental Impacts - Environmental impacts would result from construction efforts. Such
impacts would include potential water quality impacts, air emissions from construction
equipment, and nuisance noise. Best management practices can be utilized to minimize many of
these impacts.
Time to Achieve Cleanup Objectives - Achievement of the RAO 1 PRG is expected to occur
within the 20 to 30 years following remedy construction. It is assumed that the education and
outreach programs will be operational within 3 years of remedy selection. Achievement of RAO
2 PRG is expected immediately following construction.
7.2.3.6 Implementability
Alternative 3 is administratively and technically feasible. Implementing a successful education
and outreach program will require collaboration between different agencies and the community.
Installation of a cap or placement of EMNR material on the slopes off the north and south shores
of Bradford Island is expected to require special consideration and design to ensure a stable
slope.
7.2.3.7 Cost
Estimated total cost to implement Alternative 3 is $7,931,391.

7.2.4 Alternative 4
Alternative 4 consists of:
•

Capping above a RAL = 15 µg/kg on a portion of the north shore of Bradford Island.

•

EMNR in areas represented by sampling stations P116, P07, P09, P43 and SE-117.

•

MNR over the rest of the River OU.
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•

Education and outreach efforts, in addition to the already-in-place access restrictions and
seafood consumption advisory.

•

Monitoring.

7.2.4.1 Overall Protection of Human Health and the Environment
Alternative 4 provides protection of human health and the environment. The total PCBs as
congeners SWAC meets the RAO 1 PRG between 20 and 30 years following construction.
Additional land use controls are instituted to inform potential receptors of remaining risks,
augmenting the already-in-place access restrictions and seafood consumption advisories and
further limiting or preventing exposure. Achievement of the RAO 2 PRG is expected after
immediately after construction.
7.2.4.2 Compliance with ARARs
There are no Federal or state ARARs establishing contaminant-specific cleanup values for
sediment. Compliance with all identified ARARs is expected.
7.2.4.3 Long-term Effectiveness and Permanence
Magnitude and Type of Residual Risk - A substantial reduction in contaminant concentrations,
and thus potential risk, is expected immediately following construction. A small reduction in
risk is expected after a 30-year period of natural recovery. Residual risks would remain for
human receptors following the 30-year period. Land use controls are included in the alternative
to restrict actions that would allow exposure to contamination.
The residual concentrations are shown in Table 6-3. The total PCBs as congeners SWAC after
construction exceeds the RAO 1 PRG by a factor of 1.25. The SWAC for PCBs as congeners
shows concentrations equal to the RAO 1 PRG 20 - 30 years after construction. Seafood
consumption advisories, access restrictions, and education and outreach would reduce
remaining human health risks. Unacceptable ecological risk does not remain following
construction.
Hot spots – All hot spots are addressed by Alternative 4.
Adequacy and Reliability of Controls - Capping and EMNR are reliable and proven technologies
as long as they are designed for the appropriate conditions. This alternative also includes
seafood consumption advisories, access restrictions, as well as education and outreach programs
to minimize human health risks. In conjunction with the seafood consumption advisory and
access restrictions, a robust education and outreach program is assumed successful in
preventing or limiting exposure of potential receptors.
Reviews at least every five years, as required, would be necessary to evaluate the effectiveness
of this alternative because hazardous substances would remain on-site in concentrations above
levels that allow for unlimited use and unrestricted exposure.
Operation and maintenance activities and land use controls will be implemented to assure
protectiveness and reliability of the remedial action. In addition to baseline monitoring, O&M
Monitoring consisting of bathymetric surveys, surface grab samples, sediment cores, diver or

7-9

ROV surveys, and porewater samplers is anticipated. O&M activities such as cap repair will be
required if any issues are reported during monitoring.
7.2.4.4 Reductions in Toxicity, Mobility, or Volume through Treatment
Alternative 4 includes a reactive component in the capping and EMNR material for PTW areas
within the technologies’ respective footprints.
7.2.4.5 Short-term Effectiveness
Community and Worker Protection - This alternative involves import of material. Construction
and operation activities may result in temporary noise, light, odors, potential air quality impacts
and disruptions to community and workers.
Measures to minimize short-term risks to the community will be addressed through
implementation of health and safety plans and the use of BMPs. Examples of BMPs include
pollution controls to minimize water quality impacts and emissions/odors from construction
activities and isolating work areas with an adequate buffer zone so that occupational workers
avoid the construction area.
Environmental Impacts - Environmental impacts would result from construction efforts. Such
impacts would include potential water quality impacts, air emissions from construction
equipment, and nuisance noise. Best management practices can be utilized to minimize many of
these impacts.
Time to Achieve Cleanup Objectives - Achievement of the RAO 1 PRG is expected to occur
within the 20 to 30 years following remedy construction. It is assumed that the education and
outreach programs will be operational within 3 years of remedy selection. Achievement of RAO
2 PRG is expected immediately following construction.
7.2.4.6 Implementability
Alternative 4 is administratively and technically feasible. Implementing a successful education
and outreach program will require collaboration between different agencies and the community.
Installation of a cap or placement of EMNR material on the slopes off the north and south shores
of Bradford Island is expected to require special consideration and design to ensure a stable
slope.
7.2.4.7 Cost
Estimated total cost to implement Alternative 4 is $8,562,054.

7.2.5 Alternative 5
Alternative 5 consists of:
•

Capping above a RAL = 2.1 µg/kg along the north shore of Bradford Island.

•

EMNR in in areas represented by sampling stations P07, P09, P43, and SE-117.

•

MNR over the rest of the River OU.
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•

Education and outreach efforts, in addition to the already-in-place access restrictions and
seafood consumption advisory.

•

Monitoring.

7.2.5.1 Overall Protection of Human Health and the Environment
Alternative 5 provides protection of human health and the environment. The total PCBs as
congeners SWAC meets the RAO 1 PRG between 20 and 30 years following construction.
Additional land use controls are instituted to inform potential receptors of remaining risks,
augmenting the already-in-place access restrictions and seafood consumption advisories and
further limiting or preventing exposure. Achievement of the RAO 2 PRG is expected after
immediately after construction.
7.2.5.2 Compliance with ARARs
There are no Federal or state ARARs establishing contaminant-specific cleanup values for
sediment. Compliance with all identified ARARs is expected.
7.2.5.3 Long-term Effectiveness and Permanence
Magnitude and Type of Residual Risk - A substantial reduction in contaminant concentrations,
and thus potential risk, is expected immediately following construction. A small reduction in
risk is expected after a 30-year period of natural recovery. Residual risks would remain for
human receptors following the 30-year period. Land use controls are included in the alternative
to restrict actions that would allow exposure to contamination.
The residual concentrations are shown in Table 6-3. The total PCBs as congeners SWAC after
construction exceeds the RAO 1 PRG by a factor of 1.15. The SWAC for PCBs as congeners
shows concentrations equal to the RAO 1 PRG 20 - 30 years after construction. Seafood
consumption advisories, access restrictions, and education and outreach would reduce
remaining human health risks. Unacceptable ecological risk does not remain following
construction.
Hot spots – All hot spots are addressed by Alternative 5.
Adequacy and Reliability of Controls - Capping and EMNR are reliable and proven technologies
as long as they are designed for the appropriate conditions. This alternative also includes
seafood consumption advisories, access restrictions, as well as education and outreach programs
to minimize human health risks. In conjunction with the seafood consumption advisory and
access restrictions, a robust education and outreach program is assumed successful in
preventing or limiting exposure of potential receptors.
Reviews at least every five years, as required, would be necessary to evaluate the effectiveness
of this alternative because hazardous substances would remain on-site in concentrations above
levels that allow for unlimited use and unrestricted exposure.
Operation and maintenance activities and land use controls will be implemented to assure
protectiveness and reliability of the remedial action. In addition to baseline monitoring, O&M
Monitoring consisting of bathymetric surveys, surface grab samples, sediment cores, diver or
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ROV surveys, and porewater samplers is anticipated. O&M activities such as cap repair will be
required if any issues are reported during monitoring.
7.2.5.4 Reductions in Toxicity, Mobility, or Volume through Treatment
Alternative 5 includes a reactive component in the capping and EMNR material for PTW areas
within the technologies’ respective footprints.
7.2.5.5 Short-term Effectiveness
Community and Worker Protection - This alternative involves import of material. Construction
and operation activities may result in temporary noise, light, odors, potential air quality impacts
and disruptions to community and workers.
Measures to minimize short-term risks to the community will be addressed through
implementation of health and safety plans and the use of BMPs. Examples of BMPs include
pollution controls to minimize water quality impacts and emissions/odors from construction
activities and isolating work areas with an adequate buffer zone so that occupational workers
avoid the construction area.
Environmental Impacts - Environmental impacts would result from construction efforts. Such
impacts would include potential water quality impacts, air emissions from construction
equipment, and nuisance noise. Best management practices can be utilized to minimize many of
these impacts.
Time to Achieve Cleanup Objectives - Achievement of the RAO 1 PRG is expected to occur
within the 20 to 30 years following remedy construction. It is assumed that the education and
outreach programs will be operational within 3 years of remedy selection. Achievement of RAO
2 PRG is expected immediately following construction.
7.2.5.6 Implementability
Alternative 5 is administratively and technically feasible. Implementing a successful education
and outreach program will require collaboration between different agencies and the community.
Installation of a cap or placement of EMNR on the slopes off the north and south shores of
Bradford Island is expected to require special consideration and design to ensure a stable slope.
7.2.5.7 Cost
Estimated total cost to implement Alternative 5 is $8,880,377.

7.2.6 Alternative 6
Alternative 6 consists of:
•

Capping above a RAL = 2.1 µg/kg along the north shore of Bradford Island.

•

EMNR over large portions of the southern part of the forebay (represented by sampling
stations P07 through P10, P110, P111, P43, and SE-117.

•

MNR over the rest of the River OU.
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•

Education and outreach efforts, in addition to the already-in-place access restrictions and
seafood consumption advisory.

•

Monitoring.

7.2.6.1 Overall Protection of Human Health and the Environment
Alternative 6 provides protection of human health and the environment. The total PCBs as
congeners SWAC meets the RAO 1 PRG between 10 and 20 years following construction.
Additional land use controls are instituted to inform potential receptors of remaining risks,
augmenting the already-in-place access restrictions and seafood consumption advisories and
further limiting or preventing exposure. Achievement of the RAO 2 PRG is expected after
immediately after construction.
7.2.6.2 Compliance with ARARs
There are no Federal or state ARARs establishing contaminant-specific cleanup values for
sediment. Compliance with all identified ARARs is expected.
7.2.6.3 Long-term Effectiveness and Permanence
Magnitude and Type of Residual Risk - A substantial reduction in contaminant concentrations,
and thus potential risk, is expected immediately following construction. A small reduction in
risk is expected after a 30-year period of natural recovery. Residual risks would remain for
human receptors following the 30-year period. Land use controls are included in the alternative
to restrict actions that would allow exposure to contamination.
The residual concentrations are shown in Table 6-3. The total PCBs as congeners SWAC after
construction exceeds the RAO 1 PRG by a factor of 1.13. The SWAC for PCBs as congeners
shows concentrations equal to the RAO 1 PRG 10 - 20 years after construction. Seafood
consumption advisories, access restrictions, and education and outreach would reduce
remaining human health risks. Unacceptable ecological risk does not remain following
construction.
Hot spots – All hot spots are addressed by Alternative 6.
Adequacy and Reliability of Controls – Capping and EMNR are reliable and proven
technologies as long as they are designed for the appropriate conditions. This alternative also
includes seafood consumption advisories, access restrictions, as well as education and outreach
programs to minimize human health risks. In conjunction with the seafood consumption
advisory and access restrictions, a robust education and outreach program is assumed
successful in preventing or limiting exposure of potential receptors.
Reviews at least every five years, as required, would be necessary to evaluate the effectiveness
of this alternative because hazardous substances would remain on-site in concentrations above
levels that allow for unlimited use and unrestricted exposure.
Operation and maintenance activities and land use controls will be implemented to assure
protectiveness and reliability of the remedial action. In addition to baseline monitoring, O&M
Monitoring consisting of bathymetric surveys, surface grab samples, sediment cores, diver or
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ROV surveys, and porewater samplers is anticipated. O&M activities such as cap repair will be
required if any issues are reported during monitoring.
7.2.6.4 Reductions in Toxicity, Mobility, or Volume through Treatment
Alternative 6 includes a reactive component in the capping and EMNR material for PTW areas
within the technologies’ respective footprints.
7.2.6.5 Short-term Effectiveness
Community and Worker Protection - This alternative involves import of material. Construction
and operation activities may result in temporary noise, light, odors, potential air quality impacts
and disruptions to community and workers.
Measures to minimize short-term risks to the community will be addressed through
implementation of health and safety plans and the use of BMPs. Examples of BMPs include
pollution controls to minimize water quality impacts and emissions/odors from construction
activities and isolating work areas with an adequate buffer zone so that occupational workers
avoid the construction area.
Environmental Impacts - Environmental impacts would result from construction efforts. Such
impacts would include potential water quality impacts, air emissions from construction
equipment, and nuisance noise. Best management practices can be utilized to minimize many of
these impacts.
Time to Achieve Cleanup Objectives - Achievement of the RAO 1 PRG is expected to occur ten
years after completion of remedy construction. Additionally, risks to human health will be
reduced as the education and outreach programs are implemented. It is assumed that the
education and outreach programs will be operational within 3 years of remedy selection.
Achievement of the RAO 2 PRG is expected immediately following construction.
7.2.6.6 Implementability
Alternative 6 is administratively and technically feasible. Implementing a successful education
and outreach program will require collaboration between different agencies and the community.
Installation of a cap and placement of EMNR material on slopes off the north and south shores
of Bradford Island or near the powerhouse/navigation channel is expected to require special
consideration and design.
7.2.6.7 Cost
Estimated total cost to implement Alternative 6 is $9,125,661.

7.2.7 Alternative 7
Alternative 7 consists of:
•

Capping above a RAL = 1.3 µg/kg along the north shore of Bradford Island that extends
from the eastern end of the island to the spillway.

•

Dredging above a RAL = 1.3 µg/kg will address areas on the southern side of the Island
(represented by sampling stations P07 and P09).
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•

EMNR over the small areas represented by stations P43 and SE-117.

•

MNR over the rest of the River OU.

•

Education and outreach efforts, in addition to the already-in-place access restrictions and
seafood consumption advisory.

•

Monitoring.

7.2.7.1 Overall Protection of Human Health and the Environment
Alternative 7 provides protection of human health and the environment. The total PCBs as
congeners SWAC meets the RAO 1 PRG between 10 and 20 years following construction.
Additional land use controls are instituted to inform potential receptors of remaining risks,
augmenting the already-in-place access restrictions and seafood consumption advisories and
further limiting or preventing exposure. Achievement of the RAO 2 PRG is expected after
immediately after construction.
7.2.7.2 Compliance with ARARs
There are no Federal or state ARARs establishing contaminant-specific cleanup values for
sediment. Compliance with all identified ARARs is expected.
7.2.7.3 Long-term Effectiveness and Permanence
Magnitude and Type of Residual Risk - A substantial reduction in contaminant concentrations,
and thus potential risk, is expected immediately following construction. A small reduction in
risk is expected after a 30-year period of natural recovery. Residual risks would remain for
human receptors following the 30-year period. Land use controls are included in the alternative
to restrict actions that would allow exposure to contamination.
The residual concentrations are shown in Table 6-3. The total PCBs as congeners SWAC after
construction exceeds the RAO 1 PRG by a factor of 1.08. The SWAC for PCBs as congeners
shows concentrations equal to the RAO 1 PRG 10 - 20 years after construction. Seafood
consumption advisories, access restrictions, and education and outreach would reduce
remaining human health risks. Unacceptable ecological risk does not remain following
construction.
Hot spots – All hot spots are addressed by Alternative 7.
Adequacy and Reliability of Controls - Capping, dredging, and EMNR are reliable and proven
technologies as long as they are designed for the appropriate conditions. This alternative also
includes seafood consumption advisories, access restrictions, as well as education and outreach
programs to minimize human health risks. In conjunction with the seafood consumption
advisory and access restrictions, a robust education and outreach program is assumed
successful in preventing or limiting exposure of potential receptors.
Reviews at least every five years, as required, would be necessary to evaluate the effectiveness
of this alternative because hazardous substances would remain on-site in concentrations above
levels that allow for unlimited use and unrestricted exposure.
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Operation and maintenance activities and land use controls will be implemented to assure
protectiveness and reliability of the remedial action. In addition to baseline monitoring, O&M
Monitoring consisting of bathymetric surveys, surface grab samples, sediment cores, diver or
ROV surveys, and porewater samplers is anticipated. O&M activities such as cap repair will be
required if any issues are reported during monitoring.
7.2.7.4 Reductions in Toxicity, Mobility, or Volume through Treatment
Alternative 7 includes a reactive component in the capping and EMNR material for PTW areas
within the technologies’ respective footprints.
7.2.7.5 Short-term Effectiveness
Community and Worker Protection - This alternative involves dredging and import of material.
Construction and operation activities may result in temporary noise, light, odors, potential air
quality impacts and disruptions to community and workers.
Off-site disposal may result in impacts to the community through increased vehicular traffic
(direct transport to off-site disposal) with potential increases in accidents and air-quality issues
associated with dust, odor, and vehicular exhaust.
Measures to minimize short-term risks to the community will be addressed through
implementation of health and safety plans and the use of BMPs. Examples of BMPs include
pollution controls to minimize water quality impacts and emissions/odors from construction
activities and isolating work areas with an adequate buffer zone so that occupational workers
avoid the construction area.
Environmental Impacts - Environmental impacts would result from construction efforts. Such
impacts would include potential water quality impacts, air emissions from construction
equipment, and nuisance noise. Best management practices can be utilized to minimize many of
these impacts.
Time to Achieve Cleanup Objectives - Achievement of the RAO 1 PRG is expected to occur ten
years after completion of remedy construction. Additionally, risks to human health will be
reduced as the education and outreach programs are implemented. It is assumed that the
education and outreach programs will be operational within 3 years of remedy selection.
Achievement of the RAO 2 PRG is expected immediately following construction.
7.2.7.6 Implementability
Alternative 7 is administratively and technically feasible. Implementing a successful education
and outreach program will require collaboration between different agencies and the community.
Installation of a cap, placement of EMNR material, and dredging on slopes off the north and
south shores of Bradford Island is expected to require special consideration and design.
7.2.7.7 Cost
Estimated total cost to implement Alternative 7 is $14,874,160.
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7.2.8 Alternative 8
Alternative 8 (Figure 6-13) consists of:
•

Capping above a RAL = 0.97 µg/kg along the north shore of Bradford Island that
extends from the eastern end of the island to the spillway

•

Dredging above a RAL of 0.97 µg/kg on the southern side of the forebay and elsewhere
(represented by sampling stations P07 through 11, P110, and P111).

•

EMNR over the small areas represented by stations P43 and SE-117.

•

MNR over the rest of the River OU.

•

Education and outreach efforts, in addition to the already-in-place access restrictions and
seafood consumption advisory.

•

Monitoring.

7.2.8.1 Overall Protection of Human Health and the Environment
Alternative 8 provides protection of human health and the environment. The total PCBs as
congeners SWAC immediately after construction does not exceed either PRG. Additional land
use controls are instituted to inform potential receptors of remaining risks, augmenting the
already-in-place access restrictions and seafood consumption advisories and further limiting or
preventing exposure.
7.2.8.2 Compliance with ARARs
There are no Federal or state ARARs establishing contaminant-specific cleanup values for
sediment. Compliance with all identified ARARs is expected.
7.2.8.3 Long-term Effectiveness and Permanence
Magnitude and Type of Residual Risk - A substantial reduction in contaminant concentrations,
and thus potential risk, is expected immediately following construction. A small increase in risk
is expected after a 30-year period of natural recovery. Residual risks would remain for human
receptors following the 30-year period. Land use controls are included in the alternative to
restrict actions that would allow exposure to contamination.
The residual concentrations are shown in Table 6-3. The SWAC for PCBs as congeners shows
concentrations below the PRGs at construction completion. Seafood consumption advisories,
access restrictions, and education and outreach would reduce remaining human health risks.
Unacceptable ecological risk does not remain following construction.
Hot spots – All hot spots are addressed by Alternative 8.
Adequacy and Reliability of Controls – Capping, dredging, and EMNR are reliable and proven
technologies as long as they are designed for the appropriate conditions. This alternative also
includes seafood consumption advisories, access restrictions, as well as education and outreach
programs to minimize human health risks. In conjunction with the seafood consumption
advisory and access restrictions, a robust education and outreach program is assumed
successful in preventing or limiting exposure of potential receptors.
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Reviews at least every five years, as required, would be necessary to evaluate the effectiveness
of this alternative because hazardous substances would remain on-site in concentrations above
levels that allow for unlimited use and unrestricted exposure.
Operation and maintenance activities and land use controls will be implemented to assure
protectiveness and reliability of the remedial action. In addition to baseline monitoring, O&M
Monitoring consisting of bathymetric surveys, surface grab samples, sediment cores, diver or
ROV surveys, and porewater samplers is anticipated. O&M activities such as cap repair will be
required if any issues are reported during monitoring.
7.2.8.4 Reductions in Toxicity, Mobility, or Volume through Treatment
Alternative 8 includes a reactive component in the capping and EMNR material for PTW areas
within the technologies’ respective footprints.
7.2.8.5 Short-term Effectiveness
Community and Worker Protection - This alternative involves dredging and import of material.
Construction and operation activities may result in temporary noise, light, odors, potential air
quality impacts and disruptions to community and workers.
Off-site disposal may result in impacts to the community through increased vehicular traffic
(direct transport to off-site disposal) with potential increases in accidents and air-quality issues
associated with dust, odor, and vehicular exhaust.
Measures to minimize short-term risks to the community will be addressed through
implementation of health and safety plans and the use of BMPs. Examples of BMPs include
pollution controls to minimize water quality impacts and emissions/odors from construction
activities and isolating work areas with an adequate buffer zone so that occupational workers
avoid the construction area.
Environmental Impacts - Environmental impacts would result from construction efforts. Such
impacts would include potential water quality impacts, air emissions from construction
equipment, and nuisance noise. Best management practices can be utilized to minimize many of
these impacts.
Time to Achieve Cleanup Objectives - Achievement of both PRGs is expected to occur at
completion of remedy construction. Additionally, risks to human health will be reduced further
as the education and outreach programs are implemented. It is assumed that the education and
outreach programs will be operational within 3 years of remedy selection.
7.2.8.6 Implementability
Alternative 8 is administratively and technically feasible. Implementing a successful education
and outreach program will require collaboration between different agencies and the community.
Installation of a cap and dredging on slopes off the north and south shores of Bradford Island or
near the powerhouse/navigation channel is expected to require special consideration and
design.
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7.2.8.7 Cost
Estimated total cost to implement Alternative 8 is $20,927,961.

7.3 Managing COCs and CECs Other Than Risk Drivers
In addition to the risk driver chemicals identified as part of the development of RAOs and
PRGs, additional contaminants of concern (COCs) and contaminants of ecological concern
(CECs) were identified in both the baseline human health and ecological risk assessments. As
summarized in Section 3, COCs and CECs were defined as detected chemicals with a hazard
quotient greater than one (for both ecological and human health) or an excess cancer risk
estimate greater than 1 × 10-6 (for human health). The risks associated with these non-risk driver
COCs and CECs were relatively low compared to risk-driver chemical identified in Section 4.
Based on the findings of the baseline Human Health Risk Assessment (HHRA), additional COCs
were recommended for further consideration in the FS due to both the magnitude and
frequency of exceeding risk thresholds. For the River OU, those additional COCs identified
separate from the risk driver COC include chlordane (gamma) and dieldrin. Based on the same
methodology of evaluating the magnitude and frequency of exceeding risk thresholds, high
molecular weight polycyclic aromatic hydrocarbons (HPAHs), organochlorine pesticides (OCP),
and dieldrin were identified as CECs in addition to the risk driver CEC (total PCBs as
congeners).
For those COCs or CECs recommended for further consideration in the FS but not identified as
risk drivers for formulating remedial alternatives, elevated concentrations are generally
collocated with relatively high risk driver concentrations. Because all of the proposed
alternatives involve removal or capping of large portions of sediment for the River OU, it is
expected that remedial actions will have similar effects for the COCs and CECs other than risk
drivers as they do for risk drivers. That is, remedial actions are expected to reduce surface
weighted average concentrations of COCs and CECs other than risk drivers such that
concentrations are equal to or below background, hazard quotients are below 1, or excess
lifetime cancer risks are below 1x10-6. Future post construction confirmation sampling and
monitoring efforts will address these COCs and CECs in addition to the risk driver
contaminants.

7.4 Comparative Analysis
The sections above presented a detailed analysis of each remedial alternative developed within
the Site against the nine evaluation criteria. The results of those analyses are used in this section
to compare the relative advantages and disadvantages of the alternatives, consistent with
CERCLA guidance. The comparative analysis in the following sections is summarized in Tables
7-1 and 7-2.
The alternatives were first evaluated against the threshold criteria (Overall Protection of Human
Health and the Environment and Compliance with ARARs). If an alternative does not meet the
threshold criteria, no comparative analysis is completed because an alternative must comply
with these criteria to be selected.
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For the CERCLA balancing criteria (long-term effectiveness; reduction of toxicity, mobility, or
volume through treatment; short-term effectiveness; implementability; and cost), the tables
show relative scoring. Cost is evaluated by a direct comparison of the estimates.
Comparative analyses of the criteria for each alternative are detailed below.

7.4.1 Overall Protection of Human Health and the Environment
Alternatives 1 through 7 all result in SWAC values exceeding the RAO 1 PRG both following
construction. Alternatives 1 and 2 do not meet the RAO 1 PRG even 30 years after remedy
implementation. Alternatives 3 through 5 meet the RAO 1 PRG between 20 and 30 years after
construction, and Alternatives 6 and 7 meet the RAO 1 PRG between 10 and 20 years after
construction. Alternative 8 results in a SWAC value that meets the RAO 1 PRG immediately
following construction.
Alternatives 1 and 2 meet the RAO 2 PRG between 20 – 30 years after construction. Alternatives
3 through 8 all meet the RAO 2 PRG immediately after construction.
Alternative 1, the no further action alternative, includes the current access restrictions and
seafood consumption advisory, but does not include any additional education and outreach
measures. These additional measures are seen as critical to informing potential receptors of the
remaining site risks, which is paramount to limiting or preventing future exposures. Long-term
monitoring goes hand in hand with the education and outreach programs; Alternative 1 does
not include any additional monitoring. Therefore, Alternative 1 is not protective of human
health and the environment. Alternatives 2 through 8 all include the current access restrictions
and seafood consumption advisory, as well as a robust education and outreach program.
Alternatives 2 through 8 also include extensive baseline and long-term monitoring.
Thus, Alternatives 2 through 8 are considered protective of human health and the environment.
Alternative 1 is not evaluated further.

7.4.2 Compliance with ARARs
There are no Federal or state ARARs establishing contaminant-specific cleanup values for
sediment. All alternatives are expected to comply with all identified ARARs.

7.4.3 Long-Term Effectiveness and Permanence
7.4.3.1 Magnitude and Type of Residual Risk
Residual risks for Alternative 2 are expected to be the highest. Immediately following
construction, the estimated Alternative 2 SWAC exceeds the RAO 1 PRG by a factor of 100. After
a 30-year period, the estimated Alternative 2 SWAC exceeds the RAO 1 PRG by a factor of 1.8.
Unacceptable ecological risks do not remain after approximately six years following
construction. Alternative 2 is given a low rating.
Alternatives 3 through 7 generally result in the same residual risk range. Immediately following
construction, the estimated Alternative 3, 4, 5, 6, and 7 SWACs exceed the RAO 1 PRG by factors
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of 1.6, 1.25, 1.15, 1.13, and 1.08, respectively. These Alternatives take between 10 and 30 years to
reach the RAO 1 PRG, and are all given an intermediate rating
The Alternative 8 SWAC meets the RAO 1 PRG immediately following construction, and is
given the highest rating.
Alternatives 2 through 8 include an education and outreach program to further reduce potential
exposures.
7.4.3.2 Hot Spots
Alternative 2 does not address any hot spots, so it receives a low rating. Alternatives 3 through 8
address all of the hot spots, so they receive a high rating.
7.4.3.3 Adequacy and Reliability of Controls
Alternatives 2 through 8 include additional land use controls (education and outreach) to
minimize the potential for future human exposures. These land use controls will be relied upon
long-term since the selected RAO 1 PRG is above acceptable risk values. Because all alternatives
rely on the same long-term land use controls, each is given an intermediate rating.
All alternatives would require a Five-year Review and long-term monitoring. An extensive
monitoring program is expected to provide the information necessary to inform regulators and
stakeholders about site progress . Thus, each alternative is given the highest rating.
Future O&M would be necessary for Alternatives 3 through 8. Inspections (e.g., of the cap)
would occur regularly and following potentially disruptive events, and repairs would be
conducted as necessary. This kind of maintenance program is expected to provide the necessary
repairs to ensure the long-term effectiveness of the remedy. Alternatives 3 through 8 received a
moderate rating. Alternative 2 does not require future O&M, and thus, receives a high rating.

7.4.4 Reduction in Toxicity, Mobility, or Volume through Treatment
The volume of reactive material is used as a surrogate for the reduction of toxicity, mobility, or
volume through treatment provided by each alternative. The volume of reactive material is the
same, although, for Alternatives 3 through 8. That is, EMNR in PTW areas consists of a 6-inch
layer of sand/gravel with 5% activated carbon; capping in PTW areas consists of the same layer,
just topped with an additional 6-inch layer of sand/gravel. Therefore, Alternatives 3 through 8
all receive a high rating.
Alternative 2 does not address PTW, and there is no treatment. Therefore, Alternative 2 receives
a low rating.

7.4.5 Short-term Effectiveness
7.4.5.1 Community and Worker Protection
Because impacts to the community and workers are generally consistent across alternatives,
comparison of community and worker protection is evaluated based on the general scope of
active remediation in each alternative. Large areas of active remediation generally translate to
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longer construction durations, which likely translate to longer durations of potential impacts to
communities and workers.
There is no active remediation for Alternative 2. Therefore, effects on community and workers
are expected to be minimal. Alternative 2 receives a high rating.
The scope of active remediation for Alternatives 3 through 5 is mostly limited to the north shore
of Bradford Island and is considered moderate relative to other alternatives; therefore,
Alternatives 3 through 5 receive a moderate rating.
The scope of active remediation for Alternatives 6 through 8 covers large portions of the River
OU and is considered very large. Impacts to the community and workers are expected to be
high relative to Alternatives 3 through 5; Alternatives 6 through 8 receive a low rating.
7.4.5.2 Environmental Impacts
Because impacts to the environment are generally consistent across alternatives, comparison of
environmental impacts is evaluated based on the general scope of active remediation in each
alternative. Large areas of active remediation generally translate to longer construction
durations, which likely translate to longer durations of potential impacts to the environment.
There is no active remediation for Alternative 2. Therefore, environmental impacts during
remedy implementation are expected to be minimal. Alternative 2 receives a high rating.
The scope of active remediation for Alternatives 3 through 5 is limited to the north shore of
Bradford Island and is considered moderate relative to other alternatives; therefore, Alternatives
3 through 5 receive a moderate rating.
The scope of active remediation for Alternatives 6 through 8 covers large portions of the River
OU and is considered very large. Impacts to the environment are expected to be high relative to
Alternatives 3 through 5; Alternatives 6 through 8 receive a low rating.
7.4.5.3 Time to Achieve Protection
Regardless of whether or not or when the RAO 1 PRG is achieved, each alternative must include
land use controls because the RAO 1 PRG, which is based on the reference area, is above
acceptable risk values for human health (the reference area concentration is taken as the lowest
endpoint that can reasonably be achieved by remedial action at this site). Alternative 2 achieves
the RAO 2 PRG between 20-30 years after construction, while Alternatives 3 through 8 achieve
the RAO 2 PRG immediately following construction. Because RAO 2 is achieved following
construction, the time to achieve protection for Alternatives 3 through 7 hinges on the timeline
for implementation of the additional land use controls; in this case, the education and outreach
programs that are intended to augment the current access restrictions and seafood consumption
advisory. For all alternatives, it is estimated that it will take three years to design and implement
a successful education and outreach program. Additionally, Alternatives 3 through 7 take
between 10 and 30 years to achieve the RAO1 PRG. Because Alternatives 3 through 7 take the
same amount of time to achieve protection and achievement of PRGs does not happen
immediately following construction, each receives a moderate rating. Because Alternative 2
requires 20 -30 years to achieve the RAO 2 PRG, it requires a longer time to achieve protection

7-22

and receives a low rating. In addition to the RAO 2 PRG, Alternative 8 achieves the RAO 1 PRG
immediately following construction; therefore, Alternative 8 receives a high rating.

7.4.6 Implementability
All alternatives face the administrative hurdles of coordination and collaboration to produce a
robust, successful education and outreach program. Alternatives 3 through 8 face challenges
related to placing material on slopes on the north and south shores of Bradford Island.
Alternatives 6 and 8 face additional challenges related to placing material or dredging on slopes
near a powerhouse/navigation channel. Having the most challenges, although none being
insurmountable, Alternatives 6 through 8 receive a low rating. Alternatives 3 through 5 receive a
moderate rating. Alternative 2, having no construction-related hurdles, receives a high rating.

7.4.7 Cost
As the scope of the alternatives increases, so does the estimated cost. For example, the cost of
Alternative 5 is approximately 2.6 times the cost of Alternative 2; the cost of Alternative 8 is
approximately 6.2 times the cost of Alternative 2.

7.5 Summary of Findings and Path Forward
The NCP at 40 CFR §300.430(e)(9) establishes a framework of nine criteria for evaluating
remedies. This FS has comparatively evaluated the potential remedial alternatives in each AOPC
against seven of these criteria (protectiveness; compliance with ARARs; long-term effectiveness;
reduction of toxicity, mobility and volume; short-term effectiveness; implementability; and
cost). Two additional criteria (state and community acceptance) will be considered during the
Proposed Plan comment period. Alternatives meeting threshold criteria were evaluated by
qualitatively scoring the performance of each alternative against each criterion and relative
other evaluated alternatives. The resulting ratings of long-term effectiveness; reduction of
toxicity, mobility, or volume through treatment; short-term effectiveness; and implementability
are shown for comparison. Evaluations for each criterion are shown in Tables 7-1 and Table 7-2.
USACE will solicit input from a broad range of stakeholders and incorporate the input into the
final FS. USACE will issue a Proposed Plan that identifies the preferred remedial alternative for
the Bradford Island River OU. Formal public comments will be solicited on the Proposed Plan.
After public comments on the Proposed Plan are received and evaluated, USACE will select the
final remedial alternative.
It is assumed that a period of 3 years would be required following the Record of Decision and
before the start of remedial construction. During this period, the following activities would
occur:
•

Sampling and survey to refine the remediation footprints;

•

Completion of remedial design;

•
Site-wide sampling to establish baseline conditions with which future post-remediation
monitoring results will be compared; and
•

Development and implementation of land use controls.
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